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ABSTHACT

Arm and wrlat strength and the opern overhand volleyball
serve veloolty ware determined for 4% female 58 in 7 randomly
galastsd high schools in Distriet III of the Wiesconsin Inter-
moholastie Athlatis Association. A cable tenslometer and
oinematography were used to deterainse the 5'a strength and
serving veloolty, respsotively. Hulbtiple r was used to ana-
lyze the golleoted data and fownd the relationehip bobween
arm and wrist strengbh and open overhand volleyball sarve
valocity was F».05. It was also found that the reliability
r apaffislent of ths arm strength and wrist strength testa
wars .91 and .90, respactively when comparing the higher to
tha lower atrength test scors.
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CHAFTER I
INTRODUCTION

In resant yveara great strides have beon taken in the
numbar of participants in glrls* sports in Wisconsin. Vel-
leyball is ons of the sports that has grown esxtenslvely, bokth
in number of partiolpants and the advancement of play. In
1973 the Wiscongin Intersoholastis Athletle Asscolatlion had
231 schools enrolled im the girle' volleyball tourasment
program; by 1976 the number of schools had inoreased to 402
(W.I.AA., 1976).

Tha serve, a lundamsntal akill in volleyball, is one of
the most leportant aspects of the game, The sarve provideas
a teas with the inltial offenslve weapon necesaary lors
gooring [Odeneal & Wilson, 1962; Sandefur, 1970; Shondell &
WcManama, 1971).

Serves ars divided into three basle categories whlich
ara: undsrhand, sidears and overhand. In comparing aesrves,
Welash (1940) stated bhat an averband servae asan be aapved
fastar which allows the opponent less time o reack and
obtaln good playing position. Trotter (1965) found the over-
hand serve required a higher degree of playing proficlency
but offered more power of foroce ocompared to other serves,
Furthermore the overhand serve possesses the aspeots of &
good serve, It 18 mocurate the majority of the time and the



mozt diffioult to roturn (Odenoal & Wilscn, 1962).

Although thersa are a numbsr of hand contast poaitions
used in overhand serving, the open palm posltion was prafer-
red (Laveags, 1950; Sandafur, 1970; Scatss, 1973; Schurman,
1974; Thigpen, 19567; Trottar, 1965), These authors felt the
open overhand serve was moat desirable and provided the most
conkrol over the ball, Whan exeocuted correotly, the ocontrol,
powar and spoed of the open overhand ¥olleyball serve should
provide more points than any other serve.

Theoratically ths open overhand sarve should be the beat
perve to place the ball into play. Ths abllity of a server
to exesuts an spen avarhand serve may depand en many factora,
inolwling strength, "3trongth is baslo to perforsance in
aotivities® (Mathews, 1968, p. 59). The sarver's strength
may graatly determine the striking fores laparted to the
vollayball and bhe resulting veloolity. If strength affects
tha weloslty, then a atach may amphasize strength training as
part of a volleyball conditloning progras. If streaagth doess
not affect wveloclty then a coach aay plase eEphasls on othar
trajining and skrategliea.

Siatement of the Problem
The sxlstense of a relationshlp betwesan arm and wrist

ptrength to the veloolity of an open overhand serve has oot
bean reported in Ehe literature. It would appear that arm
and wrist strength could be components of a server's abllity



to perform & Tast, opan overhand ssrve, If such a relation-
ghip exiets then a tralning program esphasizling are and wrist
gtrength should be lnoorporated into & oconditioning program.
If a relationahlp doss not exist then strength bralalng for

the ara and wrist would not be astraesed or incorporated in

tha conditloning progran.

Egrpose of the Study
The purpose of this study was to dsteraine if a relas
tionship between a sarver's arm and wrist strength and sarve

veloolty existe in female interscholastlo high school volley-
ball players using the open overnand sarva,

Hypothesis
For this atuwdy, the hypothesis was statsd in the null:

thera iz no significant relaticnship batween arm and wrish
strength and the veloclity of an open overhand wvollayball
sorys 1n high school girls,

Amsumptions

Tha following assuaptions were mads in regard to this
gtudy:

1, High spesd oinssatography provided an asourate
mathod of dsteraining walosity of a volleyball serve.

2. The cabla tenalomater provided an amocurates matbhod
of measuring ara and wrist strength,



Delimitations
The following are delimitations of this study:

1. The subjects wars asslessted from a randos sample of
seven schools in District III of the Wissonsin Interasholastio
Athlatis Associlation (W.I.A.A.) in the 1976-77 schoal year.

2. A pool of 58 schools were randomly selected from
Distriot III of the W.I.A.A. ko 11l any refusals of partici-
pation from the original seven randomly seleoked ashoola.

3. Oply varsity players of & girla' W.1.4.4. volleyball
team who ysed an opsn overhand volleyball serve wera consi-
dared in the sanplas,

&, All subjeckts were ftested during a wolleyball prac-
tice session during the last three weeks of the 1976-77
W.Il.A.A, volleyball somson.

5. A pable tensiocmeter wmas ufed to séasure the ara and
wriat strength of the sarvers.

&, Clnematography was used to deterslne vollayball

valoalby.

Limitabtlons
The following are limitations of this atudy:

1. The tests were glven st differsnt locatlons and on
different daye of tha 1976-77 W.I.A.A. valleyball Bsason.

2. Differeot bteaching technlques and training programs
were usad by each ooach.

3. The servers' motlvation to do well om the seorving



test and strength besta were uncontrollable.

%. The abllity of the sarvera bo serve noroally «1bR
foreign objects sush a8 the cameras and lights, were uncon-
trollable.,

5. Ths selsation of wvaraity team membars, by the res-

pactive soaches, differed in each school.

Dafinition of Tarma
Arm sEreneth test. The measurement of the musoular pull

of the are and shoulder when held in an overhand voll-rball

searve poaltion. A cable tenclomekber was used to memsure the
foros axerted,

Cable tenalomeksr. An instrument used to measurs lso-
matrie strangth throogh the tensjion placad on a ocabla run-
ning over a rlser on the tanslomekar,

Cinsmatography. A process of sobion ploture fillming
anl analyzing the developad film. In ©his study it was woed
to caloulats volleyball weloolty.

Intarsonolastic tesm. A tesm that has compatlitlion bet--
wien different schools and in this study & member of the
Wissonain Inierscholastio Athletioc Associatlion,

Opan_overhand wolleyball seprye. A volleyball searve ocon-
taoted at head level or above with the heel, pala, fingara

or any comblnation of hand parte, a8 long as the hand resalna
-

apen on contaot.
Strength. The capacity of a muscle or musele group to

axart a foroe or resist a Corcw.



Varsity vollesball teas, & group of interscholastic
volleyball players selected as the best volleyball players

of that sohoal.

Velpolty. The spesd of an object in Flight, caloulated
throush the basle relationship of dlstance divided by tima.
In this study, determined through olnematography.

h ksst. The seasurement of the suseular
pull of thae wrist when held in an overhand wolleyball sabrve
poritlon, A oable tenslometer was uged to measura the pull

axartoed.



CHAPTER 11
HEVIEW OF RELATED LITERATUHE

Tha roview of literaturs 18 dlvided iato four major
arens: (1) Overhand Serve, (2) Strength, (3) Veloolty and
(k) Belated Toplos.

Overhand Serve

*Tha sarve is the moat affective sooring weapon in vol-
leyball® (Odensal & Wilaem, 1962, p. 16). Of the three
typea of sarvea, underhand, sidearm and cvarnand, the over-
hand eerve provided the most of feotive serve (Odeneal &
Wilson, 1962; Trobter, 1965: Weloh, 1960).

Bunn (1955) stated there areé Lwo commonly weed serves,
the undarhand and the overhand, however the overhand serva
was oonsidesred to be khe majer offonslve serve. In the ovar-
hand serve, the ball can ba hit wikth more lorce then <he un-
derhand sarve because bhe arm la ewung through a large: ars
and gaina greater spasd of movement.

Overhand serves are genorally divided inkto throe bypsa:
floater, spin and roundnouse (Soates, 1976). The [leoater
moves in an srcatic pattern and L8 contacted with tha heel
of the hand. The spin serve makes conkact with the heal al
the hand which 18 followed by & quick wrist snap thus the
wholes hand contacts Lhe ball. The roundhnouse @erve oxhiblbe



"apaad ani foree through a full arm ewing with contackt by the
heel of the hand, -

. Shondell and MoHanama (197la) found the most popular
competitive serve was the overhand {loater, This serve is
oontasted with & jab from the hesl of the hand through the
pantar of the hall., "Tha heal of the hand is the moat ocom=
mori contaoting surface® (p, 28), The contmct must ba made
golid and sharp with a compact striklsg surface, whigh elimi-
nates spin. Schurman (1974) suggested the floater ia the
rmost effective of the overhand serve deliveriss., It is
sarved sharply with & qulok wrist snap and brlefl contact bet-
waen alther the heal or oupped hand position.

Other overhand serves (Soates, 1973) are the spin and
rourndnouss serve. The spin sorve (Scatesn, 1976; Walah, 1960)
is contaoted with a quiok wrist snap forward Collowed by the
fingere oapping the btell on comtact. The roundhouse Garve
(Sohurman, 1974) smploye the use of the palm and heal of the
hand, The ococked back wrist position provided the key to a
good roundhouss serve, Ag the ball ls contaocted the wrist
snape forward with the pals and fingers rolling over the ball.

In somparing a spin and floater, Welch (1960} stated
both serves are vory effective and oan be used intarchange-
ably. Both serves are son:  gbald wlth thes heel of an opan
hand bat Lif spin was desired the Fingers should sap the ball
on contact, This author alse felt that the overhand sarve

wag hit very slmllar to a aplke in volleyball.



Although thers La an agrecsent among saveral autbors
(deneal & Wileon, 1962; Trotter, 1965; Welah, 1950) on the
offectiveness of the overhand serve there are saveral vars
lations in hand contact positions. Scates (1976) eaphasizen
an opan hand method of contant rather than & fist or alde of
the hand in all thres types of overhand searvea. HoManama
and Shondell (1949} indicated thers are three common types of
overhand service contasta: open hand, oupped acd kKouwckle.
All €hres methods of servics sontact are a fora of an opan
hand hit. The cupped asearve has a similar shaps to the open
except the thumb and little fingers are turned tosard the
palm., The knuckle contack results ln an open hand kit ax=
capt the fingers are flexed to a M degres angle at the mid-
die and distal Jolote.

Other authors (Laveags, 1960; Sandefur, 1970; Thigpen,
1967; Trottar, 1965} refer to the open hand contact positlon
as being smost Cfavorable. Laveaga (1960) streassed the over=
hand sarve be hit with a cupped hand through a snappling lfaor-
ward, forssful mansar. A sarva hit aguerely with the hesl of
the hand was esphasized by Sandefur (1970). Thigpen (1967)
falt & sarve ghould be contacted at the exsct santer of tha
ball with the heal, palm and fingers of an open hand moving
with & focward snapping motion, Trotter (1965) astated the
open palms positlion provided the most control for the over-

hand wollayball ssrvios,
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Skrength
The lmportanos of strength to an individual has been
omphasized sinoe ancient times,
Obaarvars af sportd bhrough tha ages have bean o0og=
nizant: of the role of streangth, and the toplae has
irtrigued lnvostigators in suwoh diverss flelds as
phyeioal esdusation, payahology, medisine, ahild
pwth and development and gerontology (Interna-

lonal Committes Standardization of Phyaloal
Fitness Teata, 197%, p. 350).

Mathews (1968} stressed strength i85 basloe to good per-
formance in athletic skills. Shondell and HoManama (1971a)
gtated a regular volleyball trailning progras ahould ineluda
welght tralning every other day and on alternabts days work
on vollayball skills, Sehursan (1974) also. falk welght
training, o wall as non-wolght esxeroloes should ba lnoor-
poratad into a volleyball program,

Trotter (1965) and Wolaoh (1960) agreed that a volleyball
player needs & high standard of physical Fitnesa but also
neads apeoific condltioning for wolleyball. "... compatition
in volleyball calls upon aoncentrated use of speallls musoles
namely, fingers, hands, ares, shoulders, back, fest and lega®
(Protter, 1965, p. 211}). "... the vollayball player sust
atrengthan hia wrlists, arms and shoulders, bank, faat and
oalf musoles [(Welch, 1960, p. 123).

Ddeneal and Wilson {1962} also felt kbhat astrength is an
important aspeot of playing a good volleyball gass, In 1975,
Gohurman otressed the lmportance of inoreased strength in the
wrist and arms which permite a more foroeful spike,
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In referenoe to strongth there are btwo basic types:
laotonio and laosatrle, Isobonle sbrength relars b0 Lhe ra-
alatance a suscle or musale group can overcoma in one appll-
catlon of foree through a full rangs of motlion, Isomebria
strongkh ru.l'nrl to the fores a suscle group can exort on &
fixed resistance (Morehouse & Millar, 1971).

Aooording to de Vries (1974) Ffinding accurate and objec=
tive methode to measure strength presents a problem. Isoton-
io measurenents are veary btlime consumlng and often bécone a
trial and sarror situation with fatlgue setting in bafore tha
saximal estrength lavel L6 reashed. On the other hand lscse-
trio seasuremsanta are easier, quioker and more pracisa, Tha
aa jor probles with lsometrls strength tests are the speaci-
fieity for that particular angle of pull rather than a full
rangs of movemant.

Clarke (1956) conducted a study of isosetric muscular
strength Lnstrossnts, The instromsnta werse a cabls tenslo-
matar, straln gauge, apring scals and syomstar. The results
found thé cables tensiosster to ba tho bast.

As raflected by the abjlectivity coaffliolente, the

cable tensicomeator had greatest precision for

strength teasting. It was the moat etable and gen-

arally uasaful of the lnatrusents, and was fres of

most of the Faults of the obher davioss (p. 2%2).

Latar in & 1970 publication, Clarks and Olarke found bthe
oable tenslometer to ba ons of the almplest and moat widely
used strength btesting devices, It is small, compact and ox-
tremaly versatile. Of the lsosebrlo strength ssasuring de-



vioes de ¥Yriee (1974%) found the sabls tensiomatar as tha
dlmplest and wmoat widely used,

In 1970, Anderson coapared fowr atrength lnstruments in
saaguring lexor musels atrength of the Fopellnger, wriat
and slbow. The four instruments comparsd wara tha tanslo-
seter, strain gaugs, dyaascmetar and linear variable differ-
ential transforser. Sizxty-five men wars subjects and wars
teated three times daily on thres different days. The re-
gulte of this study imdlcated the tensiometar was the most
stable from trlal bo trial although the atraln gaugs was best
in measuring precision., Purthersore Anderaon (1970) stated
all four instrusents could be ussd with confidence in their
gtabllity and precision. He suggested conaldsration should
b= given to the asonomy and prasctlcal applisation of tha four
instruments rather than the difference in stability or preci-

slon.

Veloaity

The overhand serve 18 a form of the overhand throwing
pattarn which utilizes the highest spesd jolnt actliona of
wrist flexion and shouldsr medial rotation (Gooper & Glassow,
1972). Broer (1960) agreed that the overnand pattern pro-
ducad the most spesd. This pattern parmits the longest baok-
awing and the use of many body parts allowing more l:p“ﬂ.h}
deavelop than the underhand throw.

Aosording to Walls and l.!.lt.ti,ganu (1974) there are Eix
ma jor fastors that detsrmine the speed of a struck ball.
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Thoss are the speed, mass and cosfflolent of restitution of
the ball and the spead, mass and cooefflolent of reatitutlon
of the striking implement.

In addition, Broer (1950) suggestod Ghat AP tho purpoas
of & ball was to travel a set dlatance in the least amount of
time then the angle should be flattensd. The ascunt of llakt-
tening dependa an the foroe that can ba produced by the par-
son, MWells [1960) stated the efflalenay af the lmparted Coros
i judged by the speed, distanse and direstlon of the ball
aftar its releass. The waloolty of the thrown ball is di-

reotly related to the amount of foroe produwced in the
throwling motion, and the apsed at the moment of relesass.

Flaraak (19469) stoted thare are four basic ways to de=

tarmine the voloalty of a prolested ebject, The four meth-
ods ara:

1. Heasuring the length of the bounce of the ball after
aontast with the ground.

2. By messuring the height of ocontact, the horizonktal
distance the ball travels and the time the ball ie
in flight and convert this information to & voloolty
through trigonosetric tablss.

3., Using ropas that are a presoribed norizontal and
vertical dlstanse and mesasuring the helght of aon=
tact, the height the ball erosasa bthe ropss and the
horizontal distance the ball travela.

4, Motion ploture filming.
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In roviowing thess methods Plereck (1969} Tound the
bounoe méthod supplies only a rough eatimate of btall velo-
glty, alnoe it does not consider epin or angle of rebound.
Tha second method neads large ascunts of data to be solleatad
and is tilme consuming. The third method also takes a graat
deal of time in setting up rones and caloulating the warious
measurements. Flereok (1269) set up a subjeotive rating

mathod for the veloolty of the btennis sarwe but found errors
wara made by the ratera, PFurthermore she identified filming
an the bast method For deteralnlng weloolty, although filming
requires goaplicated eguipsent and time in analyzing the mea-
suramants,

Bogara's (1969) atudy dealt with the velocity and angle
of projestion of the volleyball aplke, In this study three
methode of asseasing veloolty were pomparsed: film analyala,
subjeotive rating and tims-distancs-height of contact method.
Thie study also fousd the time-distance-helght of oontack
mathod was diffioult dus to obtainlng trained raters and
took too muoh Elme for analyels.

Although Film analysis is an aspurate meathod of deter-
mining wvelosity, the equipsent im expensive and analysis i=
time consuming, In comparing the thres different wveloolty
tests, Rogers (1969) found variation in correlation oceffioci-
enta, Corralation ocefficlents were: film and time-distance
was .90; subjective and timo distancs was .76; and subjeotive

and fila was .65, Theae sorrelations were basad on the
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fourth trial of five for the filming (a total of 71) and all
five trials for the time-distance and subjective tests (& to-
tal of 365).

Agoording to Bunn (1355) filming of eports activitles
has been used for years, Fllming allows socurate aoalyalie
of movement in speed, fores, distance, angles, atao.

Helated Toplos

The following reforences are otudien of various artioles
dealing with strength, veloaity, related overhand patterns
and volleyball. The articles deal with one or several of
thase sublecta.

Clarke (1960) cendusted an expariment om the correlation
of strength/mase ratlo to ars strength. PForty-sight male
students ware used to messurs the strength and mase of the
right arm and the spesd of the right arm. Speed wad besbed
through the use of chronosoopes and measured in the horlzon-
tal planas, Strength was measured by a Epring scale and mass

by waighing the are. The resulte showsd that suscle exer-
tion (strength) i8 highly spsoific to A related movement.

In 1961. 3slth studied the relationship of maxloum sposd
of movamsnt with the subjeats® strength, reaction latenoy,
mags and length of limb. Dats was collsoted oo 70 sen and
ineluded reactlion tlse, spead of movement 1n Ehe horizontal
plana for the praferred arm and vertioal plane Far the pre-
ferred leg, Saith's [1961) conolusions were similar to
Clarke (1960) ia that spesd of lisbh sovemsnt is highly
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epecific to the limb and dirsotion of movesent. Also limb
movemant was unrelated to measured atatic strength or the
ratio of statlio strength to lisb mass.

In 1974, Myer determinsd the relationahip of baseball
throwing waloolty and ars atrength. The cable tenslometer
was ugsed to measure ars strengith and velodlty was detep-
mined by timing the ball over a known distanca, Ball release
atarted an aleatric timing devios gnd tha davice stoppad
whan the ball hit the target. Pifty=Lwo males were given
ten trials, BHBesulbts revealed there was no significant rela-
tionshlip betwean arm atrength and bhe veloclty of A thrown
basgaball.

Vogk [(1961) studied the affects of grip and wrist
strangkh sxerolses on tennls playing ability. Elghtesn ool-
lags women ocoaprised two groups, & control and an exerolse
group. Both grouwps were pre and post teatsd on & modified
Dyer Backhand Test and cable tenslomster HMIH tests. Af-
ter five weeks of wrlst and grip strength éxerclises Ltha axer-
olse group had signifioantly inoreased thelr respoctive
etrangth, FPlaying abllity was aleo inoreased in the axerclaa
Eroup but not signlficantly.

Anokher study dealing with grip strength and tennis
playing ability was conducted by Stoebe (1976). This atudy
dealt with 75 students rangling froa ohildren bo adult. The
Bevisad Dysr Backboard Test and Broor-Millar Drive Test ware
parformed For playing ability data, Orip strength was
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determined by a hand dynamometer. The correlation between
grip strangth and tennis ability was lfound Lo e nonsignifi-
oadt exdepk in one group of children.

Soaras (1971) condusted & study on the effect of ara
rotator and extenaion etrength upon inoréasss bn vollayball
apiking spassd, A control group and twe sxperimental groups
wore invalved in the study, One sxparimental group ussd a
apper body building welght tralaing program. while the second
group used a rotator and extensor arm etrangth welght
training program, Strength was measured by a cable tensio-
metar andl apoed was measured Chrough a veloolty box, Tha
data revealed that the inorease in splking speed wes dus to
fastors othar than strangth of the arm suoch as experiencs and
ooordination of spiking abllity.

Ueing wall vollay tests, Williams (1968) compared the
funatlon of grip and wrist strangth in wvolleyball, tennls
and badminton. Thirty fesals subjects were split into an
exparissntal and & control group through matohing of wrolist
strength teats. Tha First week ilnltial measurements wera
taken on #wall tests and sable Eenslometer atrength btesta,
Later the experimental group was glven lsomebric exercliases
and then both groops were retested. Conolusions of the study
indicatad thak inorsased strength complisents skill perfor-
manoe on wall volley teete in tennis, badmintom and volley-
ball. BSinoe wall vollay tests are designed to evaluate gmme
skill he comoluded that astrength increases will i=prowe




ovarall sKl1ll in tennis, badminton and vollayball, Purther-
more Williama (1968) stated that the volleyball skills test
pesned Lo bBe the moat highly related to. grip and wrist
atrangth of the thresa aparta.

Atwater (1970} conducted a study dealing with the analy-
gla of the overaram throw, Threse groups of subjects con-
sisting of skilled men, skilled women and average women wers
uged, All 15 right handed subjects were glven three trials
for establishing maximim throwing wveloclties. Data were ool-
lected by uping cameras in a 8lde, rear and overhendl mebhod.
Ball valosities were L00=125 fest per second for skilled men,
T0=-B0 feat par sepond for skilled women, and 40-50 fest par
eacond for averages women. It waep found that the ball velo=
eity at 400 milli-seconds before releass, was directly ra-
lated to the initial ball veloolty after release. Purther-
more the joint actlon acpeleration from the trunk to the
throwing arm was jdentical to the aoceleration in the initial
ball velosity (Abtwater, 1970},

In a clnesatographical study of the badsinton backhand
stroke Barth (1961) determined linear veloolty of the racket
and thres body lavers in four highly skilled fesale subjeots.
Rasket velooities ranging from 45,700 feet per seoond to
32,085 foot par socond wore Found in bhis stuwdy. The Tils
analysis revealed the hand-racket lever conkributed tha
greatest bo racket velocity, foresarm lavaer second and the

ara third, Furthaorsore the sommation of all thres lever
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valoolties totaled only about 50 percent of the total rac-
ket velooity,

Through cinsmatographioal analysis Campbell (1976} dater=
mined the ocontacst polnt of an overhand olear in badsinton.
Initisl veloolties were determined on four highly akilled
playares doring a Frenoh Cloar Test. The average veloolity
was 121.67 feet per second and ranged fvom 79.52 Lo 162.69
feet per pepond, The majority of the cleara were contacted
in fromt of the shoulda: joint but beahind the elbow and
wrlat, OContack was above the head with the racket arm ex-
tended upward.

MoCloy (1948} (oited in Helson, 1968) abtudies the velo-
ety of a vollerball apike for highly skilled players through
oinematograpny. Although the study lacka detalls on the
mathodology, the mean velooity was 91 fest par second and the
maximal veloocity was 162 fest per second. Nelson (1968) did
a follow up study on MoCloy'a 1948 study. Helson felt that
vollayball had progrossed markedly since 1948 and spike val-
ocolty showld have increased. HMNolson (1984} found out of
sight highly skilled players the highest weloclty was 99.3
fesat per second, He concluded that the 1964 study may have
lowar veloolitles dus to esmpling arror. In eplte of possible
sampling error tha differences in results were Loo great,
suggesting rfurther research should be conducted to eatablish
mathods for datersining vollerball eplke weloolty.




Susmary
The preceding review of litarature dealt with the varl-=

ous aspacts of this study: the open overbhand serve, atrength

and veloclty.
The overhand sarve was sonsldered to be the faatask

poaelble volleyball serve., Purthermore the majority of the
literaturs (Laveaga, 1960; Sandafurr, 1970; Shondell & NoMan-
ama, 1971; Thigpen, 1967; Trotter, 1965) favored an open
oontact hit for the ovarhand volleyball serve.

Ganarally atrength training was consldered to De an im-
portant part of a volleyball comditioning program (Shondall
& McManama, 1971; Schurman, 197%; Trotter, 1965; Welsh,
1960). Ia addition the lliteraturs suggested the cable ten-
glomater is one of the E.‘l.l:-P].Bﬂt- and moat versatile strangth
testing lnstrumants,

Various metnods of detersling veloolty wera reviewad.
Geanerally the literatore (Bunn, 1955; Fleresk, 1969; Boger,
1969) supported cinamatography as the moat acourate method
of dastormining veloolty of an object.

Although many studies (Hyer, 1974; Soares, 1971; Smith,
1951) involving astrength and veloolty lndicated theas two
faokors are not significantly related, obther studies (Vogt,
1951; Williame, 1963) suggested a relationship between
strangkh and playing abllity.




CHAPTER III
METHODS

The prossadurss used in this study are pressnted in the
followlng ssationsz: (1) Subjeat Seleotion, (2] Devalopment
of Strength Teste, (3) Filping Proceaduras, (&) Teating Pro-

cedires and (5) Analysis Procedures.
wh

Subleot Seleotion
Tha subjacts saleoted for this study were fomale high

gohoul varelty volleyball players in the 1976 Distriot III
of the Wisoconsin Interscholastic Athletic Association (W.I.
AA.). A letter (pas Appendix A) was pank to the W.I.A.A. to
pbtaln & ourrent list of schools im Distrlob III. A& raburn
lattar (son Appendixz A) was recelived indicating 58 achools
had girla' wolleyoall teams in Dietriot ITI of the W.I.A.A.

Each of the 58 schools were listed alphabetically and
numerically assigned nunbers (see Appendix B}, Out of these
&l sohoola, saven ware randomly selected through a tables of
random numbers, An additional pool of numbers was selesobed
ko £111 any refosals of partlsipation from the origioal
soven randosly salectsd schools (see Appendix B).

Aftar the seven schoola were aelected an informational
letter and a peralssion fore wers dent o aach head vollay=-
ball ocach [(eee Appendix C). Upon return of the peralssion

form the ojaches were contacted by Gelephnone Ep obtaln bhe
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numbar of subjlects on Fhelr reapective vollayball teama and
arranges & testing date., Aleo wrlttesn or verbal permlisalon
was regeived from the high sehool principal, If peraission
to teak was denisd, the next school in the pool was sant the
informational latter and form. I Ehe paralasion fors Was
not recelved a follow up was dons by telephone, During the
telephone 2all the ccach was aoked if the informationsl let-
ter was regalved. If the lebber was not received or was lost
A second copy was sent. I the lstter was recalved but not
raturned, the soach wae Asked if parsiselon was granted or
danioed and previously atated procedures weare followsad,

Subjocts had to be A member of thair high school'a
glrle' wvarslty wvolleybell team. Hembership to tha vareity
Loam wad determined by their respactive comch. In addition
the subject had to serve in an open overnand method. A tobal
of iy nigh sohool girls met the oriteria and participated in
the study.

Strength Teat

Tha atrengbh teating ingtrument used For this stody was
a cable tansiometer, model T5-6007-114-00, using a one-sizs
teanth inoh cable and sanufastured by the Paclfic Soieatifie
Company, Anaheim, California (ses Appandix D).

The cable tensiometer wae callbrated by atteching knowa
waights la five pounds lnoremants o the snd of a cable and
recordling the foras axerted on the cable btenslometer. The
resorded tension was cogppared to the mamufacturer's Tessiea
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to Mounds Jonvaraion Tabis, A& converalon graph (ses Ap-
pomwiiz E) was sonetrusted since the mamufasturer's sanver-
glon table was nobt in o linsar relatlonship. This convear-
Blon graph was then used to determine cable tenpiomebar
raadings in pounds.

The oahble tensiometer meapured the foroe axertsd on the
aable by sach subject. In this study the cable tensiometer
was attashed to a oable and strap apparatus (see Appendix D).
The strap wag used to exert the forse on the cable by place=
ment of the subject's wriet or arm through the nylon strap
loop. The nonstrap end was attmched bto an eye hook on & base
daaignad and construsted by the ressarchar,

The base conetructed by the ressarsher had to ba porta-
ble in ordar to best abk bhe differeant schools and abwedy
enough to withstand the foroe sxerted by the subleécta. For
gpacifio base construcktlon detalls and assembly ses Appendlx

D.

The bottom of the base consisted of & wood platform
with &8 metal angls iron brace and & metal pipe welded to
aheat metal, Attached to the pipe welded te the sheet metal
was another pipe held at the bottom with & bolt and wing nut.
About one foot from the bottom of the second plipe was a U-
Clamp that fastensed the pipe to the brace.

A bank reat with restralining straps was alld ovar the
geoond pipa. The restralning straps wers usod to keep the
sublect's shoulder blades ip contack with the plywood back



rast. Set soraws held the back rest to the segond. pipe.

An od justable helght attachment was secured through a
bolt and wing nut. At ths upper end of the helght attach-
pent wars tha aye hooke which attachsd the oable and strap to
tha basa.,

To prevant posslible movement of the struature & ohain
was plased at the conter of the ssoond pipe. This ohain was
gasured ko & abatlonary structurs in the school gymnasium as
a volleyball atandard, bleacher or door bar.

A pllot study was conduoted to determine the test-retest
reliability of the strength measures. Jubjecks in thls pllot
test were fourteen female high school vollayball players in
Dipkriok IT of the W.I.A.A. Data (oes Appondiz F) was ocol-
lected for the bast of two trials on are atrength and on
wrist strangth. An interval of . six days alapsed batwaen the
test and reteat. Identical subjest order was used in the
test and retest except for one subject who was absent during
the retest, Test-retest correlation coefficlents on the
thirtssn swbjects wers .B% for arm strength and .82 lfor wriat
atrangth.

Ellming Proosduras

A pllot stwdy was condwoted to debormine the best frame
rats to fils an open overhand serve. The subjesct of the pl-
lot etudy was & member of the University of Wlsconsin-La
Crosae Women's Vollayball Team. The subject served a fast
open hand roundhouse serva, The study was conduoted in the
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wrestling room, Mitohell Hall, Univeraity of Wisconain-
La Crossa.

A Cing-fmm camara was placed 15 feet from the subjeok
and fivae fesat Crom the floor to the middle of the lens. The
camera was set at 1.9 F-stop and loaded with Kodak &€ film,
Thres, 1000 watt Lowsll Lights wore wted oas arcifiolal 1light.
An one hundredth second olook was set 18 fesat in front and
to the right of the camsra to oheok the frame speesd of the
oamera, Fllm rate varied Crom 150-225 frames per sacond with
two or thres trials at saph film rate, After analysls of the
film, 150 frames par second was the chosen rate mnd frame
gpesd was found to bo acourate. Thls rate was Cast enough
to allow the ball to ba easily identifled in esach Crame,

The Fileing of the sotual stuwly wes also dons with &
Cine-Bmm, model SF=1V, high speed motion ploture camera
mounted on a tripod. The shattar faotor was 160 degreses and
the cantar of the lens was five fest from the fleor. The
fils frams rate was 150 frames par secocnd with Eodak 5X ra-
vargal fils 7277, ian a supar B cartridge.

Sinos all series were Ast to be Fllmed a Ball and Howell
Avto Load Filmsound Bmm cambra mounted on & bEripod was sst
up without film to seérve &8 & dusmy Camesra. Th.l mounds of
tha two camaras wera gilmilar thus the subjleots did not know
when they were actually belngz filmed.

Both cameras were placed 15 feet from the subjeat, Tha
filming camera was perpendicular to the subjest's serving
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line and the dusmy camsra 3lightly to the sids of tha Fliming
samera, Thras, 1000 watt Lowsll Lights were used and fo-
cussd toward the serving lins. A subjesot identifloatlon nus-
ber card was placed 25 fee: from tha camera. A Sekonlo Stu-
dio Deluxe, Model-ZBoZ, light moter was wssd to dstermine the
F-stop. Figure 1 illustrates the set up for the dotual

filalng.
D q Idantification Card
arvar
—
258 Serve
157
il Light— ] ight
I.ll. .
—— [Dumay LCamdrs
AN
Fui"i:mrl

Pigwre 1. Disgraa of Fllming Arrangessnt
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Two official size and welght wolleyballs, Hike - Humbar
Five, were uasd for serving. BSokth balls contalned elght
pounds of pressure and had o clrousference of 20 inohes.
Two strips of thras guartar inch black elsabrical baps ware
wrappsd around sach vollayball in parpandlioular plansa to
provide good ball contrast in filming. Ball pressura and
clrounferanca ware measured boefore sach schéduled teabing.

Testing Proosdurss
A teating site in the respsative gymaasium was chosen
in whilch &leatrical ocutlets on differant clroults ware avail-

able and the testing equipment was out of the way of the
practicing team. The strength test equipsent and fils squip-
ment were set up as indicated in Appendix D and Figure 1,
raspactivaly.

The followlng directions were glven before the asarve
tmet, arm strength test and wrist strength test, respective=
1¥. Refsr to Flgure 2 Tor arm strenghbh test and Flgure 3
for the wrist strength teat.

"Ferform your normal open overhand vollsyball
garye staying behind the restralning line. There

will be two practlos serves, After tha practice

serves, you will perfora five serves whioh will be

filsad, If you have a bad toss or slss contaot

with the ball the sarve will be repaated. Are
there any questiona?®



28

Flgure 2. Ara Strength Teat

"Stand on the base with your hank ainst the
baok rest. Heap your fest flat on the o and
back im contaot wlith the back rest. A restraining
etrap will be placed aoross your brunk, FPlase your
sarving arm in the pasltion you esrve an overhand
Gorve. The uylon strap will be placed arocond your
wrist. Pull forard on the otrap with one continm-
ous pull, Do nst Jerk or take your shouldsr or
baok off the back rest, You will recalve btwo trlals
with a rest bobtween. If directions are not followed
the test will be repeated, Are there any questlons?™



Figure 3. Wrist Strength Test

"Stand iln Ehe sAame oanner as the arm strength
teat with the restraining strap. Flaoca your
garving arm above your head, Your elbow will ba
kept stralght and be hald to prevent any bending.
Full the strap forward in one continuous movemwant,
Do not jerk the strap or bend your albow, You
willl receive two Erials with a reat bebtwesn, I
direstlons are not followed the test will be re-
peakted, Are there any gquestlons?®

29




Aftar the dirsctions and answering of any gquestions,
aubjects were given a consent Cform (@es Appendix G). When
pereisglion was granted by the subject testing started.

The subjleckts wera given two practice trials on eaoh of the
two etrength tests to familisrize them with the apparatus and
techniquas, Two practlice serving trials ware glven and then
Fiva teat btrilala. Trial nusbers bthree and four were aotually
Tilmed while triala ons, two and Tive wers Cllmed by the dus=
my oAmSTa.

Following the filsing the two triale of the arm strangth
test wera given, After tha completion of the arm strangth
test, the two trials of the wriast strength test were given,
On botih strengbh teats the subjects were strapped to the back
reat, given the first trial, & short rest and then glven Ehe
sacond trial.

Each subject was shronologloally assigned an ldentlflos-
tion number through a flip card in fllming. The pame fdenti-
fication number was weed by the subject in the strength teats.
A data shesk (see Appendixz H) was wsad to record fllm infar-
mation, identificabion nuaber, strength boest goores and a
brief subject desaription.

Analygis Frocedurss

Tenalometer readings for the strength teats werea Jon-
varted to pounds through the wes of A converslon graph (esa
Appendix E}, The higher score in arm strength and thes higher
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soore in wrist strength were used for statistical analysis.

A Hodak Extragraphic Film Projecktor was used to analyze
the film by projecting the film on to five sguares Lo the
cantimetar graph papar. The projesctor was placed perpandi-
cular and thres feat from the graph papar.

Tha flret frame after Eha server's hand was no langer in
contast Wwith the vollayball was drawn on the graph papear.
This drawing consisted of the wolleayball and ldentification
card whloch was the reference point, The film was then ad-
vanoed five (rasea, the reference polnt was matched and the
gacond volleyball drawr., The distance between the genter of
tha two drawn volleytalls repreasente the distance the velley-
ball traveled,

A converslon factor wae dsteralnsd to convert graph unita
to feat, To determine the digtance the ball traveled in Fesk
the diamster of the volleyball needsd to be computed with Ehe
following foraula:

Volleyball Clrousfearence
VYollerball Diameter =

-

The relationahip of ¢iroumfarence of the ball squals tho dis-
woter btimes 4y was used bo convert graph unite to feet, The
oirousference of the volleyball was measured to be 2,167 fest
divided by -rF, 3.163, equals the diameter of the volleyball
whioh is .6870 feet. The diaseter of the ball in graph units
was debermined by counting the graph unlts on & line drasn

through the senter of the tall and parallsl te the horizontal
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graph units, Dividing the diamekter of bthe actual vellayball
of 6870 feet by the number of graph units equaled the con-
vargion factor in feet per graph unit.

Vallayball Diasatar
Danverslon Factor =

Diameter of Hall in Graph Unita

An X and ¥ axis wera aet up to determine tha distance
the ball travelsd both horizontally and vertiscally. Coordi-
pation polnte were determined for the centar of esach volley-
ball. Tha X coordinate of one vollayball was subtracted frowm
the X coordinate of the asoond vollayball., The Y ccordinates
werd done ldentleslly. The resulting difference was sultl-
plied times the converalon factor of feet par graph unlk.

The X differance was the horizontal distanos and the ¥ 4dif-
ferance the vartlcal distance,

The determination of time wan achieved through film
rate. The Milm was ehot at 150 frame intarvals per ascond
which equals one frame interval per .0067 seconds. The five
frames bebwesn wolleyball drawlngs egquals Four tise lokervala,
The total time slapsed between volleyball drawings was four
sultlplied times .0067 second per [rame interval or .02668
seconda .

The time, horizontal and vertical distance data were
grterad into a computer program to determine the initial vels-
oolty of the volleyball., The veloolty was detarmined By the
Initiasl Angle and Initial Welociby of a8 Brolectils program




{(mee Appondix I).
Aftar determination of the initial wvelooity and the

higher ars and wrist strength scores the dcta wee treated
by Multiple Corrselation. The datm was subjeoted to & .05

gignificancs leval for rejesatbing or acsepting the hypobhesls.



CHAFTER IV
RESOLTS ARD DISCUSSION

The resulks and dipoussion of this study are divided
into three major areas: (1) Subjeots, (2) Results and (3)

Dlsoussion.

Sub e

total of seaven W.I.A.A., District III, schools.were
randonly celeoted to participate in this atuly. The initlal
aaven Wlassansin sshonla were: Bangor High School , Bangor;
Blair High School, Blair; Kickapoo High School, Viola; Loyal
High School, Loyal; Neosdah High 3ohool, Hecedah; Onalasks
High Sohool, Onalaska and Wost Salem High School, Weat Jalem.
Dua to the lack of any open overhand servers, Bangor, Blair
and Onalaeka High Sohooles did nok partiolpate. The next
thraa schools, Alma High ScHool, Alma; Chippewa Falls High
Sohool, Chippewa Falls and HMondowl High Sochool, Mondovl wara
aeleotead from the pool of sohoole and Ehsae three sohools
granted permisaion to test.

A botal of 44 pubjects were bested from the seven
aghools. Of the 4% subjects, complete date was obtained on
36 and were uwsed in the statiatical analysis (see Appendix J).
Tha fils analyels that datermined vollayball veloocity oould
not be analyzed in both trials for aubject nuabera one, two,
bthree and 42, In subfeste number 47 and 44, one of the two

ﬂ n
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garvas wan not analyzable. Machanioal camera difficulties

whre respénéible for these unusable serving triesls ard wera
not used in the statistical analysis. Also, Bubjects nusber
20 and 30 had sne serve Erlal each that 4id not have apen
hend aonkact and were omitted from statiszbtlical treatasent.

All strengkh tost seasurements prodused useable results,
All incomplete dats subjects had strength test measuresents
within the rangs of total subjlecte with ccaplets data except
gubject number one in arm sbtrength (see Appendix J).

Besults
Data ocollected were from the two sotual Filmed serves

and the bwo trials of each strength beast. Table 1l represonts
the range, mean and standard deviation of All somplete data
gollected, The trial labeled higher refers-to the subjects'
best score while the lower trial is the subjeocta® worat or
lawer scora of tha two trials.

Table 1. Hean, Standard Deviation, and Hange for Serva Velo-
city, Are and Wrist Stremghth.

T _Haan 5. D, Gange

s 776309 64169 17.30-50.2
Nowir 25,0813 5.8 15:00-24 00

Wigh Streeth (b) s e meens |
Lowes 18:1528 3.2968  10.00-25.2% '

i i A Lopaed) 60.6408 B.0737  39.1410-79.7648
Lower $5.0h00  7.978]  32.4143-70.1023
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Multipls correlation (Table 2} was utilized in the sta-
tistical analysis of data to determine if & relationahip
exists patween ara and wrist strength and volleyball serve
veloolty, The obbained correlation coafficlents wars com-
parad to A tablas (Fleher, 195%, p. 209) to detersine 1f the
sorralatlion coeffiolents were slgnificant at the .05 level.

Table 2, Maltipla Correlation Coefflclents of A1l Trimle.
Higher Highar E} T
Arm ___ Wilgt

i Lowsr Lowar Lower
¥ i

H ar Arm
Strangth 1.0000

Higher Wrlst

Strength AEEF®  1,0000
Higher

Valocity =.0%R8 L1085 1.0000
Lowar Arm

Atrangth .0 LoBA2e 0242 1.0000
Lower Wrist

Strength LoOgae LI0LE* L ObAY o4 585 1.0000
L

- - [ . . -
P .

h sarrelatlion coefficlent of =.05%8 was obtalned in com-
paring arm strangth and volleyball asrve veloaolty., A correala=
tlon coefficient of ,LOEYS was obbalned la comparlng welot
strangth and vollayball sarve velooity, A table (Fishar,
1954, p. 209) was consulted to detersine if the correlation
coalfiolent was significant at the .05 level with 35 degress
of freseiom, In order to be significant at the .05 level a

value of ,3286 or above had to be obtained, The results re=
vaalad the correlations for strength and veloalty were nobt
gignificant at the .05 lavel.



Ballability cosfficlents were deleraloed For bthe hlgher
trial ocompared to the lowsr trial in arm atrength, wrist
gtrength and serving velooiky. The rellability correlatlon
coefl fladents wore .91 for ars strength, .90 for wrist
strength and .79 for volleyball serve weloakty.

Digoutelon
Tha resulte of this study revealsd there i8 no slgnifi-

aant relationship batween arm and wrist strength and the wel-
aeity of an opsm overhand volleyball serve in fesale high
sohool atudeata. This lsplies that ars and wrlst strangkth
glone are not significant sosmponsente ln serving & Faat opan
overhand serFva. Since ara end wrlst etrength are not signl=
fleant conponents involved in the welocity of Lthe open over-
hand serve, then a coach doss not need to emphasize arm and
wrist strangth training in 8 serve conditioning program.
Although Ethe strength conditloning of an athlete was
stressed by several authore (Odencal & Wilson, 1962; Trotter,
1965; Weleh, 1960) this study does not seea to eatablish a
nead for arm and wrist streogth tralniog for looreasing eerva
veloalty. Schurman (1974%) atresaed the ilsportance of in-
ereased strenghh in the arm and wrist which should produce a
more Forcefuyl aplke,. Spiking and serving are both overfand
pattarns thus if inoressasd arm and wriet strength oan leprove
the spike, the overhand sarve should also te improved with
inoreassd strength however this was not found im the présent

atudy.




Smith (1961) referred to speed as strength in acklon.
Valoolty is very oloasly related to epeed. Sinos veloolky
and epasd are slmllar, valoclty may be An outooms of sbrength,
Purtharmors Bunn (1955) and Wells (1960) refer to the spesd
of A ball being dependent on the foroe igparted to the ball.
If force has a depondent relatlionship on the spead of the
ball, than it say ba possible that etrength may affect the
spasd of a ball. Howaver, in this study arm and wriat stren: h
and ball veloaity had no significant relatlionahip.

Although the subjsocts were told to perform the arm
strength tent in tha sase ara positicn as serving a vollay=
ball this sxsct position may not have been reashed. Sisllar-
1y the wrlast atrength test may not have been performed in the
axact sarving position of tha subject. IF elther of thess
sltuationa axistad then the stremgth of the musoles at serve
oontact were not measured bt at whit aver angle the sabjact
held hepr arm or wriskt in strength testing, Puarthersore, the
ara and wrist strength involved in a volleyball serve 18 bas-
fonlly lsotonie while the measurement taken by the cable ten-
sloneter was isometric. However the reliabllity of the two
strengbh tests from higher trlal to lower Erial wers high.

Zecondly the sarves that werse analyzed may not have basn
the subjects' best sorves. Subject number 25 had 28,1561
fest per second differance iln the velooltles of har two
Tilmed sarves, Although subject numbar 25 was the extress

thia wast difference showed the posslbility of other subjecta
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ndt parforaing or obtaining thelr best orf normal spesd serve,
A lower reliability correlablon coefflolent was found com-
pared to tha streangbh test.

Plnally the success of an overhand sarve may depend on
many factors as the timing of contact, the polnt of contast,
the apsed of the arm, strength of the arm, the inikial angle,
the length of the arm and sp forth which were not measured
in this study. Sinca the Berve has B0 mAny components a Bin-
gle aspect as arm and wrist strength say not be shown to have
a significant relationship in vollerball aerve velocity,
Coordinating all the various cosponents or fesatora into the
proper Sequence may be the actual seoret to obbalning a sues=
pagaful fast sarve, Although each of these cosponents may
aontrlbuts to the finnl serve veloolty a slogls factor may
not be significanst.



CHAPTER ¥
CONCLUSIONS

Tha conclusions of the study are divided into threa
areas: (1) Soemary, (2) Conolusions anfl (3) Hecommendations,

Summary
The purpose of this study was to determine if a rela-

tionehlip botween a gerver's arm and wrist steangth and the
veloolty of an open overhand wollayball serve axlisted in
female high #chool students on an interscholastic team. Forkty-
four subjects were bested from seven randemly selected saohoola
in Distriet I1I of khe W.I.A.A, High Spesd cinesatozraphy

was usad to determine velocity. Ars and wrist strengths®wers
detormined isosetrically with a cable tensiomster while in &
standing position,

A mulkiple sorrelation was ubtillzed in the statlistical
analysie of data. Helisbility correlation coefflolents wera
detarmined for the two atrengkh testes and the velooity by
copparing the highar trlal to the lower trial.

fopglusions
Im this study the hypothasis wWas stated in the null:

theras is no signifisant relationship between arm aml wrist
strengkh of & asrver and the welocity of an opsn overhand
vollayball serve for girla, This hypothasis was acoepted.

B0
e e .



Furtharsore the high relicbillty correlation coelflclent

of tha two strength tests sees to show the designed base as
an appropriate apparatua to test are and wrlakt atrength ln
the serving positiom.

Becommendations

The following are recommendations for further studies
in this area.

1, Conduct A similar study Tilming more triales ol the
open overhand serve Tor analyals,

2. Oonduct A gimilar stuwdly measuring serve contaost, aAra
and wrist position and utilize these seasuremsnts for
strength testing.

3, OQonduct a similar astudy Eo compare a Flot overhand
serve, sidearm serve and/or underhapd serve with an opea over-
hand serve and sarver's strength.

i, Condust a study to compare the height of contact and/
or length of arm lever to the velocity of the serve and
sarvar's atrength.

5. Condust & olnematographio atudy to determine the re-
lstionship batween the speed of the hand at conktact, the ini-
tial ball veloolty and the server's sbrenmgth.

&, Condust & similar study in other distriots of the
W.I.A.A. anl compare rosults.

7. Conduct a simllar study using advanced or profed-
#lonal players as subjects.
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8, Utilize mors artifical lighta to obtaln battar film
quality.

9. Utilize a film analyzer to determine ball veloolty.

10. Condwot further studies on the designed bass for
strength testing.
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4173 Royal Street
Onalaska, Wisconsin S5&650
August 31, 1976

Misp Karsn Euhn’

W.T.A.A,

41 Park Hidgs Drive

P.0. Bax 267

Stavans Point, Wiseonslin SE4EL

Dear Miss Kuhn:

I am g sradoate student at the University of Wisconsin-

la Crosse and previously a teacher at Marathon High School.
I am presently working on my Master Thesis in Fhyslecal
Edusation. My thesis deals with the relationship of arm
strengkth and the velocity of an open overhand volleyball
garve,

For my thesls, I need an up bto date list of sehools in

Disteliat III of the W.I.A.A., Ehat have girle' volleyball
programs, [ realize the deadline For this information ia
Sapteaber lat, buk hope 1 can recelve the inforsation as
soon as posaible, Could you please send this information

by Saptember 9th?

Enalosed la a aslf-addrsgsed stamped anvelope. If the
above information can not be provided, pleass indicate so
by September 9th.

Thank you for your tise and considaratlion.

Sincerely,

Janslles Braatz



Septembar 2, 1974

He. Janalla Braatz

G413 Royal Strest

Onalaska, Wisoonein S8650

Aeference: Volleyball Schools - Distriot III
Daar Me. Braats:

fie you requested, listed below are the boye and girle
volleyball sohools of Distriet III,

Girls Soch
Adama-Friendenlp Fall Creak {nalaska
Alma GJala-Ettrlok-Tramp. Jeeao-Falrahild
Altoona {ilmam Fapin
Aroadia Graasmeocd Flum City
Arkanaaw Hillsboro Frapaokt
Auguata Holmen Hesdsburg
Bangor Indapandenasa Hiver Palls
Baraboo Kiokapoo (Viola) Aoyall (Elroy)
Elnnu Eiver FPalls La Crosse Canbral

El!- Crogde LOoghkn Sprlng Valley
ﬂhiﬁpﬂu Falls E Taylor
Conhrane=Fountain Linuu {Alma Center) Toman
DeSoto Loyal Virogqua
Durand Hauaton Weathy
Eau Claire Hem, Helroge=-Yindoro Woston
Emu Claire Horth Heanomonie West Salem
Elava=5trum Mondovi Wnitehall
Elk Hound Haoadah Wisoonein Dalls
Ellaworth Heillaville
Elswood Hew Lisbon
Boys Sghogls
Adama-Friendahlip Gashkon 5
Haraboo Poartags Winoongin Dalls
Brookwood Roods burg
Sinsaraly,

Karen Kuhn, Assistant to the Director
KK: 44
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DISTRICT TII SGAOOLS NWIMBER ASSIGHNMENT

Adame-"rlendshlp
Alma
Altoona

Elaak Hiver Falla
Blair

Chippewa Fallas
Coshrans=Fountain
De3oto

tarand

Eay Clalre Hem.
Ead Clalra Horth
Eleva=Strum

Elk Maand
Elleworth
Elmwood

Fall Creesk
Gale-Ettriok-Treap,
Gllman

Greanwood
Hillahoro

Holman
Independence
Eiokapoo (Viola)
La Crosse Central

La Crosse Logan
LaF
Li.nm (Alma Center)

Healllaville
New Liebon
Onalasks
Dasso=Falrahlild
Papin

Plum City
Pregoott

fdaads bur

Hivaer Falla
Royall (Elroy)
Sparta

Spring Valley
Taylor

‘Toman

Viroqua

Hestby

Weaton

Waat Jalem
Whitahall
Wisconein Dalls




LIST OF RANDON WUMEBEES AHD POOL OF WUMUERS

¥l
33
10
56

& -

{Rand Corporation, 1971, p. 504 & 505)

29
b2
gy
23
5
3

35
La
M
I
33
20
b7
3l
52
b5
19

1
16
1k

32

9
2h
55
7
50
L5
22
25
57
18
12

8
43
o
21
58

B

Al
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Coaches Hame
Girla® Vvelleyball Comch
Hi Sohool
City, Wlsconsin 00000

Dear Coash!

Every volleyball coach undspstands the lmportance of &
good serwe, During my past three (3) years of coashing
volleyball, I have often questiocned the importance of ars
strength in regard to the sarvae,

I am intardated in determining the relatlonship of n
garver's are atrangth to the speed of an overhand serve,
Thia information may bensfit your team in determining whera
tralning emphasis should bBe placed. I atp th plays an
important role in serving then strengkth trnﬂiug could be
stresasd,

bue to the lmpossibility of testing all tha scheola in
Wisoonein, seven (7) sohools have been randomly selected
from Distrlot IIT of the W.I.A.A. Your school ie one of
the seven (7) sohools selected to participate in this study.
Your willingnesa to participate, will help to detpraine the
relationshlp betwasn arm streangth and sarve spesd,

The test for skre will be a basle arm and wrist strength
test. The spesd of the vollayhall sarve will & dane through
motion pleture film. Acouracy will not be seasured and all
aquipmant #ill b supplied. Your regular practice session
may be condustad on another court, while I am teating warsity
playera that use an open overhand sarva,

In ordar to keep randomization of this study, 1 need to
obtaln parmisalon from you to test. Enu.lnul-;l is a parmiesior
form along with a self-addresaed, stampad envelops, Whather
permission to test ie -E:I'-l-ﬂtﬂll ar denied, gage raturn the

rmlaslion form by Thursday, Septeabar J0th. I further
nfermation iz dasired please send any guastions in bhe self-
addressed envelope. (Ae=amber, only & small portion of your
practloe blee will ba nseded to test the open overhand
sarvears and all egulpment will be supplied.)

ir Earliuim is granted, I will contact you to obtaln
pertinent testing inforaation.

Thank you for your tlme and consideration,

Sinoaraly,

Janells Braatsz




FERMISSION FORM
Flease return by: Septomber 30, 1976

Jirla® Volleyball Coaaoh

I hereby give perslesion for Janelle Braatz to test
the girls varaity volleyball team at
High Sohool, in the cable tenslometer strongtn test and
rilming of the playera serving. I realize only open
overhand gervers will be used in the teot and all
individual results will be kept confidential.

Dakta Coach

Tont Time bto Contast Phones Humber

I deny parmission to test the glris' volleyball
team at High Scheool.

Lata Goagh
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TABLE ATTACHMENT (NOT TO0 SOALR)

D=Bing
Snap Clamp

HAND & WRAIAT STHAP

14" Nylon Strap

D=Bing

CABLE TENSIOMETER

Cable

Hisar

Diml to
Sat Indicator

Trigger
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All Holea are 3/8°
L* Thresdsd Eye
Hooks & Mut
f' -
3 a3
e /E* »
1} Elbow Carriage 149
Bolta
L w
5 - ]
C. BAOK HEST: Front
28" 3% Plywood
S=5trap, Top Have Balt
Loop
Doubla
L Belt
Loop
= Gouble Thickness Burlap

4. HEIGHT ATTACHNENT

| ==
18* Angle
Iron = o ]
rsl Baok
A" Sa 2" am
ngnu = Pipa &




1/8% Flat WMetal |:
Basa Atkached ko

Bottom of Wood
HnGe .

——1 e 2% X 6&*
o

Front: §* Wood Base



ASSEMRELY

>

——

2 3/5%" Bolt &
Wing Hut

ﬂ;f;

5'<14* Link Chaln

With Snap Hook

1.

=L

1. 31lip pipe B over pipe
on b & fasten with bolk.

2. alide ¢ pver B &
tighten sat sorewa.

3, &Slide & into B Tasten
wih bolt to desired
neizht,
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PILOT STUDY STHENGTH TEST DATA

Subjeat - 5 L
Humbar peift SEEC L este o fees:
7 . 12 .

1

15
15
11
13
20
1a
18
20
15
15
14
19
15

_)oE s O b W R

= o e
FOEE T I N

16
16
12
13
18.5
17.5
18.5
21.5
15.5
15.5
20,5
19
12

Pl
11
12
11
14
15
12
15
14
12
12
13
10

8.0
10.5
10
10
12
15
12
14
12
10.%
12
15.5

8.5

&3

*3anres represent the best of btwo trials and are cable ten-

siomator resdinga.

s#3pbhjeact absent on retest.

Ara strength correlation lor test-retest = .E9

Wrist strength correlation for best-rotest = .82
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COMSENT POHM

I hereby consant to be a subjeot in the stwly balng
condusted by Janelle Braatz,

I understand the are and wrist strengkh teat. 1
Zive permisalon o be filmead on an open overnand volleyball
perve and tested lor arm and wrlst atrength Ehrough the
une of & cabls tenslomsten.

It ie wnderstood that ay ldentity will in no way be

ugad as a part of tha resultas or publication of the study.

Bubjeot Signature
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[ATA SHEET

Filming Daka: Camara
Film
Camsra Spesd
P/Stop
Shutter Factor

Distances: Subjest to Camera
Ht. of Lena

Relerence Measurs

Filaslng: Location and Tiee
Lighting: Hatural
Artificial: Type

Ha.

Flacasankt
Diagrams; Filalng set up shown on back.
Subjacts:
o, Arm Strength Wrist Stra n Deseription

Trial T Trial II fPriml I Trial IT of Sublect
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CORPUTER PROGEAR FOR
INITIAL ABGLE AND IMITIAL VELODCITY OF & PBOJECTILE

GET-*1AV

Hun

IAV

INITIAL ANOLE AND INITIAL VELOCITE OF A FEOJECTILE
WHAT ummmwmnwm Il Fﬂ'ﬂ X
WHAT I3 THE CONTACT HEIGHT OF TABGET ABDVE CH

BELOW BELEASE IN PEET? 1
WHAT I5 THE TIME TO THE TARGET IN SECOMDS? TIME OF CAMERA

DISTANCE X FEET
HELGHT I FEET
TINE CAMERA TIME SECONDS
INITTAL ANOLE Q0000 DEGHEES

INTTIAL VELOCITY O CO0 FEET /SECOND

&9
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GCALOULATED STHENGTH AMD VELOCITY DATA
(Based on Higher and Lower Sooras)

EubJect Algher Higner Higher Lower Lowar [Lower
Humbar Arm Wrist Veloolty Arm Wrlat Veloolty
a8

| 14,00 13.25 . 14,00 13%.25 #
2 20,00 16,50 " 19,00 16,50 .
3 25.75 17.50 * 23.25 16.50 =
b 30.00 24.00 67.7083  29.25 21.50 59.4534
5 19.00 15.75 58.9337 17.50 15.00 58,3296
& 25.75 19.00 62.4%B816 23.25 15.75 S5H.04LbL
7 23.25 15.00 61.3519  23.25 13.25 56,1167
B 23.25 18,25 55,6233 18.25 17.50 54.73483
9 23.25 11.50 6L.9658  19.00 10,00 56,3696

10 28.25 21.50 53.5610 25.00 19,00 53,1994
11 30,00 21.50 60,1296  21.50 19.00 57.9838
12 26,75 21.50 55.6879 25,75 20,00 &9,.9709
13 20,75 19.00 61,1596  156.50 15.00 52.8010
14 33,00 22,50 68,0878  30.50 16.50 65,7496
15 37.50 21.50 66,1803 26,75 21.50 &5.8707
16 #3,25 20,00 UB,4976  16.25 18.25 42,1323
17 23.25 18.25 61.4975  21.50 17.50 54,6508
18 2B.25 23.25 58,7005 27.50 21.%0 56,6998
19 .25 23.25 56,7080 33.00 21.50 56,3553
20 22,50 16,50 58,5602  21.50 15.00 58,2487
21 18.25 15.75 709478  17.50 15.00 62,2504



TE

Continoed

Sub)eot Highar Higher Highar Lowar Lowor Lower
Huabar Arm Wrist Veloolty Arms Wrist 'f::l.mit,]r
— (lbe,) {(Abe,) (rt,/sec,) |

22 30.00 23.25 79.7648 30.00 20,00 70,1023
23 17.50 13.25 ©64.7797  16.50 11.50 57.6368
2k 25,00 19.00 68,5075 @ 25.00 19,00 63,5275
25 30.00 21.50 69,9569  2B.25 20.75 M1.8008
26 28,25 20,00 53.5891 23,25 19,00 45,1753
27 30,00 19,00 72,8688 29,00 18,25 42,1733
28 38.75 26,75 52,5093  35.00 18.25 62.1733
29 31.75 16,50 Lo,8830 30.00 15,00 .

30 58,25 131,25 75,5102 .00 28,25 .

1n 26,75 18,25 39.1810  26.75 18.25 32.814)3
32 35.00 21.50 64 6149 28,25 16.50 58.9983
1 37.50 25.00 74.8922  37.50 25.00 O&8.1317
I 17.50 16,50 54,9786  15.00 16,50 50.8293
35 33.75 15.00 50,7082 31.75 15,00 50,3783
36 17.50 15.00 &2.6439  16.50 15.00 58.0628
37 31.25 23.25 50.036 25,00 21.50 44 3897
38 25.00 19.00 55,9105 25,00 18.25 49.5229
w 22.50 20.00 &4.B53) 21.50 20,00 58.9367
ho 28,25 21.50 55,6600 28,25 21,50 55.2713
b1 30.00 21.50 Gh.61BB 24,75 21,50 58,5852
k2 21.50 13.25 - 21,50 11,50 .

3 51,50 21.50 59.9829  41.50 18,25 -

L 31.25 15,75 54,0751 28,2% 15.00 .
*Ho s 82 Avallable




