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' - ' N_ ’ -’w’ii/'_’-t:.. This study was dons ,to .determine the validity of f:lve conven- ¢ o %
.:.‘{,. : . t:.onnlly" used test,s of 1eg muscular poaar, namely, t.he Hoditied Vartical é‘,
; B ' . J ump, Standing Broad Jump, Ten Yard Spr 1nt w:Lth Five Yard Running Start, - k3
: | ' Fifty Yard Sprint w:\th F:we Iard Runninv S—tart, a.nd Bxcy'cla Ergomater ‘. ;
g .‘_'Speed Test. The criterion measure of leg muscula.r powar which enabled _ : ’Ff
o the ras»archer t.o detamine the va]_idity of the conventional tests b,' ‘ 0
' \'""j'~'\statis:Lcally detemining their rela[tlonshib to the critenon measure was ' .‘ qﬁ
.‘j : o a mac.hanical dav:.ce m.th a photo-ul@;xc t.:.minv syqt.em. This techniqua - L j
| suppli‘%d the necessary jnformat:.on to daternine ‘the power out.put using '«Er__
y ‘ R the, plx,rsical sciences' formula for tha.t entity. :~:«— ) N - \\ ' L ‘ ) {’\
‘ i » The- samole (R = ll»2) was' subjected to each of the five ;:on: \ SRR
ventmnal tests as well as. the critez-io': 'neasu‘e. In adflition tg thes:a K \
'.:'.-‘ tests, th; age and keight of each snbject. s.as obtainad. ' A
3 o Pearson Product. !loment. Corralat:.on Coei‘flcmnts were eru'!_olyed | %’J
- ) ‘in the s:tatisté cal analysis of t.ha data. Insignif:.cant correlations a-are o "
: ‘ ; obtained between~the—critarion 'neasura of 1eg_pouar gnsi eagh o:t: the five ' :
;‘f .' . - convantional tests of 1eg power. Howaver, -.men the Iive conventional
: -’. ) tests were cmp;red t.o power per pou.nd body weivht, the correlata.on co-—_ '. :
“ .:'. c efficiants ‘were significantly hignar than those obtainad Irom the com— E _ vf
parision of" aach of the conventio“al tests to the tota]. maximum power, P “'
but, these toa retnained ins:.gnificant at f.rxa ;01 level. It was also
| found tnat the» ave*ave maJd.num power autpu..” *curgd 2k bp pemgnt OJ. o
;- | L.oe ¥ . S A \‘ \‘ Lot s e
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the subject.'s ma.xlnu-n hft, however, the optimum point rangedf between
v ‘ : f “ -

29 percent and 53 percent.

\ ’ ‘ N ' ..
L It was concluded that, (1) the ' conventa.onally used tests or leg A

e . ‘u':."
f g

power Were not' vq.lid measures for detenining the subaect's power output' '. S
(2) the five conventional tests were better 1ndicators of, power per pouﬂd‘

0;.0’.

body weight. than they were indica.tors of the tof’al maJd.mum powé‘i- output, : S

however, ,the correlation coeffic.ients were still’ insignificant and

A

therefpre did not. justify the use of these test.s to detennine the ability ‘
‘ of ‘the legs to develog power, and (3) the average optimum loa.d wh'lch .
yielded the maximum power output was 45 percent of \the subject's ma)d.mmn R
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; ‘ . A number of athletic parfomances have been regarded as powar N

R o the ;jumps,\ and t.he t‘hraws ‘have a.ll been recognized as éven’c.s that demon—-\
’ - ’ EE ¥ : < M .
T strate maxi,mum muscle= contracti.on pvqr a minimum period of t.ime. It then

B = =) o -
o .o 1?'5 V,- 4 ° . ‘,

SR followed ﬂza.t the entity, power, be considered as an important basic , -

L component. of motor: perfomance with respect to the above statsad event.s. "

While there H"as ‘no disagrse'nant wltb this concept 1In.past resea,rch tbere

o U -f},” u e N

. was trelnendous controversy over the iésue of bhow to measure mﬁshular
° ‘, . s "»‘. S o b7 "'c' \ ‘\ -B"--
power. Power has beén dei‘ined by *the physical sciences -as being.,equal to

'--'s wtd

a0y : t.he product of i‘orce times velc:c:i.‘t.y,D or’ ﬁora speciflcally, forced:.imes . ‘:-

e FR distance dii!ided by the times With t.hesa defi,nitions in mind, one. nmst ‘. b' ;
\ R considsr tha actuai]. tasts'for measuring, muscular power. Four of Ahe: most i
I .’ commonly used tests of leg muscular power =havg been° ._,5,?: T » e
ad e .' : (1) Sargent, Jump or "some, modified version of it T e e L
el R - " (2) standing Broad -Jump - o _ B T U I A D O R
bt o, . (3) some Type -of Sprint Test B ’;o..-.," AR e wT e R
s B o o (l}) Bicycle Ergometeuﬁpqed Tost. e, '.j co =_-A5, L. TR &
S DR o : : RN Nt g
e, 0 None of the abo e test% ha‘ve been used t.o give A direct oz‘ absolute', e : ."j
R ." ‘.'.~ '—.‘ ! o, 1.":4v'.A.,.' 3 ;.
S measure of power, but the unit of measuibment usad— whether 4t was 1n ';,.‘-‘ o .~,.°"‘i£_l’j

, : inches jumped, seconds, or number of revolutiohs- was supposedly a '

- <] ‘J ‘ “ S NG A

LT maasure of muséular power, that 'neant thai: the uarson who Jumped t.he ey N

’ ' farthest ox ran the fast.est. must have been the most, powerful person.
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" the validity o:l‘ tha tssts of uuscx.lar power. It was then of tha ut'nost

’ import;hce to‘devise a nothod that enabled'the accuratg/measurenent of
'_ally used tests ‘of” muscular potﬁgﬂ .

The proble'n-. 7,' o o

. T o  ede— . B
T R S g KRBT o - L W e HENNEE S AR

ﬁpouer should be deflned as the rate of performing musgular work _and the . .

4forementioned conmoﬁly used tes»s”%hould not. be recarded as valid ©

> . . ‘. N
. . < ‘ . - . .- )

‘measures. - . . S Fs

- - . . o

Past resaarch has both upheld and cdntradicted the opinion that

e .

-

| _ths four conventaonal tests quoted earlier havF been good indlcators of

- RPN

"muscular power. The prlmary reason for thls was that muscular power has

ffbeen considé@sd such a complsr entify that it has not 1ent ﬁkself to easy

0
.

,measurgnent Feﬂ dev1ces have' been developed to accurately measure . B
muscular power and even they ware questionab&o. Tharefore, researdhers

have relied on popular ooinion 28 criterion valuss by which to dsterﬂine ~

- <

B
M -

'-'muscular power and thus make possibie the as'essmant of the conVention-..

. -~ "/

. &,' . . N ~~. . o ‘::
[ .. ' ¥
S . . 3
> o
.-x b

.- -

This investigat_on was conducted to deterﬂine the validity of

: selected tasts as measures of ler muacular power. Tha criterion measure

;..for assassing true 1og poxor had ko be derived by adhering to the -

o

..;phJSJCal sciences' dsf1nition of pouer. Therefore, bafore the validity

- of the Selécted tosts could,be detarmined a, device had to ba constructad
Noeooee e \ :
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Whatevar the.rggsoning, thass tests have beon regarded as 1nd1cafors of
- an 1nd1v1oua1's ablllty to daveloa powcr. do. Ver, thoss tosts have been
incorrectly jus ified for they uave not conforned to the physical N
sclonces' deflnltxon of power as the rate of dOlnﬂ hork. Thus, muscular '
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which gave 2 true mea..ure of mu53z]ar poner. It was nlso necessary to

.; “n L deterruna the optimum load which yiolded maxl'-num power output bai‘om the -

o selected tests could be co:npared to’ the c-itenon measure. ° ' - S

\ -

LT Thb conventiohal 1eg, powpr tests selicted for comparis:m t.o the
= . H | 28 .. . ' v
criterion measure were:
oo oo ?; Hodified Vertis.al Jump ” L T
S e 2 Standing Broad Jump e ey
N - (3) Ten Yard Sprint with Five Yard Running Start Lot
S . (&) Fifty: Yard Sprint with Five Yard Running Start

(5) Bicycle Ergometer Spead Test

. "-'

. .‘...,.‘ . <L C

&g‘relation coaffncients :mdlcated the relationsh:.p batween each

independent test variable and the’ dependent cnterion varlable to - |

. . Hypothasls-” R
N . 'd‘ '. .
R ’ ’_ Thare is no siznificant corrclation' between a true maasura oi‘
B _f leg 'r.uécular power and each of the followina five. convent:xonally used
' I tests of 1eg muqcular power- }{odified Vertical Jump, Standing Broa.d Ju:np,
'.l‘en Yard Sprint. with F;we Yard nu}nninn s..art Fifty rar@rint with Five
' Iard Runninr Start, ahd mcycle Ergometsr Spaed Test. S /
~" e(&“” ‘ : ' ' ‘ ‘ a '. . ’, - .
. R PR rxy < .3848 (;01 level of signiflcance) o ,; I ; ‘
! Where:. . o : N T
, ’ = Pearson Product o'nent Correlat:x.on Coafflc:.ent : i
' x = True Measure of- Leg ¥uscular Power : R
. Y= Conver;honal Test Used to Zeasure Leg }'uscular Pmer L
Jerome C. I.eber and David R I.a'nb Statistics and Resoarch in
. Physical Education, Saint I.ouis' The (t, Ve osby Co-npany, 1970. ) : .
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L . Lmitatmns of the stud_/’

(1) The ueights on the universal gywx machine ware - r_r,:.ven in

Ny
(S i . . . .
, o . . A

. .
Bt ) st

t.went.y pound 1ncremente, thereforo, 1t was not always possible to use _ |

- the approorlate weirvht. For eXamo'Le, 11‘ the subJ ct's maximum llft. was

»‘."

" four hundred suf’oy pounds and he had to be t.ested \t twenty percent oi‘
. his maxmum, a ninety—tv.o pound weight should have baen u.,ed. However,

...t.he limitation of the equip-nent used necessitated the ause. of a hundred
- pound weight instead of the appropriate ninetysttt_o pound weignt. The o
o va‘rious ueights used, ‘howe_ve'lr'. were Siﬁa}s mthin ten ”pound,s of the -

i

‘appropriate weight. o " T e .
| (2) To determine the sub_]ect's power output, the':-;eivhts on. the
_universal gym machine had to be used Unfortunately, the uni’cs oi‘ .
'measure were given uszng *.t.he Imperial System rather than t.he newly
: adopted Metrlc Systen. This necessitated that the paper be written using
iy the Impenal Umts of measurement since: the researche'/ i‘elt tha't. the use
of any conversion factor would produce error in determimng the true

g e . . , . - . o N

) measura of power output. - G

. . | ' ;“ T () Bscause of the- ex’oended period of time needed to- test each

, subject., testing times vere not hold constant.. T‘he numerous testing t.imes
. Wwers arranged .S0 that they were convement for the subject. ‘l‘herefore,

3 . ‘} : . the dlumal ‘variation 1n strengt.h was not. considered in this study. ,

Bas:.c assumptions- ’

It vias assumed by the experimenter that the technique used to a

: determine the true measure of power ou ;.pu’o of the subJect. wasg a valid

- N ' . = T . L . R
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« o L L .-md rel:t.able measure of power since it adherod to the phy.,ical sciences' ’ﬁ:
i v 2. v - . SNt -
' "'~_defin:ztion of pouer. Also, that. each subjnct's ma:dmum power output was T

T j'fo;md by the use of the same techmt;ue, and that the time of tasting S

had no sigm.ficant effect upon the results obtained. o _
o The knee ang'.l.e for all subjects - in the starting \positlon -

e

e ‘ . c P, L
o . o R PR

S was constant between sixty—five and seventy-flve degrees. It was assumed

v . . L ‘t.haL’c.x thls d:.fference had no sinnificnnt effect ‘on t.he results. R

':.;1 . s ' : . : . . . . ' < - 5

(.'.‘.‘:6 LN P . ." - R - . PO ‘ . L A L . .. st -\: -
:f::l . ‘I R ‘_- IR 1 L . . , .><. ... : L v \.., o "‘ ..‘-4 N "
" v oc e - Definition of terms: .- . . R o ST e Vg

FORMULA. FOR PHYSICAL. scxmces' o

T e ST DEFTNITION OF POJER . oo T

e “,‘ v
i \\\ . . v L
NG ‘= - Power

v >
;

P K
F = ; ~Force v

; :

T

= "Distance t"avelled by forcé F s _‘I' L '
; i ;. 2 pime L
v: PR

Dol Photo-Electric Syste'n....-A mechanical aystem with a photo-electric
A ; ‘ )t.iming deviee that vas devised by the experimenter to o'btein eech o

B subjeet's true pouer out@}, : :‘:'.'- - L e

. il e )
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e RIS Optimum Power. viries ..‘...'Bha maxim'um power out'.put achieved by the , ’;.:' e >
1{.’,.’ .'-‘ . T R FERTIMRE o e . ‘- ! e, i . "" ‘_'.’ . ; ..‘.’
i - N snbgect. '{' ,f'j'h." R e e s P o
i ,‘ ' C L ',h .- '."];,"i'.:,z'- . ".','.' ""5.' . R z ' B )
o Y . -y . . \‘ D . - [N . ‘ R . . . . P .o Vv
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: Z Velocity. seseesesse cn ‘e . . ° d‘Thk rato of motio‘\. Irl tﬁis study’ . t Was ' |' A
h B

@uated with’ speed .and consisted o“ thf; distance co-nponent Of the ST
- time . ¢ S
pl\vsiea.l sciences' definition of power. S S ke
..'n Strangth- tevieves. teses ee \l lThe rorce co':ponent of‘ the physical ) . T
4 . J':;: A

s iences' definiti_on of powar. Ip thi.s s’tudy, it was equated with Y

i E L
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th\e Weight moved. e .:;' SRR o
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" Univer,sal Gym Machlna.. ...A mach1ne w‘hich consisted of weights, levers L .
- and pulley syste-ns t.hat wera arranvad such that they alLowad an

G indiv:.dual to perform var{lous movements with a des:n-ed resistance L

L for waight training purposes. RV ' . _ ‘ s N ,

'-Hand.-nwn Llft. sesrisevescns .The smallest we).ght to the- nearest ten l

pounds wh:.ch can'\ot. be lifted a d::.stanco of fourtean inches. o )

s ;Muscular Power..... ccass ....The component of physical peri‘omance which ;

o ks

" can be deﬁned as the rate of. doing work. T R
Staggered Position. - .......A stance adopted by the subject uhereby he
i ' stood in an upright position uith one foot in front of the other. e Ty
o B . -
% Lo N . . '.- e » .o . \ - o . ' : :..
' L PR S ' Designed by- Universal Athletic Sales Compamr, 1}70? E Hedgns .
- : Avanue, Trasna, California 93703 . _ oy
’ . C ..; ",‘ ." -'.‘,’,-: :A‘, ) “' :."‘ s z.‘~‘., P ‘/ . %
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SRUTRE - - L ‘-l_‘aé:vm‘ eF,-mTER\nTpRE"" | E
S - A review of the available measures of muscular power failed to f{',‘
"" . '.. .-reveal a test of the epecific nature required. Of those that heve been . 1!
o ' used, not one has had the dietinction of being able to- determine the : ﬁ
k ‘ | . optimum load for maximum powe’r development, that is, t‘ne percentage of . "wr:;:
' maxlmum 11t which yields the greatest power output. Therefore, a test . -

of true power had to be developed' which i‘ormed the basis of this paper,"_‘

. "in other words, va standard by which tp test the validity of the convent—"'-. .
ionelly used tests of musculer power. - “ ,: ' """'.' '\
Two studies, one by Glencross(-s) a.nd the second by Considine(u),:"" ‘
' tried to develop devices i‘or measuring muscular power using the physical A
l‘ sciences' definition. Glencross devised a power lever which” consisted of f';;

a handle, a lever enn, three microswitchee and a pulley with a steel

rope. The resistance against“ ythic the body exerted its erfort was :
o C supplied by known weights that wene attached to thevsteel ropa. The .
.- handle attached to the'lever arm was\the means by which’ the body or limb
'1J S I was’ attached to the power lever. Hicroswitches started and stopped two )
E B . R o Kl
e 0 '-'telion chronoscopes and "mde possible the ti-n:mg of the -novement through
n . L s .' . ) B .‘, o \ - ‘ .- ; . - . . ' ) R
wf o S oa set arc. 1:hich the handle moved. o A’. LT R
; N - Hoaever, Glencrqss's powar lever was restricted to one : dy‘ '
] o i segment or li'nb at a time. Yet/ in any of,‘ the conventional tests of leg
L"_ 'u‘.!-‘
N R N uscular power, both legs are used. Therei‘ore, it was felt that this .
! IR _ :
i’ — Y - ‘ v
g B : -
r';'\., " \ N o
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‘ the time\\was the tine the force was applied and, the distance was the - - %
A B )
. height j ped. However, this device: was not sufficient to determine the T
optimum 1 ad .:f.‘or ma.:d.mum. power out‘.put‘ since the only oad tested was the

- subject's own weight. Consid:me used his device to tast t‘ne validity of

» ‘Running Five Yard Sprint with a Five Iard Running Start, as best.s of - leg

Sprint were significant onough to justify the conclusion that they were

A va.lid tests of leg muscular power. o o _ " { e

. ventional tests of 1eg muscular power 1‘911 into four catagﬁries. First.ly

' there was ‘the Sargent Jump or some modified version of it; secondly, the

RO

. ‘.._....._...'r..m. e . ,.,,l..",_..’.;.:....? ) -.; A - —t e \ — -_.._..-...‘.“.____._‘ e e 2
foep !
- "'.:" e ey 8
dev.ice could not be used as the criterion measure to determine leg ;

‘muscul' r po'uer. L %

\ o . . . K - '? 3

\ Considine s (u) means of measurinp' 1eg muscular power ut.llized ( B ﬁ

n a.force plaﬁom. In this technique, the.. force was the ‘weight of t.he man. SR ‘f

: L AL <

‘ths (a) Vertical Jump and Reach' (O} Standing Brogd Juips (o) Chalk .

' 4Board Jump. (d) Five Yard Sprint. (e) 'l.‘en Yard ‘Sprint, and (£) The

power. He found that all correlation coafficients except the Five Iard

PP
FxSed )
T

cdn. cons:lderation of past research, 1t was found that the.con-- -
N

5

- .Stending Broad‘ Jump. thirdly, the Sprints and laStly, various speed t.ests : Ty

'of movement or reaction time. T .' R SR

HcOloy(m) compared t.he Sargeﬂt Jump to four track and field

o event.s. His assumption vas- t.ha.t since track and field events were. power' ‘
event.s, then if the Sargent Jump 'was a valid test. of leg pcuer, it.

shou.ld correlate highly with the i'our tests. Frgm his resu.lts, McCloy

concluded that, " The Sargent Jump, when standardived, practiced and

correctly administered was undoubtedly a valuable test ‘for predicting

[

[ . ; .-".A‘.. . . \



A tha ability to develop power." 1

"HcCIOy in comparing the same four track and fleld events to six diffe'--
. ‘ent types of the Vertical Ju.-np. Not surpris:.ngly, he arrived it the same

‘ 'conclus:.on as McCloy.

’work uhich led to the devalop-nent of tests for pouer was done by D. .A.
‘. T Sargent(13) Sargent was primarily 5.nte*ested in developing some tyce of'

' performance test: which would enable one to assess the physical ef;:ciency
: of man. It was’ not his intent at the t.me to de31gn ‘a iest which could s
" be claimed to measure ‘a specific co'uponent of phy51ca1 performance. o

B Nevertheless, the Sargent test quickly gained prominence a.nd its or:!.ginal
purpose became somewhat. obscure. Thls obscur:.ty resulted i‘rom the.
finvest.igatzons of L. V. Sargentuu_) and" c. H. McCloy(lz) who statedmthe
" Sargent J unp vas a good test of muscular power. S:mce that time -mny o
e ' variat:.ons of the original S‘argent Ju-np have been devised and elther

acceptod or rejected as test.s ‘of muscular power.

: criterion to which the conventional tests of muscular pouer could be

- these events also incerporated many ot‘mr componen'bs of p‘hysical perf‘orm- S

" .-anee. and, 'therefore, should not ha.Ve been used Ak the criterion value.

Researcb Quarcerlv, 3: 2‘&1, ‘!ay, 1932.

Van‘ Dalen(la)in a 1a.ter study used the sams’ techmque as

4 o A
It vas the consensus of the abova authors th‘at the original

.1,

. The fauil:t_o_ the research quoted abOVe was that thore was no.

compared. Assumpt:.ons ware made to the effect that track and f1e1d

'events were princioally events or musoular ponar. It was- not noted that

s

-~ ’ . . T '

1 C. H. IlcCloy, “Re(:ent Studies .'m the Sargent Jtmo," The o




i based on the physical sciences' definition oi‘ power. In a. sé’udy by hray, ‘

.;Start, and Glencross(g), a test oi‘/Vertical Leg Power was devised and

. '[usidg only oné load. ‘.“' o ) | I ; PP

. '('conventional tests of musoulqr power, namely, the Vertical Jump- and Reac‘h;' )

A tests of power - the Jump\and Reach test and the Standi?'ng Broad Jump, to -

/i s

Three studies, however, .did try to develop a criterion valuel

®

: valida&%g by the' use of a i‘ormula deriVed fro'n the phjsical sciences' A

definition of power, This so-ca.lled Modified Vertical Jump was determined . o

‘ a valuable test of muscular power. Unfortunately, it teo considered power

.a . . : ‘e s
/

Considine(q,), as stated ear]_ier, devised a force plati‘orm from
.which he obtained a criterion measure by which to test the validity of six
‘the Standing Broad Junp; thq Chatk Board Jmnp' the Five “Yard Sprint- the
"Ten Yard Sprint; and the Five Iard Sprint with the Five Yard Running Start.’

‘He found that neither oi‘ the tests were justifiable measures oi‘ muscular .

r
. N ‘.

"power. R o I DN :

Glencross( 6)* 1 like Considine, used his device, the power lever, .

a8 his criterion measure of power. He compared two conventionally used

his criterion. He i‘ound that both tests had very limite applications as :‘ e

_,,l.._..-'

o As a result, much controversy arose ‘as to which of the components of L

" measures of muscular power..

>

Because of the sudden trend to approach the problem of whether .
“or not conventional tests of muscular power were valid measures, .

. researchers began adhering to the plwsicel sciences' definition of Hower. l.

PN

_ muscular peo:er was most important. In a study by Berger and hendereon(z)

it was found tbat strength or force correlatad highly with power. Iet,

s

Y pitupremes.
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) ' , ma‘ny othar: studiés( 5 i1 ) reported that st,rerff, hwasno?;tha pl-‘:';'m;x'vy
L ’ comnonent of ?awer.,‘l‘wo stud:.o.,, one ‘by v.xray, Start an& .-{31 Sh(m). and ‘rf >
: ] RN .-'( the secg;d by Start. et 31(17) even stated that epeed or velocity- "’a{i tha)- | .- s E! ,
.._,_,j,.'{ i - prlhary conpo hnt. uray, Start, an.l Walsh's ,reasonin:r that s')eed w{s'mposi\'. | ,
. N

Spaed Test.. In ‘their eJ@e}Whey corrclatad the B:Lcycle “‘r;,o'uet.er g
o= ; . , ’g
- Speed '“est vith the \Fertlcal Power Jump whic‘x was supoosedlj a true Lo

Ve R

\measure of muscular oouer. "‘hé rasults supported the.hypothesis that there

L
. .- x’ -
U .

was a s:.gnlﬁcant correla&:.on betwaen ‘the two variables. The Bicycle ' T

. o z.rgometor Spsed Test: was devised because. 5.1'. was felt that there Was no ‘

i i . . N
test. thch accurately measured speea. ‘T'h/e only spsed tasts usad before A

el T e t‘nis sturlfy ware hhe varn.ous Sprint tasts, but it was felt that t.he Spr:mt

v\.

)

e tests 1nvolved too nany uncontro"laole variables sucl* as: 1ength of stri«’e,

' machamcal efficlency, and runnmr to;éhnique. The Bicycla _mgomatér Speed

o

. o -.j_'.‘TGSt eliminated all of these variablés. Iﬁ tha test t,ho subjei};s qpeed :
SR ) ‘ - was detarmlned by t‘m numbsr of revoluta.ons of fhe bicycle wheel . in i L
i o A given period of t.:me. S

u

N T g .1 ) In sum‘nary, previous research papers offar conflicting evidence
1 . . . .

g T - as to whether or nét the conventional ‘test LS )rere val:Ld measures of S
f . e muscular vpower. In s/se: casos, they have been accapted or reaected based

L
-

B ' o e T on their correlatio'x wit.h 2 non—justiﬁable cr:.tenon. In other cases, a.

P ' ' .( cr:x.terl.on or tme measure of power was devisad, 'but they too, hac two
: senous drawbacks and cox.ld no be just1i'iab1y clained as v._11d crxtamon )

'_ measures. Flrstly, althouoh they did accur.—.tely moasure power, they vere .

P

. " - "not suitable crltnrion measu"es bocause of their fai.lu're elthnr t,o obt.aln

)

(3523 e IS CT P
1N

KD
[ 54
[

. -
‘







. . Tt ooy, T
. ’- -, . A R
.. e - . PEEEERN .- - f

- - LN Yo, ko EIE P
R . e o7 e

T ) et et . &+ Yo 3 e dnin A Pttt e e = b e
. P o
k" v
¥

1 N CHAPTER I

H"-‘THODOLOGY -

Research design' o . '_ S -

-3 S \ o All subjects were. placed in one samnle and given s&lx etests of

¥ L lev muscular power, ona. test be!.ng the criterion measure and the other‘

f- i‘ive tests ware. conventionally used tests of leg muscular power. In . R
. N . '. " ‘ A
ST addition to. ad:ninistering the six power tests, the age and weight of \
* RS ,'each subject were recorded. : . - \
i o o Sa:nple selection' ' -;

Subjects(hl = l+2), ranging from 9ighteen to twenty-i‘our years of

S - .:'.age, ere chosen from sec'ond and ‘thitd year physical education students o

R ' ;“n‘-y o L "at Hemorial University. For this study, two classes were opportunity
, - leelected a.nd all male students v;ere tested. The sample was discriminatory 1 e {."-f
’ - 1n tha.t 33:1 subjects were male, but i.t was felt that this ‘was necessary ‘...;ll,i

o L to avoid any influence the sex variable might have on the results.:

- ; (' _'.‘,‘Description of appa.ratus-'.' N . | | ’ o |
/ - ‘_ : Photo-electric system""‘ . :_ . L | ‘ - :
\ / ‘ 1 a...........................;.two 'I‘ shaped metal supports o , ;,"\'\-‘\::"-

S 2 ...........................,..two light sourcee ,

y .' 4 S e 3 ....u.......u........".....two photo-alectrlc 09115

. . Sl . : 3
b . . . '

l’, ...................-.......--..foul' met&l clall‘lps - ° ) -
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:5- ..“....c....V.....-;......-.-el&ctroni ~tim3r
6 ........,..o.........-....-...control bOX" >f' ' ‘---.“n""'.. P

\

7 ..............................universal gym machine
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For this study, a photo-electric system was constructed to

NN L
._\-.

~ -

determine the speed of movement of a given weight. Referencel is made to
a picture of the. apparat.us whic'h was attach.ed to an universal gym * T

YR <

ma.chine. '.the apparatus consisted of two I-shaped supports attached to a

e

o vert.ical metel pole of the universal gym machine. On one end ef the \o. S

support was attached a nghksdurce and at the other. tend was a.ttached a

photo-electric cell. ,,'I‘he same was done with’ the second Y—shaped meta;
AP 2 ot
support. The dishnce between the light source and the cell vas. =

suﬁ‘icient to allow the weights, for the leg extension -novement, to pass

between t.hem. Both lights and photo-electric cells were vérec} into a.
. e
control box. The control box was connecbed to an electronic t.imer. The .

-
e

; system worked such that when it Has not in use, 'the circuit iras not '
broken eince each llgh’c. beam was focused on its correspond;ng phm

’

" electric cell. However, when* t.he subject sat in th&chair, pq.l.aced ‘his. .-5_" i

‘o

feet on t.he oroper metal plates, and ex‘l;ended his leg hus elevating t.he

- sta.rted. As t.he weight kept movinﬂ up, it broke the second light beam
thus s’t.opping the t’tmer. This device and the physicel.sciences' defini-, :

Cat tion of power enabled the experiment:gr to determine the power output of'

R " N R . . _'._ .'A. . ,,, . A ',g,,,
the subjectd ,'_ R T A : ,~.g, RPN C
. . N .o T . e Lt . . .
* T B . St R
. . - Power - .= For‘ee X’ Distance st T
] P T:lme B PO NS
; 3 v ‘i“ R . ’ ,'l ‘ ; . K o
. v - ' ’ K b N i
e, . < > Vo Lo B et . s
o ' .|. . ¢ , . r. . H
' . Y AL - :
v . e A
. \ o’ [P ),
- 2
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B

o e

.~ weights, t.he first light beam was broken and the elec“.ronic timer vas ‘.
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orce v

R the weight movedJ e i

Distance the distanca betueen the’ t\m photo- :

o ‘eléct.ric ceus{(1 156 feet).

‘Time, = the/ﬁme it took the subject bo move =

RN g the weight over, tha given distance, S
j‘:._' ;' ‘. : '_ _ -: 3 :"_. 2 fL e uhich was recorded on the electronic W N ._ A
> Null lw'pothesis: Tharg is significant corralation between 2 true DJ
B - kl. _ measure of leg muscular pomr and each of‘ the following five convent.:lon- B .

S o ally used tests of 1eg muscular power. (a) Hodified Vertdcal Jump. L ‘ _
(b) Standing Broad Jump. (c) Ten Iard Spr.'mt. with Five Yard Running St.art- . i o

"FI,-‘ R - B 3y .-

L - (d) Fii‘t.y Iard Sprint with Five Yard Running Start' (e) Bicycle Brgometer I 'g

‘rii

, - Speed Test.

N ey Z .3848(19) (. 01 level of s
: Each subject was test.ed to: determine his op_ mum ],pad, that 18,, .

\:-. the weight that would yield the graateat. power ou.tput. Thi.s problem Was.

’ “: solved in a previous study whi. ch tested. ten subjects on their ' range," o ' :\
E that i, from ten to ningty pe.rcent of “their maximm 1ift. For example, o
L if the subject's ma)d.mbm ]ift was. four hundred pounds, then he nwas tested

) / usj,ng waights of forty, aighty, one hundred twent.y, one hundred sixt.y, :

' R | / t.wo hundred, two hundred .forty, two hundred e;.ghty, three hundrad —bwenty, 7

’_"j_ . a.nd t.hree hundred sixty pounds. Tha subject's power output. was detemined

. S e B
el g using the plwaical so:lences' definiu.on of powar. Houavar, the weighta on e
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' the universal gym machine uere in increments of twenty pounds, therefore,. ) ' ,
the subjects could not slways e tested Hith the appropriate weight. For T
example, if- the subject's maJo.mnm 1ift was four hundred sixty pounds,
| fcf’ ty-six pound weight was necessary to tegt him at ten percent of his :
maximum. However, a forty pound weight had to be used: since this was the

: _'increment nearest in we::ght to the actu&l weight necessary at ten percent'

of subject's ma.x:lmum lift. NeVertheless all testing wes done to within o

ten pounds of . the a.pprcpriate weight. C }'

The average percentage of ma)dmum load which yielded the

g,.ea.test pow’er output foi the subject was ’+5 percent, Hith a range i‘rom L

. o
[ . . -

RSt o Sypereent. S

»

Each sub:ject had three trials at ea.ch ten- percent increment,

\

e 2 g

-4-3‘1".»':’3' T e

g -with one half ginute rest between each trial. The rasting time between' '@r«

each set of three trials was two minutes. A longer psriod i‘or resting R

. time was not given between each trial because it was folt that it was ot

2t

| ) important that the subject realize Just hgw muéh welght he. had to pnsh -
"Eto obtein ma.:d.mmn speed of - leg extq_nsion. The ten percent increments
-'were given in random order in the following order. (a) ninety percent- R
_ (b) twenty percent;. (c) seventy percont- (d) ten nercont (e) i‘ii'ty
ﬁpercent (f) sixty percent- (g) thirtv percent (h) eighty percent- B '
(1) forty percent. Ninety percent of ma:d.mum 1ift was chosen to be the |
- criterion to test i‘or loca.l mnscular fatigue, that is, the subject's ‘ . } ‘
‘ : 'fastest time in moving this. weigh\t was reoorded, the test administered. - .' ‘
- .end the ninety percent weight again used to see’ ‘if the times be“ore and s i

: after the test were significantly different, thereby, denoting fatigﬁe.
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A stuﬁent -T;tést 1 _was used to determine if thare was a lot:al muscular ~"

AL . R fatigue faet.or. It was found tha’c there was no sigmficant differenca

P
.

ks
’ . between the Speeds of movement. at tha .01 level of significance ';-f,'f
: '::(T—,-‘ -833)- S ';_- L S 4‘ S ‘- X

"
=

4

For tbis study, to ensure that the optimu.m load was m.thin the

acquired ra.nga from the previous study, ‘ten. percent on either side of the ' . u;%
‘ 4 .' ‘,range Was included in the testing. Thus, all subjects were tested from DR "; - .
’ ,twenty through sixty percent oi‘ their ma.x:.mum 1ift.. ' L R \\’
' Firstly, all subjects ‘were tested :f.‘or ma;clmum l::.ft. In order t.o
. ‘arrive at this weight. with as few trials as. possible, eac'n subject . y
‘ started at four hundred pounds and. worked up or down m tuenty \pound
. 1ncrements depending on whether or not he Was able to move t'he weight. . __
' ’I_.‘Qe ma:d.;nmx\l;ft was recordod as the smallest weiéht the subject could o
| : Do . , Eefore besting, all’ subject.s recieved a, one ﬂinut.e general T
C .:)wam—up ;vhich consis'bed of . running on the spot as well as'a series of R ’
i , | ﬂve leg ex'Eension trials using a variety ‘of weiah'ts. This last warm-up o . ' ‘

. f. e .- was necessary, not only to warn up the specii‘ic mu.sclas invoIVed in the

& I, Lo . ‘ ~, tast, but also to allow the sub;jec+ to 'become fa-ru.liar w:.th the t.esting “ ‘ y
S AN R procedure. L. ’ R o P ~

[

In the best, all subjects ware tested us:.r.g the twenty throuph - ' o
¢ o . ' sixty percent range oi‘ maximum lift in random order. x:.ach, subject : o VL _;

L.
- . . . s v 13 -
S e Coe . e
(38 . . R .

s DL 1 Sea Table XIIT, P, - ——~f,'

BT 2 lleed 2:10 at, the .05 level."" B CE IR S
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e . repeated em.h 1ndrer'1ent. t‘hrae times with a ong. 'nlnute res.. 1nterVa1
be’meen t.rials and 2 f1v= minute rast 1nta—va1 ‘botaann eac!* ‘set of trlals., o
Thls oxtanded time was added p'=caution a._,a].nst. any possibil::.ty of local

mUSClﬂ.al‘ fat.ivue. It was not,ed in the pre\rlous study - that. at very lm. -

: weights. t.he snbgect's feet wonld leave tne met.alrpla-,as after a full and

LR forceful ext,ension of his lcw 5. Slnce the subject's fent could not ba

strappad to the plates bacause of the posmblta.ty of :Ln;)ury to t‘\e su.bgact

fron ‘the abrupt f:Lnish, it was necassary to use a rope th.ch prevented AR

the sudden recoil of the metal plates when t.he veights retu*‘ned to t.rxe L
starting posa.tion‘ o IR f.‘ . S / . ﬁ
. 1,o ensure that all sub;)ect's had e’;ual mecham.cal advantage when X L
& | . A seated in the lewr extension chan.r Lrith their feet placed on - the 'rxst,al ' B

| phtes, a pro...ractor was used t.o st\.andardue ‘the angle at the knea., S:mce o E?
' - v .

the chair could be noved closer to or away I‘ron the metal plat.es, i‘l‘. was - T,

po$s::.ble to kaap ths ‘mee angle consistentﬂ.y betuean suuty-fiva and

[

seven ty-five degreas .

m subjects vere instruct.ed to keep their backs a;rainst t.ha oL

back of the chair wlt‘: each hand gr:.pped around the motal rods nrotrdding ,

‘ fro:n the seat. All subjects vore sho*ts, t—shirts and runninr s‘xoes. L a

Vorbal instructions were aiso given dura.m t‘\e trial. Each subjecu was

told to ext.end his legs as forcefully and quickly as possible. This last. . B
-4 A ANEN ’ . H
" S ' 1nstruction was repeated prior to each t"‘l&l. e T L T
: B N ) ) ". o ‘ o

! .. Evan though the distance betwesan the p‘loto-electric colls. was ", e

PR . ; - N

1 165 Teet,: it was sufficiant -mough to test tha move"lent. t.ine over a . .

i'ul'.l range of movenant haginning "ith the sixty-i'ive to seventy-tive

- R ' . LN . .

. . . r s . . . .
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degree knee angle and ending :just before the subject reached hi.s full

-

extens:.on of his 1egs. -

The above erite.rion was then co'npared to the five conventionally
used. teets of 1eg power to determine the:’r valldity. Firstly, the
'Modified Vertical Jump used’ in this st.udy vas. described by Gray, St.art, . ...
. and Glencross(a) . They found 'J.t to be superior to the Junp and Reach
test and the Squat. Jump t.es’t., and t.he.t 1t was: a good test of 1eg ‘
. "muscular power. The Sargent Junp was not used because of the tremendous
‘ ‘skill factor 1nvo]'.ved in the t.iming of the arm swing to reach mm/mum
. L -".Alizlheipht. Ini-the Modified Vertical Junp, the subject stood’ sideways to a
" . jump boa.rd with his preferred. arm extended above his head and next to the ,
board. His other arm was placed\behind his 'oack While standing on tiptoe, '
the he:.ght of his extended fingert:lns vas| recorded. l‘aintaininp a st.raight.'-
back and the position -of. his arms, the subject adopted a full squat 1 -
. position. When stntionery and balanced in this pos:Lt:Lon, he sprang up-.
'wards and‘ marked t.he ma.xlmum height of his Ju:np on the :]ump board by
means of m.s\ohalked fingertips. The jump recorded was the di“ference . :
o ‘ “between the height of the sub:jeot.'s reach and-: the me.ximum height obtained ‘ ‘
o in the jumo. All readintrs were taken to the nearest one quarter of an |
."i_nch. In the stance i‘eet were. shoulder distance anart and parrallel. All
T "4 subjacts Here t.ested while dressed *)g shorfs, t-shirts, and bare feet. S
, o 'Also, t.o ‘ensure ma.ximum heh{tt in ﬁ.xe jump, all subjects redeved a “ |
series of ten trials to waz;«n up 'before test.ing. During ‘the test, each
v subject '-Jas glven three consecuti.ve“trials with suff:l.cient. vest t:lme to ) ‘

'rechelk h:la fingertips and prepare for the next jump. Before each trial.

g T
N
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' Glencr055(7) The sub_]ects were required to dress i shorts, t-shirts

',‘and tested in. bare feet. E‘ach subject placed his feet as close to the B

. Each subject was glven a series of three practice trials to warm up

. ‘before attemptinv ‘the test. To make an. accurate reading of the time(in

»'adapt the photo-electric eystem usad as the criterion to a system whereby

113

a11 subjects were instructed to jump ‘as high as. poss:.ble. o : R

/o

The Standing Broad Jump used in this study,//was described by

: starting line as. pos&lﬁ}e with his feet shoulder distance apart and
;parallel. Each suhject was instructed to assume’a comi"ortable squat
position and with e preliminary sw.mg ei‘ the arms, to jump as rar as

:possihle unto a gymnastics mate Before the test was administered,

":'.'series of practice trials wara given to allow the subject to- become ‘

' fe.miliar mth the test end to warm up the specific muscles involwred in :

.

.",-the jump. Before each trial all subjects were instructed to jump as i'ar.

as poesible. To asaist in the reading, ef the distance jumped, white
chalk! powder was nlaced on the subject's heels. All subjects Here given: o
three trials with readings taken to the nearest quarter of an inch. "'

The third test of leg muscular power selected was the Ten Yard" e

,'Sprint with Five Yard Running ,Start- modified version of Considine and

) Sullivan( 5)° Each subject wae instructed to stand behind a preliminary
. - line ina staggered position. swith. his preferred roet a.head. ‘Each’ subject
A" ‘was dressed in shorts, t-shirt and running shoes. Each subject was told
[ .that he would be timed on the last ten yards and that he would havs. a _ .
| five yard running start. All were instructed to run as fast as possihle. :

‘seoonds)taken to run such a short distance, it wrae again necessary tq I

.
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\ £ N ~upon hitt:mg the starting l‘lne the subject's hlp -area would break the i
= a | . | o light beam and start the’ electronic timer. At the finish, the subject'
N L - hip area again broke the light -beam, and stopped the timer. Each subject R ‘%
T ‘ L had three trials with su.fficient time between trials to prepare for the .. ‘ ::}'
: 4 k L next trie.l. The electronic timer r'ave the time. 1t took to cover the ten‘ S

yards to the nearest five ore; thousandths of ‘a second. Because it was

necessary to. administer this test using the photo-electric system, i.t .

o

,lhad to be administered :mdoors. This’ necessitated the asking of ea.ch

subjact, after each trial, if he had any slipping problem during any part

-
S PR T S SRt AP S
g"'ﬁj}ﬁ#f" *

. of. the test. All subjects q'eported that they ha.d no problem. The teszt o

used the five yard running start because tﬁis stu‘dy*-wes interested only

.

-

_,in the subject's power output and not in. the starting skills of the

Vhadd

.

o subject. ' : .\‘ .
A i‘ourth conventionally used test of 1ag muscular power ‘was the

- ’ Fifty Yard Sprint with Five Yard Running Stert. HcCloy( 12) a.nd Van

) ) "Dalen(ia) reported that the Sprint events were primarily power events.
£k . This modified version of several sprint tests was used to overcome %
R " differences in ‘starting ahilities. All subjects were dressad to meet the
| | : standards set in test three. For the Ve yard running start the subject
.assumed the same position as he did in '.the tbirdv test. The experimente_r
»‘ P 'stbod.at the‘startino line with a stop;watch ;{nd started timi-ng as soon
> “ DR ‘as the eubject's hip crossed the start.ing lina. The timer vas stopped

A . when the subject crossed the finis line as indicated by an assistant
o .~ who, with the sudden drop of a kiand, indicafed that the subject had

. crossed the finish line. Each subject was given three trials and all

-

N R

‘1}‘{4‘?"
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\--r" S power, used ih this study, was the Bicycle Ergometer. Speed Test. This o

v
o N

M

' subjects had sufficient warm-up before being tested. The warm-up

consisted of light running for one mi/\ute. A five minute rest interval
‘-'was g:tven between trials to allow the subject to recover. .

Y

'l‘he fifth and last conventionally us:\ad test’ of 1eg muscular
)
“test was described by Gray, smt and Walsh( 10)" It vas. used beceuse"it
" not only was found by the above authors that &d{. was a good test of leg
: speed and correlated signii‘icantly with leg power, “tut. because it ‘cone-"
' trolled mam{ of ‘the uncontrolled facto /s in the sprint tests. There were
no variations in /length of stride, meohsnicul efficnency, or running )
- technique as there were in the sprint tests. All subjeots recieved 2
one minute wam-up before the test was administered. This wam-up con~ .
‘ sisted of‘pedalling the huoycle ergometer et a one' kilogram resistanoe-’::
: Because of veriations in 'height of subjects, the blcycle ergometer sest
.’ :thad to be lowered or raised to make the pedalling °f the bi°~‘1°1° S :
] ergemeter suitable to each subject. Sub:]qcts were dressed -as’ specified "

O in tests three snd four. A revolution counter was attsched to the frame :

.

- and connected by cans to the wheel. The optimum ten'sion on the -
resistance hand of the uheel was found by Gmy, Start and Walsh(lo) T \

' be two and one half ld.logran‘s, that is, the minimum resista.nce to enable ‘
"the fout’ te Keep. firm contact with the pedals and yet not give the o

‘_feelin,z of being a strein or endurance effort. The above authors hed a.lso

found that the opt.imum duration of t'he test ride hed to be sufficient to '
.allow the initial inertia of ‘the bieyole ergometer to be overcome and

full speed to be rea.ched snd maintained for a short period. The test
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ride e.lso ha.d to be short enough in' duration not to introduce any en- .
. durance fact.or. They found that the ten-second test produced the lhighest-

5

' aver aze rate of revolutions per sacond. In this studv, the’ subjects were
. 4ins ruct.ed not to lose contact vr.lth the seat throughout the duration -'

. v‘of il'.he test. The ten-second 1nterva1 was measured by a stop watch uhich

- indicated when to start and stop the revolution counter. All subjects

/

. were Q.ven three trials/with/a ﬁve minute rest interval between trials. |

In each of the tests used in’ this stucLy, each sub;jeot was given

T three attempts. However, :l.n the stat:!.stical treatment of the data, the

.l " : ‘ . . . . . - . [
g Treatment of cla.ta' ’

S ' }
Five Pearson Product Homent Correlation Coeffic;ents were used

K
R

to correlate each of the five conventional tests of 1eg muscular power\

Tl used tests were valid measures of the ma:d.mum power output. Five other

-

T Pearson Product l’onent Correlation Coefficients were used to correlate

St each of the five conventional tests t.o power per pound body we:l.ght to

- determina if tha five comrentional t.ests wara valid measuras of power o

: per pound body weight. ;Z B S o
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.beet. attempt in each test was used. . L e L. K

o uith the" criterion Ao asuro qf leg power to. determine if the conventionally- :
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T CHAPTER IV
& 5 " RESULTS-DISCUSSION
4, A IR
THE PEARSON PRODUCT MO‘!ENT CORRE’LATION CO FFICIENTS FOR THE ‘, Do |
REIATIONSHD OF THE FIVE CONVENTIONAL TESTS. OF T
LEG MUSCULAR POWER TO THE TOTAL POVER . . o e
~ OUTPUT AS DETERMINED BY THE . )
. CRITERION MEASURE =~ * = .0 = . i o)
-"'-". —-—.-/.l—;‘—;—;——-, : '." — ‘ - - CC L oo | - e
i : CONVENTIONAL o S r CORRELATION -
: TESTS S T COEFFICIENTS )
odified Vertical Ju:np o T !,
. ‘, ‘.; "' . _ ‘;‘ | .
; . - "Standing Broad Jump - S “?.1‘1 L
ﬁ K ‘Ten, Yard Sprint . R
o with Five Yard Running Start : ' PPRC I s N . L
. : Fii‘ty Yard Sprint . FREE P A _
T _ wlth F:Lve Yard Running Start" Lot /- -.18: fo e
s : ,gj.cyéle Ergonomet.er Spee_d Test : | : , .0? 3 . \\ :
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THE PEARSON PRODUCT MQI‘"NT CORRELATION LOEFFICIENTS FOR THE.
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RELATIONSHIP OF THE-FIVE - CONVENTIONAL T“S’I‘S. OF Lo
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- BODY WEIGHT AS DETERMINED BY. . ‘
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P
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- : : As indicated in Table II, nelthar of the conventionally used .
R - . - . \ o tLe ', l
o _ ’cests of leg muscu'l.ar power correla,ted s:.gnificantly with the true o

L 4 - - ' o measure of ma:d.murn leg- power. The Pearson Product Moment. Correlat.ion :

'l
~‘ 2 . ’
i S
SRR o .

. Coefficients for the .&odified Vertical Jump, Stand:.n:r Broad Jump, Ten a
. ..“:Yard Sprint wit.h Five rard Running Start, Fifty Yard Sprint ith Five
- Yard. Running Start and the Blcycle Ergometer Speed Test to the true
:_:measure of maximum log power uere .11. .11, -.01, -.18 and .07,

.‘.‘. "r‘.'-.a"‘
) /4 respectively. All values were insignificant a'c the .01 level.z ST T

Table' IIT has dndicated t.hat“the flve conventionally used.

) \4 o t.ests of leg’ power correlated significantly h:.gherwhen compared te the
o ‘criterion value expressed n poder bar pound body weight. :['he P%arson
.‘Product ‘1o:nent Correlation Coefflclents for each of :l'.he convent.ional ‘_ ' '
 tests whan compared to” power per pound body waight 'wara: Modifiéd
| ',.Vertical Jump 36. Sta.nding Broad Jump 314-, Ten Yard Sorint with Five k
"Yard Runninv Start -.07 Fii‘ty Iard Sprint with Five Yard Running Start
-.21, a.nd Bicycla Ergometer Speed 'T‘est 14. Howaver, all five correlkons" o
... < wera st.ill in31gnif1cant at the .01 level. - ' ' _ -'l"'L " 0
. . As fndicated in ta.ble IV, t‘xe optd.mum load for maximum power
B} ‘\”. - outpu.t ranged fro:n 29 percent to\53 percent. The avarage opti.mum was _ i
sl e caloulated to be 45 pe’f‘cent. S - .'f. ﬁ
] Lo e T
' . . T
[ : R ) ~~
b. a o"x | - o -
RN AR AT AT - T S * e .
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H put. ', ’

E ‘validated tests of leg power because 61‘ their relationship to an un-

e ‘;"'-‘,"’ . . ‘ -" B ' ’ N o ‘\‘ ’ 0 ., .“ i

o ’Diseussio s-

h J/alues of the correlations between the true measure of leg

' muscular pow&r and. each of the five- conventionally used tests: of leg
) ’power as measdred in this study were insignificant at the .01 1eve1.
o However, it was noted that the conventional tests vere better indicators .,"

: of power per pound bo’dv weight. than they were of the maadmum pmaer out-_

[ AL . ~ . ¢ . . -
4 . . N

The findings of this etudy were sup;},cted by the past researeh

wh:ich utilized the physical sciences' defi tion of power as the :

l

. criterion measure(1 L 6,7.) However, the co relation coeffioients obtained

. in this study have indica‘t%d that the relations ip‘ of . the conventional

'. 'tests of leg power to the true measure Hes even 1 ver. than the previously
““'”establiShed values. With respect to other studiGS(B 9,12 18), the results
) of this studv wouJ.d éd.isagree with their findings. The explanation of this

‘ disagreement took into consideration the fact that the above researchers

S
;justified criterion measure. Also, these supposedly validated sts were

developed without consideration of the ti'ne factor, that is, not‘ -

bé'ying the physical sciencee' defi’nition of power. In the studies

v ch did '-oneider the tdme factor(i l& 6 8), only one load was experi- o

) mented with to determine the pox-er output. It was not determined if this ,
~one load x:ielded the maximum power outout. If the conventional tests

uere valid measures of the ability oi‘ the body to develop power, then

- i s they should ,correlate significantly wij.h the total maximum ipO‘HeI‘ output. : '

If, hewever, this was dependent on the weight that had to be moVed or. in - N

R
e







,!.; .':-'. 3 “, :"‘ ' . '.1 .
‘{j;“.‘: ' « : ' :,
e e st N - %
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i s < . ' !
g[.. .- . . , N
N ' Lo CHAPTER v :
. N X Lt . . . ) ) ) . " o . .‘|- °..'.. ’; n
: ; su»mny-coucwsmns T
1 ! The purposa of this study was to datemino th.o validity of the.
e conventi:oqgl tests pf lag muscular power, namely, (1) Modified Vertical e X
' % ‘ “ . “
,Jump, (2) §tanding Broad Junmp, (3) Ten Yard Sprint with Five Iard

1.-.,"- Running Start, (4) F‘ifty Yard Sprint with ‘?ivo Yard Bunning Start, and
" (5)- Bi.cyclo Ergometor Spood Test. Namr provious studies ha.ve tested:-u
. the validity of those tests, but all have failed because of their " ‘

B inability to deviso a true criterion measure of leg powor.

;M
o B

The sample (N 42) was chosen f‘rom socond gnd third year male
hysical education students at Momorial University of Newfoundland on

the, ba.sis of their availabd.lity. Eac\f subject was required to \mdergo

A

' _(1) each of the conventional tests oi‘ loz power, and (2) the criterion '
“A ;' i . : " measure of 1eg power which was based upon t‘oo physical sciencos' def- ‘
", - iinit.ion of power and employed a photo-electric systen. I L ", : ‘ ’ 3
‘ Tha statisical amlsis employed in this studv wao the Poarson :,i o .;
', -, . ."' ._ 'Procluct lioment Correlation whioh onabled the resaarc,hor to determine f__ '.'\- . Y
'; o - '(1) the relationship of each of the conventional tests of log power to : ) \\.
3 L ;»'_:' " the t.otal maad.mum leg powez- ont.put aa givon by t.he oriterion moasure and'“ | \
B E : : ; , : (2’) the rehtionship of each o" the comrent.ional tests of leg power to o : h ,
' \. ' & | o ‘.the power per pound body woipht as given Qy t.ho criterion measube divided | \
‘ d ' by the subject'a wei.ght. In all caSes tho Paarson Product Moment h I
; “ - ,ijCorralation Coofficiant.s were insignifionnt at the .01 1eva1. Thareforo, ) \
. ;;\ ' .. N ’
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none of the conventionnl tasts of leg power correlated Significantly

wit.h the criterion measura. It wns also found that the avornge optimu-n

Qo

Joad’ whi ch y:telded the mnximum power output was oqual to ll5 parcent of

- the subjact's naximum lift. :

n

U

The results obtained led to the follom.ng conclusions-'

(1) “The. conventlonal tests of leg musculnr poaar, ‘'as used in t‘nis '.

stuiv - namely, (i) Modified Vertical Jump, (ii) Standing Broad Jump,

(iii) Ten Ya;-d Spr.’mt Hith sze Yard Running Start, (iv) Fifty Yard 3

were not valid measures of the total maxlmum pcmer output. .

- Sprint m.th Five and Running St.art, (v) Bic,ycle Ergonometer Sneed Test,, ’

(2) Tha conventional tests of the muscu'lar povxer as used’ in this I

stucly were not valid men'mres o; the power per o

T

und body- weight Qutput. L

7 T,
"x

(35 The optimum load for ma:d.mm leg powar output ranged fro-n 29

.\‘. .

N Reco-méndation

&

nsrcant to 53 percant, \dth an averaga of l&5 narcent.

at uere considered valid. Howe\rer, there t.ere a- nu.r-ibar of areas which

S:unila rily N

I 'noedad much mora e.nphasj_s be"‘ora any more practical implications can bs

oa will the componants of powar change, that is, how w:lll

L

t

Within the '.b.mitata.ons of this stucb', tha conclusions arrivad

x mada. For emmpla, how w),ll tha opt.imum power output change w.lth tralning?

rorce and veloci.ty change wi.th tra* ning? To’ answer these questions, -nu.ch

2 iema
« T

o T "
3 vy .
. » B

gl AR

AP B

: more research nust ba done w:u.h c:onsidera.t:.on of pre and post powar out—
put uiwided by -2 prolonged pariod of uall control}.ed training periods. o

Frorn ‘a. perfof'nance nolnt or viow, D. J. .:lencros*; has stated that

NN

. v W . :
,v.-“r,.iﬁ_-ja;;‘:,_;"\;iﬁ;.&“ N CAR 2

5

2. , .F'-



AP

Su

. _: change the optimum 1oad at which maximum pouer output is achiaved, the o I
* athlete's optimum load must be calculated, not only before training, but P
. periodically during t.raining to assure that he is alwa’y training at the .‘ Lot

"load which will produce max.imum power development..,,- | 5

there is need to determine the optimum load for ma i mum power development. o

'This load must ‘be expressed as a percentege of the maxlmum strength of

oand field events to be primarily pouer events, this knowledge would

™

:centage of maximum lift which yielded the greatest power output ranged
o . S

from 29 percent to 53 percent with an. average of l&5‘ percent. The large S s

' range me.y be accounted for by the fect that the forty-two \eubjects used N

by

the muscle groups involved. Therefore, assuming that the track(sprinte)

greatly enhanoe the training of athletes. If, however, training does : N

N Y

e

. It was found in this ‘stady that the optimum load oF the per-": ,”

KEéZb "ﬁ?;; R

. ranged from relatively low ectivity individuale to versity athletes. .

-Therefore, in any further study concerned with finding the optimum 1oed:

variety of weights used also had drawbacks in the fact the.t- not only

A
were the weighte in the Imperial measure, but, they were given in twenty

‘a more cerei‘ul eelection of subjeots is recommended. In a.dd.ition, the Vv o

pound increments. Therefore. amr further study should concentrate -on the :

. :Metric system and nost importently, uee smailer increments of weight.

: ,:'physical sciencee.&As it stande, there ie still need to devise a ‘

&

However, in doing e'b, the researcher must be wary oi‘ the possible i‘atigue

factor in too rany - repetitions. o L > L R S

s

) In eny case, if further re;ef{'ch is done on power, it seems R ‘." ;

2

'obvious that oonsider,ation muet be given to power as defined by the . 'I:'“. T
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"' CORRELATION CO...FFICIENTS

at t;];té _.l(J_l.'].e.\.er.'.‘ y

' t.hm‘-iodified Vertical Juwp: | . | L e

o ,‘ Formula for A-E: ,-
Clrmy _NEXY - XY

o Ve s e e enr

L _Whene'; '

| = nunbet of ‘subjéots

,.=‘; trua measure of 1eg power

Y = conventiona.l test meaauro of leg power L
' o ".-3‘51}8 ﬁdg.', requpgd ‘i‘pr‘;ta;tispical :s;lgr"‘iiﬁg‘anée".

T

The ralationship of the t.rua -naasura of ma:clmmn ].eg poweb to ’

T \fuz (16157811.34) . (25811.81)2, Viz: (11840.15) = (697.25)2 .

S ST § R o .‘

' (th:ai.fgnilij::!.ca,ht‘ at the .0l love;.'.j:" o L, o - \

o ’ FE . K )
\ o ” " )
. . L N , N S .'\q . v .
K] \ .(“"‘, [4
. ! S N "
- \I s .
- -



. R s . et T ool . - .
A - o N B R PO P AR T N . PR L s b P
PRl . R AL TR ! ° - L L I L R

e U T S Y AR : - o Sl

; v [}
i ¥

. \‘ .":'..-:: ":‘4 ' . .‘.‘-\ . o ‘. .: ‘-.,‘ . :-“. .“:. _\ '. . . ' "” ‘-E‘ .A ..:_.._' :- | ::‘.:V66:'v,
: ' UL TABLE-IX conte.. o

P

B

[

'
Vel

The relationship of the trua measurs of ma)d.mum leg power to N

rl

. t.he Standing Broad Jump.

®

'}xy, = g (2256820 B - (25811 81 )13663 g;) ‘
. \ﬁ+2 (16157811, 3») - (25811 31)2 \/uz (322472.66) - (3663 25)2 L
S _'ﬁ‘ ;ﬁ A1 =

Kl

*"(Not significant at the .01 level) ..

o The relationship of “the t.rue moasure of ma:d.mum leg power to

: t.he Tan Yard Sprint wi.t.h the Five Yard Running St.art,.

: o . u"f%y' 42 (38785, 83) - (25811 81)163.15) _
o \/uz [REECT ) - (zssn B1)2 \/uz (93 o) - (63,16)2

’ R ! .

= R ) e . < .. .. L CEoL T, . o
AR R = .0057 C S UL

& o Cooe L o e . . v . " . .

Y B . e , N o . s , . . L. . :

L N . .

e »

[l

| t.(Noﬂ~aignifibant_§t';hn 01 devel) L

L . Vo
. . L te - < . S

tea e . . . oo .

P . Lo R . . N

oA

“for
S
&

S,
ke
>
-

G
L= . . . - .

s
"'("‘\'
I

¢ ' . *Ty

. N . Y
x AR R N TR i:(\' "')‘&r" A



Saas i SV ‘
IR oy T
- f B o .
T A .
! - 67
. TAELE IX eontess. . = -~ ¢
‘A . : . o R - ’ ',“l‘\., .

'..

The relationship of /the true measure of maximum leg power to '

the Fifty !‘ard Sprint. wit.h the Five Yard Runrdng Start- ’

EREN :‘Qw"; i (168951 80)  (2sn. B1j (275, 5.

\/uz (161578113 ot - (zssﬂ 81)2 \/ 42 (1812.&7) - (275 5%

| = - .18

o (Hot Qign;ﬁicﬁhf at the .01 1eveli / ) :

ol

Tha relationship of the true measura of ma:d.mum leg powar to

the Bioycle Ergometei‘ Speed Test" . - R o e e

| s iy (70293z.u9) - (25811, 81)(1143)

\[uz (16157811 3:;) - (25311 81)2 \/uz(31265) n (111;3)2 .7'

T

PR

: .'(N;ot, gighificght'at'the' 201 1eye;|.'.)i,‘-"";‘: SR o

.



R R Coten
v

| B TABLE X (A-E) e
' R THE PEARSON PRODUCT MOMENT - = '
- | SEIEE CORRELATION CORFFICIENTS
... 77" Formula for A-Es, ... = . :

RS S Vx?s.x2 (zx)2 \/nzr"‘ <sr)2 T A

3 : AR } . § N -o= -number of subjects o pel _
_: = ‘ ' x= 'trua maasure of lag power S e
{ i e 3 : ) Loy, A conventional test meaaure of 1eg power P
. ’ " S 1; 43848 !«Qéi.‘reﬁﬁiped' :fof‘étaii’.isﬁ;c&i .signifidéﬁée )
. at the .01 lavell ) Si
' “ . -A | . ; L L, ;
' The relatio?ship of’ the true maasure of powar par pound body - ’:;': o ‘
veight t.o the Hodiﬁ.ed Vertical Ju:np- ) L - - N ».//.,
. SRR gi'*y"- SRR ) (27u1.7o) - (163.36)(597 25) SRR ;.f": BRI
\f'+2(652 '7'7) - (163.85)2 \[ ua(nauo.15) - (697.25)2 AR
“‘ ) . - Y . ’ . . ~ o ‘ ‘ X o , - "‘l:"'"- vl - H

PN - . P P e
i N . ) . ¢

(Notsignificantaithe .Ollevel)

R .
, . . Voo .
L
. \ Y
" " . .
’ h - . . s -
fes o . . , - s .
’ ' \ ¢ - : .
' - : ~ g
. . o . . o . . f
) ! N Y ] e .
Teoe "o , ,
L . . f
‘ f
. t
. I . . ;
. f . .
. i
. . ; . ; . .
: Y L
| N L N ) : .
. N ‘. L * ., '
. o o - J
. i ’ N
N ' . S s l v )
- .; KU K

LD Y P A4S SR O

S



- SR P SN IR
. VO L e T
T . s s . 4 A < o ) e
! \o ' ‘.. -
. ’ R \ " - , 69 " ;‘ . j ‘
) | ‘ £ TABLE X conteee : . .
3 j R . I O o
: ’ : . ‘I;l- - ‘
N o L ., N N B R L :
/ ' . . - 1 . A
P v s ) : .
! The relationship of the t.rue measure of power per ponnd body
' ‘ ! . . . . . . — . L o
: o weight to t.he Standing Broad dJ ump' e ' ' e ’

3 ™ = _up (14358, m (163.86) (3663.25) "¢
S o o \/1&2 (657 7'7) - (163 85)2 \/42 (3221,,72 66) ~ (3663.25)2

--;J" ’ < .. o .a ". guotks"igniricant qtt’he ,.01- ievel) .‘ e B )“-_ . “. :.
H"" | - .". .’;, ‘. ‘." . '. : . . IA'." ) Lo .‘v. _. ’ ‘.‘ ‘_' .
., | ' ’

B

e T D 'l‘he relat.:!.onship of the true measure oi‘ power per pound body'_.

~ [ , .' ‘;

weight to the Ten Yard Sprlnt with tha Fiva Yard Running Start: o

<.
o i

By

R T

P
‘/‘ - ? . " 2

SRV rxy = e (2146:07) "> (163, 86)(63.16) e o
B \/42 (652, 77) - (163 86)2 \/ 42 (93 03) - (63 16)2

(N.oﬁf si.snificﬁﬁ? st the (O devel) v . )

L

- PITERAINTS -
< e # - VREL LS a0s




TS T et - p' - o‘." 5" B ) ( -
o | e . ) g \
2; rEan s I"ul Ve o ) I - ,u 70 -
IJ , " ( . o ) ¢
v TARLE X cont. s ,
. .;. . ﬂ.‘ ’ ¢
g0 e K : ; . ‘_'Dlﬂ ‘., ' " , ? : ¢ e
.‘;’ - ) 1 M ' . .‘..‘ o '
v T S The relationship of the true measure of power per. pound body
' weight to the Fii‘ty Yard' Sprint wi'th the Five Yard Running Starts - )
rx\v ;' : | 12 (1073 05) - (163 85)(2’75 5) -
‘ \/ uz (652.77) = (163 86)2,, \/ 4z (1812 uv)(z';s 52 o .
é ‘"-_ X l,";:.y K 0212 ';e ° ,” K ’ ‘,
BT (Not signihcant at the..0L. level) IR ";%
W o g ,'E..‘ . A . Y .
R *_ L ' , - _ ,
. el The relationship of the true measure oT power per pound body

°

' rxy

R

-

: R ,\: o

uz ( lu+65 89) (163 86)(1143)

"‘ : \, iz (552 77) ~ (163.86)2 \, uz (31265) - (ua3)z

A e ‘.(Nojc si}gnif;c;’gt at ‘the .01 level)

“4 * 0 0 . . .
N A . . P P - . . v oon s
o5 o - s ) K r , P ve . P [
k] . N . - . . . o0 Al o c
.o v e . s . ° : . L .
. . N . N e , . s
. . . ) R A ;
. . . s A % . S
", s - . ! S, o
Y
. : . \ ,
w1 L Ed ¢ R .
- : U con
. el . - . :
l . 2 ' .
N - . 4 . - s
- . - - .
' ] o, . J B ) !
. R 0 e oo . -
) \ . . . O,
4 @ Vo . .
3 [ » . . ‘
Lo : -
K P N v .
: . ' ] .-
“ofe “ S t

ne

.-"'-"4...weight to the BicYclo Ergmneter Speed Test el L -:’ o o

CteoL



oW .. .- Lo o K )
S ' ) . e . o, e #

| o o ‘
e e Mt FCI el TR D . - e
e I A N - R R - S

Lottt T 14250

A
ATET

bt aus
5 S-S )

B M?EMMX ¢ '=“1-,~ L
T mms @ T

. ; RAw DATA or PILor STUD!. MAXTHMOM LIFT _ J

-, ° " OF-EACH SUBJECT AND TIME TAKEN » *.~° . [° S

©.-° . - 7. TOLIFT GIViN PLRCENTAQ“ OF". S R S 7
T o OF YMAXIMOM LIF‘I‘ & “ i S

| S0ET. MAK. . — Y e e
- LxFr 90 107 ' 207  30%-. hoz/jnsoﬁ‘; 60%. 704 80 - 90f -
- 1 ) 380 1 100 0170 .220W' .._‘l~10, E 1325 ' "}7.0 .480 .5?0 ) 0775 ., ~.990 ' g L'v’

©LT T e 14570 0 01100 2220 ,280 325 ..450 W490 . 590  .785 1.200.0 ¢ &
o 1,010 +120 4220 175 340 4390 w500 * 4580 4840 ' £.150 R

27380 JHO 170 .200 4275 300, o375 430 530 720, .800]
ST 1,060 T J150%°.210 3407 .290 .390-...460 .510 .690 ..B20
w965 4150 4,210 4250 430077 .420 M40 570  .750° .B4O- |

737800, 1,500 - 175 235 320 1370 75 (25 . 750 4060 1,520
UL 145000 041857 220 . W315 40355 o4O W620 1900. 1.140 1.540
1,650 .160 225 0300 370 420 .590 . .735 .1.050- 4.520

S B0 975 L160- 4200 i270 ,295. 430 - W70 1,030 770 4880
~ g . . 081"0 : 0180 .240 02.90 ’ 0320 . 0390 ‘.450 0560 - ‘0830' ' 0880
o -900 .8 170 0195 3300 . 0320 . .400 .1&60 L |550 ‘.829 - “-.9.20

g W0 1,470 .185v .250 .315 - 400 ..490 L0655 .71d i.3§b~.1.7507~ L
‘, T . 10500 0150 ! 62‘*0 .290 l 0390 -520 -620 ' 0770 1.“90 10450‘ .
» » 1,600 .160° 235 “.320 ,‘44q 520 640 .740 1.520. 1.600 - -

16 60 14310 155 - .240 .320, 370495 .656_ 830 4230 1.470,
- L L.B00, .10 235 .320° 380‘ 540 °.6B0". .970 1.030 - 1900 - . g

7 3uo"1.130;{.1901 230 .250, .390:f;3§o-'.573.- .eoo‘ Ry .0303‘-;J'J
: 0180 g +200 . ung 0370 .1}70 .535‘ ) .725 “.980 1. 420 ° l
" 1,310 4170 7,190 - .Buo 400 M50 1495 11750 1060 210 .o

o 8_-f390u 1,990 . 4190 2215 4300 350 A5Q. W55 - 4700 - .990 1,420~
o . 1 650 170 4215 °.,280 . 5ho .uso' .525 ¢590 1.300. 1:230 : 3. 5

L 9. . 420 1.170 .160 ;22617.250 .290 /42025;500 ,835 (%0 1.250 - .
el 10200 TL1607 L220 L2489 310 4550 o760, .BGD 1.300 . -
1.390 :.1’4‘5 : .21.0 ‘ ‘.2_4‘0 .355 ’/ ,335 590" 780 . 980 *1.070:

o . F e e : ) )

'-..;n'iQ: 380 1,480,140 240 310 - 4328, 350 575 L850 1.230 1*656”f-
T 408500150 42307 %310 1370 .500 610. 4750 1.160 - 1:600
T e L 10560 +150 - ,220 .300 .380 490 ,.580 ,710 .980 1,500 . .
S R P R B

. N ‘
. - A0
Feper



.l~ e .g L :‘ ‘,, [ : ‘ "- .-'V \.}.," ; '\‘,x;'_ »
o . . (_’ [ , "j "'l;’_ o B
. ‘. .» i * ( . _--“.J : _.‘., vy e '\. ) N
R A - 22 S
T St e  RAW DATA OF PILOT STUDY: - :
2 SN PERGENTAGE OF. MAXDMUY SRR
A ' P - LIFT"WHIGH YIELDED | |
N co ' MAXTHUH PORER: i P :
o . -, . h .;' ) :. ' \hc L ) . “
VR - T . . PEACENIAGE OF WAXIRUA
A . . - SUBJEGCT . MAXTMUM POER . ¥ . LIFT WHICH YIELDED'
: A T o : " MAXIMUM POWER
: * . PR . ) '." A .3{5‘ ‘j : ;4.' . .'. A — . w:
. A S R 59?-94:- oy 52.63°
Ca Livs - o ). . A S - - . R
T e 6u3 3 lz. 11 -
L , o 555.“21+ ' 50 oo N
e L ' R TT A 1.;5 el ' ,50,.91.i o .
o . : ;562.90"" ) 31-.82
L, . T 39 13
e Toto BBast T 500000
[ B - . \_.‘< . - ' . ' T . ’ . “‘ ;
. ' l a QBOQSZ 3 ' “‘ : lPO .00 ' M ':bf . ‘ ’ :.: ':
R 787.29. - 52 38 S
e T 66628 - o 42.11 LR P




R : Coee . AR S R S
PSP YS A VL . N PRUT J O SN U PPN P U PR 2 . R P,

S e ' TABLE x111 ;; R

The o TL Y R DATA OFvPILOT STUDY: STUDENT T-TEST T0 DEI‘ERAINE'. Co
8 D IR JF THERE WAS A SIGNIFICANT - . ..0: .’
b e DT T TATIGUERACTOR . Lt L

- R R

Where: ~ - -X ' = meanof gromp X .. .

T . P . i . LR

M4
>4

A
i

I L N = ~.'ni1mber of\"subjé'cts} e .

PRE-TSST TIME PO LIFT .. .- = © POST-TES'I‘ TIME TO mr-*r
© NINETY PERCENT OF .., = - = . NINETY PERCENT OF
. MAXIMUM LIFT - C o o ,‘;} - MAXIMUM LIFT ' .o
T N A ¥ AN SRR A
o' "'I '.'. "" . B v ., o ot "‘;‘-‘-‘ ot ‘ 4.: -‘ e ‘ | . -I' .
.: ‘1.“0‘ -.-‘: '.'._-.1.9-5"'_"[.-—' ‘ . ;‘ 1.52 1:.. .“2.31, E .’.. -.‘j:.A \ k A
B U BT SR (S

147" \ 26 T T 45 ST XTE
B T R O ST N YT ST
w3 . 'i-'zb"é' TRV 1.03 .f"'.:.:"‘f"* S 108 EE EERE
Page o eyt s day s o
“-':,'-';l.'l? '“1.37 1.07 '-_1_‘,!15-‘ e
148 ‘:"—i _ ;_.“..2.‘18); ] - 150 Lo 225

?»
N0




2 : |

4. o - \\ ¥
- i '
Y . 3 i

3 L Ty

e . : . .
. i et Lo, t. ) ’ . *
"\ N . ,."

TkBijE,lﬁII cqnt;..... ' ST

C X E 6. =193 0. XPethez
'=f. 140 0419 S S X S e

0
>
-
i

5

o e e el ahz_v e tho5e - gn-22)_2

10.

. 1461-3 140,19 - "14-.92-'42.2-"
s : - B K 10 ' - ‘ A
14 92 - 11+ 23

‘; 1“.61 .‘-\ 1“‘.02\ ' . ' ". I I ' °.‘
. A B .69

‘a7 W
. ..

.t _‘='. 118“‘-_1’9 . S . .4 .. :,,_.

(_22_1_-_62 (1 + 1)
10+1072 , e

VLT . ,01 R .':i L L

|Eb ‘- ‘~'.‘
A Lo K t= ,- -833
fll ; (not significant)

A S T .5'_.‘,-'?""'-' "'lef(z tailed T-Test) need -
B T I ————— RN N T PN R T S

Lo

AT
















