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CHAPTER I 

IN'l.'RODUC'I'IOH 

For some time, coac:hes have H8-nted to have Hays 0:: 

increasing the strenGth of perfor~ers. necently c02ches 

have turned to isometrics as a means of developin0 strensth 

for improved athletic performance. l 

Isometric exercises are now widely used for condi­

tionin8 and also as an addition to athletic traininG. 

lIarpovich states, llThe only Hay by which the s'crengtn of 

the muscle can be developed is by exercising them against 

gradually increasing resistance. 1l2 

In an 8arly test of isometric exercise, E. A. Muller 

in Germany concluded that the best results in gaining 

strength will be obtained by a single daily isometric con­

traction continued for six seconds and utilizing only b·w­

thirds of maximum strength. At this maount of tension, 

oxygen supply becomes inadequate because the capillaries of 

the muscles are compressed. ~his oxygen deficit is an 

important factor in acqUiring muscular strength. 3 

IBill TIiorgan, 'tEnduranc e via Isometric Exercise, It 
Atnletic Journal, XLIV (November, 1963), 18, 62-63. 

2peter v. harpovich, ?hysiolo~y of Muscular Activ~ty 
(sixth edition; Philadelphia: H o 3. Saunders Company, 1964), 
pp. 26-27. 

3Ibido 
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The inability of a person to gain height in the V ~··,,-~-

tical ju~p may affect a performer1s ability in such sports 

as basKetball and tI'ad,. 'l'his inability in the vertical 

jump may be due to weakened muscles. ~hese muscles include 

the soleus, the gastrocne~ius, and all of the extensors or 

the lower extremity. fhe use of isometrics on these ~Jscle 

groups may aid in increasing the vertical jump height.4 

I. STATE}.']L;l~'l· OF ThE P20BLi2;M 

This study investigated the effects of a supplemen­

tary isometric contraction upon the vertical jump perform­

ance of junior hi~h school boys and girls. 

Specifically insight was sained into the follovTins 

questions: (1) Will a physical education activity progrmu 

plus a calesthenics progrma bring about a significant amount 

of improvement in the vertical j~~p perforraance of junior 

high school boys and girls? (2) Hill a physical education 

activity program plus a calesthenics program with the add~-

tion of one isometric contraction bring about a significant 

waount of improvement in the vertical jurap perforrnance of 

junior high school boys .and girls? (3) Will the addition of 

an isometric program to the routine of the subjects show a 

4Jay A. Bender, Harold M. Kaplan, and Alex J. John­
son,IIIsometric Streneth Eeeds in Athletic Skills, It Journal 
of' ~:e8J.tn, Fhysical Education, and i1ecreation, xx.xrv 
TSeptember~ 1963), 3b=37, 57. 



3 

significant difference from tice subjects Hithout the i80­

~lletric progr2m on the vertical junp improvemont? 

The study will hel9 physical educators and coachc3 

to increase the explosiv6 power as demonstrate6 by vertical 

J:"lf,19 performance of a student. ~':Cle study Hill give f'urti:.er 

information into VJhether an isometric program included in 

tne physical ed:.;cation activi-~y and calesthenics progra...c"TJ. 

Hill give better results than no isometric proe;rar.1 in the 

physical education activity and calesthenics progr~~ upon 

increasing vertical jumping performance. 

II. DEFIl'ZI'TI01\S OF 'J.;ElllVIS US.c.;D 

Ve:......tJ.c8.l~. Vertical jump is 2.. me2..sure of the 

height that a person can jump off the floor from a standing 

position. 

Isometric exercise. Isometric exercise consists of 

contrac tions in "Hhich no movement takes place. 'i'ne :muscle 

does not shorten. 5 

Il:alf squat isometric exercise. 'lhis exercise starts 

wit~ the SUbject standing with his feet shoulder width a~art 

ana his toes even with each o·cher. The subject then flexes 

5Elwood Craig Davis and Gene A. Loban, 3ionhvsicaJ
 
Values of j';iuscular Activi'cy (Dubuque, Iowa: \'!m. C. Dro~..rn
 
Compar..y, 19b1), p. IJL~.
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at the knees so that the legs are at a 135-deeree an:le. 

~he subject remains in this position for eight seconds, 

exerting maximum force in an upi·rard motlon on the L'l11':1ova-ole 

baro 



CF.:-tf\..PI1:~R I=C 

:K:GiJIEH OF' 'i'Iili L~L;.L'~i-1AT1LJ.dE 

The chaptor on review of the literature will ~8 

divided into sections on a general survey of strengt~ and 

isometrics, a comparison of tDe isotonic to isom8tr~c exor­

cis8 programs, literatuI'8 on iSOYilotric exercise as a near.cs 

of: strength gain, Iitera'cure cn vertical j"l.1mp perf'0:r'Y.1ance 

as a ineasure of explosive pOvIer, and a sumrTlary of the 

reviG1";. 

1. G~NERAL SUHVEY OF S'iRENGTli 

Alij) ISOJAE'lRIC S 

Bender, Aaplan, and Jorulson define muscular strength 

as Hthe ability to accomplish an activity at peak perforn­

ance without injury. 11 Bender, i~aplan, and Johnson go on "Co 

say that strenGth is 11 the ability to 1-wrk against a sDeci­
, 

fied resistance. 110 

Bender, Kaplan, and Johnson state that many SL{ill 

failures are caused by lack of strength. '11hey feel that 

much time is wasted trying to teach a skill "Hhen the basic 

need in the development of enough strength to perforffi the 

6Jay .ft.o Dender, Harold k. l(o.?la..Yl, and Alex J. John­
son, l'Is0r;lGtrics--A Critique of' Faddism versus Facts, 11 

,}oul"nal of Health, Physic2.1 Education, and Recreatior:., YCCXIV 
(~ay, 19b3), pp. 21-22, 66 0 --­
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skill. ihey feol that isonetric3 are unexcelled in d~vel-

oping the TIlliscular strenGth defined previously.7 

Hagner defines isometric exercise by a co::~:}arison 

with weight trainins. He states, llAn isometric exercise 

might be cOMpared to a weight training exercise in which the 

weight is increased until it canlt be moved at all. It1s a 

strain by a particular muscle zroup against an irMuovable 

resis-cance. II From his study of college men, working in 

pairs with the resistance being the partner or oneself, 

Wagner found that isometrics will only b~ild strength. ':'hey 

do not necessarily increase endurance or coordination. 8 

Bender and Kaplan explain the difference between 

dynamic and isometric force by defining them boti1. they 

o.efine dynamic force as the lI equ ivalent of the amount of 

mass an individual cem move tnrough a specific joint ranse 

of motion in a controlled manner. ll Isometric force is 

defined as 11 that aYaount of force an individual can exert at 

a given point in a range of motion v1hen joint movement is 

sharply limited or not allo~-J'ed to occur. 11 Chinning vIas -CLe 

measurable task that ~ender and Kaplan used in their 

7 Jay A. Bender, Earold 1'J o Kaplan, and Alex J. JoL,,-­
son, t!Isometric strength Needs in Athletic Skills, 11 Jou:L'-'=-~8.1 
of 3ealth, Physical :i~ducation, and Recreation, JGC\:IV 
TSep~Gmber, 1963), 36-37, 57. --­

8Berny ~\ragner, lISil'?1ple Isometrics, 1I Scholastic Coach, 
Xfu(II (December, 1962), 22-23. 
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experiment. ~he subjects usee a bar tbat could be aajus~ed 

1'or any point in tbe chirlllin~ Y'8.Yl.:;e of motion. Bender c:..r..d 

l~aplan named t~c'eo points j~or st1.'>enc;t}l measDrements to bs 

done isometr1cally. 'i':he subj ec ts Here test ed dynamically 

on a regular chinning bar. ~he subjects in the experimental 

brouy of ?hase 1 were 123 males aged ten through eiG~teon. 

'lIne ex"oerimental group of Phase 2 had thirty-one similar 

s'cucents v.rho could. not chin. 3enaer and Kaplan foune that 

the strenGth necessary in performin3 a dynamic movement can 

be measured by isometric techniQues. bender and ~aplan 

concluce that failure in a given movement may be causod by 

a 12.ck of strength only at one specific region in the ra:-:.:::;e 

of movement. Some external assistance in passin~ throu-~ 

that resion C8~ result in ~uccess.9 

Pierson and Rasch tested fifteen subjects for iso­

metric strength with and Hi thout the kno"i--Jledge of their 

resuL:;s. :fhe SUbjects :·'ere paio volunteer upper class st1.: ­

dents at the California Collese of Medicineo J:'he testll":r:7 

apparatus was a short bar connected by an airplane cable and 

adjustable link chain to a BaldHin-Lima 3::1-4 loadcell..i.'he 

area tested was the forearm at a ninety-degree angle to the 

pendant humeri. '.1.;he maximum pull I·JaS measured tl,yic e a dayo 

9 Jay A. Bender and Harold 1\.'1. Kaplan, :IDetermination
 
of Success 01.... Failure in 1YJnamic (Isotonic) rl:ovemeni:. -oy
 
Isometric ;'IIethods, II 'l'he ii.esearch Quarterly, XXXVII (j;iarch,
 
1966), 3-8 0 
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Once the dial Has visible and once it Has hidden. 'J.'his test. 

continued five days a Heek for tHO "'Teeks. '.Chere Has five-

minu°l;e rest betlJeen the tests. Pi8rson and rtasch found that 

isometric strenGth SCOl"es are Greater Hhen the subject ha,s 

knoHledge of the results than loThen he does not. '.L'he day of 

°che Heek is not an import8....'1t variable in isometric strensth 

scores, as indicated by t~is experiment. 10 

II. A COld?oL~I.sON OF '1HE ISOTO~\iIC rro 

ISOllliTRIC E(BRCI~~ PhOGRAMS 

Many studies have been conducted to investigate the 

effects of isometric exercise as a means of strength gain. 

The first to oc discussed Hill be triose involving a cQi"rr9ari­

son of the results of isotonic contraction and isometric 

contraction methods. 

l\£organ dreH conclusions from experimental evidence 

that he had studied on the comparative effects of isometric 

and isotonic exercises. Experiments conducted by Nagle ~nd 

IrHin; SHegan; TiIead01-JS; Dennison" H01-Jell, and 1/[orforo; and 

EmJell and others shoHed no significant difference between 

the effects of the two types of exercise in such area as 

arm dipping on the parallel bars and endurance. l\larley 1JaS 

lOl'Jilliam :1. Pierson and Philip oJ. Hasch, Il£f:Cect of 
l\.Doviiedge of Hesul ts on Isomecric Strenr:;th Scores, I: °lohe 
,:esearch Quarterl7l, XXXV (October, 196~J, ?art 1, 313-315. 
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the only investigator quoted vrho found that isotonic exer­

cises were better for endurance in an athletic situation. 

lVIorsan concluded that isometric exercise is the m.ost eco­

nonical method of developing muscular stre~~t~. 3i3 

research also indicated that isometric exercises will 

improve athletic perforraance and muscular endurance. 11 

Thompson, in his findings on a survey of literature 

on Height training and isoY,1etric traininz, states that "both 

isotonic training and isometric training against resistance 

cause a sisnificant increase in the development of strength. 

However, he found that there is no significant difference 

between tne two methods on total strenGth developmento 12 

Bergeron compared the effectiveness of strength 

training using weight trainin: as compared to short periods 

of static contractions. ~he isometric contractions were 

against maximum resistance for s~x seconds once per training 

period. Bergeron used tHO groups of male college students. 

'i'he weight training proSrar,l, for forty-five minutes per 

period three times a week for ten weeks, used the supine 

press on leg flexion and leg extension. ihe two groups 

botn increased significantly in the developnent of strensth 

113ill MO~t'gan, llEndurance via Isometric Exercise, 11 

AtnIetic Journal, XLIV (~ovember, 1963), 18, 62-63. 

12:::-IUSh ;lhom:9son, Il\'!eic;ht 'J..
1 raining vs Isometric frain­

inG,11 Scholastic Coach, XXXII (October, 1962), h2-L!.7. 
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and muscle ,3irtho 'rhe "i,reiGht training program had a creater 

mean o~ gains in development of strength, as measured by 

the s1.1pine press, in all five exercises: upper arm, upper 

thigh, 10Her thigh, isotonic strength measurement, isome-c­

ric strength measurement. fhe supine press measureDent 

-' . 1sho~ed a difference D8"G1,ieen "G~1e tHO gro"'Jpsl means of Gains 

at the .05 level of confidence. The gro"'Jp using ma:x::L"llUY:l 

static contrac tions bad a greater r;les.n of Gains in C 0 v el09­

ment of strength on the smne five exercises as meas"'Jred by 

the Drury-Broussard '.corque 'rable. However, this difference 

between the two groups did not meet the test of significance 

at the .01 level of confidence. 13 

Burlli~am attempted to deteTIline the relative effec­

tiveness of isotonic exercise an.d isometric exercise on the 

development of muscular strength in individuals 1:Jith differ­

ent levels of strensth. He used 148 college men in a ten­

\<leek exercise progrml1 three days a Heek. '1'he subjects Here 

divided into four exercise groups: isotonic exercises for 

ten weeks, isotonic exercises for five weeks followed by 

five weeks of isometric exercises, isometric exercises for 

ten weeks, isometric exercises for five weeks followed by 

five weeks of isotonic exercises. l~e aircraft cable 

tensiometer was used to measure strength in four strength 

13Philip C. Bergeron and :::::-'. A. Drury, ll:i\'luscle Size
 
ana Isometric Contraction Exerciser: (~imeoGraphed.)
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·ces·cs: an-:1. flexion. and forearm e~~tension, arm extension and 

forearm flexion, thiGh and le3 extension, trunk flexion. 

Burnl1.am found no siGnificant dL~':~;erences betvreen isometr'ic 

Gond isotonic contractions ::-:::.. tbe develo::?ment of mUSCl.11ar 

stren6th either for the zroup as a whole or for the ciffer­

ent s tren[;th levels. DUI'nl"larn found that durin::; the first 

f'ive Heeks of trainin::;, more individuals gained strength 

thro·~\..:;h isometric 8.xercises than through t~l.e isotonic 

program. j"iiost individuals HIlO gained strength during the 

first five weeks also Bained H11.8n they stayed in tne smile 

progr&:lil during the final five Heeks.l1)l 

A study of the influence of three different experi­

ments.1 training program.s on the strength and speed of 1iY:l.b 

mOVem8l1.t Has conciucted by "Lihi'c1ey and Smith. 'rhey divided 

104 male college students into [01..1.:..... groups for a ten-Heek 

program. '.2he subjects partic::_pc:_·ced in strength training 

exercises to increase the strength of TIrnscles il1.vo1ved in 

providing the force necessary for moving a 1Lnb through the 

specific speed test movement. Group A did isometric-iso­

tonic exercises two times a week. ~he subjects in Group A 

did six-second static work at each point in the movement 

and also did general dynQaic weight training. Group B did 

lL~Star>~ey Burr>11.am, il A Compari son of Isotor.ic 8..:.1.d 
Isometric :s..,'{erc is es L1. the Develolxilen-c of Mus cular Strength 
for Individuals Hith Diffe2:"'ent Level.':) of Stl"'el1.gth ll (P_ustin: 
ihe University of Texas, Uimeographed a~stract). 
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dynamic-overload exercises. ;J.'he subjects in Group Bused 

a vertically suspended Hei:;hted box apparatus. 'J.'he subj ec'cs 

lr.oved it six times through the test range of movc'.,cnc, exer'­

cisinES tHO times a Heel-:: o A third Sroup sWl:mg their o..::,'·ms 

freely six times per perio d. J.. fourth group Has t~:..c co::'-_'~rol 

group. ~he horizontal flexion strength test measured the 

adduction strength of the r~ght arra at six equidistant 

poiD"~s of a sixty-degree arc. '~'he dynamometer was used in 

the ~-neasuremeD'i:;o G-rouDs A and B had sirr~1ificant increases 
~ ~ 

in the speed of arm movement. '.rhe difference of the speed 

gain of the two groups was not sicnificanto Both Gro::lps A 

and B had significant increases in strenC'~h, 'Hith Group .A 

strength increases sigDifican~ly greater than Group B 

increases. The results shoHed that, regardless of the type 

of exercise, increasing the strength of muscles involved in 

a specific movement makes it possible for an individual to 

execute a faster limb movement. 15 

Chui compared the effects of isometric and dynmnic 

1rJeisht training exercises on strength and speed of selected 

movements. He used ninety-six men between the ages of 

ei[;nteen and titJenty-four years that Here enrolled j.n physi­

cal education skills classes at college. ~he experimental 

157- D .... ,~ .. ·'-1 -T '" ., j- ~ 1_' 0 ..... ·.Lh T"·.......,~':"ll·~
e J 
L">ulm. • vl __ l u e-nQ .weon.....J. u,:1l L.. __, _~ • .:. ue~~ce oJ. 

'..:'hree Different Training ?I'o.::;rmr:.s on Strength c:.: .....a S:,")oed of 
a L:::'::,''-b Iilove:(.len-c, II 'rhe _~esearc:h Quarterly, XJDCVII (lV:c:.:.."ch, 
1966), 132-lLL2. 
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Groups consis~ed of seventy-two su~jec~s in the weisht 

training activity sections of the class. Some used isomet­

r·ic contraction. Otllsr'3 used rapid cont~Qction. !.... third 

gro~p used slow contraction. 'l'be contY-ol 0'rOUD consistedu ~ 

of -cHenty-four students in o-cnel'" 2.c·civit;,"{ sec·cions. '.2he 

con'clnol group used no 'Height training of' s.ny sort. 'lhe 

cable tensiometer was used as 8.. measure of strength for 

eight different strengtn measures. 'lhe experimcmt2.1 srOlJpS 

did six exercises three days a Heek for n:L'le -;'J8sks using 

barbells lli~d plate weights. ~he group us~~S isometric 

contraction held the weights in a static position six 

seconds at the mid-point of' the exercise. ~ach exercise 

was done in three bouts. Chui found that significant gains 

in limb stren3th were accompanied by significant gains in 

speed in 'che same movement. Chui concluded that (3ains in 

strength made by tne isometric exercise are not greater than 

tilE; gains made by the use of the dynamic methods in Hei':~-:,__G 

training exercises. 16 

Berger is another researcher who co~)ared the effects 

of both types of exercise. He used eishty-nine male collece 

students in four Groups: tt-.:o dynamically trained groups~ a 

group tbat trained statically, and a group that trained by 

161'd~"J"'ra'j. _ ••_, II-r;o·,_ ... ""ec.l-LJ ,..;o of Isometric and_~ _...1L..\,. CrU'i_ 1. JJ~.rn8.Bic 

Wei~ht-~raining Exercises UDon Strenc;th and SDeed of ;':J:ove­
rne '''::' :1 1he ':{esearcn'• r;u~-.. -i- ·"''''''l~ ,-.I, jGGCV (October, ~ 1964J ~ Part.1.l.v, 'i L ";,.cu.V~.L 

l~ 246-25'1. 
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jUli1;;ing vertically. i'he static8.l1y trained Groul) ·cr8.inc:::o 

O:C ·cuo :90sit5_ons of knee flexion: upper less p8.rclle:L tocIle 

f,ro"lmd and legs flexed at approxim8:cely 135 deGrees. The 

-axinrum contraction was held for six to eight seconds. Both 

of tl"le dynamically trained groups did the deep knee bene. 

e:':ercise with a bar-bell res'ci;~; on the s~lOulders an.d behind 

t!"1e nec~{. i'he s econo oflJ~_e t',TO G~:r12~~I;ically trained groups 

used fifty to sixty per cent of' the 10':',( -chat the first 

dyn~TIically trained group had used. ~he dynamically trained 

groups increased their vertical jump significantly more than 

the statically trained group. Be~ger concluded that a SlC­

nificant increase L"1 s'catic strenGth does not ahmys mean an 

improvement in vertical jump ability.17 

III. LITER.4.'.L;UriE O:i.~ ISOli8>..l'.RIC EXEHCI;:;>E 

AS A I~2:Al~S OF S;l'R.:2;lmTl:"'~ GAIN 

Sever'al investi2:ators have s-~udied the effects of 

isometric exercise on strength gain. 

Scheuermann conducted a study to dete::"""f.1ine the over­

all gains in muscular strength made by high school boys in 

the eleventh grade. The subjects did isometric contraction 

exercises for fifteen minutes per day before regularly 

scheduled physical education classes. Both the experimental 

17iiichard A. Berger, "Zffects of Dynamie and Static
 
I'raining on Vertical Jumping Ability, II 'lehe Hesearen Quar­

'cerly, XlC!..IV (Decer,1ber, 1963), 4J-9-L!2LL.
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and the control c;roups made si3nificant gains in all are&s 

~ested: leg, bacl, arm, and shoulder strensth. However, 

the ~aiDs of the experimental sroup were siGnificantly 

;:,;reater than tnose made by tile control c;rouD.18
~ 

B01tJers investisated the effects of autosuc;;:;ested 

muscular contraction on muscle strenGth and size as compaY-ed 

to the effects of isometric and static contractions. He 

divi~ed his sixty-one male subjects into four groups. ~he 

sU·;.)jects in the experimental groups did five contrac"cions 

of t:ce el bOH flexor muscles three days a Heek for a six-

week period. The conclusions were that either isometric, 

static, or o.utosug/jested muscula.r contractions will signifi­

cantly increase muscle strength over a six-week period. 

Eowever, tne contractions will not increase muscle size. 

'ihe isometric exercise 1:;8.S found to be significantly Y.10re 

effective t~(lan eitner s"cat ic or auto sU[;/jest ion exercises in 

developins muscle strength. l9 

Ball, Rich, and Wallis divided sixty-three college 

men into two groups on the basis of their initial ability 

l8:?rancis .scheuel"mann, iii-:. Study of the Over2~ll Gains 
in ;.iuscular Strengtll I,i::lCie by EiZh School Boys h'!.10 ?ar"~ic i­
patGc in an Iso::i1ecr1c J-~xercise ?rogra:m for Six 1'.Jeeks II (lliime­
ographed abstract.) 

19:Louis Ao BOllers, HAn Investigation of the Effects 
of }lx:".;osu:::,;[!:ested Muscle Contractj.on on lYluscular Stren.gth 
2.nd 0:'ze ll (Universi"cy of SouthHestern Louisiana, 196L:_, 
l..imeographed) • 
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to exert isometric force unward a~ains~ shoulder nads ot a 

special device. the apparatus was adjusted to fit t~e sub­

ject so that tbe knees Her'e fle:;~ed at the ansle at Hbic~ 

the vertical jump is usually initiated. Durins the s5..x-

Heel{ training prograril, "eho experimental e;roup Has t r2J.nea 

on tbe apparatus three times ,er week. ~he subjects in the 

exuerimental Sroup did one ten-second bout of mw~iwuD effort 

each ·eime. '.L'he control broup vIaS not t:;....,ained. ·....'he e~~peri-

mental sroup increased significantly ~_n stren[£th at '~he .01 

level oi' co::~:Liaence. The meall. increa3 e vIas S eventy- eigh'c, 

or 17.3 .;er cent. '~'l~e 8ain in s·c:;."en[;th sho~m by the experi­

mental group was not, however, accompanied by a corre3pond­

ing increase in the ability to perforn the vertical j~~~. 

In this experiment, the gains in ability to exert isoTiletric 

force were not accompanied by an increas e in vertic2.1 j't:.:.-,:)­

ing ability 20 
v • 

Lindeburg, Edwards, and Heath studied the effect of 

isometric exercise on standins broad jump~n~ ability. 

Seventy-six male eighth-crade junior high school students 

were paired according to their broad jumping ability into 

tHO sroups. ihe experimental group participated in a 

fifteen-second maxinrum contraction in an inverted leg press 

20Jerry R. Eall, Geo:;.....G8 I.... ~{i.ch, and :SarI L. ~·Iallis, 
i1L<f'fects of Isometric !J.'I>aining all. Vertical Jumping, II 'l'he 
.,esec~rch Quarterly, XX_XV (October, 1961.~), l)art 1, 231-235. 
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S -; -ronce a day, five days a week, for vJeeks. The experi­-.£>. 

menters found that neither of the two crou~s imoroved si~-

nifican-cly in standing broad jumping ability.21 

Davis and Loean feel that more strength would be 

a:i.ned at L::.o one anGle in the range of motion since iso­

metric contraction involves overcomin~ resistance at that 

one angle. 22 

Gardner investigated tDe s:gecifici ty of s-c,ren:th 

changes of the exercised and nonexercised linili followin: 

isometric training. S~xty s~~jects were assigned to one 

of' four E;:rou:9s on -G1:..e b::_~'3 is of s trensth scores obtained 

against a cable tensiom6t2~. The first srou9 Nas the con­

trol Group. Group II c::crc:i_sed the preferred lim-o at 115 

degrees of knee extension. Group III exercised the pre­

fer:c"'ed limb at 135 degrees of knee extension. Group IV 

exercised the preferred limo at 155 decrees of knee exten­

sian. The exercises were done three times a week for six 

Heeks for six s Geonds per bout at tvm-thirds of their f:l2-.Xi­

mum. tension loads. Gardner concluded. from his results that 

strenGth increases are quite specific according to the 

21Frcmldin A. LinQebur[~, Donald K. :2d1.';2.1'ds, and 
>f"' 1 Ii ""r" D -;::8 <):·'n 11-::;'.L'C>fIO>C ,'- 0 I" Is o-·"e"'-- -(>-; c h'v 10> C",C -i <:< '.' 0-'-' C:.:.. ,." nd -; Y'"~ • ..L_ • ..... c.wa 0 _J. uln., ~ v LJ L ... u_..... ...l..:.J ..n .. V."l.,. _+-'V ..L.l t-,JGv.. ...... J..J.

3roaa J\nnp Ability, II 'l'he Heseareh Q,uartel'ly, XXXIV (Decem-
u 

- ~ 9/ ') ) I 7::> • (.)3DeI', ..!..	 0--, , L~,O-4U • 

2')·,- .,,..,. D' d G I, - ~ • , • ­
L~~wooa ~ralg aV1S, an -ene~. Logan, rllODnVS~CaJ 

~Talues	 of j':l..1scular Activity (Duouque, 1m-la: '\;-]111. C. BroHD 
-) ICO~~2~Y, 1961 p. 110.3 
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posi'cion at 1rJhich a limb is eX8rcised. G·ardnc:.." fo"t..1:nd ~:.":"30 

that cross transfer of either a specific or nonspecific va­

rie'0'Y should not oe expected folloHing isom,:;cric e~\.\,;~·(;:'....se.23 

Wolbers and Sills attempted to dctey~i~3 ~~e ~i_6ct 

of static muscle contractions upon the strer:.~:"Ch of :li(.::h 

school boys as measured oy four strength tests: leG l~ft, 

back lift, left and right grips combined, ar..d vertical jU1.1P. 

Twenty eleventh and twelfth grade'volunteers were placed 

into one of the tHO groups: experj.mental and control. ':':~J.e 

eight-week training period consisted of the six-second con­

traction done five days a week Hith the resista.l1.ce being a 

partner. The experimental group, doing the static muscle 

contractions, shm'1ed siGnificantly greater gains in leg 

lift, back lift, and combined hand Grip. Wolbers and Sills 

concluded that isometric muscle contractions of six seconds' 

duration would cause significant gains in strength. How­

ever, the increases in leg strength made by the subjects in 

the experimental group were not proportionately sreat enougil 

to produce a statistically significant gain in vertical 

jumo. 21.l.~ 

23Gerald H. Gardner, llSpecificity of Strength Changes 
of the Exercised and Nonexercised Limb Following Isometric 

II - t (.Rarc,TV.rralnlng,, •• 'lone"I' , • C) er1y,.£>..Iv\.7 YIV h b,rtesearch ",.).18.r 19 . 3 )
 
78-1CJ1.
 

2~'Charles P. I'folbers and Frank D. Sills, IlDevelopment 
of Strength in Eigh School Boys by Static Ivlus c2.e Contrac­
tj.ons, if 'lhe Research Quarterly, XXVII (December, 1956),
i.!-46-450 .-­
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Rarick and Larsen compa~6d the effectiveness of a 

sin~le daily six-second exercise bout using two-t~irds maxi­

mum tension l-.Jitt. an exercise proGram involvinc; nore fr-equent 

exercise bOD,ts at 80 per cent maximum ten.sion. Harick and 

Larsen divided thirty post-pubescent boys into two experi­

mental groups and one control groupo The t1';0 experimental 

6rouPS ooth did isometric exercises of the wr~st for four 

wee~\:s. 'J.' hesc two groups differed only in freq--.:ency of L1e 

exercise bouts c-ld "che levels of static musc.:;:::'ar tension 

employed. Rarick and ~~r8cn found that tension levels 

greater than two-thirds maximum with more frequent exercise 

bouts were not superior to the single daily six-second bou~ 

in building isometric strength. The Greater tension exerted 

more frequently is somewhat more effective in maintaining 

strength once it is developed than is a six-second bout once 

a day at two-thirds maximum tensiono 25 

lfuller and Hettin0 er concluded that repetition of 

contractions is not more effective than a single contrac­

tion. Em"rever, Asa found different results in testir<_: the 

abductor of the little finger, using one hand as the exper­

imental and tne other hand as the control. 'i'hrou~~:c: this 

experiment, Asa concluded that isometric contractions 

25Lm'Jrence G. :Rarick and Gene L. Larsen, lIObserva­
~ions on Frequency and Intensity of Isometric ~uscular 

:"ffort, in D~veloping Sta~ic l'llu~cular Str?n?tb, i~ POS-c;-~u?es­
cen~ lvlales,·III'he ResearcrtQ,uarL;erly, XXIX lOc~ooer, 19.::;>8), 
333-341. . 

)
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repeated twenty times gave better results than a single 

contY'ac tion. 26 

LITERP.TUrtE OJ~' V:i:hTICA:G J1Tl':I? PBRFOr:.l/I...O_:0TCE 

AS A rgAS~lili O? EXPLOSIVE POWER 

Most basketball coaches agree that an athlete's 

ver~ical jumpine; ability is directly p:c'oportional to "Cne 

explosive power of his legs. 27 In tests of physical fit ­

ness, the vertical jump is used as a test of explosive 

stren.o'+-h 23o L.o_ • 

In physical fitness tests, explosj.ve strer...;th emp~a-

sizes the ability to exert rI18..ximum energy in one ex)losive 

act. ~his factor is different from other strength factors 

in requiring one short burst of effort, rather than con­

tinuous stress or repeated excrtion. 29 

Berger investigated hThether static or dynamic 

strength was more highly related to leg power. He used as 

subjects male college students. For the static strength 

26Peter V. Karpovich, Physiolop;y of Muscular _t:... ctiv~ t;r 
(sixth edition; Philadelphia: ~. B. Saunders Company, 1965), 
p. 27. 

27Bill IVIorgan, llStatic Exercise t'rograIn,11 Scholastic
 
Coach, ~~XII (March, 1963), 34, 36, 38, 40.
 

28Edwin A. Fleishman, ~he Structure and Measu l~ement 

of Physical fitness (Englewoo~liffs, New Jersey: ~rentice-

1.Ha~
7 l1 , _nc., "'(',61)'_~ , p.T .1/ 29 • 

291'oid. 
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test, 3e?ger used the standaI'd les dyna:m.ometer· after ~he 

s""Jbj3ct l"lad TrJ&rmed up by doinS twelve squats 1,-]ithout 

Hei 6ll·::;S .i'he dyn8.r:1ic s tl'>ens;th t es t 1r.J8.S conducted to c;et 

the subject's nlQximun lifting performance by addin~ incre­

ments to a barbell and having the subject lift it from a 

sQuatting position to a standing position. '.Lihe leg :;:>01"re? 

tes t "'.rras conduc ted by measul'>ing t~ne pOvJer of the legs 

exeI'ted in the vertical junp. 'l'he vertical jump pm.Jer 

measurement equaled work divided by time. Berger fou~d ~hat 

both the dynamic and the static leg strength related to 2.eg 

power as measured by the vertical jump pOHer test. ':Che 

correlation between static les strength and leg ~Jo'Ver Has 

.64, w~ich is significant at the .01 level. The corre1a~ion 

OGtween oynamic 1e6 strength and leg power was .71, WLich 

is significant at the .01 level. Neither the static nor 

dynam.ic strength l-Jas more higi'.J.y :;.nelated to leg pOlder than 

~he other, however, because the two coefficients were not 

significantly different.3 0 

?.IcClemen'cs compared 'cne pOl-Jer of tbe body, as Y,1Sa­

sured by jumping height times body weight, Hith the sGrength 

of leg and thigh flexor muscles and strength of leg and 

tDigh extensor muscles. McClements used ei8hty-six college 

30::Cichard A. Berger 3.:.r1.d Joe A. :2endeJ:'son, l!i~e13.tio~­
s~"li9 of' t'o:,rer to Static and Dynamic Strengtn,11 '1'he neses.rC!l 
::;'~·l.18.rterly, X_XXVII (March, 1966), 9-13. 
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men in his s~udy. fhe subjects met two times a week for 

sixteen "(.-Jeeks. For measuring juYr..~Jing height, hie Clenents 

"Used the vertical jump test. ?or measurinG strength, 

LcClements used the cable-tension ~Gchnique to measure the 

force exerted in isometric contraction of the following 

muscle gr'oups: le.c;-flexion, leg extension, thigh-flexioTl, 

tnigh-extension. McClements assigned two physical-condi­

tioning classes to concentrate on imp:L"oving the strength 

of each of t11e f'ollowing: extensor progra.vn, flexor program, 

flexor-extensor program, normal prograw for fitness of the 

}Thole body. McClements found that the four training pro­

grams l.-Jere equally efl'ective in causing increases in pOover 

of the leg and thigh muscles used in tile vertical jump. 

However, WcClements did not find that gains in strength were 

~81ated to gains in powero31 

Glencross attempted to anSHer the question ll(lJDat do 

tests of muscle pOHer measure?lI He measured muscle po1....,-er 

on a pulley device that measures the average ho:c>sepoHer 

6eveloped in a variety of single explosive movements. fhe 

movements were preferred and nonpreferred shoulder flexion 

and preferred and nonpreferred leg extension. The standing 

vertical jump test Has given in the jump-reach form to 

3l LaHr0Dce E. EcClements, I1P01,Jer Relative to St:c>ength 
of {.eg anol'high jv;uscles, II 'rhe he sea::cch ~uart el"ly, ~axVII 
''I' - -'9'~' 7l7 Qkarch, ..!.. bO), -·v. 
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aighty-five male college s~uden~so ~he test-retest tec~-

niqu8 was used as the reliability device. Glencross found 

that the jump-reach test and tne standinz broad jump ~est 

:i.lave lUl1i't;ed appl ication as v8.2.id moasures of muscle po,,·rer 

~? 

as measured by the power lever.5~ 

Smith studied the relationship between explosive leg 

strength and performance in the vertical ju~p. fhe leg 

strength of the seventy college men subjects Has measured a~ 

an angle designed to involve the power thrust of the major 

muscle groups used in the vertical jurrlpo The modified ver­

tical jump 1rTithout arm snap Has used in this experiment. 

Finaings sno1iJed that individual differences in vertical 

jumping performance have little or no relationship to explo­

sive leg strenGth or to the ratio of leg strength to body 

y:-:ass 0 0~L~ch concluded that strength exerted against a 

dyna.'11om8ter involved a diffel."ent neuromotor pattern or p:""o­

gram from that controlling the muscles during a movement.33 

"'il. SUf,U>ILIiRY 01-i' THE iiliVI ElJ 

Individual studies in 'che field of isometrics G:,..;::'6o." 

in results and conclusions. In the area of the comparison 

32D. J. Glencross, tlThe Nature of the Ver-cical Juri'cD
 

'l'est and the Standing Broad Jump,1I ':Cr..e ~:'::esearch Quarterly~
 
..:L,C-'-X""- (0' 1 vO, 3'"'33,-'0- ;>0.
v.Ll 'CCODSr.7 191- / ) ~ 

33L80n Ji:. Smith, \1 nelationship betHsen Explosive Leg 
StrenQ'"ch ana ?erforma:i:1ce in L1e Vert ic &1 Jump,:1 'l'he ~-\es eaY'ch 
Quart~rly, XXXII (October, 1961), 1.~05-Lj_08. -­
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of iso~atric versus isotonic e~ercise prosrams, 3erceron; 

:SurrL'l.am; vfhL::.ley and SrQi th; and Chui all found :'10 s i(;nifi­

can~ difference between the two types of exercise. Bel"Ge:c', 

hO·\'10ver, fOUi'lQ tne j.ncr0a3e in vertical jUY!1;Jing perfor,',1ance 

was ~ore significant for the groups that trained dynamically 

than for the group tha~ trained statically. 2m'iers; 13a11, 

.::.ich, and ;'[alli s; Hol bers and Sill s; 8.nd Scheurermann found 

~nat isometrics have a positive effect on strength gain. 

Linde·iJurg, BdvJa.rds, and :2eath found no significant improve­

ment in standing broad jump ability after' isometric trainin::::­

In the area of power, Berger found that the correla­

tions between both static leg strength and leg power and 

dynffiuic leg strength and leg power were significant. On 

the otiler band, I\~cClements found that gains in strensth are 

not relatea to gains in power. Smith and Glencross state 

:;hat tne vertical jUJrrp performance has lit·cle relatio:'1ship 

to strength and power. Gardner found s~atic strength 

increases to be specific. Rarick and Larsen concluded that 

a single bout is as effective as increased frequency in 

building isometric strength. 



ChA.PT:2~1 III 

.,... •..:OC:";:;DUliSS 

This stuo.y investigated the effec'cs an isonet:::."~c 

exercise progra.::-Il. Hould have on the vertical jUTilp per-fon.l­

ance of junior hiGh school boys and ~irls. 

~he ninety-four subjects were seventh, eight~, ano. 

ninth grade boys and Girls in the Central Heights Junior' 

Ei~h School at Princeton, Kansas. On the basis of their 

initial ve:.."tical jump, the subjects 'Viere placed in'co 

equated groups. lhe subjects in the experimental Group, 

or Grou:? I, performed an isometric hc_lf squat exercise, 

-vrhich was held for an eight-second count, during tlle phys­

ical education class perioos for six weeks. ~he control 

group, or Group II, did not have the supplementary iso­

metric exercise program. 30th groups participa"ced in fif­

teen minutes of calesthenics and tvlenty-five minutes of 

physical education activities each class period for six 

",reei<:s. 

The initial testing of vertical jumping ability H2.S 

completed during the fil"'st Heek. 'ihe folloVling si.x weeks 

the t:i."eatment or conditioning program viaS administered 

:u~ing the physical education class. jhe eighth week the 

fin2.1 'c es t ins of vert ical jumpinG ability VIas a3ain 

adrn.inis t ered. 
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I.	 HA'i'Ullli OLi' ':J:1:D...8 ?HYSIClJ..L 

BDUCATIO~,: PEGGR'll:I 

All students at Central Heights Junior High School 

are required -co enroll in ~)hysical education each sGYi1estGr 

{or' t:nree years. Ihis physical education prograYD. "l--TaS setup 

to meet the requirements of the State of nansas for uradua­

~ion tram junior high school in~o senior high school o In 

secting up this program, cel....tain objectives Here considered: 

each student must grow physicall:y as vIell as l-,~e~:_tally; c~_ch 

student lHust learn how to Get alon~ vJith his fellow men; 

eacD student must learn skills that will help him to make 

better use of his leisure tL~0_ 

':rhe class periods '\.ITere sixty minutes in length. 'l'he 

physical education classes consisted of a cales-chenics p6:1-"'i­

od plus an activity program.l'he first five minutes and 

last five minutes of each class period -w6I'e spent in dress­

ing and showering. After roll call, fifteen minutes were 

spent doing calesthenics such as side straddle hops, push 

ups, si~ ups, and leg rises. ihe remaining thirty-five 

minutes of the class period were used for such activities 

as tl;nllbling and basketball. 

Each grade level net at a different hour. The 

seventh gI'ade class consisted of both eGle and female s'cu­

dents. 'ihe forty-one seventh c;raders met on ~,:o:nday, ~oJednes­

day, and Friday from 9:JO until 10:JO. The eighth grade 
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clc.ss 8.1so consisted of both lTlale and female stucer_-::';s. '1'110 

-chirty ei~~th [;ro.d eY's i~10t on '11uesday ana 'l'hursday fro!:1 9: 30 

y(, 0"7'"""until 10:30. ~he nineteen nint~ grade female students _.l.v V 

sepm"a"sely from the nintil c;rc.o e male s tudGnts on I:ionCay, 

'tJednesday, a:1.d Friday fT'orri 11=10 ·lJ.:l.til 12:10. '.L'he "L;\-Jelve 

ninth grade male s'cudents met .s09al"atoly fron t1.1e l1inth 

grace female s'cudents on 'i'uesd8.y and 'lihursday from 11: 10 

until 12:10. 

II. l53 S0BJ~C~S 

During .the 18.st part of the first serilester and the 

first part of the second semester, 102 sttidents were en­

rolled in Central Heights Junior High School for :9~l'ysical 

education activity class. Of these 102 students, ninety-

four male and female s'cudents loTere used as subjects for this 

study. 

The subjects ranGed in as~ from eleven to fifteen. 

'l'he 1-wight range Has 65 pounds to 172 pound s. In heisht tbe 

subjects ranGed from fifty-four inches to seventy inches. 

Forty-five male students and forty-nine female students Here 

involved in "chis stl',dy. , 'ihil"ty-six suojects "Tere enrolled 

in grade seven. 'l'l·jenty-eic;ht subjects Here enrolled in 

grade eight. 'J.'hirty sDojects Here errrolled in grade nine. 

Table I shows the division of subjects by group, grade, and 

sex. 'i'able II SlJ.OHS tho mean 8.8e, weight, and height of tll.e 

Groups and their subdivisions. 
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~L'AB12 II 

MEAN AGB,	 \~~IG5'l', .A:&D ~Ic;IGlit O? Tm..: GROUPS 
Ai'iD l'l~~In SLJBDIVISIOJ.~S 

l'Iw!lber of Meal1 Mean EeanGroup subjects a;:e T/ieight hei~ht 

totQl SUbjects 
Total Grou}) I 
fJ:1ota1 GrOlJp II 

91.L 
lie:-,-..-J 

L~_9 

12.94 
12.91 
12.97 

10 7.54 
109.51 
105.73 

62.00 
02.34 
01.70 

Grou p I J'llal e 21 1,'2.35 105.76 62.50 
Group I Fe:male 2h 12095 112.79 62.20 
Group I Grade 7 
Group I Graoe 8 
Gl....OUp I Grade 9 
Group II 1','1o.le 
Group II Female 

17 
13 
l r-'-:> 
21,­
?C: 
~./ 

11.9LL 
12.92 
l}-L.OO 
12.83 
13.12 

9~-. 76 
109.30 
126.~.0 
102.16 
109.16 

6G.26 
62.57 
6L~. 30 
62.39 
61.0h 

Group II Grade 
Group II Grade 

7 
8 

19 
15 

12.05 
13.06 

93·42 
111.26 

59.36 
63.26 

Group II Grade 9 15 1~_. 06 115.80 63.10 
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The male and female subjects were required to Hear 

socks 8ono. tOl1ylis sr::.oes on their fee-c. fhe male and female 

subjects wore S~10rts of various lenc;t:J.'ls above tile knee•. '.L'he 

female SUbjects wore blouses or sweatshirts, ana ~he male 

su-b j BC -l:, S 1-vore Hhi t e T- shil"t s. 

III. }I'ACIL::C'J.'I::.c;S A1" D EQUIPl'.81'T.L~ 

'rhe facilities employed in -ehe experiment 'VJere t~he 

Central Heights J-unior High SC~"lOol gym.nasium. '-l'his gyrnna­

siuri'! has a playing area approximately forty-five feet l,Jide 

and sixty fee'[; long and seats approximately 'chree hundred 

persons on portable b:;t.eachers on the east and 'VJest sides. 

A scage is locaced at the south end of tIle gy:nmasium. The 

basketball goals are located at the north and south ends of 

the playing area. 

The isometric exercise equipment consisted of a 

wooden bar five feet in length and one and one-half inches 

in diameter. A nylon rope approximate~y twenty feet in 

length was attached to the middle of the wooden bar. At the 

other end of the nylon rope was a wooden handle fourteen 

inches in length and one, inch in dimaeter. Before the 

Hooden handle Has attached to the rope, the rope Has 

threaded through a hook and eye that was connected to the 

floor plate. fhe wooden floor plate was eighteen inches 

long and twelve inc:J.1es wide and tlvo inches thic k. A visual 
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description of -cbe exe:c'cise e(~ui}!ment is on paGe 56 of "C~:_8 

appendix. (See Fieure 1.) 

A stop watch with two sweep hands was used to time 

the SUbjects as they did -elle procrar.1. 

The vertical jump test oerformances were measured 

on white plaster board eishteen inches wide by sixty-two 

incll-es in length o The pIs-ster board was nailed to a tHo­

inch by six-inch board seven feet in len.:;th. 'lhe plaster 

boar'd was scaled in half-inch 2~raduations. On the plaster 

board, the foot marks were made by a blue-tipped felt 

marker. The inch marks were maCe by a 3reen-tipped felt 

marker. 'lhe half-inch marIes were made by a yellmv-tipped 

felt marker. A hook at the top end of the two-inch by 

six-inch board held the portable jumping board in place 

at the front part of a basketball rim. The front part of 

tbe rim is five feet from the open stase. rrhe measurement 

at the top of the plaster board when attached to the basket­

ball rim was ten feet. The measurement at the bottom of 

tne plaster board when hunS was four feet, ten inches from 

the gymnasium floor. The markinss on the plaster b08.rd, 

therefore, began at four feet, ten inches and ended at ten 

feet. A visual description of the portable jumping board 

is on paGe 56 of the appendix. (See Figure 2.) 
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IV. 'l'i\II..Ii.\Ti.\G ?nOCEDG.i.{S;3 

According to tneir ini"t;iaj_ verJcical j1J.mp perf'orm­

ances, the subjects Here :.)laceo in ei'cher' the ezperiY:~ental 

group or the control eroup. In oraer to have eQ~atcd 

croups, the subject havinG tr-e hi~nest vertical jUD9 in his 

grade level and sex division vms placed in the experh:ental 

grou9, Group I. Then the subject having the second hiGhest 

jUI:1p vlas placed in the control Groul), Group II. From this 

point on, the subjects Here placod into groups evenly. F'or 

exar:lple, the t:r-lird subjec'c i78.S placed into Group I. Tl1.e 
\ 

fourth subject was placed into Group II, and so forth. 

As shown in Table I, paGe 28, forty-five subjects 

i'ITere in Group I. 'l1rJenty-one He:-ce males; twenty-four Here 

females. ~here were seventeen seventh graders, thirteen 

eiGhth graders, ,~nd f~een ninth Graders in Group I. Group 
~ 

II included forty-nine subjects. Twenty-four were males; 

twenty-five were females. ~here were nineteen seventh 

graders, fifteen eighth graders, and fifteen ninth sraders 

in Group II. 

The experiment beGan on January 3, 1967, and ended 

on February 25, 1967. '1'he first '1-JeeK of the_ eight-L-veek 

period was used for tho initial test of vertical jump per­

formance, which will be referred to as Vertical Jump I. The 

second i'leek throuGh the S 8venth Illeek Has 1-"-0 ed in the ac 'cual 

training proc;rarn. Durin,; this six-i'Jeek period, each suo.:Ject 



in Group I did the isonetric half squat exercise for one 

eiGht-second bou'c cacn time his physical education claGs 

met. As stated previously, the seventh Grade class and the 

ninth grade boys met twice per week. fhe eiGhth week was 

used for final teGting of' verticn.l jump performance. 

After five minutes for dressing and roll call, each 

subject in Group I did the isometric half squat exercise. 

'~'his activity lasted about ten minutes. 'l'he .subjects in 

Group I lined up haphazardly to take their turns in doing 

the isocetric exercise. ~ach subject in Group I, as his 

~urn came, held the five-foot .woden bar behind his head 

on his shoulders. At least four other students, not in 

Group I, he16 the other end of the rope so that the bar was 

irmnovable. A pictorial description is on page 57 of the 

appendix. (See Figure 3.) ~he subject placed his feet 

shoulder width apart and his toes even with each other. 

'l'he subject flexed the knees so that t~1.e le~s Here at a 

135-degree angle. ~he experimenter, by visually noting the 

an81e, told each subject when the legs were at the 135­

de.sree angle. '..L:he subject rer.lained fOI' eight seconds in 

tilis position, exerting maximum force in an up1'vard motion 

on the limnovable bar. The experimenter or a student, not 

in Group I, used the stop watch to time the eight-second 

bouts. At the end of the bout, another subject in Group I 

moved into position. 
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Uhile the subj ects in GrOll) I 'Here Goins the iso­

metric half sQuat exercise, the subjects in Group II either 

helued in conduc-c,inc; the experiment or sat on the benches 

in the 8~mlasiur~. Those in Group II who helped to condllct 

the experiment provic:ied ti'18 l"8sistanc0 by holding 'cho long 

enc} of the rope; put a mark b:7 '(;l'le name of the subject in 

Group I who did the exercise; or timed the bouts on the stop 

':Jatch. After all subjects in GI'OUp I had completed the 

exercise, both grollps joined tOGether for fifteen minutes of 

calesti1cnics and t 1.venty-five mim.1tes of activities such as 

tunfoling 3l1.d baske'cball. 

As a motivational factor, both groups were given the 

vertical jur:l;? tests during t~1.e last physical education period 

of each HeeK of actual 'craining dL::ring the six-week period. 

During the eighth week, the final vertical jump test, which 

Hill be l"eferred to as Vertical j-ump II, Has administered to 

all subjec~s. This test showed the increase or decrease in 

vertical jumping performance of each participating subject. 

V. 'rES:i:Il~G PrtOCEDUr'cES 

The testing of all vertical jump performances took 

place during the physical eO.uc2.tion period. Vertical jump 

tests were administered at the last physical education 

Deriod of each of the six weeks of actual traininc, as a 

motivational factor. 
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For testing of vertical jump perforr:,wnccs, 0. vertical 

jumy board was utilized. Approximately six inches distance 

from the vertical jump board, a ~ubject toot a position with 

his i'eet shoulcier 1rJidth apart and his toes pm-'allel and. even 

with each other, with the preferred side to the board. ~he 

subject1s leGS were flexed at a 135-decree angle, as visu­

ally determined by the experimenter. A pictorial d8scrip­

tion is on page 57 of the appendix. (See Figure 4.) From 

this position, the subject, i"Jith arms moving in an ~L1p1...rard 

sVling, jumped and touched tne vertic2..1 j1..D11P board with his 

fingertips at the heisht of the j~mp. After each trial, the 

subject regained the jumping position. Each subject nad 

th:."ee jumpinG trials in succession. 'lhe height of each of 

the three jurr.ps "lrTaS visually noted by the experimenter. The 

best of the three jumps Has recorded. 

During the first vJeek of the experiment, the stand­
.; 

ing reach of each subject was recorded. '.1'0 determine the 

standing reach of each subject, the experimenter directed 

the subject to stand flat footed beside the vertical jump 

board. ~he SUbject stood with his preferred side to the 

I 
board. The subject extended the preferred arm up the board 

until reaching the maximum height with his fingertips.
 

'.:.'his heiGht was nO'ced visually by 'che experilnenter and then
 

recorcied as the subject1s standing reach.
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VI. S'i'A'.L'IS'J.'ICS 

Data for -cllis study vms ga:chel'"'ed on the follo:-Jine; 

information for each subject: nane and number, Grade, group, 

sex, age, HeiGht, and he ic;ht 0 

For the purpose of ascert2.ining tho effectivenes3 

of the isometric exercise upon vertical jump performance, 

data vIaS collected on til.e standinG reach and tll.e heicht of 

the vertical jump perforr:'lance of the initial and final test, 

referred to as Vertical Jump I and Vertical Jump II. 

The data from age, weight, height, standinc; reach, 

Vertical Jump I, Vertical J~~p II, and the difference be-

t~'Jeen Vertical Jump I and Vertical Jump II viaS correlated 

for significance. 

The variables were correlated separately for these 

divisions: Group I total, Group I male, Group I female, 

T nGroup I grade 7, G-roup .'_ gl"ad e \), Group I Grade 9, Group 

II total, Group II male, Group II female, Gl"OUp II g:,"ade 

7, Group II grade 8, Group II grade 9, and Groups I and II 

tosether. 

The t test for significance was computed upon the 

gains made by each group and UDon the difference between 

the Gains of Group I illl.d the gains of Group II. 'i'he t test 

was also computed in comparison of the sains made by Group 

I male versus Group II male, Group I female versus Group II 

female, Group I grade 7 versus Group II Grade 7, Group I 
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CHAFTE:rt IV 

?RESE:;TATIOH OF DNrA 

I. IE'lliWDUCTIOl~· 

There were two statist~cal computations used in this 

stUG;)T to deterrnine the effects of training upon the -vertical 

jump perfol~nance of junior high school boys and girls. The 

1 test for significance was computed for gains made on 

vertical jump for each Group and was also computed for sig­

nificant difference between the groups· for mean gain. Also 

deterrnined by the t test 1-~8..S the sigtlificance of the mean. 

gain for both groups by Grade 8..nd by sex. 

II.	 THE SIGNIFIClli~CE OF THE 1lliAN GAIN FOR 

EACH G~~OUP 0:'<,· '.:i:I-'ill VE:nTICAL J"ULIP 'i'EST 

To establish significance for both groups on the 

gains made on the vertical jump test, differences were com­

pared bet....leen the initial and final vertical jump ·cests. 

As can be noted on Table III, Group I and Group II made 

significant improvement at the .01 level of confidence on 

the vertical jump test. 

Group I had an initial mean of 94.60 and a final mean 

of 96.73, which yielded a mean difference of 2.13. ':L'he 3E 

difference was .22, which yielded a t of 9.68. For signifi­

cance with forty-four degrees of freedom, a t of 2.02 at the 
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.0.5 level of confidence ",JaS req-u,ired, Hh11e a 2.69 vias 

reauired at tile .01 level. Tile t of 9.68 was, therefore, 
~ -

very higbJ.y significa.nt at the .01 level of confidence. 

Group II, or the control group, had an initial mean 

of 93.22 and a final mean of 9.s'.Lr.1, Hilich yielded a mean 

difference of 2.19. '.l'he SE difference -vIaS .51, Hhich 

yielded a t of 4.31. For significance with forty-eight 

deGrees of freodot~ a ~ of 2.01 it the .05 level of confi­

dence was roquired, Hh~.le a 2.68 was required at the .01 

level. ':.Che t of 4.• 31 was hit:;l',ly s ignif'icant at tne .01 

level of confidence. ~his significillLce indicates the con­

-erol c;roup did make significant sain or improvement brought 

about by the progrma of activity and maturation. 

-,-'ABLE III 

TEE SIGNIFICANCE OF ',[lI-'::2: DIFPKl:bl';CE BETl~-:EEN THE 
IHITIAL Ai::-D FI1~AL VE~:{·'::ICAL jUI:~? J:'EST 

SeOl-illS FO~-{ tlill THO GROUPS 

Group N Init ial Fine.l 
l,lean I\1eall 

LIe an 
Diff. 

SE 
Diff. 

t P 

Group I 
Iso:-netric 

45 94. 60 9' TJo. ~ 2.13 .22 9.68 001 

Group II 
Control 

L!_9 93.22 95.L;l 2.19 •.51 4·31 .01 

t necessary with L~~ degrees of freedom at .01 level = 2.69 

~ necessary with 48 degrees of freedom at .01 level = 2.68 



L~O 

III. 'lI-IE SIG~nFIC.ANCE OF' 'l'i-2 DIFg:::~"1El~ CE BEJ:'HEEN 

TI-lli FIHAL Mi;AH SCO~lli O~:: 'I'M V.l:1J.-;'1'ICAL 

Jul:1P OF' l'n:c; '1'1:/0 GROUPS 

The major concern of this study was to ascertain if 

a significant improvement in the vertical jump test could 

be obtained through one isometric exercise and cause a sig­

nificant difference between the groups. ~o accomplish this 

objective, the significance of the difference between uncor­

relat ed means was comput eo betiileen the t':JO groul)s. 

The critical ratio j or~, was found to be a .54j as 

call. be noted in Table IV. For significance at the .05 level 

of confidenc e, a 1.98 was required, Hith ninety-thl"'e e d e­

grees of freedom. With the nonsignificant return of .54, 

the null hypothesis r::mst be retained. 

TABLZ IV 

SIGNIFICANCE OF 'l:'IiE DIFFE~-tENCE 3ET~'JEm'J THE FIEP-L
 
MEA1\J SCOBE Q:i:{ TIill V:2;~1TICAL .TLJIvTP 70B. BOTH GROUPS
 

Group N Final 
Mean 

Difference t P 

GrOUD I 
Isoinetric 

Group II 
Control 

45 

49 

96.73 

95.L!~ 
1.32 .5h 

t necessary 1rJitll. 93 deGrees of freedom at .05 level 
of prooabili'cy is 1.93, at .01 level of probabilj_'cy is 2.63. 
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IV • SIGNI:8'ICAI:~C~ Oi;' ,.!.l~~ IIfr;l'-J.~ GAI:i:J 

1"03 BO'.!.'I-I G~O'uP..:) BY GlcADE 

To establish the .significance of the mean gain for 

both Groups by grade, the mean difference for eac~ c;roup by 

grade viaS compared betHeen the initial and final vertical 

jump tests. 

As can be noted in Table II, neither Group I nor Group 

II of the seventh grade made sic;nificant improvement at the 

.05 level. For significance with sixteen decrees of free-

dam, a t of 2.12 at the .05 level of confidence was required. 

For significance with eighteen degrees of freedom, a t of 

2.10 at the .05 level of confidence was required. 

The seventh c;rade of Group I, or the isometric group, 

had a t of 1.L~9, Hhich is no';:; significant. 'rhe seventh 

grade of Group II, or the control group, had a t of 1 0 56, 

which is not significant. 

As can be noted in :lable VI, both Group I all.d Group 

II of the eighth grade made siGnificant improvement at t~'l.e 

.01 level of coni'idence. For significance 1·,Jith twelve de­

grees of freedom, a t of 2.18 at the .05 level of confidence 

Has required, while a 3.06 'Has required at the .01 level. 

For significance with fourteen degrees of freodon~ a t of 

2.14 at the .05 level of confidence was required, while a 

2.98 was required at the .01 level. 

The eighth grade of GrOUD I, or the isometric group, 

had a t of 5.73, wilich is signifIcant at the .01 level of 
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confidenceo ~he eighth grade of Group II, or the control 

group, had a t of 5.67, which is siGnificant at the .01 

level. 

As can be noted in ~able VII, botn Group I and Group 

II of tile nirrch 81"ad8 made significant improvement at the 

.01 level of cOllfider...ce o POl" siGnj.fic2.J.J.ce ,·lith fOi.1rCeen de­

crees of freedom, a! of' 2.1L!. at the .05 level of confidence 

was required, while a t of 2.98 was required at the .01 

level. 

The ninth grade of Group I, or the experimental group, 

had a t of 8.65, which is significant at the .01 level of 

confidence. ~he ninth grade of GT'OUp II, or the concrol 

group, had a t of 6.43, which is si8nificant at the .01 level. 

TABLB V 

THE SIGlUFICANCE OF TH:i:i DIFFEnENCE BBT1iSEN ~HE
 

IlHi'IAL Aim FI:i.:iAL VEi~TICAL J"lJIvIP iiES1' SCORES
 
OF THE S:E<.:VE~'J-J.'n: GRADE OF BO~{H GROUPS
 

Group N Initial Final 
Ihean l'l:ean 

Mean 
Diff. 

SE 
Diff. 

t P 

Group I 
Isometric 

17 91 0 06 93.21 2.15 .96 1. L~9 

Group II 
Control 

19 88.89 91.11.5 2.56 .56 1.56 

t 

~ 

necessary with 18 desrees 

necessary with 10 degrees 

of freedom 

of freodom 

at 

at 

.05 level 

.01 level 

= 2.10 

= 2.38 
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'i'ABLE iJI 

Trill SIGl\TIb'IC.A.l\JC~ OJ? 'li-lli Dli~FL~-LC~'~CE Bl~i.r1·J"}=31\T fi:P~ 

I:i.~I~'IAL Al~D FI1~_£:_L \r~n'.J.'ICJ~4L jl.HiiP '.J.'.t!J::::;'J..' SCOpj~S 

OF THB ~IGH~H GK~D~ OF BO~H GnOUPS 

Group N Initial Fino.l 
Niean 1:le 0.:'1 

Mean 
Diff. 

SE 
Diff. 

.J... 
v P 

GroUD I 
I so:me'cric 

13 95.~_6 98.0u. 2.58 .93 5.73 .01 

Group II 
Control 

15 95.8 97.9 2.1 .94 5.67 .01 

t necessary with 14 degrees of freedom at .01 level = 2.98 

~ABLE VII 

;i'HE SIGNIPICA:NCE OP '.i'l13 DI7F~1-LE:'~CB :SETv.jEEN ~H2 

Ila'i'IAL ALD :.;'Il~_iiL V:ii.-'i.TICJ.l..L JlJ~,jP.L'.i.'J>S'i' 8CO:~~S 

OF 'i'lili NIl~".J.'H GRADS OF' BO::;:'H GROUPS 

Group N Ini t i al Final 
I'.~ean MGan 

MGal1 
Dift. 

SE 
Diff. 

L; P 

G:.."oup I 
Isometric 

15 97.87, 99.6 1.73 .99 8.65 .01 

Group II 
Control 

15 96 .. 1 97.9 1.8 .98 6.43 .01 

t necessary with 14 dG~rees of freedom at .01 level = 2.98 



-- -

Lrl!· 

V. SIGNIFICAFCE OF 'i'l-~': 1'f!3P.:N" G.ATi.~ 

Fon EOri'E G~OUl:'S BY SEX 

To establish tho significance of the mean gain for 

oath groups by sex, the mean cifferoDce for each group by 

sex Has compared betvJeen the initial a:.<1.0 final vertical 

jump tests. 

As can be noted in Table VIII, both Group I and Group 

II males mad~ significant improvement at the .01 level of 

confidence. For significance with twenty degrees of free­

dom, a! of 2.08 at the .05 level of confidence Has re­

ouired, Hhile a t of 2.83 1,-Jas required at the .01 level. 
~ 

For siE;nifical'lCe l-Jith tI-renty-three deGrees of freedom, a ·c 

of 2.07 at the .05 level of confidence was required, while 

a t of 2.81 Has required at the .01 level. 

The males of Group I, or the isometric group, had a 

t of 13.64, Hhich is siGnificant at the .01 level of confi­

dence. The males of Group II, or the control group, had a 

t of 5000, Hhich is significant at the .01 level. 

As can be noted in '1. 
1a'ole IX, both Group I and Group 

II females also made significant improvement at the .01 

level of confidence. For significance with twenty-three 

degrees of freedom, a! of 2.07 at the .05 level of confi­

dence was required, v0ile a t of 2 0 81 was required at the 

001 level. For significance Hith twenty-four degrees 

of freedom, a t of 2.06 at the 005 level of confidence 
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was required, while a t of 2.80 was required at the .01 

level. 

The females of Group ~, or the isometric eroup, 

had a t of 6.82, which is significant at the .01 level of 

confidence. ihe females of Group II, or the control Group, 

had a t of 5.62, which is significant at the .01 level. 
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'I'ABL::c.; VIII 

'EI£::; SIGlH:i?ICAKCE OF '_L'I-ill DIF'F'EkHCB B:8~\T::!~E:N TIill 
TiHl'IAL At'TD :5'I:i.iAL V:;:;;:l:1:fICAL JUI.l? 'l'~S'l' SCOlThS 

01<' '.£lEE ?',LA_DES 03' BOTE GROUPS 

Group IIJ Initial Final 
Mean Mean 

Mean 
Dirf. 

SE 
Diff. 

-'­
l> P 

Group I 
Isometric 

21 95.8 98.8 3.0 .98 13.6LL .01 

Group II 
Control 

24 9L~. 8 97 .~- 2.6 .94 5.00 .01 

~ 

t 

necessary with 20 

necessary with 23 

degrees 

degrees 

of freedom 

of freedom 

at 

at 

.01 level 

.01 level 

= 2.84 

= 2.61 

TABLE IX 

T£ill SIGRIFIC.~~CE OF Trill DIFF~R2NCE BET~lliBN ~r~ 

INITIAL AND FI~~A.L V:r::;RTICAL JUMP 'i'BS~ SCOIiliS 
Ol~" TI-ili F~l,;AwS Oli' BOTH GROViS 

Group N Initial Final 
Mean II,Teall. 

Mean 
Diff. 

SE 
Diff. 

-'­
l>- P 

Group I 
Isometric 

2!~ 93.5 95.0 1 05 098 6.82 .01 

Group II 
Control 

25 91.7 93.5 1.8 .93 5.62 .01 

t necessary with 23 degroes of freedom at .01 level = 2.81 



CHAPTER V 

sm.'il\iARY~ FINDINGS, COl::CLLJ8IONS~ AND iibCOI'!Ill'illNDATIONS 

I. SUJ.'ll',L£i.RY 

This study investigated the effects of a supplemen­

tary bout of isometrics upon -cne vertical jump performance 

of junior high school boys and Girls. 

Ninety-four seventh, eishth~ and ninth grade boys 

and girls in the Central Eeights Junior High School were 

subjects in this study. The subjects were placed into 

equated groups on the basis of their initial vertical jumps. 

1he subjects in Group I, or the experimental group, per­

formed an isometric half squat exercise, which vras held for 

an eight-second count, during each of the physical educa­

tion class periods for six weeks. ~he subjects in Group II, 

or the control group, did not have the supplementary iso­

metric exercise program. Groups I and II participated in 

fifteen minutes of calesthenics and tHenty-five minutes of 

physical education activities each class period durinG the 

six weeks of training. 

The initial testing of vertical jumping ability was 

completed the first week. The following six weeks the con­

ditionin~ program was administered during the physical edu­

cation class. ~he final testinG of v6rtical jumping ability 

"Jas administered the eighth Heek. 
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II.	 Fli::DIl-JGS 

The findings of the 3t~dy are as follows: 

L Group I and Group II both made highly siGnificant 

improvement at the .01 level of confidence on 

the vertical jump test. 

2.	 The difference betlJeen the final mean vertical ju..mp 

scores of the tHO groups 1IJaS not significant. 

3.	 The subjects in the seventh grade of Group I and 

Group II did not ~nprove their vertical jump 

perforIilance signific8.ntly. 

4.	 ~he subjects in the eighth grade of Group I and 

Group II significantly improved their vertical 

j~mp performance at the .01 level of confidence. 

5.	 The subjects in the ninth grade of Group I and 

Group II significantly improved their vertical 

jump performance at the .01 level of confidence. 

6.	 The males of both groups made significant improve­

ment in vertical jump performance at the .01 

level of confidence. 

7.	 The females of both eroups made significant im­

provement in vertical jump performance at the 

.01 level of confidence. 

III. CO~CLUSIONS 

vIi thin the limi"cations of this study the following 

conclusions were made: 
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1.	 Generally speaking, boys and girls in the seventh, 

eighth, and ninth grades will improve in verti ­

cal jump performance~ 

2. As the grade increases, vertical jump perform~~ce 

improves regardless of training. 

IV.	 DISCUSSI01~ 

Ball, Rich, and Wallis found that~ although the iso­

metl:ically trained Group increased significantly in strength, 

the gain in strenGth was not accolnpanied by a corresponding 

increase in the ability to perfo~1 the vertical jump.34 

Contrary to the study by Ball, Rich, and Yallis~ this in­

vestigator found a significant gain in ability to perform 

the vertical jump by the group that trained isometrically, 

or Group I. 

However, the control group, or Group II, also made a 

significant gain in vertical juraping performance. The dif ­

ference bebJeen the final mean scores of the t-wo groups ',Jas 

not, however, significant. 

V. RbCOlvIMENDt.TIOES FO~-{ FU~-{TBER STUDY 

As a	 result of the findin~s in this study, the fol­

lowing recommendations are su~gested for further study: 

3~-Jerry R. Ball, George A. 2ich, and Larl L. Hallis,
 
IlEffects of Isometric 'i'raining on Vertical J"Lunping, 11 :r~e
 

ri.esearch Q,uarterly, Y.....:XXl! (October, 1961J,J, Part I, 231-2350
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1.	 1>ihat effect lwuld one bout a f isometric exerc is e 

per day, five days per week, have on vertical 

jumping performance? 

2.	 irJhat effect Houla the conditionins done in this 

study have on tent~, eleventh, and twelfth Grade 

boys and Girls? 

3.	 lTnat effect woule the isometric half squat exer­

cise have on tile high jumping performance in 

track of males and females? 
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