
A COMPARA.'l'IVE STUDY OJ' THE RESULTS OF

THREE TRAINIltl TECHNIQUES ON GRIP STRENGTH

In Partial Fult1lJJaent

of the Requirements tor the Degree

Master ot Science

by

Sten B. Pierce

August 1968

A Thesis

Pre.ented to

the Faculty of the Graduate College

Wisconsin state University-La Crosse



Date

Date

sten B. Pierce

-1(i54(l7

Wisconsin state University at La Cross. Graduate College

./,"

fr-re ({)~-!:1c~
t The.1s COiattee Meaber

Cand1dat8.

We reooaend acceptance ot this thesis to the Graduate College in
partial tul:tiJ.laent ot this caDdidate' a requiruaent tor the degree
Master ot Science.

This thesis is approved tor the Graduate College.



iii

.aae. Sten B. Pierce Date of Degree, January 19, 1969

Institution. La Crosse state University Location. La Crosse, Wisconsin

Title of study. A OOMPA.RA.TIVE STUDY OF THE RESULTS OF THREE

TRAININl TECHNIQUES ON GRIP STRENGTH

Pages in Study. 44 Candidate for Degree of Master of Science

Hajor Field. Physical Education

The Problem,

This investigation sought to determine the effect:!.veness of the

.xer-grip as a grip strength developing device. and to determine the

etfects ot three ditterent training techniques using the exer-grip.

The groups were defined as I

Constant Maximum Contraction

Interval Maximum Contraction

Alternate Session-Constant and Interval

Scope and Method ot study.

The testing apparatus used vas a Narragansett grip cVnUlOmeter

with no width adjustment. The average score from three test scores

vas used tor the pre and post grip strength test. The training de­

vice was a rubber exer-grip which is manufactured by the Voit Rubber

Company. The subjects used tor this research were enrolled in two

volleyball classes during the third quarter at Stout State University.

Fifty-tour out ot the seventy-eight men enrolled were randomly assigned

and used tor. this study. The age range was from seventeen to twenty

one years.
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.All subjects used 1I8re non-varsitY' athletes during the tra:l.ning period.

F1ve general hypotheses were statisticallY' tested. The first

and second stated that using the analysis of variance test there would

be & significant difference on the pre-test and post-test scores at

the .OS per cent level. The third stated that using the a.nal7ais of

oovariance there will be a signifioant differenoe at the •OS per cent

level bet.en the adjusted meana on the pre and post-test. The fourth

and fifth hypotheses that were tested used the "tit test of signit1cant

difference between two aeanso It was stated that there would be a dif­

terence at the .OS per cent level of confidence between two means of

the pre and post-testo

One general factor concerning the mean gain in grip strength of

all titty-tour subjects was observed. No speoific .ean gain standards

were pre determined for this stud7.

Findings.

All t1ve hypothese. that were statistically tested 11elded no

signifio8Dt differenoe. The _an gain in grip strength of all fittY'­

four subjects was 9.94 pounds.
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CHAPTIR I

DTR01X1C1'IOI

at a fast rate in the past fifteen years. Wisconsin has had. an outstand­

ing growth in the JlUIIIber ot schools that DOW sponsor interscholastic

wreatling. Hr. lou Roberta, the executive secreta17 ot the Wisconsin

Interscholastic Athletic Association reported, "In 1951 and 1952 Wiscon­

ain had twent)" schools sponsoring iDt8racho1utic wrestling aDd. now irl

1968 ... had )1l schools start out in our tourD8MDt series. "1 This rapid

expanaion has cNated a deaand tor wqII to iaprove streDgth witil a JIiDi­

....at ot t1ae spent on tormal streDith traiDing.

"Huaan strength, the abilit)" to exert torce, has been ot irlt8rest
2

aince antiquit)"." A. chaapion wrestler JlUSt haw IlU.8cular streDltb., e8-

Interscholut1c ad collegiate wrestling haa grown in popularit7

exp1os1ft u.d. aggressive _fts and. to get out ot precarious situations.

The ab111t7 to grasp the opponent's wrist or Ulkle and. control it tor a

period of t1ae is a start towards an ottensift aove which could result in

a pin tor the ottensive wrestler. It 1s "17 difficult tor the botte.

wrestler to initiate a wrestling maneuver "en hi. wrist and Ulkl. are

oontrolled b7 a strong grip.

1
lou Eo Roberts, from a pre.entation at the Wisconsin Inter-

scholastic Athletic Association state wrestling Tourn..nt,
Febru817 23, 1968.

2aiohard Berger, "Btteat ot Varied weight Training Prosr_ on
Strength," Re••arch Q!arterll. 33.168. Kq. 1922.
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Other sports such as track, golf, UJlDUties, 'bowling, and b...-

ball also de.aDd grippiDg streDlth. The exer-gr1p is a device tor de­

ftlopiDg grip strercth and can be used to gain the strength Deeded in

all sports but eapec1all7 in wreaU1Dg. It see. logical to experDent

with difterent technique. to deteNine whether or not the exer-grip is

a useful grip atreDlth d.....lop1Dg device.

I. THE PROBLEM

statement!! !!!. prob1_. The probl. ia to te.t the e.ttect1ft­.8. ot the __r-p-1p .. a grip streDlth deftlopiDg d.eYice. and. to de­

temine the .tt.eta ot three dit.t.rellt 'tra:1JJ1Dg tec1m1que. using tile

exer-grip. Th. three tec1m1qu.a are I

1. Coll8ta1lt-Mazilma Con'tracUo.
2. IDterYal-Mazilma Contractien
,. .Altenate S•••lon-COll8tant aDd Interval

A de.or1pUon .t the three tra:1JJ1Dg techD1ques i. giwn Oil page eight

under the heading ot DetiDitiOD of Teru used.

Pppo•• !1. !!!. .t!cty. The pvpo.e ot this atuq 1. to investi­

gate three dif.terent traiD1Dg teolmiques, uing the ""1r1P to deter­

II1ne wldch teDd8 to 1ie1d th. .at gain in grip st.reDIth Oftr a period

of Di_ web.

Th. ear-srip i. a relatift17 new piece of equ1~nt that people

squeeze.

~ .!!! .!!!. studl. ID recent 78aN ool1ege athlete. haft bee.



IIOtivation, and equipment. It is questionable whether the average ath-

The typical weight training prograa deaands web tille, discipline,

e2p8rienoing an increase in academic pressure. This pressure demands

tull utilization ot in-classroom and out-ot-elusrooa time and effort.

In addition to greater utilization ot the athletes time, better _thods

and tools to accomplish these goals are necessary.

Juawley, Dennis. "Comparit1ve study ot the Ettect ot Calisthenics
and Calisthenics and Weights on strength and Endurance ... Seminar Report,
August, 1964, Wisconsin state Universityt La Crosse, Wisconsin.

lete in high school or college has the time to work that hard for athlet­

ic achievement. The exer-grip 18 a very inconspicuous and inexpensive

piece ot equipaent that can be used &r17 t1Jae and IlOst a:tr3 place. Be­

cause ot the eDr-grips nat shape it can be carried in a pocket easily.

New records ot all types and in all sports are being threatened

or broken every day. This is possibly due to new training techniques and

training devices. Too otten new devices and training techniques are used

without an objective evaluation ot their ettectiftness. It properly

Research indicates that substantial gains in strength can be

.ade through well-organized weight training programs. In 1964 Hawley

reported that, "Sixty-six per cent ot the group ot subjects that trained

nth wights and calisthemcs showed significant increase in strength.

whereas. only sixteen per cent ot the calisthenic group made any signif­

icant gain.".3
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useel, the exer-gr1p could 'be a Taluable suppl..nt to grip strength de-

ftlopiDg devices, anci because ot its sime. expense, and com.paotDes8 it

oan be ued out ot olus aDd w1ll DOt take up as Il11ch tomal clu. or

practice time as D18DT techniques curNn'tl7 being used. To date no re­

seareA has been applied to the Voit IDr-Grip.

DeJ1w1tations. This stucb" included tifty-tour JI&1e students at

stout State UD1ftraiV. HeDOllOnie, Wisconsin. .All subjects used tor the

experiaent wre non-varsiv participants. !he ace raage ot the subjects

was from seventeen to twntY'-oae 18..8. 0Dq the dm1N1lt hand ot each

.llbject was tested aDd. tra1ned.. The height and wicht ot each subject

wre DOt considered in this stuq.

Liaitations. Since all subjects are noD-varsiv pertoraera, this

stlld1' applies to pQs10al education students rather than to the high17

trained athlete. The grip .trength output of the subjects ..... "8~d

to be a aax:l.mall etfort. J'ree time activiti••, aot.1,vatten, nd.... in­

jv1e., and. 8ickne.. dur1Dg test1nl aDd tra1Ding .e.81oDS are variable.

that th1a re.earcher ooll1d DOt complete17 control.

II. IBrDIITIOB OF 'l'ERJ&9 tl3ID

Itrn....ter. This 18 .. iutruaent wb1ch _uvea .trength ot

the grip (t:lDger tlemrs). It coDSi.ta ot t., hea.". springs __'ted

between steel barae The scale is troa sero to t_ lumdred. po11Dda.
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FIGURE I

ott..1"f8 wrestler. The aan on top or in coaplete control ot his

opponent. The ottensive -.an is the IIOst aggresa1"18 aDd 1D1tiatea the

action.

Jl)efensi.,. wrestler. The man clown on the Dlat in the bottom posi­

't1on. He is in a position of disadvantage 'because the top man 18 averdecl

control of hill betore the whistJ.e sounds. When in neutral or ataDd1ng

position the defensive un will hold back aDd wa:l.t for the action to come

to h:1L



.!!!!:-GriP. .A. nat piece ot 11.,. rubber used ter grip streDlth

deftloJ88Dt and. aamatactved b7 the Voit Rubber~. Its deaen­

siODa are I Three aDd OD8-halt inches. by two inch... by ODe-half inch.

nGURE II

Read"y Position. This 1s the position ass_eel D7 the 8u'Djeots

tor test1Dc 1I:lth the ~ter and tor 'trmmng w1th the eur-cr1P.

The tru:nk, len..a, aDd daainat 8ZIl are COJItortabl7 tlaed. & few de­

crees. 'the back 1. atra1cht betore the actual contraction beliDs.

6
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FIGURE III

:DoJd.Da'Dt.!!:!. The natural arm used tor eveJ!7 dq activities,

sucla. as wr1tiDg. dimng, and throwing.

Constant Ha:x:1DmJI Contract:1on. J. .a:1JIal contraction that is not

relaxed until the cam.pletion ot the t1ae lapse that was pred.eteNiDed tor

each tra:1niDg ••s81on. J. })NINs.1on at eight, ten, Uld twelve seconds

vas used in this stueVe (See table nl1llber ODe.)
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Interval Ha:x:lDmm Contraction. A. m.ax1mal contraction which is re­

leased 8V87:7 one ••cond UDtil the completion ot the tiIle lapse is prede­

termined f'or each tra1n1ng session.

Overload Principle. This pertains to the concept that a IIUscle

does not increase in strength unless it contracts against resistance.

IB.-tric Contraction. A. hard steadT JIWIcular contraction ap­

,lied to an imaoTable object at a predetermined ancle and duration ot

t1ae.

Isotonic Contraction. A. hard stead;y muscular contraction that

allows movement of' the JlU8cle and a steady change or the angle of the

bod1' part being exercised. The weight factor against the _sele group

changes during the exercises due to the movement of' the boq part.



CHAPTER II

one tec1m1que or concept coaparecl to another. E. J. ThOllPSOD in 1ds

Because of the 1IJportance of strencth, physical educators haTe

cond.uoted a large uount of research in the area of strength develop­

Mnt. .Al.aost all the strel'lgth reaearch 1nvolfts the uae of ....1ghts. 111­

aovabl. bars, and. c&11.tIlen1cs. Isometric ancli8otoniC IlU8cl. contrac­

tions are two methods of au8cl. development be1rlg applied at the pre.ent

t1ae. Isotonic contractiou reter to vorld.Jw with barbells and Wi.lhtB,

1Ih1le ia_trio contractiou pertain to work -.a1nst an ~vabl. ob­

ject at .. pred.etera1Ded agle.

Researchers otten disagree 11:1.th each other as to th. val.. of

article. "Weight Tr«bd!ll Verns Ia..tric 'l'ra:i.J'd.Ds," poiatecl out th.t

I. A. Muller. and Peter V. Iarpovic1l disagree 011 the value of _ight

traiDiDi and. l ...tr1c tra:lD1D1. Thoapaon tarther toUDd that X.th....

ad. oth.rs reported • a1p1t1oaat incre... in th_ atreDcth ot both uu

.en ua1Dg both Wight tra:i.J'd.Ds ad iao_trio tra:l.D1Dc. Be also atateel

that Hath... ad haas_ concluded th.t, "iaoaetr1c tra1Jr1.mc renlted in
1

gre.ter streJllth gains."

Wolber. and 81118, h .. att.lpt to _an.re _ether a static

colltraction ot fort7-tlft s.co'" developed _re gr1ppil!l strength the

a statio contraction ot aix ••conda. tound th.t. "a six aeeoad

l.rhoapsen, B. J. "Weight Tra:lD1J21 Versus laoaetrio Trun11J1."
Scholastio Coach, )2.42-7. October. 1962.
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ceDtraction d.....1oped as Il11ch gripping strength as a tort7-ftve ••cenci

tatiguing contraction. "2

2Wolber, Char1e. P. and Frame D. Sill.. "DewlopaeBt ot
StNagtb. in 1I1gh School Bo1'8 b7 static Contraction," Ilea.arch Quart8rll.
271446-4.50. DeceJlber. 19.56.

"Slater. M. "'lh- Ettect of Muscle StNagth ot Ma1a'aa ISOMtric
aDd. IsotoDic COlltractiODS at mtt.rent Repetition Rate.," Jouraal ot
Ph,Tsio1ov. 1)0.109-13. 1955. -

4Rarick, Lawrence G. and. Larsoll. Gene L. "ObaerYatiGDB 0.
trrequeaq aDd Inteuit70t lsoaetric Kucular Ettort. 1n DeftlopiDg
Statie Huoular Strength in Post PuN.cut Kal••,· Research Quar'terg.
2913)-41. Ootober. 19.58.

D1J1a1c or isotomc tra:1D1Dg has been ••ed tor .81' ,ears. The

barbells and the overload. principl., which i. the theo17 that muscle

cloes not lain 1a strength unless it is 1IOrked to near .axbmIa capacity.

are well e.tablished in dynallic tra1niDg sessions.

B. I. Capell tested tour prograa of heaV7 resistance wight train­

1:ng, which i. s1JII:Uar to the overload principle. He coapared the

at.rength gaiDs of tour clift.rat groups using totar 'tra:udDg techD1ques.

Each subject in group one ••lected the heade.t wicht with which he

Slater reported iacre.... of fifty-two to e1ghv-e1ght per cent

in at:reDgth as a result ot tra1Jd.Dg iaometrica1.l7 with thirty aax1..

1soaetric con'tractioDS in twnt 7-tive dQs.:3

In a stuq ooncerniDg the frequency and iDtensi't7 of i_tric

aucular ettort, Rarick and Larson concluded "that strength incre..e is

lreater when a progres.i". add1tion ot sets ot JlWlcular contractions was
4

added ratller than just one Bet at a six .eoond contraction."
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could pertON. a aaxI_ of eight eDcutiou or repetitions. OYer a

period. ot t1ae, the repetitiona wre increased to tineen. At this

point JlGre Wight was added aDd the mDlber of the repet:!tion8 reduoed

to eight. Th. t.rairdnc eontinu.d until the subjeot could 8Iain reach

tifteen repetitiOD8.

Each subject in croup t_ .eleoted the hen1••t 1I81Illt with which

M could pertoa a ••'1'1_ ot tift repet1tiou. The subjeot. inoreued

the ....icht .. the l'lWIber ot repeti'tiona increased.

Each subjeot in group three .elected the heavi••t wicht with

1Ib1ch b. could pertON • au5_ ot tift repetit1ol18. The subjects

tra1Decl uire three .eta of tift "petitioa. When thq reached the

point where the7 co1iLd perfora tift repetit10na dur1Dg the .ecenci and

Bach .eject 1Jlgroup tov .elected the b..aY1.at -ilht 1d.th 1Ih1ch

he could perfo.. one repetitien. Th. subjeots trained u1JII three ••t.

per •••a.on. Th. wight ... sJ.ishtl.7 decre...d for .et tw and three.

Tb.e ..-r of repetitiolUl v.. increased to three. At the ooacluion .f

hi••~ CapeR reported, "&1.1 tov croups gaiMd about the ... -.out

of st'remgtb.." Se alao, 1Dd1catect that Group 'our'. gain was sllglltJ.7

higher but not s1gnif1cantJ.y so. Capen hrther .tatecl that. ftaore at­

tent10D should be applied to _thods ot aet1YatiDI 1Dd1riclual. to tratn."S

'capen, E. I. "studT ot Four Progr_ of Beav Reai.taDoe
Exercise. tor De'nlo~Dt of Kucular strength," Research SJ!art!rll.
27.1)2-42, Mq. 19.56.
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Aa the lsoaetric contraction theo17 began to laiD popularity, re­

s.archers were coD08rned with the relative aerits ot 1aoton1o and 180-

••trio contractions for the deft10paent of strength.

Robert Berger, ODe ot the accepted authorities in streJICth re­

.earch concluded on a ceaparat.1:n stuq ot .tatic ad dlD.a.c .treDgth,

that cVna1e aDd static strength 1IIproved sipiftomt1.7 "en the;r were

cJp.moaJ.q and statlca1.l7 trained. He.ver, _en att.ptbg to tra:1D

hi. subjects statica1.l7 to 1IIprow dpud.c streDgth, th.~ va no sign1t-
6

1caat dittereDce.

Berger coDduoted UlOt.aer stueV' in 1962 that c.pared resistance

load aDd streDgth 1a~I••nt. Se reported that, "tra:1D1Dg at D1ne't1'

per oent ot .m- .ttort produced jut as -.oh .treZCth incre... as

oae 111lDdNcl per cent .'x'-. ettort...7

In still another stu.eV' conoern1JJl the opt1lraa repetiUons Deeded

tor .01.. sVugth deft1o~t. Berger OODelUded that t.aree .eta ot

four, six ad e1ght repetitiona deft10ped the lreatest streDgth 1aorease•

.All the stNngth ot the subjects increased. _re repetitions _1'8 added to

8
the tr&1Jdag "s8ion. This 1. called propres.lft tram,..

G.-cbaer coDducted. • stuq GOllcern1JJl the spec1t1os ot strength

6:serger,_ R. A. "Coapar180Jl ot static ad~o StNDlt.b. In­
on....," ReseCNb Qprterll' 33.:329-)), October, 1962.

7s.rger, R. A. "e-par1aoD Bet.... !.esistanc. Lead aDd s't.re:ag'th
IJapreV8Jl8l1t," a•••CNb 9!a:rtAr1.y. 33.6J7. ~r. 1962.

8
Berger,_ L A. .Opt1Jlta RepetltioDil tor the DwnlopaeDt ot

StftDgtb., .. Researab QuarterJ,r, 33.))4-8, October, 1962.
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%ardner, G. "Speci11ciV of StNDgth Chqe. of the EDrc1sed
and Icm-u:eroi.ed L1ab FollowiDg I_trio Tra1n1Dg." Res.arch Quar'terg.
)4.98-101, Maroh. 196).

10--Berger, R. A. "Comparison Bet... static Tra1n1Dg &ad Various
Dp.a1c Tra1D1ng Progr_," Research Qu&rterg. "..1)1-'5. Hq 196"

11Cous1Da, Geerge ,. "Effect ot TraiDed. and l1Dtra1nec:l T••ters
Upon .AdmD1atration ot Grip StreDcth testa, It Re••arch Q!&!!er1l.
26.27.3-16, October. 1955.

1)

ohaDIes tollow1Dg is..tric train1Dg. Be tcnmcl that isotomc ..rei••s

strengthen ..olea throughout a lo~ _..-nt. Gardner also concluded

that iSOMtric tra1n1Dg d.eftlops the ballis\1.c type mftM.t at ug1e.

1... than twn't7 degrees. 9

Robert Berger eoDdacted a ooaparattve .~ ot static and d;JDCc

8Vength train'iDg aDd reported that trainiDg stat1ea1.ly six to eight

secoDU 1n t,. pcas1t10DS 1s DOt as .tt.cUve as three .eta ot 8ix repeti­

10
tioDS dJDaica1.ly.

A. nuaber ot obaervatioDS have been aade b7 researchers tllat

suppl_t pr!aatT streDgth research. In a stll<q- to detel'll1ne it tbe

streagth testers need to be thoro~ \raiDed, Cous1Da tound that both

a tra1nec:l aad unt.rainecl tester could adld.Jd.ater a grip test. with DO ap-

11
parent. 10.. of val1d1tJ'.

Cotten perto~ a atuctr ua1ng a Collins closed oir01dt "SPiro­

_ter to detem1ne eDdvace or une. oou..,t1oD. lie reported that all

1Dcreue 111 duration of a 8usta1Md wluta17 lsaaetr1e coatract:1on at

percerrt.age. of :r1rty per ceat. of a am_ '901lU1ta17 contraot1on or

greater 1. d:t1e to streltgth. Howver, result. 1Dc:l1cated. that eDd.ur__
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is a factor respoDSilU.e tor the i1'1cre..e in duration of a twnV-ti:"
12

per cat contrat1on.

In further support of streDlth tra:1D1Dg, Hath... and Krause con­

cluded that, "strength gaiDs are an individual phe...na." The7 stated

that this i. due pr1u.r:lJ.y' to the variatiou in the amunt of enort

that each individual puts forth.1 )

Tuttle ad others to11Dd. that the dewlopaeat of grip streDgth en­

durance 1. not d1rect:l.7 proportional to the deve10paent of aax'!IUII grip

stNDgth.14

III 19S1 HUDaicke1' SVYeJ'8d studies of hUJUD strength. On the

buis of his SV987, he reported that strength lDcreue 1s the greatest

troll Dine to nineteen Jean. The hcre..e of .treDith 18 DOt as great

troa ace nineteen to th1rt7. B1ma1cker further reported that I.1k_

found. that the lett haDd .... ninet7 per cent as stroDg as the rilht. Be

also .tated that Brb ad Rab1Do1l1tach ooneluded that subjects could

squeeze mre with their arm ..tended rather than in a aexed position.

Hunsicker al.. stated that Slater and B_1 reported that b7 eDrc1siDg

12cotten. Doyice. "Relationship of the Duration of Susta1Ded
Volata.17 Iso_trio Contraction to Chace. in StreDgth ad. Eaduruce,"
Research Cluarterll' )8.,366-14, October, 1967.

1~tb...., DoD&1d, ad. Robert Krause. "BUect of lsoaetric
and Isotonic Bxerc1••• on Elbow Flemr Muscle Groups," R•••arab
Quarterl;r. 28.26-17, 1951.

l~ttle. w. W., c. De JaDDeD. and c. W. Thoapson. "Relation
of KaxJ.. Grip strength t. Grip strength Eadvano.... Journal
!1. .Applied Plq!ioloq. 2,663-70, 1950.
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one &N, the other also gains in s'treagth.1.5

Morehouse has :reported on the de'f8lopaent ot stNDgth of subjects

wltlt d1ftrae 1n1t1al stremgths. He found that subjects v1th different.

'beg1md.Dg streDlth levels .alee about the s.. absolute ga:1u in strength

at about the s_ rate. He alao coJ1cluded that the inteu1t:r of the

contraction ._ of greater 1JaportaDce 11l strength developaent than the

16trequeJlq of contractiou.

EYerett and S111. coJlducted a stud;r of the relationship of grip

atrepgt.h to stature. SOJII&tot»e coaponents, and anthropometric ..uure­

Mnt of the Jumd. He concluded that wight correlated the higheat with

hand grip streDgth and that hand. width was second. Everett and Sills al­

•• observed that age had "17 little 1nfluence upon lrip streDgth. They'

conelud8d their st11d1' by recoaeDding an 8djustable grip cb'Doaeter tor

testir!g purposes.17

'Wr1ght concNeted a .t~ concem1Dg t.aperature factors and

ostrength pertO:nuBCe. Be ooneluded that, "a rise in teaperature of 2 F.

abo.,. DONal increased erip strength... :ae alao stated that a ri.e 1D

o
teaperat1rlre higher thu 2 F. decreased. grip streDgth

l~U8iOkert Paul. "Studies in HlDIaIl St.rength," Re_arch
Qurterll. 28.109-22, Hq, 1951.

~uae. Chauncey A. "Den1opaent al1d Ma1Dtenaaoe of
Iaoaetrio Strencth of Subjects with Divers. Initial Str8ICtha...
Research Qaarterll. 38.449-56. October, 1967.

17Ewrett. Pete W. ad FraDk D. Sill., "'the Re1at1oubip of
Grip Str8Dgth to stature, SoaatotJpe CoapoMDta, and .A.nthropoaetr1c
Measureaenta of the Band." Research Quarter1,y, 2.3.161-66, 1952.
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Olttpa.t.

Hathe.. 1Jl hi. book, )feuureaent in P!q!ical Education, gave the

follo1d.Dg 1nstructioDS tor the use ot the grip test1rc dln....ter. He

stated.. "the subjects haads should be t:lrst chalked. Place the concave

edge of the ~ter bet.en tile .t1rst aDd .econd joints of' the tin­

ger with the dial toward. the palJll. The subject 1. allowd. &D:1' _veaent

while aqu.ees:lDg the :lDstraaent pro'91d1Dg he doe. not hit arv- object with
19

Me t1st. The right grip 18 tested t1rst.

J. D. Wbi.teq eoDdueted a stuq conoemiftg streDgth soores and.

oorrelatiol180 He reported, "larger correlat.1en w1ll be obtained .e. the

awrage strength soore is used rather than the highest soore." Whitely

did point out, howver. that it there is aD extreae17 high score 1ft COJI-

20panson with the other scores. that the hiih 800re should be uaed. On

the bad.. of Whit8q t s research, this res.archer cho.e to us. the

average soore.

Regardless ot 'the amount of' streDgth developiDg rea.arch that has

been coapleted, it is erident that a clear ..d exist. to ••Unu8 to

determine the val1d1t)" of new equipment and to deterJl1ne the train1Dg

technique that )'ieleis the greatest incre..e in strength. The revie.d

18
Wright, V. "'actor. IDtluenc1l'lg Dlurna! Variation of Grip

strength," R••earch Quarterg. 30.110-16, Harch, 1959.
l~

:Nathe., Donald I., Xeaave in Phvical Eclu.oat.1on(Ph1lade1ph:la.
w. B. Sounders Coapany, 19.58), p. 61.-

2OwMte17. J. I). "Larger Correlations Obtained D7 Using Aftr.e
Rather TAu 'Be.t' StNmgth Scores," Re.earch Quarter17. )4.2If8-49.
M47. 1963.
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research has been an excellent supplement in aid:1ng this project.

The conclusions provided bY' these previous studies guided this ex­

periJlental study.

The exer-grip close17 relates to actual hUDW1 flesh, thus mak­

ing the strength training in wrestling more realistic. Regardless ot

the wq that wacl. strength is studied, the 1.Ilportant need is tor

better understanding of old and new techniques.



CHAPTER III

PROCEDURE

General Orientation. A thorough plan tor the research project

was introduced at the first session. The value of' this type of' study to

physical education and athletics was discussed. The hand dynamometer and

the exer-gr1p were briefly shown and demonstrated to the subjects.

Previous to the study a brief pilot study was conducted. From

this came the methodology which was employed in this research.

Fifty-f'our out of' seventy-eight _n from two volleyball classes

were selected f'or this study. None of these men was competing in var-

sity sports during this stud1', and their participation was voluntary.

The subjects were d1vided into three groups by random selection. The

groups were then classified as, (1) constant ma.x1mua contraction, (2) in­

terval ma.x::I.muJa contraction. and (3) alternate training session. The

classes met twice a week f'or nine weeks. The nine lI8ek testing and

training period was divided into three week sessions. The training be­

gan with eight second contractions and after five training sessions two

seconds were added to the muscular contraction phase of the training

session. T'NO more seconds were added at the end of ten training sessions

as shown on Table I.

A record book with the name and scores of each subject was kept

to insure attendance. Class roll call was taken each day and checked in

the book. It the subjects missed more than three training sessions or

two in a row, they were dropped from the study.



1. TraiDbi S•••10D

2. Tram ItI S•••1oD

). Tra1n1nc S•••1on 12 second.
eontrac't1oa

4. Trani. S•••ion

S. Tr&lm III S•••iOD

1. Po.t-t..t

Week ad Naber

I
Week of
JanU&17 22

n
W••k of
JUlU&17 29

III
week of
hbraary S

IV
Week of
February 12

V
Week of

""'&17 19
VI

W••k or
F.bra&Z7 26

VII
Week or
Karch 4

VIII
Week of
Karch 11

II
Week of
Karch 18

TABlE I

S••sioD

1. Ori.ntation

2. Pre-test

1. Tra1n1nc S•••lon

2. Tra1rd.Dg S.s81on

,. Traim!ll S•••10a

4. Tra1rd III S••slon

,. Tra1n1nc S.ssion

1. TraDing S•••10D

2. TraiDbi S••s10n

). Tra1rd DC S•••10n

4. Tra1n1nc S.sslol1

,. Traird.Dg S•••lon

8 ••oond
contraction

10 .econd
contract:1oD
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.After the deJlOnstration the researcher discussed the three training

groups that this study 'MOuld involve. Constant aa1alDD contraction,

interval max1Jlura contraction, and the alternate session coutant and in-

terval aa:x::1.lnua contraction were explained to give the subjects a better

understandiDg ot the research project.

They were told that the purpose ot this study was to test the

exer-grip as a strength developing device as well as attempt to deter­

Jlline a training technique that shows the greatest gain in strength.

Further explanation to the subjects indicated. the importance ot class at­

teadence and the w1llingnea. to lIOrk bard during each .es.1on. They wre

told that it theY' ms.ed three training ••••1ona or t1lO in succe••1on

they wuld be dropped troll the studT. The subjects were al.o told that

the results ot the stud7 _uld be shared nth thea and that they were DOt

being graded on their pertormance. The hand d1n....ter and the ear­

grips were passed around to the subjects tor per.onal investigation.

The test retest correlation tor reliability ot the testbg device

was ODd.tted in this stuc:l7. Fro. an. exud.nation ot the 11teratun and

specificallY' Wh1tely' s study, reviewd on page 16, this researcher de­

cided that averaging three test scores wuld be sufficient tor this

stud7. 21

Pre-test. The pre-test established the strength index ot each

subject prior to the traiD1ng period. The 1nstrwaent tor testing was a

2lwhitely, J. D. "Larger Correlations Obtained by Using Average
Rather Than 'Best' strength Scores," Research Quarterly. )4.248-49,
Mq, 196.3.
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new Narragansett hand dynamometer without the width adjustment. The re-

searcher demonstrated the use of the dynamometer step by step. The sub-

jects were instructed to apply magnesium chalk to their hand to prevent

any slipping during the contraction phase of the test. They were then

told to place the dynamometer in their hand with the dia1 facing towards

the palm, so that the concave edge tit their tirst and second tingers.

They were then instructed to assWIle the ready position as detined in

Chapter I, and not to touch anything with the testing haDd during the

max1.mum contraction. At this point the subjects were given an opportu-

n1ty to ask an:y questions concerning the use of the testing instrument.

Emphasis was placed on the value of sound technique, correct posture,

and proper grip on the instrument. The subjects were also told that to-

tal effort and cooperation was necessary if' the study was to be reliable.

For the purpose of warming up prior to the test, six exercises

were demonstrated and explained by the researcher. They were. (1) side

straddle hop, (2) trunk rotation, (3) toe touches, (4) squat thrusts,

(5) sit-ups, (6) running in place for ten seconds. The subjects were

told that ten repetitions of each exercise 'WOuld be executed in the same

order every day prior to a testing or training session. Each subject

then spent a moment thinking about any part of the pre-test procedure.

All were given a chance to ask &rr7 questions about the pre-test.

In setting the stage for the actual pre-teat the subjects were

once again encouraged to get themselves emotionally ready to pertorm.

The researcher suggested that they try' to simulate a lite or death sit-

uation in their mind. The subjects then executed the series ot six
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scores tor each man were recorded in the record book.

with no coJllland trom the researcher, 1IOuld compress the dynamo.eter for

"crush" three, and up to the nUllbers eight, ten, or twelve dependirlg on

the number. The cOlllland and. count was then, "crush" one, "crush" two,

squeeze the exer-gnp on the cODDlland "crush," and release on the call of

tion group was instructed to squeeze the exer-gnp on the first "crush"

COJllDland they heard fro. the researcher and to release on the command

"release. .. The interval 1IIa:x::lJtuJa contraction group vas instructed to

instruotion tor traiDing was as follow 1 The constant aa:xiaum contrac-

TraiDing Ses8ion. A portion of the first tra1rdng session vas

used to explain the t1JI1ng involved with this stud7 and. to incorporate a

approx1Jllatelyone full second and release. He 'WOuld repeat the test

three times with a thirty second rest bet.en each test. While one sub-

aotivating contest of achie....nt bet.....n each group of subjeots. The

ject vas testing, another vas alert and read7 to go, and still another

on deck as 1t vas defined. The subject on deck was asked to exercise

brietly, while the subject in the alert position 11'&8 asked to rest, put

magnesia chalk on his hands, and think seriously about the test. The

subjects were called up on deck until they wre all tested. Three

exercies previously' mentioned in this chapter. Because there vas only

one testing instrument ava:1lable the subjects who were not being tested

were asked to participate in some passive activity with the volleyball

to maintain their vamed up condition. The subjects 1I8re called up in

alphabetical order to begin the actual grip strength test. The subject,
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what training period they were engaged in. The alternate group of sub­

jects had to learn both techniques. When the explanation was completed

and there were no further questions, the subjects engaged in the six

....arm-up exercises discussed earlier in this chapter.

Upon completion of the exercises, each group was given an exer­

grip, asked to spread out around the gymnasium floor, and instructed to

assume the "ready position." On the command, "ready crush one," the

training session would begin. During the first tive training sessions,

the groups trained using three sets of eight second contractions with a

ten second rest between each set. After the .first tive sessions the time

factor progressed to ten and then twelve seconds as shown in Table I.

The alternate group started out training using the constant max1Dnml con­

traction technique and then alternated to the interval technique the next

session. This group also finished their training using the constant

technique 0

The researcher spent some time synchronizing the verbal co_ands

with each second on an Aristo stop watch. The rel1ability of the proce­

dure ....as acceptable to the researcher for this study.

~.!:!!1. The post-test using the grip dynamo_ter was conducted

after completion of the fifteenth tra1n1ng session. As previously dis­

cussed in this chapter under the heading pre-test, the subjects were in­

structed again on the use of the grip dynamoaeter. The series of six

exercises were executed and the subjects again vere called up alphabeti­

cally to begin retesting their grip strength. Emphasis vas again placed
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on correct posture, proper grip ot the instrument, and the need tor a

maximum ettort from everyone. The concept ot personal pride was

stressed to the whole group in an ettort by the researcher to get lIlaxi­

DlUIIl pertormance, As each subject completed the post-test the three test

scores were recorded in the record book along with his pre-test score,

To increase the reliability coetficient or the test, the average score

was calculated from the three raw post-test scores. These data were now

ready tor thorough statistical treatment.

statistical design ~ .:!:!!! stu$r. The anal.1'sis ot variance and

covariance were used to test tor difterences among the groups, Separate

analysis ot variance test were computed tor the pre-test and post-test.

Correlat1on coefficients between the means ot the groups and within

groups were also OOllPuted. Finally, _all "t" test ot the significance

ot the ditterences between two .eans was applied to the data ot this pro­

ject.

The raw data was transterred to IBM cards at Wisconsin state

Umversity. La Crosse, Wisconsin, and the tacil1ties ot the center were

u.sed to test for ditterence among the groups.

state.ent ot Hypothesis I The following hypotheses were tested in

order to check for ditterences among the groups s_pled,

Using the analysis ot variance statistical treatment, there will

be a significant difterence at the .OS per cent level between,

a. The groups on the pre-test scores.

b. The groups on the post-test scores.
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UsirIg the ~.1. of covariance .taU.tical treataellt there vlll be a

s1pd.f'1cat difterence at the .0S per ceat lewl betwen the adjusted

_ana on the pre ad. post test.

UsiDg the Nt" teat of aip1f1cant dinereno•• betwen tw _au

there vlll be a 811D1t1cant dift.race at the •OS per cent leYe1 of

ooDf'1deJlC8 betwen the _ana ot.

PRE-fiST

.. The coutant and. internl aa1_ contraction pt011p.

b. Th. iDterTal ad alternate ..xt_ contraction crollp.

c. The _utant ancl alternatem~ oontraction group_

POST TEST

a. The coutant aDd interval aaxi.. contraction group.

'b. The interval ad alternate aaxi.. contraction group.

0_ the coutant and alterute aa::1.Rlt contraction croup.



CH.A.PTER IV

ANALYSIS AND INTERPRETATION OF DATA

In order to determine whether the exer-grip is a useful strength

developing device and which training technique more closely relates to

the increase ot strength, the etfects ot the training program were

examined.

22Previously it was indioated that the analy'sis ot varianoe,
2.3 24

anal.ysis ot oovarianoe, and "ttl tests would be used tor this pro-

blell. The .05 per oent level ot confidenoe was used in acoepting or

rejeoting the hypothesis. This seotion outlines the process

and results involved in analyzing the data using these procedures.

The pre-test scores tor this stud1' were equated. Equated pre­

test groups is a basic &ssUJlPtion when applying the analyzis ot vari-
2S

ance statistical techD:1que. .All oollected data were processed by the

computer centers at Wisconsin state Um.versity, La Crosse, Wisconsin

and stout state University. Menomoni•• Wisconsin. A Monroe calculator

number 1220 was used tor parts ot the statistical treatment.

22
N. M. Downie, and R. W. Heath, Basic statistical Methods

(New York. Harper and Row Publishers, 1965), p. 176.

23Allen L. Edwards, E!per1aental De1r .!!l Psze::!!o1ogical Research
(New York. Rinehart and Company, Inc., 1950 • p• .3.3.3.

24
I))wn1., loc. cit•• p. 140.--

2;Stat81llent by E. Wqne Courtney, personal interview.
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PRE-TEST DATA

In developaent of' the analysis of variance tor the I anel Y Yari­

able and the sua of the products, the usual procedure was followed in

deterll1n1ng the S1DIl of squares and ..an squares. The F-test was made
26

following this procedure. The results tor the analysis ot variance

of the pre-test (X) are shown in the following table.

TA.BIB II

AlALlSIS OF VARIANCE FOR TBB PiE-fEST (I)

Source of Degrees of Sua of He.
Variation Freecba Squares Squares r

Between groups 2 S.Y/ 2.68

Within groups 51 18640.62 ;65•.50 0.00

Total 53 18646.00

M shown 1n Table II, the F SCON vas 0.00 1Ib1ch 1s DOt signif­

icant at the five per cent leftl of' contideace 111th degrees of treecba

of tw bet1lMn groupa and t1tt7-one within groups. See append1x for a

cOlllplete outline of data used 81ld prooedures foll_d.

Da. to the fact that th.s. data wre correlated. the Pearson

p1'OCluct nt correlation ooetfici.nt was established prior to

26nnd.
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applying the lit" test statistioal treatment. "It data are correlated.

such correlations have to be taken into account when tests ot sigrdti-

canee are beirc made I because the condition ot independent samples no

?:/longer exists... The formula used was as tollows I

NaY - (EX) (eI)

J (BEl2 - (~X)::n:NEY2 - (~I):r-­

54 (846228) - 6426 x 6962
[T}4 (783)40) - (6426)2] [54 (916438) - (6962)2]

13~""-4-
.90

A correlation coef'ficient ot .90 is a very high correlation.

The relationship between pre-test (X) and post-test (I) is very

dependable.

At this point the "t" test ot the s1gnif1eance ot the ditterence

between the lIeans was applied to the pre-test (X) data. The reau!ts

are shown on Table III.

'ZlDownie, ~. =!!., p. 134.
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TABlE III

NUMBERS, MEANS, STANDARD lEVIATION, STANDARD ERROR

THE MEAN, AND "t" RATIOS FOR THE PRE-TEST (X) DATA

GROUP

Constant 18 118.72 19.31 4.68 Xl 12 .0.5

Interval 18 118.8) 18.65 4•.52 X2 I) .31

.Alternate 18 119.44 17.7.5 4.30 Xl X) .4)

None of the above "t" ratios is significant at the five per cent

level of contidence.

POST-TEST (Y)

The analysis of variance tor the poat-test vas determined in the

same manner as that tor the pre-test variable. Table IV susariz.a

these datao



TABLE IV

AlALlSIS or VARIANCE ~R THE FeST-TEST (Y)

Source of Degrees of S'WI or Mean
Variation Freedoal Squares Squares r

B.t....n Groups 2 64.98 32.49

Within Group. 51 20810.87 408.05 0·97

Total 53 20875.86

The F value was 0.07 tor the 8Ilalys1s of Yar1ance tor tbe post­

test (Y) clata. This wu not significant at the 1'1ve per cent level of

con.t1dence.

The "tIt test was applied to the _au ot the post-test (Y). The

results ot this application are shown in Table V.



TABLE V

BmmER. MEANS, STANDARD IEVIATIOI, STANDARD ERROR OF

THE l£AIS. AND "t" RATIOS FOR THE POST-TEST (Y) DATA

GROUP N • AN S.D. S.E.M• T

Constant 18 121.50 22.08 5.35 Y1 Y2 1•.51

Interval 18 1)0.17 19.25 4.67 Y2 Y3 .52

Alternate 18 129011 17.21 4.19 Y1 Y3 .)0

There is no s1grd.t1cant difterence at the tift per cent level ot

coDt1denC8 between a:t'i7 two "tit values listed in Table V.

AlALISIS OF COVARIANCE

For the anal7s1s ot covariance, _ana obtained in the initial

ana1.ys1s had to be adjusted tor ditterences lIbich Jlight haft oocurred

in the scores used for the atudy'. The COIIpUter center at Wisconsin

state Uniftrs1t7. La Cros.e, Wisconsin, CODlputed the AnalJ"sis of

Covariance for this stud1'.

Table VI sWlllanHs these adjusted data and shows the F-test

ratio.



TABLE VI

ANALISIS OF OOVARIANCE FOR I AND Y DATA

ADJUSTED ADJUSTED

Source of Degrees of SUIl of Mean
Variance Freedom Squares Squares F

Betwen groups 2 60.91 :30.45532 0• .388

Within groups SO 3917.89 78.;36

Total 52 3978.80

(Note I One degree ot freedom is lost because ot covariance

treatment. )

Tabular F at the :t'i:ve per cent leTe1 ot confidence with two and

fifty degrees of treed.om equals 19.47. The computed F tor this stud7

equals 0.38. aence, the positive hypothesis is rejected. There WN

no significant dirterence. among _thoda (treatments).



eHAPTER v

SUMMARY AND CONCLUSIONS

Summary

The central problem of this study' was to test the eftect!veness

of the exer-grip as a grip strength developing device. and to deter­

JIline the etfects ot three difterent training technique. using the

exer-grip. The probl_ had four parts I

A. The selection ot a grip strength testing instruaent.

B. The administration of the testing instrument to the subjects

during the Pre and Post-test.

e. The organization necess817 to administer the traird.ng

session.

D. The statistical analysis of the data to determine the

presence or lack of significant difterences bet.....n the

means of the three training techn1ques and. formulate con­

clusions rega.rc:ling the use of the exer-grip.

The covariant factor in this study was the pre-test score which was es­

tablished 1Dm1ediately prior to the training period. The dependent vari­

able was the post-test score determined 18Dediately following the traiJ1­

ing ses8ion.

Conclusions

The sampling procedure u8ed in the study randomized fro. seventy



six students in two volleyball classes at Stout State Um.versity t

Menomonie, Wisconsin. Fifty tour subjects were selected from the two

classes tor this study. Using the pre-test grip strength scores the
28

groups were equated. Based on the results sUDDarized in chapter

tour the tollowing conclusions were drawn.

1. When the hypothesis that the pre-test scores wre equal was

tested bY' the analysis ot variance the hypothesis was rejected

at the .05 per cent level. This was pr:l.marily because the groups

were equated.

2. Using the "t" test ot signit1cant ditterences between two

means on the pre-test scores, the hypothesis was rejected. This

again was primarily due to equated pre-test groups.

). When the analysis ot variance was applied to the post-test

data, the computed F did not tall into the critical region; thus,

the hypothesis vas rejected. Theretore, it was concluded that

significant difterences wre not present tor the post-test

tactor.

4. When the t-test vas applied to the post-test data, the Nt"

value did not tall into the critical region, thus, the hypothesis

was again rejected.

5. Results ot the Analysis ot Covariance Test sh01l8d no signiti-

cant ditterence ot the adjusted means.

28
See appendix tor data used.
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Each group tended to gain about the saae ..ount ot grip

strength accordiDg to the raw score finding. However, statistically

there was no significance at the five per oent level ot confidence.

This ld.nd ot results indicates that possibly the training techniques

were quite close in the tora and degree ot muscle contraction. An­

other observation was that the weaker subjects in m~ cases did not

make substantial gains in strength. There were also a DUIlber ot neg­

ative pertormances which are quite ditficult to explain. It could be

concluded that theae weaker subjects are not motivated to increase

their auscular strength. Also, none ot the subjects wre physical ed­

ucation majors and so .ay have lossed interest which could account tor

so•• ot the poor and negative pertormances.

Further studies should be conducted using a combination ot more

sets, repetitiona, and a larger training period. Also, the applica­

tion ot this test and training technique to a group ot 1IlOtivated var­

sity swilaers wo do not necessarily train during 81f1m1ng tor grip

strength but would put forth their best ettort to the project, due to

th.ir competitive spinto Another approach JI1ght be to group the sub­

jects according to their weight index. And still another method

could be to group the subjects by their pertormanoe on the pre-test so

that all men that squeezed one hundred and thirty to one hundred and

torty pounds would be in one group and so on by ten pound intervals.

This procedure would allow the researcher to analise the weak and

strong separately.
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By observing the means on the pre-test and post-test scores of all

fifty-four subjects within the three groups, the exer-grip appeared to

have value as a hand grip strengthening device. The _an gain in hand

grip strength was 9.94 pounds. The lack of sigrd.f1cant difference be­

tween the three training techrd.ques indicates that the group of sub­

jects might be too homogeneous.

In conclusion, this researcher feels that it ~er research

would be conducted using another sequence of training .ethods the dif­

ferenoe in techniques could be significant.



BIBLIOORAPHY



BIBLIOORAPBY

A. BOOIS

Downie, B. M. and R. W. Heath. Basic statistical Methods. New York.
Harper and Row publishers, 1965. p. 176.

Edwards, Allen L. Experimental Design !!! PsrcholOgical Research.
Ne. York. Rinehart and Comptmy, Inc., 950. p. 3)3.

Hathews, Donald K. Heasurement in Physical Education. Philadelphia.
w. B. Sounders CoIIPany, 19sB7 p. 61.

B. PERIOMCALS

Berger. R. A. "Collparison Bet-en Static Training and Various
Dynamic Training Programs," Research Quarterll. )4.1)1-35.
Mq 1963.

Berger. R. A. "Comparison Between Resistance Load and strength Improve­
_nt," Research Quarterly, 3).637, December, 1962.

Berger, R. A. ·Coaparison ot static and Dynamic Strength Increases,"
Research Quarterll. 3:'3.)29-33. October, 1962.

Berger, Richard. "Ettect ot Varied Weight Training Programs on
strength," Research Quarterly. 3).168, Ha;y. 1922.

Berger, R. J.. .Opt1muJD. Repetitions tor the Developaent ot strength,"
Research Quarterly. )).334-8, October, 1962.

Capen, E. I. "stud1' ot Four Prograas of Heavy Resistance Exercises
for Development ot Muacular Strength," Research Quarterll.
?!l.1,32-42, Mq 1956.

Cotten, Doyice. "Relationship of the Duration of SustaiDed Voluntary
Isometrio Contraction to Changes in strength and Endurance."
Research Quarterly, )8.366-74, October, 1967.

Cousins. George r. "Effect of TraiUd and Untrained Te.ters Upon
Adndnistration of Grip Strength Testa.· Re.earch Quarterly,
26.273-76, October, 1955.

Everett, Peter W. and Frank D. S111s. "The Relationship of Grip
Strength to stature, Soaatotyp8 Coaponents. and Anthropometric
Measurements of the Hand,· Research Quarterlz. 2).161-66, 1952.



Gardner. G. "Specificity of strength Changes of the Exercised and
Non-exerc1sed Liab Following Isometric Training," Research
Quarterly, )4.98-101, March, 1963.

Hawley. Dennis. "COJIlPar1t1ve study of the Effect of Calisthenics
and Weights on streDgth and Endurance," SeJI1nar Report, August.
1964, Wisconsin state University. La Crosse, Wisconsin.

Hunsicker, Paul. "Studies in Huaan strength," Research Quarterly,
28.109-22. May, 1951.

Mathews, ]))nald, and Robert Krause. "Eftect ot Isometric and Isotonic
Exercises on Elbow Plexor Muscle Groups," Research Quarterly.
28.26-11, 1957.

Morehouse, Chauncey A. "Development and Maintenance of Is..tric
strength of Subjects with Diverse Initial strengths," Research
Quarterly. 38.449-,56, October, 1967.

Rarick, Lawrence G. and. Gene L. Larson. "Observations on Frequenc7
and Intensity of Isometric Muscular Ettort in Deftlopbg static
Muscular Strength in Post Pubescent Males," Research Quarterll.
29.3)-41, October, 1958.

Slater, M. "The Eftect ot Muscle strength ot Max1mua Iaoaetr1c and
Isotonic Contractions at mfterent Repet:1tion Rates," Journal ot
Physiology, 1)0.109-13. 1955. -

Thompson, E. J. "Weight TraiD1rag Versus Isoaetr1c Tra:1.n1l1g,"
Scholastic Coach, )2.42-1, October, 1962.

Tuttle,W. W., C. D. Jannen, and C. W. Thoapson. "Relation ot Max:1.mua
Grip strength to Grip strength Endurance," Journal !! Applied
PhniolOSl, 2.663-70. 19.50.

Wh1tely. J. D. "Larger Correlations Obtained by Using Average Rather
Than 'Best' strength Scores," Research Quart8rll. )4.248-49,
KaY'. 1963.

Wolber, Charles P. and Frank D. S111s. "Development ot strength in
High School BoY'S by static Contraction, tt Research Quarterlz.
'ZI.446-450, December, 1956.

Wright, V. "Factors Intluencing D1urnal Variation of Grip strength,"
Research Quarterly, )0.110-16, March. 1959.



C. UNPUBLISHED HATERI.ALS

Courtney. Wqne. stateaent and Personal Interview.

Roberts. John E. From a Presentation at the Wisconsin Interscholastic
Athletic Association state Wrestling Tournament. February 23. 1968.



APPENDtX



<DISTANT MAXIMtJH CONTRACTION

Subject Imtiel Score ftnal Score

1 157. 176.

2 146. 154.

3 136. 144.

1+ 135. 158.

5 1)3. 136.

6 132. 133.

7 128. 129.

8 127. 128.

9 120. 135.

10 1105. 120.

11 112. 113.

12 110. ll?

13 107. 124.

14 106. 133.

1.5 104. 106.

16 100. 109.

1? 90. 97.

18 79. 81.



41

INTERVAL M.AXIMUH CONTRACTION

Subject 1mtial Score Final Score

19 1,54. 162.

20 147. 161.

21 1)6. 1Sl.

22 13.3. 1,32.

23 13). 142.

24 130. 137.

25 129. 1)8.

26 125. 141.

Zl 121. 128.

28 117. 128.

29 11). 131.

JO 109. 114.

31 108. 131.

)2 106. 109.

33 103. lOS.

J4 102• 141.

.3S 97. 10).

j6 16. 89.
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ALTERNATE SESSION-<X>NST.AIT AND IBTERV.AL

Subject Initial Score Final Score

17 155. 157.

)8 144. 146.

:39 1:38. 139.

40 133. 157.

41 1)2. 140.

42 131. 127.

43 1)0. 139.

44 127. 128.

45 121. 117.

46 U8. 117.

47 112. 121.

48 lll. 123.

49 108. 117.

SO 107. 133.

51 102. 127.

'2 101. 103.

53 93. 9'.
54 87. 98.



COMPtn'ERIZED SCORES

SUIIl of 1mtial Tests

Sum of Final Tests

Sum of Squares-Initial

Sum of Squares-Final

Sum ot Cross Products

Total SUIl ot Products

Sum. of Products for Methods

Sum of Products Within Groups

Adjusted Sum ot Squares Within Groups

Adjusted Total Sum. ot Squares

Reduced SuIl of Squares tor Methods

Reduced Variance tor Methods

Adjusted Error Variance

6426.

6962.

783340.

918458.

846228.

17150.00

4.69

17145.30

3917.89

3978.80

60.91

~.45S32

78.35



FORMULA Fl>R t-TEST


