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" time ! Sd! lemrth anrl a_ptimal o as msnagmd by a

o o ‘\5. Which’, of the’ 5 chosen foze-peneds ‘would hnve 'na‘ affech or: ®

. itive l‘a:eperiods, inducs significantly gjffersnt :cm‘sg of ‘iuseular -
" poubr fromsthe smsidndmrxuav Thig was deternined’ by coupmng

-',optml performances for sa::h !‘ursper!.od.

foreperiods, '~ - L. ¥

%K Toad sguivﬂlant -to 20% of edch suhjact‘s maxd.ml 1ic% vas”
b

Thia atudy exmnined the poaaihle relahcmhip batusen reectlon

test of | cular pover. Specﬂ‘zcully, sevura.l questions were uslked-

1. Would these. of 5@i£ferent, forsperisds: (4.6, 1.0, 1i5, - P
°2.0,.2.5 and 3.0 seconds) produce significantly different . -y &
measures: of miscular pover for the. same 1nd1vidu@l, using . 1
‘the same su-mexizal Load® for all trials? S 2

an 'equal! effect sporl ‘messured macular péver?
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" with réasonable uertnxnty 9 0'inherent. experimental biﬂs
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i - measures d.asign, ‘involving a single beat e employed. A ratdon:
Iy 3
a 7 emple o7 nale stidents: vas: testid, using spaninlly matmceea

e 5T appu‘atus designed 4 (s) easure muscular powerd, (h) Bry furs- -

< : L -
¢ i period.u. The mst consisted of 24 trials wiEA randonly 7 varied
B A i+ v
¢ é \ forapenods, the uuhjact was asked to napond toa g!‘een/llght, by.
ek Selay .kicung ugainst & residtance ssiha ﬂ and fast as possibla. :

; x
1 principl (< both tha of: ths o

meaaurlng insf)rlmenta, i the qulculatibn of gg ores of musculgr P

m'_x Trom hge d data. (A nigh mliahi.lity score (r

0.99) vas -
abmne -

for thn ‘messuring technique employed.

| y &
R Y effect; Bithe independant’ variable. (1. o mndnm),y varied,

\ ] rcmpaded) upan the- dspsndant vnxfmble (ices wansured mus::ulAr

pover) was sscartéined; to compare pertnnmnoes uu,h each of tho 5-

chuuan foroporiods, an unn;zsxs of. vaz-sum:e, \xbi.l.:lalng e, repéuted ’

Ui ere insignlficant sinae the . m).sd P vuue wis l:unsiderably

.722) cJ&.sequanuy
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mmmnm bee\.m -aub;aqz. were Ynghly nmim 1 & 0.05)
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value (= 2.2_1/4).

Order of trf
i

performance (o= 0.05); . the

ﬂun(:hnubledvnl

= 2.719).

had no_gignificant aflﬂct on
4 F valus being smaller (= 2. 5§z)
Bach of the three’ ﬁmxder

this invagMRim. ¥ 8 . e
(27 Sinile# randonly varied ronperxod. would not ‘act, s an’,

¢ observed mx!s of -

i variabls,"

N

in fut

pover;

It vas

reaction time,

jarious sub-naxinal loud.a be used tog mg-umx- vith raxdonly varied’

ioda®, yhon mc\nlpouqrmd

simil




Thanks'sre due to th foliowing:
. A - . '.. T
Dr. 3, W..Snellen ' 'Supervisor, (De;
K reciated assis
and for prwldi.ng o
tosting. N

\ ¢
. o Medicme) for much © [
e cé throughotit,
tiegvund equimem‘. for

0 Y g mi onapman” 7 . Tubok (Dept. of Physical Education) for - '

. A ; sssistance. vith Bgrerindutal destgn and

e gl statistical analy:
PR ot C, Higgs . i Titor (Debt. of Prgottal ducatxen) for 5
ER s . w Sgtoal
S L A W Aspeotsmf emmnm de ign. % |
3 . \ ‘3. M.’ Gipson " tutor (Dept. —af Phﬁy Bdftation) !‘o;-
¥ K £5 B - .~obtaining Pérsonalifty In: ories® and. for
il A W i valuable assmam:a with litérature review. .
X i (Dept. of Mm.mm 3) or upd ful .cocments
= ;. concerning mamamat @l prindiples. .
o \ " (Techpieal Services -‘ Engirieds Depts) for
constructing pulls'y systen md action time
ﬂasign, ; ] , :
P (Tochnical Semcea,'Dept. of Eduljtion)  tor .
¥ ¥ A constructing audio control-system; ding >
N * white hoise and for considersble helj ith s
\ 7
! # SN . electric clrc\lih‘y. :
. ‘(napn. o\l' Psycholog) for providing
second timér required to medsure reac
i | (Amuo—vugal Nds, . Medical sqmc;.) for
(Dept. of Education)" for’ prvvid.’l.ng aome ",
o toce gsary. audio equigmert.
* . Medical Sehool | Dept. idi ntial

pasnt, 1nc1udin5 aacmunxecomr and

: Tnle\xmghts,

“Hot, used in -this invéstigation. ™' %




(Depl‘, of Phyncal Education) for fifancialy .. \
< agaigtange in éa) purchasing personality :

) purchasing polystyreme fosm, .= |
onstruction of some necessary ey
d for asgistance in obtaining J% \
mm- essential “equipment.

[T

3. B. Dri For =,x 1

" ML fedthrora .| . (Deph.’of Physical Education) for kind
< "\ ‘co-operdtion with aubject sele 29%:10!1 and |
J3 testing procedure

" For excellent, and speedy cﬂmpu.er aeux‘ches of?, g

X " Meagosd! [ibraty.
Seryice ) lated 1iterature.

5 L 2 -
Codtello - &(Adm'hi cfruon, Depk. of, ical ‘ci ) ml,
.“Qn_»‘ {Maints ‘V‘and!_’hnc F’\fcat:n o

thzvughmxt. 5

Fan '_ i ‘some

.77~ ‘Educatitn .

*Far kind co-operation, satin‘g as ! squect tox-
phatngraphie presentations:

For clesr phctogrlphic_«.presﬂnu*éion of
material. - , - P »

(Typisf.) far ﬁnu presentation of mnﬁerul and

for. cumidarnhle patience. © &




s e
~ : (N ey
meaee 0 s
ABSTRAGT - ’ 2
ACKNOWLEDGEMENDS © - N

CHAPTER 1 '+ INTRODUGTTON *.

@}) w/

b E

- TABLE OF (CONTENTS
[ P : ;

e
11 Jumr{caum
SRt - Statement of th: problam

-3 Research hypubhaues

Spa o B scmscical hypamasea :
gty Limitatmn.s of the gtidy l :

Bediss Basic asaumptinns it
P 1.6 ,nef;n;_{tx_fn of terns

A2l e :\/ﬂ‘nméu}uu poery the
A ¥ Snrgem‘. 7

* Measuring mudoular povert
cr mechanicnl» principleu L]

e sngle- o
rength:

UK Sqientitic hypothegas s

mensumntorleg o
% g




. (i) Ll
. . > L ¥ Y e
L S - 7
\ td
3.6 !aﬁgua end mscular pwur ) ) 30
2 4 ..
2.7 Smplo selsetdon for nmular : BT
pcmr anutignum- ‘o 5 o
“ 2.8 Euhtiomhip bmeen force and .
- velogity 2 33 |
29 Sixplo nlction ‘time’ (mroduaum) 20 3% i
k 3 zno‘ The b yof mniu X 25,
\ 2A1: -Presence or absence of warning aignlli 37
aam.ﬁwup of guscular tensicn and *
“reaction tive < . : .38
213 ° Con.nmum of reaction time lppanm 39
2.74- Methods- of mm-m; reaction time: © t.n“
.15 m.f.xonmp between apa,d of reaction - 5
* 'and"gpeed of nqv-mm. 40
3 i e
7 i P
,w P oy TN T e e
e .
o 3.1 Wl motheae. - C w42
“3.2° Experizentel design . = 8
3.3 Sempling procedure : : - S
3.4, | Apparatus . 44
>5 Analysis of variablea : . A 2
(a) Prizary variance ' $ 79 =
s I .§_ - (b). secondary variance’ o9
. (1) Prior nanipflation & B0
. (2) Experiperiter influence L8
(3), Demand chargsteristits 86 o
(¢). " Brror variance Lo
y 7'36 'r--u.ngpm \ 94
» 'l- % s =
\




( i
o | s,
: Day 1 Procédure ro’r d.ztem‘inatiunj of ‘ T
. individual paxinal load 9% .
» ) ’
| ’ : g.g’y_z:‘. Emeg\éf mg;-m teamg owpect b
' I . L,
N s h’ ject with 20% maximal load 101
T g : 3.7‘ix§a£miant of data . 104 . i
LT rh e e R e }u e
; : Justiﬁuat;an for statist: cnl t
. 109 i
v gt ﬁ/‘
1" Simiary of dita < R AT T s
R 42 hnatysisl of data wif g2t "
. } T * 4.3 Discussién of remits 124, i
CHAPTER 5 ¢ SMMARY c;mu:y.u'src‘usi L. 126, o
51 Ge Clustons - T ;
Sere 5.;-‘Racém@nd9t{ons g g 2T B
: BRI R TR S S B
APPENDIX, . . ' ! 1362, P
Sy . Table ‘13 “Tnstructions given o objects 37 L
5 i@ Gy prior to testing [ a : .
LS . " Tabls 121 . Algebrai. equation of force- . ., 138 " b
7 Ty o o f T velooity curme .. it B T
s Teble 3: Table of rand'mn e et ) .
: ph B :_fab]a 4% dpparatia 4 Coowon e
i Taile, 5¢ Test'of relility ., WL T
P Table -6 (1) ‘FiScadurs' Tor deteviiination 1 .
~ ‘ . - "of individual naximal load . ;153 !




: \T'.grm

 Diagram "4

Diagrem 7+

3
 Table 6 (it):.

Table 6 (1i1) s, Prof

‘., pextmal load

(Practice mt) Reotion “tine"

" able 7‘

‘Disgram’ 11

Diagram 2:.

Piagran 5'.

 Diagram B:

Diagram -9:-

" navls @ ('rsm. gmper) Rénction, bime.

“Proceduré for testing:, -
:uh;ect. with 20% masinal

durs or final test |
of “subject’ with 206 «_

Tes

Relationship betwaen angilar
velooity andload of muscle '
shortening fn vivo ® |

Relationship betustn work
acconplished and load of
“mascle_stiortening in wivo

Relationship. betwesr power
of muscle shnrtsnlng {n'
vivo

P

» 1567

Amngum.enc oflever and puuey

syaten for mum—mg ;mmculnr

‘Schematics of -elestric exmﬁ:,'

inking Béckman reconde:

' potentiometer attachéd’ Al spoke .
=5 bicycle uheel; for recording

agures; of miscy

Method of raunrdihg measuramnts ;

£ misoullar pover

Pictdrial ‘represéntation of -
audio apparatus .,

Schenatica of audio-electric -
cizouit, 5

50.

- ‘55(‘;




Plate 5i¢

: Diagm 124 P

. to mspom‘l«m visual stixmlus 73

pgﬁoﬁ (e) initiating su'nject

< ! ! PAGE NO."
Dlagmm 10 ‘Pigtorial mpmsent@tion of
. apparatus required to initiate -
~-subject Tésponge’ (in. test, of 5

muséwlar power) , N

shatics of electric circuit’
{initiating subject respénse
test of mudcular power)

(s]

torial sepresentation of
mppargtus used tos (a) . initiate
. gubject, X"Eﬁpo?se, “(b)- measure
“reaction time, .(c) momitor . .
 onset."of ‘warning. fgm (l‘er
person movang ‘we:

Mbchanical pnﬂciples.of
Bicycle wheel -leyer

Arrmgement of. e:mtml.s rpr t,esnng 69

.m

s\m;ece 1n houqh maﬁy o rpspond.

Sub_]act in cprxect posi:f.ion rean\y

Ap%aratus uged- for (a) measuring
reaction time, ‘(b) varying fore-

Whesl ‘and Tever, thh attackents:
or measuring (a) miscular pover,
b) simple reaction tins -




# (i)
 PAGE NO.
¥ATH TEXT) '
Table 1: “Unbiased method of allocating .
: subjects to testing ﬁms By 9.
uée of a matrix L7 85
" Table 2: Score sheet for reaction time. %
* 7 /gcores with yariable .
ferapor!.oda (pncticu test) ' . 100

Sgore sheet tor namon uu .
scores wWith variable :
fonglrlods (test p-mper) 103

Table 4i Subject snrommm/d-u il

“Table9::

collection she o 14
Caloulated distance (mms.)
23

lever a set distance
'egtimhd' ‘maximun nlociw

Estinated maximal vélocities

" 7 obtained by 7 subjaots for esch, . |
~‘of 30 trials of a

muscular sk unh
maxingd load | *

et "‘f’ .
equivalent.to 20% (approximately)

- ‘of that maximum, rm-7 subjects 117

. Measures of maxizal muscular .
" power obtained by 7 a;mjc;; for
a.20%.

each of 30 trials with
sub-maxiBal 1 :

Mean scores (miscular pover) .
obtained by 7 subjects for each
of 5 foreperiod treatments with

nEO?s\i:—maximAlloud l




FPREFACE B —

This investigation represents ome of a series of snvestigations,
conducted as & pn-mquhi.u- for a future final lnvlsh:sueu, in
shich it vas hopd to consider the effect of & stressor on two
~ performance parameters ,-.-smmz REACTION TIME and MUSCULAR' POWER -
simul taneously... 3 . -

It vas !wpld that data fm these "t potentially easily "
the pmd’uuw .vnlun

correlated parfomance pun.mebers would enhan
ur unp' &pez—hnnm. H.ndinga o!‘ the PIN NVEST. Tmul
: smiﬂc.ny the -xp-srimantll desig'n el‘ t\» nne} ananigm.en ;

= mquimd a pre-teat and post-test of each subject, each teat being -

composed of, 10-sinitlar trials, but vith (a) various pm-demmimd
sub-maximal loads) (b) various pre-determined foreperiod times .

_(betwesn 1 and 3 seconds), randomly varied throughout the test.

Both () gimple regetion time and: () muscilar pousr, were to be
measured on ..cn trhl of both tests: Performances under- (1) -fio
acze::, and (z) ltnu, were then to be cupu‘d statistically.
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R Jusnmcm';ou h ) it 3
Previously, some indirect relatianships bétueen mncilér pove x
end peaction tine Have been indicated (see: Review of' Literdture,
P28, p. 40) " Additionally, the relationship of reaction tine uml

: fm;gg_xnd bas bean clearly. documented (see: Beview, -p. 36).

Hovever; feu researchers: Have prsvibusly considered the possible

,th donghip which migbt exist. betuesn Tesction tine foxep_erxod

7 Thisd igatipn vas further j
hoped, avenmny, thircugh ‘a Tutire ;me:\igahm, t compam :
muisciilar powst scorey and 7eaction time go Eﬂ of indmduals unii
conditicns “of (&) 'ho inﬂuead stmsg with scores of mdmduus

&, 5in:e u;e uu('.har

under ;(b) '1nduced gtx‘esg" n tl'uu 1amr mvnstlgation, the
foreperiud was to b necéssarily varied, 50 that the subject vould
_.not 'réact! to'a . congtant tine interval, which might othuvise
provide a source of expenmentu.l wntuminatxan, uher’; maasurlng ;
réaction time st‘ter, inheront, in this suggested Procedure. vas 'a
-mrzhe’i possible contantrating fostor; since’ both optinal gcuer
i __ng; and ILL!.@.M (rur u\'/ 1ndivldual) were o be mlnulwad
" on the'basis of )nsrfomance over 10 triale vith sarsoue, rundmly

“varied, s\xh—mxmmal 1uads, and axnce both the subimmixinal 19ed md

the fompgmd were to-by randosily, ma therefore independently;
B
chogen for eac)rm—m of the “test, 1t becams- sssential to hrat

¢ determine whother ONE OF T\Esz "TNDEPENDENT VARTABLES (1.0
LY

FOREPERIOD) WOULD. AFFEGT. THE DEPENDENT VARTABLE (..

v-mm) It bocams necessary; the; t ate ! forer f
~.a8,a contamineting factor, for sny. fufure investigation, by
mimamg expﬂnmentully that no trials of muscular pover vers

S Ys g

s

i




biased, either favourably or wfsvoursbly, dus to the use of emy 1

of e 5 chosen forepericds.® Such a bi.é would have prévented

accurate g;g' diction c; o}im performance from cbserved sccmu
For the tug above mentioned reasons, this imvestigation

to deteruine the precise of 1cd (as

here _&smwa)i a}nn sessursd m_sculu Do,

(20, e 3 S
1 (2) use of the m tmperlod for ub resction time u.k
& m:nlhd in'ths fastest reaction ‘times (2. m, e 37).

(3) reaction tizme vas correlated with lp.ed of mnnr. iha
" Knee extension action (2.15, P> 40); :

(4) reattion time varied invemly with the magnitude of

. muscular tension (2.12, p. 38). 5
(5) " foreperica length and e Vadson dire ud-psndnn -
. in thﬁt effects on.reaction time (2 123 p. 33),
7(6) rthe Ml_t_g{_gﬂ nquinrl w sake & response

acuon cm (z 12,,p.

was dinut.ly related to 1

. Seversl questions yore,thua posed § :

A mm vas t}\c mhcxansmp betieen tnm;grxod &

‘overt perforance (as msuu:eﬂ-hy_puuulu jor)?

4 e R e 2
+ e

® Fomperlbds chosen = (1) 1.0 secuuis, (2)" 1.5 secon
seconds, ' (4). 2.5 seconds, (5) 3.0 secopds.

umn was, an’ optimum !‘nreperiod o any r\u:ti.nn e.m task




(2) Would use of difﬂamm'fore'grloda produce significently .
5. : aifferent messutes of miseuler power for the same individ- |
ual, using the same sub-maximal’ load for all trials?
\ ﬁ Which of the 5 foreperiods choser for a z\mm final

imestxgutxon (i‘e. 1,0 1. 5, 2. o,/ 2 5 and 3.0 sepum)

. (.t.) Wiich of the 5. c)msen :ompsrxpda uould have ‘no! sffec\:,
seldar pwer, .and

- ‘or'an 'egual' etfect upon-messures’ of-

o L ,vauld. thsmfexe e pemisslhla ina tuture fxnal

: /1.3 HESEARCH HYPOTHESES:
‘ e 4 H,ypou:esen were dorived tm the

Lowing stateméhts,

S . \ b . (1), Movesient of -the same pm—detaminsd sub-maximal lcaﬂ‘ hy‘ g
H 3 any individusl’ over.a set of 24 trials;* By Kicking a
i » r'zox of ‘each ‘subjfect's maximal.1ift was used.. " - S
variable

iR s imvasioatd o

R RN




¥ N

o o |

¢ LR A

- - ) :

= : . . . 3

. . bicycle wheel lever with meximum effort, may or may not \ ‘
: N " produce significantly different performances within the

~ " sat, as mesaured by the ;aximm velosity* obthined during N
the movément, due to tho HSE'qf mnda;uy varied fore-

: . " porioda. - ] &

' Usé of 1, peveral or a1l s, of ttfé randealy varied )om-

‘poriogp may.or may not eongribute tovards axgmficunhly

difforont Todults; as debermined by the above cribeda.‘

A Optm\m rmpmoa mey, or my ot oxist far op‘tmm

. perfﬂmanca. S P 'v fo i W

: ; : e R T e ) :
§ B LG sIENTINTG hvpommes: . T
i ' L0 wnvhveomsis: g : B

o B q (a) Arw :mdw;d/val will perform diﬂ‘exently (i.e. 'better'

F e . % or 'worse' on a gimple motor task (mscular gwer tast)

| with each'of 5-different foreperiods, réndonly assigned

|

over a Lest of 2, trials.

1 (v) Opcmum performance on & Bmple fnutor task. (m\!sculnr
gwér tes t): for any mdmﬁl w:ll \m achieved by use -
¥-

B T . . Tof an optimum fvmperlod. -

2

SUESIDIARY HYPQTHESI

% B &R 2 (a) . “hveregs psx‘i‘omnncss of:a, growp of 7 sub,‘lacts ona’

. _‘ 2 dtapls motor task : {museulir poier test) will S o

diffemt (iip: tbetter!, or' 'ucree ) with asch of - 5

T’ i different fompadnds, randunly asaigned over & teat. of.

2 mna. ’, T

i e . 2 N 2 = g ) 3 R
Sl .+ * Meidsures of meximum velogity wére converted to-measures of ..
maximun pwer by ginple caldlation. . o R T A




B:' STATTSTXCAL EYPOTHESES futemutlvy Hmutheses) _ .

B

T { ¢ R !‘umpenod of 15 seconds

[ o s
2 (b) Optisun perfomanée on & simple motor task (musculaf

_  pouer test) for & group of 7 subjects, will be achieved

7. HADY IvpOTBSTS: o T Zat
(1‘(&) and. 3 (b)

e /op b r(1)> ur</‘p * t(p)) er</4—p £ or(

° H0> o v Sa(s) ’ :
Mj;«p =, Individual Average score or Yluucular Pouer with ;
’ a pre fietuminf(ﬁ b-mexizel load.

'

X e £(1) = ‘Foreperiod of 1.0 seconds.

scnls: T

3 £(4) l‘orepenod of'2. 5'5econdg. L ’ -

. £(3) = rnmpenod of 2.0

r(5) 5 mmperiod of 3.0 aaconds.

SUBSTDTARY HYPOTEESTS .
2(a) and 2 (b) oo 2 . - ¥

Group average-scorés,of miscular pover, with 8 pm—debemined.

sub-maxinal Toad equivalent to 207 of cac suhjnct's total
" possible '1ife!, i1l be significantly atrtererd (176, "better!

or ‘worae‘) for %ac of & dlffex‘ent fox‘epsricds. .

1(\5 mamﬁ using: the appnx‘atus deuigned For this %nvestxg&t:\bn
528-P,




p?® r(,l)> or(/(p r(z)) or’(/a_p f(g)} or<
r(/.)) vr(//. p°t(s)
Greup hverage ocore of Muscular Pmr with s

‘r(1) = fampert'ﬁli of 1. o secendg,

f( 3) = ’tarepenod of 2,0, se¢cm‘ln.
1) mef:eriod of 2.5 sodonds’:
8 %(5) foreperiod of 3‘:0 seconds.

4y !

,L)J’.ITAT]"OHS OF-THE STUDY:,

(&) Agp_amtug
~—
O] 'I'he lever attached £ he bicycle wheel could: he ndjuabed
uxth:\.ﬂ & linited rlmge of posmons ailys - Conaegiently, /
oot

some Buhjscts fvund the lever .unklz rest . smnewhat #

‘magafortable, even vhen. the lever vas adjusted to its

optp.mum !Itngtb. Such disconfor may have adversely

q perfornance for those subjécts, Soricerned.

(@), b to crude’ i ins' ents, i} becare i

4o adjust hver length precieely* in relation tosny, t
g *:nﬂ;v_g.a‘m' "Lowerleg! 1ength

3) Precise calculation of the radius and‘ hence circunference,
of the oieyele whooTaround siich me pulléy chain vas

\wbund i kicking the' lever; was tmpogeivle, 5 to the

# See'p. 45,

* Loverleg léngth was medsured betiieon lateral condyle (right
‘femur) " and lateral nrﬁlleolus (right quﬂa) - accurate to. 0.5 cms.

rpmdéaemined aub-maximal lead. B R

o2y = foreperiod of 1.5; seconds.: : T




(4,

(b)
(1

 expérinentel apparats, (b):condict a pro- and post-test . °

"population of physical education athaentd extated £

femained to be conducted, sample;sizelwas restricted for |

existence of a-groove around the rim ‘of the wheel which
housed the chain vhbn the lever vas Ielcked#

A constant amount of frictitn was caused by: A1) movement -
b .

of the bicycle wheel, (i) movement of the weights via'e

plley systen, 1i4) gmmng ‘of the chain slong the ﬂm

of ithe vhesl; \m!‘crtunamly, the pulley eyaten vas 7o

sxactly aligned with thu rim a!‘ the hm:ycle wheel (see
ddagran 4, p. 4T\
'Fox‘eperlode were sﬂumhla to” uithi

second only,

leg and’ a%e uith the nnn-pre!‘erretl leg. Due to'the.

of the’ this ahivn yas

tmavoidable (s{e p. 40, Review of Ln.eratum)

Subjects: : -l . L

i

Unfortunately, ds excessive smounts of tiné vers requiired

o (a) adeluately tamuiama each gubjéct ua.th the . o

with sufficiently long intér-trial and inter—test rest

intervals for each individual, only 10subjects vere -

tested, - (Addit: nn{l}, &g only'a Telatively 'small finij

sanple’ selection, and.as othér, future investigations”

each irvestigation.) The statisticil treatment chosen ' ' .

* Due’to'injury/illness, only 7 subjects completedghe test.

'Appamua,_' p. T T e B9




E3

for data aqalysis (F ratio test) would, more favourably,
have utilised a someuhat larger sample size.®
The randon semple was selected from the totsl pofulation
of Physiel Bducation students of Memorial University of
% o - - o & )
» any f

- were therefors spplicable only to thts, or sintlar,

or i

Sopulations in other (Any genarahsntions

huuld/theremre ‘e’ applied vith considerable caution.)

S\m;ect mevationiEvals vere daipicult to (a) ascertnin,

‘fron dt\y o #uy.

“(3)

(v) sta.bilise,

(c)

m- ’I‘hs mekimun veight that r.ould be 1ifted by any individual

Testing Procedures: - . |

“dckcing!. the Tever vss deternined by estiating the
 maxiaum 145t, aid dorking 'wp! of 'doun! to the maximum
1"ty isvanncibs a3 possible} Bopevas, sinde Al
number of trisls needed th establish the mmm«.(nrxea
from subjeot to subjoct, varying ‘fatigue levols inflyenced
the faximm cbtained:" Any 1i itations dere partly over-
. ccus, housver, by vermr.\ng each eub;ecvs maTmum 1t

* Final cnnclu.s;ons were hased on data from a sanrpla of only 7
aub;ects. f )
et o ] LF ,
—_—_— [ .

*'See p. 43, Semple Selection.

‘vl

e This '1sottmic‘ msthod was considared superior, hcruevs to the
ment of 'isometric' strength.(by a cable tnsion testing
mathaﬂ) since the method chosen was specific to tfna
investigation. g
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¢

* 6n a second oceasion.®
'(z) Each subject required testing on ) separate days, and

although attempts were made to test any individual at the
same fime of day on each occasion, ‘such a task proved
extremely difficult. Consequently, Diurnal Rhytha may
have beén a slight contapinating factor in some instances,

T psp-ch‘.lly with n;paac tor b )

’ (1) §__ - uhxch ‘hu been lbmm o exhibit a diurnal

> variatson A eouree of exror, rmsa, since 4t vas-
impasainle {o dbieriing:the B jact!h ‘acimun 14cb!
on the day of the final tést, due fo a possible
r.'cigue offect. The maximus 1ift was assumed to
equal that seasured on the day/previously. . |
(1) Hpscui.m FOMER - which w'\;.v- been affected by the
subject’s diurnal rhythm, '
(3) Although attempts were made to control diet, health,
exercise and fitness during the course of testing, any
one Gf several factors pay have’ contributed to changing

" -

cal' states of any individ-
ual(s), which may have affected performance on ome, or

N more occnsiunu. Asuod d with this possible source of 5 b

-t
axpemanm contemination, was'the 1ikelihood of
individual, varisbility ip motivation level over the
3-day period of tésting.

#See p. 97 ; Procedure. i \

* Evidence. of variation in grip strepgth with tize of day has been
" presented; (see: Wright, D., 'for review'; 'Research Quarterly"
- 1959, V91. 30, p. 194). -~




.->n -
| w § O
(A) Althmxg'h leg power only ves being meas\mad , 8ny individual
nay haye usad other musclzs (e.g. back muscles) d\u'lng ‘the
test. Although strict instructiohs vers given gg subjécts, .
B \m:(!‘omitygof interptetntion ould not be guuantesd.
“(5) Sinoe foreperiods vere rendonly varied, it was huped that
any practice or 1saming effect uou;d be nu]l:Lheﬂ. -
However, such an infetonce vas not proven conclusuml;y .

(6). . Athough' réndon v on of Lo vls designell &

elimdnate sunjzct antfeipation atl the atimﬂua (tie

eliminate’ [ ‘contaninating’ um\ne) stich " ant; chpgt'.um Bay

héve. ocmu-red anyvay d\u‘!n&smo t.rhla. e iy . A

(7). As the test yas composed of 5 blncks ofié trials, bezur'

perfornances may have been bideed 1% favour of cem

farepen.odu, depending upon their reYative pos,i.t:.ona
' .

within dach block of triala. c W

.
(d) Interprefation of Data: . 4 3
(1) Hunen error may have atisen in fitting the 'liné of best

fitY to velol:i.ty‘ curves cbca.ined on the Beckman Recorder
(a0 iNethodology, p. 52).. i ‘
‘; f Only 30 trials were pnssible, to help guamwee no
fatigue effect.’ Consequently, limjted data was nva:{_ln.bla
for analysis. ., W Y
(3) Obtained \mesaures of msc& power ¢oyld not be

msmma to be’ ‘absolute’, moesures, ‘sinco vax—lous

. linitations of the spparatus design could not be gvercoms *
within available tine. - Certain limitaticra of appn.ragus
doaign hnve been emimerated (.ee Msmodulagy, p. 87);




validity of any interpretation of data.

. o
1 5. plsrc ssowriolg: poow G

The following Assumpnons e sads dising s investigation:

. -(1) “Fatigus" , jvas not a contaminating variatile... (Tnis aseump-

“tion uias pammy Jusmmd through a pmvicus mvestiga—

,m,. 3

S0 then, 111 which aubjem uere tested on 2 occasis

acom ‘at the beg;nmng of sach test vere alau Eiak

5 campmu with scotes st e end of u:e mt No nmgue :

efféet vea “fourid ta be" opem.mg. o 150 i i, e
b : Lo

t s, mgxesenmwe group of aubjocts from the 'pmpulation of

e physical educutum studentg.

(3) In!’emnces made about, the géneral population from the

“ expérinentel sample; vere necessarily vilid; such infor-

oniges “coirld be applied at least to similar populations in

\ otha'r Un1veruitia!- " * ¥
(L) i suhjectu carx'ied out faithmlly du'ections/instructions -

o prosented to them/pmr to'the testing progfesne;- subjects

2 mum.ea honéstly dny variable fuctora (e gl inJury) P

‘Vhich nay heve Anfisenced e t}:nereby : . i

a t,mut o ,tha»»inf,emal validity of the investigation. -

“1.6 mzmmon ormms TR e d
i -mmoﬂxswxc(monmm MUSCLE_ ACTION: o i
" Movemént. dspends not, only on the. co-ordinated activity of -

‘the muscles’ primarily: responsible for the movement
'(agnm.sts or- px‘otagoms hut also on that of. Bntagonistic




|t

2.

3.

(1 =

fscles. I
i .

Each micle or set of muscles that acts in one memer is
belanced by another set that acts in the opposite manner.
Muscles that st in an opposite fashion are called

antagonista. s . ®

BICYCLE ERGOMETER:
|

An ergogeter ..... provides a precise means of controlling

the amount of emurclse (work) subjects perform when

The term

means "vork-measuring device",(3)

Th! friction type bicycle ergometer is cftan used in
investigations. - il

. WORK = FORCE x DI‘STMI(E .
Force is provided by friction \zat\;am‘ﬂm belt sand Him of
the' whesl: Distance is dependent on the-distance tne ris
of the wheel tmelx. I
FATIGE:

Ajcondition multmg £ron previous stress uhich leads to

of affects.
tue arpents imrplay nl the functiods oy tmany nay
T the

persmuuny, it is ﬁuetilly accompanied by a zed\u:tion in
readiness to work and a heightened sensation of strain. -
Fatigue is dependent on the degree of stress or eff Yr. and
on the characteristics and duration of thé latter.\4

(1) Gunmg
-1Re

ew !‘ Madicnl 'siclo;

'
Lange Medical Publications, 1975, Tth zdmon, o 146.

(2) Thémpson, R F.

.Intrﬂﬂuc‘tiom to siclogical P 9

* “Harper and Row, New York, 1975, p. 250

) 3mnng, W. F.

Experiments and Demonstrations in Exercise Physiclogy -
W. B. Saunders Co., London, ‘\715, PP!. 9-10; p. 9.

(D). Eysenck, . 7., and Arncli/W. iiriioaiia oL
Herder and Herder,, New YorKy£1972, Vol. 1, A-F, ppa. %o-510




Here, 'fatigue' denotes the state which results from
stress,

.
Symptoms of fatigue: Physical fatigue; changes in-the
miscle system; changes in muscular forcs, colloidal -
condition of & musclos, and disturbed poripheral
co-opdination. (4)

Ceuses of fatigve: In the case of muscle fatigue, due to
the impaired contractile capacity of the muscles, the
cause is seen in metabolic dufxgeu, primarily due to a . A\ ..
lack of oxygen in the muscles

4. MUSCULAR POWER:
Considine(®) defined pover ‘as:

. for8e times -distance divided by tme ‘; (5)

althm-\gh tnquantly Teferred ‘to'as:a motor element “Power

is probably & composite of seversl different factors,

operating together to produce an éxplosive effort. Thus,
mscular pover sbould be defined ‘as the ggte of perfoming

miscular vork ... ‘that is, pover = work(
‘time’

An accepted definition of pover is that power equals
. force x velocity, ‘Xnter?mtmg foree to mean strength end
; velocity to mean speed.

(4) Eysenck, H. J., and Arnold, W. -
Encyclopedia of Psycholoy o wy o E
Herder and Herder, New Yofh{, 1972, Vol. 1, A-F, pps. 369-370. 3

i
' 4 -

(5)  Considine, W, J., and Sullivan, W. J. ° \
Relationships, of Selected Tests of Leg Strength and Leg Pover
: on College Men ]
= . (Regearch Quarterly, 1973, Vol. 44, Noi 4, p. 407.)

:
{ . .
!
¥ (6) Gray; R. X., Start, K. B., and Walsh, A d

" Belationship between Leg Speed and Leg Fowsr y
{5 (Hesearch Quarterly, 1’962, Vol. 33, No. 3, p. 395.) . i H

(7) McCloy, C. H.
Recent Stydies in the Sargent Jump
( egearch gyu;x-;,g May, 1932, Vcl. 3, No. 2, p. tm b
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WE S -
: X Glencrosa (& has stateds
Muscle Power, the ability to release maximum force as
fast as possible, is displayed in the shot put, sprint
start, jumping events, and in any movement which involves
. . 2 maximun or near maximun musculrg)contrectxan against a
resistance in a minimm of time.

5. STRENGTH: :
| =

(i) Strength is the ability to exert force. (9

(1) Isonetric/Isotonic Contractions: ) e o "3

5 o 8 Muscle contractitns may be isoretric or' isobonict An
v isometric. contraction is the application of force with the
R . . * misele at constent léngth and with no limb movement.
{ - hn:isotenic contrdction involves the application of rorcs R
. with a: change muscle length and limb movement. N ¢
forms of isotonid contraction aré identified: the concen— :
tric contraction, during which the muscle. shortens, and
the eceentric contraction during which the muscle elongates
ina contfolled, progressive S and, resists the
N application of an external force.(9)’

" 6. vELoCITY:

A vector quantity; -specifying the Tate of changd of .’ (,q
position of a body, together with its direction of mms
The tise rste T change of position} Velocity is a .

vector q of velocity thet .
. Tnclude both . scaler naghibuls, expressed ih untto.of i
- 7 length divided by time, and a direction relative to some. - . H

frane of refrence. Thedefining equation for instan- -+
taneous velocity isr v =d x /d t, where x is the.vector

specifying positiod relative to an origin and t is the £

(8) Glencross, D. J.. - ¢ » B
j The Power Lever: An.Instrument for Measuring Muscla Power i *

Research Quarterly, 1966, Vol. 37, No. 2, p..

3 * 8, e o v | s, §
i (9) Sinning, W. ¥, .
xperiments ‘and Demonsh‘gQAons in Exerc:we Phxsu)lagz
¥. 3. Saundars Go., ‘London, 1975, . 9~10, P -

I i v X
L (10) Tbewlu, 3 v ’A W
Concise Dictionary of Physics -
Perganon Press Ltd., Oxford, 1973, p. 346.




(11) -, ) . g B

time.

7.. WHITE NOISE: :
Noisé is used as a technical term by communications
engineers to refer to background interference irrelevant
to the gignal being transmitted. If this interference is % i
. Tandon and contadns many frequency conponents, it is S
called white noise.( -

White noise is: ..., randos fluctustion noise; the noise :
3 that is heard when very many sound waves of H
! . . Sifferenct Jengtis are cofbtied qo that; toy :
; : Feinforog,of cancel one dnother in haphazard

! Tasnion. (13 -

ot "8 cnoe émcrmu me | e

en a subjéct has Jeamed various responses fo varioug
stimild, the tide neasured fron the présentation of a
certain stimilus, to the beginring of the fessmsa of th
subject ‘thatis correct .for that stimlus:

9. ' FOREPERIOD: .

< § tForeperiod’ may Ye defined as the.length of tine between

a varning signal, elerting a person to a‘stmu{us, and the
atimilus,

S

5

(1) Vay Nostrand D.
The

sics and Electronie:
cetoun, New Jersey

Van Hostran Company
. 2na Erhtion, 1961, p. it

(12) Frith, C. D. . 7 8 T wr X -
Encyclopedia nf "5zchalog ' b
Hexder and Herder, 1972, Yol. 2, p. 327. @ R 9
Ji * ’ g

(13) E;'Aglish, H. 8., and Engli.sh, A o

s .

1l hological and v b
Fsychnung_];ﬁicul Tern o TR
¥ * . David MeKay Co. Inc., New Ycrk 1958, p. 47. " s .2 SR
5 . s

; 2 - (11.) Wolman, B. B . E |
- Dictionary of Behavioural Seibnes | . ;
Van fostrand Reinhold Co., 1973, i 313. . - cod




10. PSYCHOLOGICAL REFRACTORY PERIOD: B

. ‘ (1) "4 brief period following stimlstion of & nerve or |
4 fuscle duﬁg; which it is unresponsiVe to a second
% stimds. : =

(ii) A brief psrlod following the first movement of a
movement, ‘system or set of related movements, when a
| second movement cannot be 1mtzut=d, even though it is
not entegonistic to the first.

11. REACTION TIME: ¢
Teichner (1954) stated:

Reaction -tiné is ‘the intervel.betveenthe onset of the ;
‘stimulus and the, initiation of the response under the i g
conditions -that, the subesng, has been instmcted to respond
a3 rapidly as posgiblo: 7

Reachuntml B B e Bugh? e

% . The tine*bétwson o onset of a stmulus ad “the start of
“en_overt response. )

Reaction time is the ti.rns nquimd to get the overt -
response started ~ i.e. the stimulus-response tim tnternl. ., %

| 12. SET .OR DIRECTIONS

w
An individuil's set, or readinessfor response, has a * :
considerable effect on reaction time. The standard !

3 - practice in experiments, - is to signal the subject during a-
7 'for!penod' that -a stimulus will soen be presenbd 8 1

(15) English, H. g.,m.: sr_.,gush, A. c. !

= ical and : 4
| gx choarialytical Terma’ . i ;
! David McKay Co. Inci, “eu York, 1958, . ‘449, - - H
T T IR
[ ; i
i (16) Teichner, W. P . . i
Recent, swdies “of simple reaction tiz - I
o' Parchelogiadl Billetin, 1954, Yal. 51, .- 128, =
g 5 R S S _ : 1 {
‘ s - (17) Goldenson, R. M. -, . - i
' 2 The Encyclopedia of Himan Sehavi Psychology, Psychiatry,
- and Mental Health | '
Dowledsy.and Co. Ine., New York, 1970, Vol. 2, p. 1099. i
(18) Goldenson, R: M. ~ .° L ;
T The EnczcloLedu of Hinan Behaviour, Psychology, Psychiatry,
0 Vental Health |
.

E = DoubLedey. ard Co; Iné: New York, 1970, Vol..2,, p. 1100,




) . Af thig investigati . . ' " s S o

i - OOR: RI
’ ' Py
-18 = . R
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,’: 13. SIMPLE REACTION.TIME:

Siiple reaction time iSlvolves- only one stimulus and one
: prescribed response.( )
Four main latencies contribute to the length of Sj;ﬂgla

Reaction Time: ' 3

(1) Sense Organ.Tine, which varies hetweﬂn 140-180 milli-
AW o . seconds for, the 'major' 'sense argaus,

(2) Decision Time; in the central mechanisa of the brain;

(3) “Nérve ‘Transmission Time; =

(4) - Muscls Time, the delay hetueen the impulse arriving at
3 4 g L4 . ithe’; motar. etid-plate™ and the' actual missular response.
1§ . ¢ . R ) o

T s s (19) - Wilden, 6. D. ‘ « het Y
%2 . . Em cxclonedle of Pixr—hahgx .
Horder and Herder, New York, Editorst Eysenck, H: 7., and R

Amold, W., 1972, Vol. 3; p. 121. . B

SE kA

* Motor énd-plate:

terminal ending of nerve fibre.







REVIEW OF LITERATURE
]

2.1_The Concept of Muscilar Pouer:
Buscular Pover has been, and is, regarded as an important basic

of motor-pe Although freqently referred to as

T )
a wtor element, Power is probably a composite of several different

factors, ' %

Bl - operating together to produce an explosive.effort. Thus, '
o ¢ mascular”pover should be defined as- the rate of performing
f . g muscular work .... that is, powér = ug;k (22, A2 395). p

In physical education, the tern explosive'pover is utilised
in- conjunction with the mechanical principle of power, that is, e
. e rate of doing work. .Hovever, most efforts in' this field to
A leternine the generation of power by ‘the ‘human body hm not
"adhered to mechanical’ definitions that govern the use
[’ term in the mechanical seénse of force, work and power. (|| P 233)

3

’ . ; i I
. An imediste problen vas roted by Barlow (1)1 ” o i

i

H

Bam and McGee (z) stubed' .
Pover is required for etficiency in such actlntlau as Fusping )
,,for height or distagce, kicking a soccer ball or football, throw— s
. ing of puiting a ball or weight, striking with a bat or club, !
. (hugxng u; uppﬂmnt, and sprinting with short burs!;s of speed. ;
2, p.

Elsewhere, Considine (14), referring specifically &6 the . A

“caleulation of power gemerated in a vertical jump, defined power as:
force tines distence divided by time ...

i
' : The formula used to compute this composite pover measure was: i
" . ; s s : ) !
Power = force ggz . . o ;
i % . ; 4
i
:
1

i R A & € .

a Whete: force ='the force of ‘the accelerated cbject, that, is,
. the weiglit of the man;_ i
g = acceleration ‘dm; tggravity. s
‘t = the total elapsed tipe spent in the @ir.
¢ .= the length of time the force is spplied. :
N (14,- p. 407) =

-

B
A e
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Glencrops (19) included 'mear maximm' misculsr contractions in

his definition: *
Muscle Power, the ability to release maximum force as fast asw
possible, is displayed in the shot put, sprint start, jumping |
. eveats, and m any movement uhich involves i
ar contraction
9, p. 202)

McCloy was more concis

An accepted: definition of powsr is that: 'poer dquals. force
x velocity', interpreting !'V)arce to mean gtrength and velocity
5 7 :

tu mean speed.’ (36, p. 23!

McCloy coni:dergd the concht of miscular pover, in comdembla
detatl: *
s

In the hunan body, the pover developed from ‘&n isotenic
muscle contraction is dependent upon the force and the,velocity
of :the contraction,” McCloy (1954) has indicated.that ...
restrictions are placed upon the velodity of contraction of
muscles. functioning 'agonistically’ by muscles functioning
K entagonistically. * (35, p. 71)

McCloy has maintained thllt the speed of relaxation of antagon-
istic muscles is less than the speed of contraction of agonistic
wuscles; therefore, in activities where speed of contraction ig

important, the sntagonists tend,to x-esrric't the agonigts. HOMEVER,

MeGloy's theory hias. NOT been proven; antegonists may influence

“Gevelopment of usable power. . . P %

2.2, Relati 5 between Power, Speed and |

Bérger“and Honderson (3) indicated that:

The'relationships betusen leg pover and both static and
dymanic leg strength vers highly significait, but not:
_significantly daﬂeunt from each other. (3, P 9)

+' # \This definition was probably more accurate, when considering
_practical examples of power. i -

Aut\l:x"s emphasis : N

e it A S s ST




Neither static nor-dynamic strength was found to be more
related to leg power than the other.* McClements (35) found that:,

Although strength (agonistic and antagonistic) is related to
power, gaing in strength are not related to gaing in power.
(35, p. 7

However, :onﬂuung ‘evidence was produced by StaTt et al (52).
‘Data indicated that pover wes linked vith speed rather than strength:

Speed, being' the Tate of change of position, involves no
ansrgetiCs (kinetic energy) which a movement amiounts to half
the gass of the moving body times the square of its speed (iE =

Power, being -the rate of doing work, is twice the
kinetic energy divided by’time,~ With a known mass it should,
\)(4 zs e p;subh %G relate this specifically, i.e. P B $2.

P.

Several ‘othor’ stuifes have indicated a relationship between -
: 22, 'p. 396).

speed and power (se

2.3 Measuring Muscular Power:' The Sargent Jump: ’

Glencross (19) correctly insisted:
There is a large variety of th of miscle pover, having
their bages in physiol physical and 1 proced;
ures. Of these different approaches, the mechanical methods
when accurately epplied, offer a valuable technique and lead
into the measurement of muscle power developed by the human
body. (19, .p:202) .

Sargent regarded the originel ‘Sargent Jump! as a measure of
pover rather than of just work, for the velotity,of the body and

rate of doing work were important aspects of parfomﬂce.}

# This factor was considered when obtaining subjects' meximm Lifts
as & basis -for measurements of power with various’sub-meximal -
loeds (see experimental procedure, p. 95 ). o

* Muthor's pmphasis.

## See: Sargent, L.
Soms ‘sbservations in the Sargent Test of Neuro-Husculax
Eﬂ‘xcz:ncy.

Azerican Physical Bdusation Reviey, 1934, Vol. 2, ‘s, 47-56.
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However, the Sargent Jump (presented in 1921 as a test vhich Sargent

called 'the physical test of a man') as McGloy (36) pointed out: .
-.. is primarily a test of the ability of the body to develop
'pover' relative to'the weight and size of the individual.
(36, p. 241)

Barloy (1) has found experimentally that:

Power and total body weight were shown to have a hJ.gh
positive relationship in the Jump and Reach Test an ?
Modified Vertical Jump/(r = .91 and .B5 respectively). The
developrentyof pover Whs siown to iniranse almostin dHrect
linear manner with increases in veight.* This variable of
veight wvas moderat.sly related (r = . 52) o physicel height.
(15 pv 233)

McCloy (36) hes &taud that:

(i) The Sergent Jump when standardised, practissd and
¢orrectly administered, is undowstedly a. valusble test,
(36, p. 2%1)

(i) The Sargent type jump .... is probably the one best test
we have for prodicting the explosive ongrey (power).

(%6, p. %2)

However, both have been i and

by recent experimental evidence;’
i,

Val Dalen (56) has indi possible

the record of any individual fof the Sargent Jump may be
The first is the skill
The .

affested by one or both of two factors.
and co-ordination Tequired to-execute the jump corractly.
second s the ability to do one's peat at any given time.

(%, p. 173)*%

* This finding vas-in direct contradiction of the statements of
previous 1nvestigahiwns (1, p. 23

* See: Pardy, W.
A Comparison uf Different Hea.suru.! of Muscular Power
‘Unpublished Thesis, Memorial University of Qlefoundland, 1976:

T .-
## In the following investigation, an attenpt was made, through the

method of testi loyed, to eliminate bath sources of possible
ontanination (ssos pEr_oce_dum, P 957).,




(19), for it reasons, emphasised the:

¥ ... need for a measure of muscle power directly in terms of
the mechanical principle of power,.
POMER = FORCE x_DISTANCE
E,
which can be applied to mmerous movements of the body and be
,more generally applicable than the measuring procedures
reported above. (19, p. 203)
[ 2.4 M Museular Pover: Use of Méchanical Principles:
I I : o .
Some experimenters have measured work? rate during a congtant
tine period: T

' Power is the time rate of doing work over a given period of
time.. (56, p. 112) .
~

Wilkie (59) employed a revolving crank attached to a bicycle
wheel and measured speed of movenent” by scoring the mmber of
Yevolutions in a giveri time. (59, p.249 )

& The author preferred the bicycle ergometer as an instrument for
measuring leg speed because the many variables involved in
running were eliminated; whereas on the bicycle, with the feet
strapped to the pedals, the distance the feet move at each
revolution remains constant for all subjects, and standard,
conditions can be more easily maintfined in'the laoratory.
(59, p.249 )"

Several other possible conteminating varitbles were nvurccn"a by
Willde: ) ) :
(i) The ergometer was bolted to a rigid framevork which
| prevented unyanted moveiient when pedalling st high speed.

/. (i) Toeclips and stop attachments on pedals preventéd

sibjects' feet from leaving the pedals at maximum effort.

* Work = Force x Distance.

¢
i
i
i
&




(i1i) Optimm duration of thé test ride was suffjcient to allow
initial inertia’ of the machine to be overcome and full speed

to be reached/maintained for a short period.

Glencross (19) has rightly 4insisted that, whilst most 'explosive'

novements are mechanically complex, it i's possible to measure the
pover exerted dufing this type of movementby permitting the body to

worke agAinst an external load.*

Glericross (19) constructed a M- ‘baséd on a wheel and
wdle Tover systan, to satisfy the following requiremonte:
(1) The body, ves allowd to vork against’ an externl Load.
(i1) The body operated as the vork input .or effort source of
! this michine systen. i o E
(3i1) A11 individulo had the sane oppnr‘tunity nd vero not,
| handicapped or limited in any way in this Fopag developnent.
(iv) " The Tuman body pl;f: INTO the machine all the force that
it dewloped. . | g :
(LB: Ituss msswed thet the power 1iaveloped in the moverent
of the exbernal 10ad could be used as & messire of the posor
ﬂeleoperl by the body. ) 5 1 K
Design_of Apparatvs :
Structurally:
(i)  the lever am was nttuched' €6 a similar steel rod fum)ng

the axle, uh!.ch was firaly gitached to a’ steel base

* (N.B. The pover developed in the movement of this load can b
used as’' a measnre of the power developed by the body.)

+

y The basic principles dnvolved in Glencrdss' study were indorpora
ted into this:: investigatmll (gee: Procedure, pps. 94-103) .
. i . B e ¢

W




(41) the lever arm could be freely moved - clockwise and anti-
clockwise - through.190°%;

(334) at the other end'of the axle to the lever “arm was &
pulley, locked to, the axle by a steel pin, !
¢
(iv) the x’es:\.stancs against which the" bo exerted its effort
i /

was" snpplied by lcnmm waighta that coulh be attached to.the

leDey by means
“(v) u...mla_im

& handle awachzd ke the, lever ar}

B! 3 "‘

astael mpa; Qe

was. a taehed 9 ehe pwer lever by means of

, 8ble; screu e ;

(vu)> hmng dencu uere‘ controlled by three msczn—sunkhea.

g_pover ‘bv the body ™ ! 3 "

(1)~ the: ¥ ccmponents of, thé: phuer squation ~ r'om:z, DISTANGE

nnATM—uem cuculated.. ,»-‘ a § 5

(11) Digtance measumd st&nce chrough which the fnx‘ce

ttaveuad 5 |

5 uhiph “ths bod§ Vias, (H:ms, the distAm:e the

i fnrca t.uvaneg = tha arc diabaxmr (d), with the 1ever
;. ] 1ength, £rom -t mcm”m the handle, as thé x‘adiu:)
(iv) Alchuiis Ence ) was d\n-ectly px.'aportionul ‘to -the height

(h) the wa)ghta wers raised on’ the pull.a}' in :\cnordzmca

with (:hs velcpity ratio (n) +of the. power .'aner. "
): ',mhe qompone; £)(=. the time, taken for th appl'led

fon:e at (,he mndlq to t!‘aval distance (d))\ms measured

tsing a‘chronoyma e 1

‘the. pc: ﬁon of the hfnd.lQ n the levar mrough an. aﬂ,]un.-" :
s ; .
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! %' walues of tho static fores F, méases M N, Mj, aistance (d),

. T

2 force components vere considereds—

(1) STATIC FORCGE (F), required to tove the wexghts With low
velocity and zero acceleration (determined by using a spﬁng"v.
“balence attached at nght angles to the ldver am);

(2)  FORCE exerted 1r| ADDITIB“ to static forcn giving the

e A e e

veights, their-acceleration and resultant’ velecity.

- (vii) The average H.P.* developed by the body was determined -

fron ths"sq\zatior;: B

Aveuga-?xa Pl L
( H:P, e | 23"

[ n’

\ 5508 Lo,
{vii1) lihia equation vas redhced to & more workable form;*® tha
_, oply ‘caléulation ‘in,v\qlvea was 'V;': the tangential veloeity
© et tho handle, obtained ddrectly from Epecuﬁ; constructed

tables. :
' GLENCROSS! STUDY REFRESENTED A MORS PREGISE ATTENPT 10 }msm <

WSCM POWER ON_THE BASIS OF MECHANICAL PRINCIPLES.

N b % V. B ‘@ ‘." oy : ‘.
3 T < .
v Thidues the Kinetic Gergy of the moting parts, nded “ .
upon\.{:ei.r mass and velocity. (Moving parts = ueighcs including |
ey ‘and pttachments) lever and hatdle. N.B. To determine the: =

-kifisbic energy of any moving: pert, 1to mans S and: rinal velooity
mst be kl\wns.

(= Horsé Power).

v

an9 velocity retio (n) vere: constants. . i




Glencross found that everege H.P. developed by legs in a
preferred leg extension was 0.4, and in a non-préferred leg
extension vas 0.45.% -

Reliebility and cbjectivity reported for Glencross' instrument
indicated & high level of stability and consistency for the tests
conducted. The validity of this instrument depended mainly upon
assumptions end conditions involved in the application of the above
mentioned mechanical principles: i i

(i) . During the test, the experimenter an‘sured that um
‘subject, vaa comtartable. :
(1) a1 uuhjaeps were given adequate prior practice to

commﬁ-u\y lehrning factor in the re-test.” L

(ii1) No fatigue effect was assumed to be opereting (see: p. 92
L (e 4“1 ® .
| (iv) The subject was told to move the lever as fast as he

possibly could through the range of movements.

2.5 Knee Angle and the Measuresent of leg Strength: !
- Carpenter found that highest scores for static leg strength
Were obtained with knée angles bétween 115°-124°, %%

* This finding applied only to the papmmon of students studied
in his investigation.

" iy consisted of trisle on'the pover lever until a Platens 1n
- porfornande wab rouched.

** See: Cerpenter, A. .
‘i A Study of Leg Ang].na in the Measurement of Leg Lifts.
Research Quarterly, 1938; Vol. 9, pps. 70-72.
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Everts and Hathavay recommendcd a kneo angle of approxizately
10%# McCloy reported highest readings at an angle of 120°."
Hugh-Jones reported that leg strength scores increased with o
progressively greater knee angles up to 160°.%% Haxton estizated a
42% increase in leverage as knee angle increased from 60° - 125°. %

Lindeburg found no significant difﬁ;un e in re
in an inve rll. at the beginning of the pull n sngle
ranging fron 100° < u.o°' ##% But. knee ;nglu ‘st the mopent of
mexximum score were lpprmdmstely 20° ‘greater than at shrﬁng |
“angleal**

Tn an attempt’ to clarify this-somewhat conflicting evidance,’
Linford and Raick (31): conducted a sinilar stody.. A1)-angles

*  See: Everts, E. W. and Hathavey,
) mmor-mtwkm Le'StrIngﬂ: Isproves the
Mdninistration of Physical Fitness Tests.
Hesearch Quarterly, 1938, Vol. 9, PPS. 62-69

Weclay, C. 1. end Young, ¥. D,
nts in He cal Educati

s Appleton-Century pmn. Tnc., 1954

Hugh-Jones, P,\H. ) /
The Effect of Limb Position in the Seateq Subject on
Moility to Utilige the Maximum' Contrectile Force of the
Limb Muscles.

Journal of ology, 1947, Vol. 105, ppa. 332~

1;*.“

x

** Sce: Haxton, H.
A Gnmpnrluon of the Extension of the Knee and Elbow Joints.
in

Man.  Anatomical Records, 1945, Vol. 93, pps. 279-86."
#+# This finding served as a basis for determination of subjecta’
naxi-u- 1ift in the following mn.mguien (see: Procedure,
P . 879

Lindeburg, F. A.
Leg Angle and Muscular Efficiency in the Inverted nag Prebs.
M_an! 1964, Vol. 35, pps. 179-83.
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Thigher scores than those obtained with knee angles in 115° - 124

" hig test leg flexed at the knee at 11

- 30 - s

within the range 135° - 164° produced leg strength scores which

were gignificantly higher than those cbtained with knee engles
between 115° - 134°. '

Knee angles between 125° and. 134° produced significantly
°

range.* *

|
McClements (35) has used this finding to investigate the

‘relationship of Power to Strength of leg'muscles. He placed thy

subject in an upright sitting position at one end of a table with

his hands placed flat-on

the table, and his shoulders stabilised from a POEltlﬂﬂ ‘on tap of

the fable by an assistant. . o

2.6 Fatigue and Muscular Power:
Relatively few studes have attempted to:
(a) . measure the effect at‘ fatigue on m'uscu],sr power; " 'A
(b) cam:rnl ‘the mveatxgatmn of mscular peJ\lar sufficiently
to Teduce or prohibit, any pussible endurance .factor
conteninating the results; -~ Coa
(c) - scamatme.uy assess the relisbility of the cnntrols, and
the ‘posgible fatigue atfects, by detemining whether any
significent impairment of perfornence haa oceurred® “during.’
- any investigation of muscular pover. Here, a major
veiknazs of most studios of miisculer pover has existed
(but, soe' Lotter (32) ).

* Those results were similar fo those of Lindeburg and Beiger.

As maasured by miscular power on & pre/post-test basis. _

e Vo




Gray, Start and Walsh (22), in“an xnvesﬁgution of -leg pover,
attenpted to prevent the introduction of an enduram:e factor, by
alloving a 'test ride' of only short duration. Howeler, they

assuned that this ain was accomplished, but obtained ho statistical

evidence to reinforce their belief. The problem of test-retest  *

relisbility involved tultiple efforts, and thé possible fatigue
effects of consecutive efforts needed to be considered.
Glencross’ (19) attempted to control error variance dug to

fatigue by providing adequate time for recovery after the first

oot Again, hwsver, no statistical evi 'uas to

veruy the ausumph.nn t}mh error variance was not & conhnminating

factor. « T X

2.7 Sample Selection for Muscular Power ona:

Linford and Rarick (31) used 20 randomly selected male

University graduate students to measure the effect of knee argle on

leg strength.= McClements (35) chose 86+ male, éoﬁeg! physical
education students H T N with log I ——
strength. 'Berger and Hendersoni (3) selected a pcvpulah.en of 66 male
college veight-lifting stulents to debamins the re].etxms)ij:p o
power to static end dynamic strengt.h. Start et a1l '(52) su‘hgeuted
63 Pirst-year male members of a primary teachers' College to s
varisty of physicsl measures (including power) of the lower limbs.
Considine and Suﬁivn’ (14) ‘tested 38 male undergraduate p}iy:ri/qﬂ_
education student yolunteers for Saaonmn: R g
Gray, Start and Walsh (22) collected an:

# (i.e.:the total population of physical education students.)

e b A




available eal:rple of 62 medicelly fit.male Teachars' College
| studants.

- to mvest;gace the relationship between leg speed and 1eg power.

Barlow (1) tested 30 male student volunteers to irvestigate the

relationships between power and measures of vertical displacement.

Gray, Start and Glencross (21) selected 80 male Teachers' College

students to test vertical leg pover.

G1e“ncmss (19) measured the pover developed in four movements

on'85 nele Teachax"ﬁ"_(k:]_lugeﬂatudents.. .

Ohgorvetiong " . i s CE

@y

(31)" ‘o sinvestigations. selected stidents.

(iv) Semple mumbers varied from 30 to 86.
().

 'the basis of careful observations/manipulstion of |

(vi)

B :

ay 1rrveutigabicms used Male su.bjecta.

(411). Uually Stugent, Teachers' were t,esud, nost: often thiose

were students of physical education:

The random shapling process adopted in most studies

elloved valid inferences/generalisations to be made-on

_specific variebles within a emall representative’propor-

‘tion of tHe population.. Hovever,” several studies (35,3,
52) uged ‘the whole population availabie, Logicelly, any
inference could be dcourately related only to the
population studied. y

Two' studies (1, 14) used. vnlunbeers, vhich may; hnve S

' 3 bns' as &, contaminati facto‘r,

|
thereby affecting the internal validity of any findings. -

. 97)..

1
1
k1
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(vii) One study (22) used an availsble sample. This was a
| questionable procedure, since ordinary methods of
statistical inference were not validly appliceble to
- such groups.® # ’
(viii)Several ,studies (19, 21) did not indicate .:nmd;n

sampling procedure; this could only be assumed.”

2.8 Relationahip Between-Force and Velooity:

Although u has been reasoriably bipposed that movement of an
~optinim Toad, ‘allovs maxinal pover cubput, ‘eluost no rescarch Hds

.ntbewpbed to indieate the percentage mixinal 1oad necossary for' auch

~ optimal 1 " (19)

There. {s & hesd to" detarmisie the . optimm load for maximim -
“power development. - This load could be expressed as e percent-’
age of the isotonic or isometric strength of the mscle groups *
involved. (19, p. 210)

Load-Speed Relationships:

The effect of load on the speed of muscle contraction was
studied originally in excised macles; as th losd flaced on the
muscle increases, the rate of shortenirig (i.e. contraction)
decredses, until a rate of sefo velwllt;y is Teached at maximum
isometric temsion. A. V. Hill (24) has derived & mthmheul I
equation to express this effsct.

Idealised Relationshipa: i

Sianing, (50) has indicated idvalised relationships bet\;lsell\:

(a) ar'-_g":vlur velocity and load (see diagram 1),

* Thig h re, cannot be 0d” satisfact
: e 3

Caution vas therefore mrcised vhen considering the findings of
these spudies.' e e

4
3
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‘(b) work accompliched and load (see diagram 2), and
(c) power and loed of muscle shortening in vivo (see diagram 3).
(2) Disgrem 1 : Relationship between sngular velocity and load
of mscle shortening in.vive.*
& >
I .
- . N °
. S
3. .
3 = (From: 50, p. 16)
B
g b
= g ! E
\ . % ‘o 7 {
| - '(b) Diagrem 2 : Relationship betueen work accomplished and g
load of imscle shortening in vivo.
%
.8
=
" \ .
] . Caq N
* See: Hill, A. t

V. ' )
Proceeds of the Roval Society, 1938, B, Vol.
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~ . (¢) Disgram 3 : Relationship between power and load of muscle
5 |

Shortening in vivo.*®

Power

; ; o \ Lrw

- : (N.B. - Optimum load for developing maximum power when the

muscle contracts’at its maiimun rate = X, where broken line

intersects the abscissor.)

2.9 SIMPLE REAU[‘TON IIME (Introduction)*

Teichner's classicsl definition of Reach.on Time. st&t!d.

Reaction time is the interval between -the onset of the
stimlus and the initiatioh of the response, under the’
conditions that the subject has been instructed to respond as
rapidly as possible. (53, p. 128)

- " Moodworth Bnd Schlos'bal‘g (60) have identified two categories of
= reaction time (n T): - . s

(1) - Simple R.T.

(2)  Choice R.T.|(or Disjunctive R.T.).#* -
{ f

“. ® Ses: HINL, A. V. B

- Proceeds of the Royal Society, 1938, B, Vol. 126, p. 136..
* s 'avealth of verified rimental knowledge abounds in this

area, some important established concepts have been noted in the
following review, meny.of which have been assumed to be accurate,
and have been utilised as '{he basis for this mvemg,man.

= |

{ " #% The following atndy roquired an understanding of the widsrlying”
s Principles governing SIMPLE REACIION TDME only..

1 - 1 3




Simple Reaction Time (S.R.T.):

! Here a fixed stimulus and a fixed response have been recognised.

S.R.T. was usually established by a Keypress response to a single

illumi light in the 1 . (For exanple, see 13).

A digital timer has been used to gscem{am the time delay
between the onset of the presentation of the light and the subject's
responge ‘in pxessing the key (»;as 10).% 7

Reection time hiag been shown to be not constant, but 11.kely to |
be dffected by sevérpl variebles. Robb (48, p. 87) has indicated
that, the resporiss at|any given soment [depends upon both intprnal and

v

extenal factors, influding: i

(1) learning:and anticipation; |

(2) the pxg&mb m:y or certainq’; of the stimilus ocnnrring, .
(3)  the presence o ahsence of a varning signal before the
stimilus qecurs; ‘ i
(4 the paychglogical rpfmctoz“ry period; .
(5) the compatability of the résponse to the stimilus;
" (6) the type bf reaction tize }test (staple gr chotse);
(7)  the 1ength of the neural i pulse,

(8) iset, or directions.*

2. 1d THE PROBABILITY OF STIMULUS OCCURRENCE:
Tt has been shown (48) that if g person knows when a stimulus
vill occur, reaction time mdy approach zero, due to anticipation:

* .The average S.R.T. which might be expected as a result of
stimulation of vision (180 milliseconds) was estinated by
* Wogdworth'and Schlosberg 60). -

Only some of these' factors were relevant to the following study.

I ——




(If a person cannot anticipate a stimulus, referred to as temporal
ur@ertainty) the reaction time will be loager than if the stimulus

appears at regular intervals.

2.11 PRESENCE OR ABSENCE OF VARNTNG SIONALS:

X varning signal elerting a person to the stimulus has been ™
found to affect R.T. The length of tine betueen the warning signal
and the ‘stimilus has been tersed thes FOREPERIOD.® Several investi-
gations have ‘attempted to determine the effect of. length of the

. foreperiod on simple reaction time (see: 17,.18, 33, 41). Although
conflicting results have somstimes been pmsgnted,. some ‘general
conelusiong have been made. ‘Druiin (15) invelstigated the effect of
foreperiod length on reaction time, varying the.forepstiod from

s 2 seconds to 0.125 seconds. Results indicated that R.T. was slower

for relatively' short foreperiods. When the range of foreperiods °

- exceeded 0.5 seconds, R.T. tended to decrease initially as a e

negatively accelerated function of foreperiod.
S ‘ /Poley (17) found that an effective foreperiod of 2 seconds
-\ m«hm in significantly faster reaction times than those of 4 and

Slsecnnda Geblewicz (18) found that when.differences between
/ successive preparatory periods were small end regular, 4&0&1011

/" times were 'shorter'; when differences were greater end irregular,
reaction times were 'longexy' He concluded um\m optinal Jength
of the preparatory period. g

* The forepariod ia varied so that the subject "USV not, react to a
constant interval.
* Foley (17) alsofound that the duration of the ready sigual was
not a factor in determining an optimum reaction tige.
. : g . Y
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(1)  depended on the size of differenccs betweén preparatory
periods; ; /

< ’ /
(ii) was 1.0 to 1.5 seconds for 'small', regylar di fferences;

I
(iii) was 1.5 to 2.0 seconds for 'greater' differences.

Ho also found that: |

/(i) longest reachon times Were obtained after pﬁlapunnxy

periods of 0.5 peconds' \

N i

(i1) reaction, times were shortest (in a serips of measurements) e
vhen the prlac'éding preparatory period whs shorter than o

the last on. 7

Lueft (33) found that when foreperiods were wl ied (1, 3 and 5 S

seconds), no differential effect upon speed o‘l‘ response among fore-

;
;
i

. & N periods occurred. (However, his experimental design seems deubtful

f (see 33).) -
N#Atdnen (41) concluded that the main reason for diverging

tendencies noted was the information - generating nature of passage

of time following warning signals, in R.T. experiments with random- i

ised of different

Availsble data was accurately sumarised by Heli‘ord (57):

" The uamng period, or forepenod is usually varied between
4 seconds, and the longer the foreperiod, the more
Hositant wirh b the response, and a foreperiod longer than 3
secénds was nmmra to be of no advantage to the sub;]anb (57,
p. 189). |-
= . . * |

2.12 RELATTONSHIP OF HU'SCULAR TENSION AND REACTION TIME: . T

Teichner (54) found that foreperiod length end :](uscmr

tension were independent in ‘their effects on reaction time. Ho

W conclided that R.T. varied inversely \dth ‘the mugﬂituﬂe of

i ; msculer tension.

= Keyan' (27) investigated the effect of induced ‘tension on R.T.
¢ .




2.13 CONSTRUCTION OF R.T. APPARAT]

. Results suggested that induced tension was often superfluous to

»

slready existing muscular tension created by "se
Murphy (38) concluded that the amount of "work"' required to
make a response movement was directly related to R.T. He also
observed that, the amount, of pre-stimilus induced miscular tension
significantly affected R.T. perromaToe.-» Overall effect of
miscular tension levels on R.T. showed both linear and curvilinear

components. . /

Kerr (29) |has designed and constructed apparatus ghich.vas
used to measure R.T. of a knee-extension movement. The unit employed

Two neon lights served as

a 'Honeywel' standard micrcswitn}n
varning and stimilus lights. f .
. Cahoon (10) has descfibed zfmev_bods of mcd:.fy].ng a standard

electric stop-clock to 'serve as a reaction time device; ‘an easily
constricted: coritrol box as used to interrupt the pover source of
the clock.’ However, this eppropch was less uccur‘ate than a second
mothod, where the control box ad wired into the clutch conbrol
circuit of the timer. ‘The latfer modificstion vas more complicated

and relatively permansnt.*" -

T T ¢
*  Findings are questionable, since only 2 subjects were used in
this investigation. 3

Work = Force x Distance k'hhrmxgh which force acts).

#  Tnitially, the amount of muscular tension was directly related
to R.T., but as subjects reached a certein 'level' of skilled
performahce, there was little, if any, effect of tension on R.T.

The ‘apparatus design for the’ present study was based or
asparatus designed by the sauthor for a prewrioua :anaatxgatlan
(see: 39).

!




(¥) -The goggonent time (t] )( the time taken for the applied

force at the hvmdle to ‘travel dutanee (d))was measured

using a-chronogeops. = . | .

©2.14 METHODS OF MEASURING REACTION TIME:

Ma:w investigators have measured R.T. by asking subjects to-
press a telegraph key in response’ to an auditory or visual stimius
thereby stopping:a timing device upon initietion of én overt
response (see 44). i ‘ N

Richter end Hyman (47) a;amunst::;teg\ a shorter Tesponse L'Lma
(4.9, shorter R.T.) for a hand-initiated response.than for & foot=
initiated ogponad. akamuré and Saito (43), fourd ‘that flexion of

d Wak fastar s that (of thé -preferred hnnd,

the non-preferred"

-and supination of ‘thy pre fsrmd hand was. fasber than thM: of ths

on-preférred hand. pei’sakhw 45) c@nc]uded ﬂmt simple R.T. was

L zo-au ﬂuiaecmds sheiter (p = ‘001) and more stable (p =..001) .

when subJeccs released a msponse button’ téan’ when they pressed it,

. 2.5 RELATIONSHIP BETUEEN SPEED.OF BEACTION m SPEED OF

7 ¥ - “Kerr. (29) t.eseea 47 male students for ape]sd nf reaction in a
Xnee sxtenslon mvemant of 68°. Fach subject uas tested over 20

*tridle. s mmx any. cuntamlqﬂbng e:feet, only the last 15 trials

were analysed:

A ueek hﬁar, th.e- subjects uege retested. *-In both

testa, R.T. comumd u;a. speed of mvemant. ( = 0:538 and -
0.629 respectively). 3 R

[T







3.1 NULL HYFOTHESES (Experimental Hypotheses)

3 1.0 MAIN. mrmrm:srs )
1(e) and 1 (B): . e g
Y o *Any individual's average score of muscular power, -with & pre-

deternined sub-maxizal load equivalent to 20% of his maximal 'lift!,

will not differ signihcu.ntly (ile. Mo 'better! or tworse!) for

. each of 5-different foreperiods. . ?

iser _wp®f(1) —}L‘p £(2) = p ) =pp r(/.) =pp? r(s).

here: T p° = Individual Average score of Musculu‘ Pwer, with .*

a pre-determined sub-mastimal - Joud;

£(1) = rompsriod or 1.0 seconds; . 4 &

22 ¢ foraperiod'oty 1:5 seconds; ¢ % i

! ' "-£(3) = foreperiod of 2.0 seconds; ’ S |
+ £(4) = foreperiod of 2.5 seconds; '

b £(5) ='rmpema of 3.0 ;ecopdg, . S _’ o0
2. SUBSIDIRY HYPOTHESIS: ' e
266) ant 2 () it B , B

Group average scores of mugeylar power, with a pre-determined

sub-naxinel load; will mot differ significantly for each of 5.
. different foreperiods. B 3 2 §o

N £ 2 i

RN (D) £ pen) ) spcnfets). T
WTIEI’Q/LF

‘.. pre-determined au-nexinal. Toad;

Group Kverege scors of Muiacular Power with a . Ty

£(1).= foreperiod of 1.0 'seconda;

£(2) = foreperiod of 1.5 seconds} o e
i £(3) = foreperiod of 2.0-seconds; . & I » ;'
£(4) = foreperiod of 2.5 seconds; - ’

" £(5) = foreperiod of 3.0’ seconds. 4
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3.2 EXPERIMENTAL DESIGN: -

This investigation employed a ONE'GROUP DESIGN, involving a

v gingle test of 20 fons.®" (i.e. 4 i for each of
5 different neut.ments) per subject. Measures of miscular pgﬁer A
were obtained under 5 different’ conditions, the condition being
vandonly varied from trial to trial. The effect of a single
m NDEFENDENT ‘varisble (i.e. randomly varied FOREPERIOD) upon a single
DEPENDENT variable fave: measured. mscylar pover with a pre~

determined sub-maximal’ losd) .was: ascertained.

3.3 "SAMPLING FROGEDURE:

n _orfiinal sample of 10 naive .subjects” was obtained, with
B . .
homogeneity for ,sex, occupatién, and educational level: Ten

male physidal education students (mean age = 22 years, 9 moaths;

standard deviation = 5.7) were randomly sempled from a population of -
94 mele physical education students (age range = 17 years, O months
. - - 3 yearq, 4 nonths; mean age X 21 years, 9 months) at Memoriel
University of Newfoundland. b B )
' ‘A _rendori sampling number table was used to select subjecta \
(see: Table 3,"p. 139 Appendix) thereby ensuring, through this
" sampling with replaceent technique, that for all subjects, there
“was equal probability of being selected. ’ -
. These 10 selected subjocts comprised the smgle grovp required
for wits investigation.

*  Although 2/, trials were administered, 4 trials were mcorpcmted
randomly into the test only to heélp prevent subject anticipation
(see p. 103). " In 4 instencos the Téd 'varning' light was mot .-
followed by a green 'go! light (see p. 61). |

* " Unfortunately, ‘due to illness ‘or :.njury, anly & eub;ectu
ccmpleted ‘the ‘testing progedure, i e




! 3.4 APPARATUS: '
: . (WB. For comprehensive list of spparatus, see Table 4, g
Appendix; p. 140). i
i " (a) Mensurement of Myscular Pover : ' ‘
5 . Incioduct;on 4 » g
LA Apparatus was designed specifically to measure musculer power i
o ¥ " ofa grop of mseles, by repording grephicdlly the veloolty st ; .
vhich o pré-doternired (sub—mnximn.l) oad wés moved at any. ‘instant :
’ ovef ‘a set distance.’ Tho maximyn atteined re vedosity vas' grephically
- > détermined, , and hence a. mx;mul measure of muscular gwer pAlculAted
W S for that load,” !
I A ZOVER IBVER was constricted, based oi a wheel lever end . : Y
pulley systen, to satisfy thé following Tequirements: .
_ (4)  The right leg was alloued to work against an‘external "
’ ) Zoad. o ; o
: _© (41)" The human body (i.e. subject's right leg) opersted _nijhe %
o]0 vork snpub or effort source of the machine systen. '
(4ii) A1l individials had the seme opporturity 4nd were not * ) I
. handicapped, except .thgt any linitations® vere ' L
. - STANDARDISED, “in ke fores developmont, .

5 (iv)  Maximin possible Vélocity was attained during sny. trialt E
4 5 T [OF Hsmux‘emants qo‘ulﬂ be compared. over P trials, for ZZ
i M - " ahy swbject. .
| C (LB Tt was Sapumied: that: : P 5 =

i (3) . thé pover developed in the movedent of the' external load o
| . could bo used s a measure of the pover developed.by the
Y 2 i i | “
% *® These were necessary to ensure measurérent,of specific muscle groups.:
’ - v.Jmmd néxism rate of accoloration, ‘and vas, 3
S " docolerating, at-tae conclusion of the tri :
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i
k.

Limb;*

(4)  this measurement of power could be used as a wliable

W\ﬂar power for ANY INDIVIDUAL,. )

A ‘meas

(1) Bicycle Wheel and Attached Lever:
< (goer Table 4, Appendix, p. 140;. see algo: plate 1, p. 675~
plste 6, p. 77; diagrem 4, p. 47; plate.3, p. 7T1).
(1) A bicyele wheel (radius = 30 cs.) was attached, from its axle,
bya st.ssi'suppm fens sedurely to a stons beem. (Zee:
[ diagram 4 plute 15 p1mt6) with the axle at & varisble -
| vertical distance’ from.the floor.

' (2) o safety, 'brakaa‘ vere attached eecm-ely to tbe vheel xin at; i

spsciﬁc locations' (a4} 6, plats 35 5; 10, plate 6). "

(3) 4 steel/sluminiun Jover arm ves £imly attached to thé inside

of the wheel dxle, and'to the vheel rin (gee: 12, plate 6.

(4) . An adJudtnb]Je curved ankle rest, ccmpoued of gimiler material,

vas attached secirely to the lever am (sa

14, plite 6).

Ankle rest and lever arm it wthe lever

(5) The dever could b freely movad fron us resting position
(hangxng‘vertlca].ly) throug,h 122.5° 4n a clockvise dixectit;n,
movément being finally linited by one gafet brake, - Movenent
of the lever,-and thus vieel, in an enti-clockvise direction

* from their ‘resting position, was prevented by the otber safety

.- brake (_a#: 6, plate. 3; 10, plate 6). ;

d'not measure, absolu;aly ‘pover or torcs
e_muscle

Apparatus’,
oduced b

»* Ono. safety braka pxevented inb" Jover, fron being Kicksd too high !
and hitting the subject. The other prevented the lever from

* swinging back beyond the yerticel Position,: thus preventing
injury. to the auhjuct'n foot.”




(1)

(1)

Pulley System

(;uo: Table 4, Appendix, p. 140; plate 1, p. 67; plate 3,

p. 71; plate 6, p. 77; diagram.4, p. 47).

Atteched to the bicycle wheel vas a pulley system, comprising -
a fixed wheel, chain and weight container (gee: diagram 4).

A small bicycle vheel (rﬂd:.u.s 20 cms.) was attached secursly,

by e steel auppnrting ari (see: 24, pléte 1) and steel cornax‘

piscga, to a second benm,-such that the. vertical aistarica ‘trem

e axle of, thig’ vheel 1o the noer as 1. 44 me':res (sea. g;, A2

i 'pme 1; diagran 4). “

A wre (pressux‘e - 2.6 - 2.8 kg /sq. om. ) vas pluced. ‘arouid”

| =

. the ri.m of this wheel (goes 23, plate 1). I

®

A fixed'vheel (1§ teoth) vas attached to “the axlo’of the gl

‘bicycle uheel (see: diagrem 4), (The distance from the axle

of the large bicycle ‘uheel to the axle of the fixed wheel (seet -

~ disgram 4) was 2:08 metres-)

A third safety brake was firmly bolted to fh” amal] hee1

supporting arm (gee diagram 4 25,‘17!1“5 1) and positioned

0.2 cms. avay’ fron the ty're‘cf the. gmall ‘wheel, with the' brake "\ . ","
am in tie "relesss’. position. ; i : ' i

The gullez chaln (cumpnsed of bicycle chain 1inks) vag attached

E a§ one snd to the. rim of ‘the 1Bx‘ge bicycle wheel by a steel .

pin (see:"plate 1; 4;, plate 3; diagrami4). The chain passed

over, €he feeth of the fixed vhsel (gee: 15; plate 1; diagrems) . -

ant vas attachéd at. the othek end securely 10 the Gentral .

,suppurt of & weight cgmm;neg (L 2, pl.ate T3 diagram 4) by

acm pins. s A 7 ™

’l‘hp Qullez gu\‘.e ‘Has uen.atruubed a'ueh ‘that, in the reat:mg v

position, vith e weight contalner resking ou the floor, gnd.




. N p :
; Ry ) = e
(Bq) Small Bicycle Wheel (No.2) - . R . .
‘(Radius = 20° cms) | £ :
to outside of rim. = £ o X -
o Chain fixed to S = 3
Steel Support. .wheel hereé | 5
: e Beam—p> E 5 |
; 5
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o
2
| =
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(Radius = 30.0cms) iy <5 s

2 (to outside of rim)
¢1-Beam & ’

KEY: By-3 =Safety,
Br.aking Devices:—
N
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Adjustable N
.Lever____ ———

Weight Cfmtainer s o b )




W
\ ,
‘with the bloycle wheel lever in the vertical position (see:
1
diagrem 4; plate 6) the chain was teut.

(8) The weight conteiner consisted of a steel tray with a rim to

. stabilise the contained weights, eid a central support, to
which Was attached the pulley chain"(see: 22, plate 1).
(9) The resistance,. against which the body exerted its effort, was

/ w supplied by mwn::igmg (gee: 16-21, plate 1) placed into the

" veight container. ! )
3 TR - (411) Subject  Position’ h
f"‘ b C0 L gesr plate 3 pe T1j Plate 6, p. 'm.
) / (1) The auhject ves seated on a reinforced ucoden table (ige: plate
k4 ¢ -7 '35 17, Plate 4) secured in position by a iyfon rope attached to
& beans: ' The position of the table could be adjusted to suit

I § \ individual equirensnta. ' ¢ : !
1 ‘ (2) A fomn sponge seat, attached to the table (ﬂl[“, plate 3)
allowed the leg to bo positioned comfortably for kicking the

lever. - -

b (3) The table m's‘r’mged such ‘that: (i) . the abject's right ankle,
i vestil gantly si s BEK of thie lover ankle rest (see: Ty
=8 "‘plate 6); (i1) rignt lcnee-Angle was 90° (+ or - 5°). ’
(4) Positionof the large bicycle wheol could be adjusted to"suit
individaal requirements, such that the vhesl axle was in line
‘ wifth the sbject's mee sxis (see: plate 6). - i

(5) The effective lever length could be altered by chianging the,

position of the ankle re ?t on ‘the Léver through an aﬂthabls -
screw. .-

(iv) Reco of Myscular Power /

(See: d:.ugum 5, P 505 diegrnm 6; p. 513 plAte 6, DTN o

o ..(1) A gowntiematn (g_. 85 plﬂf,e 6) attached seoux‘ely to t.ha -
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outside of the large bicycle wheel axle, and to one of the

wheel spokes, was electrically linked to an input channel of a

F Beckman, Type R411 rder (see: diegran 5; 2,
plate 1; 15, plate'6). »

| (2) The Beckman Recorder was pre-set to ponitor changes in .

potential differnce, du to nechanical movement of the bidjcle

= wheel, through the subject kicking the leven, as a pen deflec- .

; . tion on the graph paper.* .The graph paper was sét at a.speed

3 . of 50 millingtres/second, prior to the'subject k:'u:king. the

lever against a resistance, sllowing a trase - to'be recorded.
£ ) " (geet dlagmm 6. . Sty - . |
¢ (3) e magnitudd~ot the 7en reflected exactly the

nagnitude of the lever riovement; upon returning the lever to
I - its fomer 'resting' position, the pen returned to its original

‘bnse—l:ma' position, (see: diagram 6).

(4) The lever was prevented from injuring the suh]eet,“ either on

7 its upuard or downvard arc, by use of 2 safety brakes (seet
(1), (2) ebove).
¢ '
T — . " the pulley chain to ride over the 'fixed'|uheel sprocket.
lpon completing the: kicking action,. the fixed wheel prevented

Kicking the lever against a pre-detemined resistance caused o

Nl ¥ 4 the attached load (sse: 22, plate 1) from crashing to the

floor.* The small bicycle vhesl (ses: 23,.plate 1) was -

As the whes) was moved in a clockwise direction (from its resting )
position) thd increased voltege (and therefore resistance) caused
by change in position of the sliding rosister, ¢euséd a deflec-
tion of the pen on the.graph paper.

*

. “The fixed wheel could tﬂm in er anti-clockwise du!cti.on only
| (as viewed in FLATE L




Beckman_

=8 e
. Recorder
e_Pen

SLR=Signal-Limitin

Resistor.
RV=Reference
(E) Zgg:}gxe(ﬁ), u Potentiometer

ommon.

RGP

(F) attached to
spoke of wheel.

Movement Tl

of Lever. s
- 3 -t
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- | prevented from turning in a clockvise® direction by the third
safety brake (see: 15, 22, plate 1).
(6) After each trial, the load vas gently lowered to the floor, by

¥ - releasing the safety brake (see: 25, plate 1). | .

(see: plate l,Jp. 67; Plate 2, P 69; diagram é, P 5f;

diagtnm 9,-p., 565 plate 3, pi"71). -

o €1) hudio aﬁpata&us Gonsisted of a Roberts stereophonic 4-track

tape recorder (gee: 6, plate 1; 2, plate 2; diagrem 8; diagran

9) both ting to & specially iucted tave track/headset

control panel’(see: 4, plate 2; disgram §; diagram 9) by ¥
‘specially &onstiucted leads.

(2) Only 1 track of the 4-track tape recorder was used in this

investigation.” Howver, the apparstis vas designed to allow

. information from-either of 2 tracks to be used.®*
4 (3) . The tape track/headset control gs;nel contrélled input to two "
i ’ . sets of earphones: () e Qenmenut'g monitor headset sarphonds

(see‘ ) “plate 1; diagram 3 diagram 9;- 45 platn 2); . L
(b_) subject's Roberts stereo headphones (see: 2, plate 3~ -

dihgran 8; diagram 9). The 3-way switch on the control panel
\ (see: 4, plate 27 diagran 9) allowed the experimenter Je

control which of the 3 tracks was heard, at any time, by the

subject. " i
57 * (i.e. as viewed in -PLATE 1), o X
) o * 2 tracks were dsed: sim: ¥ in other ightions vhich’
A . X have- been described eliewh’b‘n.‘ . s
v i « By

*s (i/e. tracks 1 end 3 could be used simultapeously). .

(b) Audio Apparatus - . Ps
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(4) White noise (sea: p. 16) was recorded* on track 1 of ‘the

4~trdck tape recorder, using 'Tenzar' low noise, professional g

quality oxide recording tape. .The intensity of the white hoise

through. the subject's earphones was adjusted to 75 decibela
y (ab)* using a General Radio:Company Sound Level Meter. (Type
1551-C), mnn]_{bra(,ed in September, 1975. Volume and tone

. controls of the mbject's earphones vire, adfusted and taped

(_g_ 2; platc 3) to pmvent su'q;ech intert.‘erencm)" ¥

Mgt () 'Sbiect, instrustions vere: recorded on the cassotte tapa i
. d :

i | _mcoxder, “using a’ 'E:\—dymsm).c Enitepe’; "ow: noise cassetto tape.’
| trie. dnteh o, Ncaxded 3 ions W ndJuated ©6:70°db . ;
2k or L5 db) nging the" Saugd Level Hetar. ] g

\ ‘Tona and oluma cbntrola .on bom npe recorders were

. \ u\@danhsad t}u'nghwut the' :anestigution. P
o “(7)"| The 4-track tape Tocorder incorpomhd ‘a 'dusl-gpesd contrel

% | switch, -allowing thie'“tape. tu play at: (a) 9.33 cms./sec,

- (b)719.05 ,cms./see. Ths ‘glover speed vas chivsen for Playing

Yuck conhnuuuglz du.ring the- 1nveu‘m.gntian,.output o the: ear-

lbeing dote: _bythe periie "gcontrcnpanu.'

en the subject liumnad to hite nexse, .the cassette

e corﬂer as “tempd) ity suit.chsd 3 : h
;X’ dbove s ¢ alloied sasy sxperin control ‘of uw e

JT:[O systam. uh.-m 'npise, -or Fecorded inatm\:txons, doud. bo -

‘  o U

ounﬂ mcenany 1o caliod 1 bels Gne-tenth ©
~bel“is called 1 decibel. '.One dec:hal rapmaents an sl:tunl
hzcr ase in inbensi.ty 0f 1,26 tim

. The' tenaity-of the vh:we nolees; was monitorsd agai.n ac ‘e ond
of, the invustignt&on, to. ¢heck ‘the rallnhuity el’ the
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% followea Dy & green gy Jdpliv \ove p= ~osc
i + Unforbundtely, due to illness or injury, only 7 subjects
completed the testing pmceduﬁ. ,

|

initiated or terminated et appropriate-times during the

investigation. By setting the control panel to allow input

from the second stered track, a period of 'silence' could be
presented to the subject. [

£

(See: plate 1, p. 67; plate 2, p. 69; plate 3, p.71;

" (o) mental Boo

: ) plate 4,

p. 73).
The' gibject, large bicycle wheel end lever, part of the

" copverted. table, ‘and’ pan of the pulley chain, wers fmusad in

- 8 a uh: f,é o] ne Houth (see: 11., plate 15 5, plate 25
‘2, plate Bpcy plam Pisis v »
e (2) ‘e bobcum helf ‘of ‘the back ggg; vas cut avny, 2 sllow

| L paunouhg of ‘the ‘tebile (aser plate 4). ~The noarex tuo-thlrds
of the table projected into the booth; a gap of 5 cms: vas
'a.uaued betueen table top ‘and back wall: ' \‘ .
Small hules in the walls (see: plate 1) allowed pagsage of a]_l
2 \

Part of the front wall was cut avay (gee; 14, plate 1; plate 4)

@

electrical wireg.

LR allowing: (i) subject®entry; (ii) the subject to observe

uaigbff (i.e. resistance) Kicked egainst (sée: plate 4).

(s

plake 1i  plate 4) allowing passage of the pulley chain out of

the booth.

required. for initiating sdoioch avings

|7 (geer p].ate 1, p. 6’7, plate 2, p. 69; plaoe 3, p 71 plate 4,

P. 73; plate.5, p. (755 dugx-pm 10, p. 59; ‘disgram 11, P 60)

|
(1) A black g]nmd bourd, »hou.sing 2'bulb sockets l:onf.aining 1 md
ggm buld (J.ert cehtx-s) and 1 ﬁsu Llight bulb (rlght centm)

An additional section’of the front’wall was cut away-(gee: | °
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was suspended® from the inside of the front vall of the booth
at subject eye-level. The height of the board aboye the ground
could be adjusted’ to suit individual mquiﬁmov;ts:.(-ggg: 1)
plate 1; 3., 4 and 5, plate 4; diagram 10).

(2) The lights were Iinked, by an electricel wiring system (see:

diasgrem 10; diegram 11) to a control panel which received an
A. C. supply (gee: diagram 10; diagram 11; 7, plate 2).

(3)." Tpo spocially designed ‘control panel incorporated: (i) a press

" butbon switeh, controlling initiation of (a) the rbd *warning'
" light arid (b) tdb ‘green 'go'’ light;' (ii) ‘a usc{—n Model X

Lid state tiier, ontrolling. the fmpemd betueen 0.0 arid.
5.0 dsconds (see: 1-6, plats 5 vnriahle fcrepeuod after
. ' the ted’ 'warning' 1ight came «}r\(see 3, Plate 4) the gmn
' 1go" Tight came on (ses: 4, plate 4). )
. (4) The red light vas initiated by the experimeiter preating the
nuungI off/on sultch on the control panel (see: 3, plate 5).
Both 1ights remained on‘until the maing off/on. switch wag
prossed. a: seccnd time, when buth liuhta were, cancened (g_’
diagran 11)
(5) ‘The nd light uamid the subject thetthe green lizht would

come on’between 1 a.nd 3 seconds.later. The green light served

as. & stimulug, and indicated to' the subject that he was

- required to kick the lever as hard and fagt as possible.

*  String, passing through the roof ‘f. the booth, ﬂnd attached to :
the board by nails, allowed the position of the bpard.to be
_ adjusted.

FOREPERTOD .= theEime interval between in:.tiuh.on of the _j
. 'vgming' 11ght and. onset of the gEGn “1go! g ,

+
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(6)

(@

Small red and green scilla

1ights, fitted into the electric

ciroudt, (sec: dfagran 11) inddcated to tho experimenter whether

required for mndon v-ﬁaHnn of

*.the lights were 'on' or 'off' in the booth (gee: 2, 6, plate 5)..

The foreperiod vas randomly veried (sge: Pmcedure, p. 101) by

moans of -the Motrix Nodol MX solid state tinor (see: 7, plate 2

(L) 2.5 chondu. (5) 3 o seconda.|

P 69 4. plate 5', p. 755 dingm '0, P-
msu 6, p. T =
"

By adjuzhing tno For on um timer (;.e_

In this vay,

b Ph-te 5) t!m
sub) ws askm‘l 40 Fespond to any 1 of 5. fcmperxods on each
+ 91, v—u. (1) 1.0 suconds, (z) 1. 5

59 ddagren 11, p. 60; -

sfoonds (3) 2.0 secqnds;. -

thé' experinén-

'uu- caulﬂ ntbcmpt to pmvent s\mecc unh.:npu.tinﬂ It the

stimilus, l

by um experhnenber, the red 'va fing!

grean 'go” llght aid ot . coms dn. afterva

circundtances,

To prevent the

\cm sibjoot:vas'

men light 1

R

" To mmar pmvant mucipauon, un some uccuiona, controlled

cam, on, but the

Under such .

mquired to px\asu the green ogrzon li.ght w_i; (.
105,55 plate 5) priorto commencing the trial: :This procadm

used t‘or

|

Rmu-ﬁnm 'N.ms

gaticn ias mc utiliuad, ¥ i
aaauuon s are standard:.aad hers, "for ‘uge dn furture |

;nvustigat:lonm )

s

ing -of "the gre_ light (aee. diugram 11, ‘p. 60)

g
e

: quxud not £6 ke the Tever.

roml comxng on; ﬂm‘qxpenmentsr was

" gperie the’ ciréuit uhich normally alloved autonstic triggez\—

t
thbnugh ]lsm:tian Tima dﬂta ecllecteﬂ in this i'rlv!sti—

o

l‘nt

|




(See: plate 1, p. 67; plate’2, p.’69;"plate ', p‘ 73; plate 5,
P 75; disgran 12, p. 63; diagen 13, p. 64). .
(1) A ‘Model 1520 'Milliaacond‘ ‘eledtronic digital ‘tiger was used to

h masum subject-Reaction Time (hde: 10, plate 1; &, plate 2;

N 3
# 7—10, plnbe 5 dxugran 12) P |
(2) Tha ggtal mm- vu linked, by an electric wiring system )

o ) 1 .
s N ,‘ (see; digren 12; dJ.Bgrm 13) to the cng panel _uh/ich[ Lo
i 1 ; ;. determined 1nit1&tion of ‘the'7ed warning lght. E -

(3) The Metrix Model MX solid state e;eocmnic timer, housea in the'_A, 52

. ~control ‘panel, pones&d 2'80ts of eléctrical eontacts (gee: ¥,
2, didgian- 13). A& vmab:re foropériod (pré-set) attor- the red ]
'warruy_lg' héht came on, the green 'g0 light came on. - Onid-ae}. e
of contacts (gee:'2; dimgran 13) vas usad "mtch nn“ 710 :

3 . . 5 vcltu, ’w turn on the green “gg' light. The second, ‘aef. of
¢ a contacts (sse'(.!‘ d_iggmm 13). was used to 'start the gma_),
 redobion tiner.. Tnitiaticn of the M end digital

- : " redction tiner occurred simltansously. -’ . a o
.- (4).. A'stdel strip, Wousing'a’ microgwitch (gee: 6, plate 6) was
(ulhed to bho\upper sipporting frame of the-largo bicyele whdel. .

(L 9 pl u 6) such t.hqt, vith the wheelin its reutn.ng ;

osit.iuh a ccmtact was mada bewsen th= m‘lcrosvitch and a

+ second stsel gcrxg (g__ 6, plabe 6) at,t.ached. to t.bs rim of
3 the vhael. i i P o il ‘ ;
(5) m: m:lcroswitch was electnca]ly inked 46 the @ Jsgg =

it tiner (gse :

diagrum 12, diug'mm 13) via & vimg 5yebem

‘stproiastely 1.5 métm Long,

7 (6) The ‘mierosul v used to ttum ot the model. 1520 reacti.on

timer. - Slighwst prosaure on the Wheol Tover; ‘vhen the suhject

'ba‘gm L) kick e 1evet, caused relaa:e nl‘ n ‘mzernuuiwh trom’
: i

Sartle wir 5 i A |



TU*(N.B No

/

heélqnan ;
~Recorder -
4

Digital -Reaction ) .
Timer (Millissconds)* ‘~Mains Switch 1 [

Switch Controlling

Foreperiod Time. (0-5 se:s.) —

‘Booth.

. {Ready
Rea)
Go

o
(Greer})

TFo

AC Supply/

110 volts

7,

S yolts

¥

mt\n'e 1nvestlgat1cn)

Comes on.* * ‘Lever

a




Ceare, 1
| Fiov.
Al

[
Py e

P i
1 o i

e

M,N.0 *

QUECIENE SNRES 5y TS T

P S

RT"

Model 1520 Digital Timer.
Mains Switch Off/On.

Green Light Switch Off/On.
= Microswitch (N.0)- 5

reen (Stimulus) Light. (S

e bject)
o G2 = Auxillary Green " (St nmlug llght (Experimenter)

uxillary Red (Warning).Light (Experimenter)

* (Not used until a
future :investigation)
= Metrix Timer(0-<5. secs.)
Beckman - RECQI‘GEI(MarkET Pen Circuit)
= Relay(l‘lomally open)
L1/L2= £.C Lin

Common. ° "
Normally Open. 5
Normally Closed.

Set.1: contacts(start RI)

7= Set 2 contaéts( turn on G{/Gp.

L
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its steel contact, ‘ausing the microswitch to be closed (gee:
diagram 13), ‘
(7) Damage to the microswitch was prevented by thé second braking

device, attached to the Tim of the wheel (see: p. 47) ‘when the

/

lever was retumed to its

resting position. i

(1), When %ou.age Qaa applied to the ciroult, by the ei;;ermen-
ter pre;sing (.he maing sui%h (see: 3, plat.e 5) both. the
' . red Lights (L. subject Vatning ngﬁt and sxpsnmenter,
auxi1ldry varning Lght) ‘oame on imeame:w
Voltage, vas sim\ntanemmly applied to.the Metrix timer, ;

‘imtiuting the Iomperiod. at

Upon termination. of ‘the 'fomperlod (1-3 saccmda) both
sets B cent.ncu (! and ) vere closed, causing’ simil-
tmously () the.gisen ngtc 4o tcome ont ‘and (b) the. -
mm reuaticn tiner to start cmmﬂng (in miuisacondﬁ)

- (1v) D_'L\xmmtzon of : ‘the, green 1ightr miumad a mmjece <

.reaponaa (die: the ldver was ldcked) “Slightent!

pressure on the lever (i.e. “slightest mnvament of! t.ha

wheel) clcsed tha mxc;usuiuf\, ,stop'ping the _p_i,g;

OB Atf% ecording the maetion Hms store (_g_‘ 8, plate 5

X
the timer vas ueet (ste: 9, plate 5). the foreperiod was
) : aguaeed (__ 4, plats 5) and m{.}r bridl could bogin.

(g) Aamnmn Nuuimd
(,__.'pm.e 1, P 67, and plu‘be‘S, P w. “and plate 2 p. 69).




(2) Holtain heignt \Weasugenant spparatus (ses:’ 2, plate-1) alloved
accurate measurement of :\lhjacts' hB:ghts (accuraté to 0.1 cms)
3y a slid:l.ng gentimetre rule was uaed to- udjust a.nd measure the,
length of the lever am, for each subjast. )
" (4) AKodak Timer Glock (ges: 7, pléte 1; 6, plate 2) was used &3 -
nensres (a)ihe Hine dritarval betjeon trials; (b) the time
" daterval’ bebleen sets of trials. (in minutes Lmd nb;onds).
(5) A w anﬂ e tnbe nensum d to .

measure and Gonfirm ‘the :elatlonehip of ‘the ’lngla of ther

-pechehical mavement of the bicyela wheel to the d.egres,af pen
Mgn ort the Beckmen Regum_: (;_ diagrim 7)

+ ‘gpirit measure uso'ensmd that, thé dever arm.vas hanging
exactly' vertically,. in the’ resting position (sea: plats 6).




BLATE 1 — GENEBAI

OF APPARATHS.




to-Medic Scales.. .
in Type RL‘H”Dyndgraph Recorder.
se Cardio-Tachometer, Model 609.# .’

(12-131) Student Model'C. 8.

0. 1725-11
Sécond Timer! tlock.’
r;.ck/ﬂaaduec Cortrol’ Panel. (Audio cmml)
pmme (Hew).eht “Packard, Medu;al Elédtrwnicn) ‘for;
Fo-cardiography.* |
Model 1520 'Milligecond' Electrmic Tiner .(Readtion " Tzima)
B.encdun Tine (foreperiod) Control Panel (incorporatbk a
Model MX Solid State Timer).
“Roborka Portable Single-Track Tape Recorder.
;Suhj:t:, comctly positioned 67 mstmg in Booth:
Exper 2 erltal Booth (Pulya(:ymm)
Chain (part .of pulley gysbem)
zo-xﬂb.ogmm Toleds Wofghts . :
25-K1logx'am “Toledo Weighb. vgu soin A 2
) ogran Toledo Wa:ght,. g G g 3
2-Knlagram Toledo Weight: s i oL
grein Toledo Weight. a4 !
51 mognn Toledo Weight, -

& -Track:Tape

5 ‘Incorporating, ' fixed wheel’ ds pm. of puuey ayston.
pportiig am of’ puloy-whedl. .

Superex! ( : L W




FOR KEY, SEE




: Appare irra of Controls for Testing:

. 12-100 (12-131) Studane Model G. 8. R. (Skin Canductanca) #
aom«da 1725-11, sum ka Tape Becox‘d.ar.

Superex *“Earphones . (

Tupe Truck/Hesdsst Ccmml Pml (Auﬂio Control)

Model, 1520 ’Millisacond‘ Electric’ Tifer (naacmm Tima) *

Rcberbs Pombls 51ng1e-tm§:ape Rucozdar. W

nadux Crame (Eleetrocnxdicgrnphy) oy







Ex:

2in posibion) ¥
- Safety

. Wheel (s,o\vh:.ch Lover 1o attadhed). ol
* F),ngez‘ eleatrodes fox- measuring G. 5. a. (Galvam.c Sk.m,
,vReeH.umaa) »

i Attaqhment nf 1ave! to. centre of Binyelc thsl‘

-T2~

F N i L P
PLATE 3 : Subject in Bdoth 'READY' to Respond to Visual Stimulug:’ |4

\

Eyes vatching hghts., iready! for gtimilus.

" Reberts Deluxs Model, 4850A Shﬁo Hssdp!wfms (Subject). i

a1 of Po],vstyrane Bootha i .
cmun ntuch.ed $o:whol (pm of puuey uyucsm) W Wl

Elast:.c bau (mr a " El <

Electmden (Elactrdur&iognpl\y) *

|

Foan p¢dd1n3 (over edge_of R : . .

;, bt ves utiledd: in: subadquent inveatigaﬁms

This’ ‘apparatus’vas. not required in this: mmugatsm,




) -5
PIATE 4 SUBJECT IN CORRECY POQSITION RFADY




F\ﬂy-w:‘na Bwth seseis_ i 5 g 2 e :
Roberts Del\m )bdol ABSOA Stereo: sndpbnnn (sﬂ:joot)
ndy' umu.ng -(RED) Light 10nt), -

‘Stimuus (OREEN) Light ' ('0Ff' ). - 0 L, -
©5 = Blaok' Adjustably bBard, housing Lights. - 5
6 = Enbjsct‘- b--:k (- atnight) R B

! mght,. e
8= ;mumda (Elntmca.ldiagraplw)
" 9 - Elastic Bolt (for El
; " in position).b - P
Spokces, otﬂicyc;swml T et an S ot Tan)

8.3 n Finger dgs’-£or G 8. R
ot ~ B muum) » Faos = ; (R
¥ v . l'olbdo Weights (for .mcn-m to Pulley sm.q-)

Foam r.mng (mr edgu of table).

Wired' ' Comnaetion £r0 Tape Récorder-to Bud,hom
wires to Exarcise Cax\ho Twhmaur, oamncud. o’ 2
n?€tmxd;ognph e].nctnodan (Suhj-ut) #257 3o e
Wire’ cometting G S: R. electrodes ‘to :13-100 (12-,171') Ly ket
smmmdelu. s, l\.mplxﬁfa‘r, end hence to Beckhnryp- :
maT, Dmograph Recordor. - it




5=

1 (b

7

—1

C—mm it ol

T s S,
2 ?




1
0 - RLATES : itus used for: (a) Veasuring Reaction Tine

(b) Varying Foreperiod, (c) Initiating Subject Re:

ooy : KeY: - . + | R
: . :

Lk i
imer, Red mght. Inddcator (‘On )

i eimm of "vlurmng‘

:h’l:vnt-rel-li

——e s ]
light and hence a\lwmatw l.m.’um‘.mn of ﬁreen Sﬁmulus h.ght. ] ‘

Adjustable ‘Ferepel;\od' Dial’ Gonprol’ (allo\n.ng t‘

9=, TReseti cmml (for élearing aigital. ‘uspla} resdy for nexb.
i) s B, i T b -

= -r\mLmn' conitrél (allau‘lng measurément, of Heacticn ms dn

mmsaconds) e

L 'ﬂns appmt wag' ot quimdin this inve;tigat
‘bt vas utilised:in subsequent invuptigat has)




£ - o - e o S
PUATE 6:WHFEL AND VPR WITH ATTACHMENTS USED FOR MEASURING:

(2)MUSCULAR POWER (b)SIMPIF REAC
—




FPLATE 6 : Wheel and’ Lever, with

; Pover, (b) Simple Re: s

Chain (m.md o Tim of wheel by steel pin).
‘Bioycl- Wualm

(nmilking —puiﬁion of mm)

. ; corner pncsa (ntuchmg vheel aanunn; to bean) .
s 10 = Safety bmA\No._ 2l
v . Mtachnent of| Potentiometer to spoke of wheel. *
RS s{eeum*'rfnr ‘Avx-. y < .
© 13 = Reinforced-Wooden Teble i

T g nuuxuna Anile Rést.

i & Plectrical Link of Me.m_m o Inpuf. Chanie), of Beclcaan
5. § i n-cozd-r.

St 6. mz;—sw, Link o Micnmmh %o Model- 1520 ngsm
- % _Maction Timer.*! ? it
. » » p

- .
(.8} This apparatus vas. hot mqumd in {hi mm;.uon,
but ves uﬁliu;i in_subsequent. invasugatimu 8




3. 5 ANALYSIS OF VARIABLES:

Ar( attempt was muda ‘to ‘preserve both INTEBRNAL and EXTERNAL

. velid.ity ; procedures were designed to: (a) inaximi 56 primary

a;g‘ nce . - ts

(), | PRIMRY VARIANGE - i

Sk il I The' prhnazy vnﬁabl;'({.é. ). ves

ced o - .. meiinised’ss'far ss possible byi . .

: e ) itestin&-sul?jnts vith 5 different toreperiods, chareby
providing aiple oppoPtinity for: chserved differences "t

pexfomence;

E (2) testing subjects over a. uide range of fnrepenods (1

seconds to 3.0 saconds),
(3) ‘testing subjects over 24 trials, allowing collettion of
- data describing 4 ale ‘vith each foreperiod;*
) M varying the foreperiod, thsre‘hy preventing my
: m—.tmutm effect meaking pcs.ama aifferences;

2 5 2 5) - controlling !'creparind uc:urately on. mh trdal, thmugh '

use of reli.able mensuz-:{ng instruments (but see later)

(0) szwunmvmmm' . Tt o

most of e :.nmgenng vamhlag by:

s _pmved m racigua
aﬁahlaa (hm; e 1am) ,

" 4 attempt \ms we 46 gontral (i.e, ndnimse) the eﬂ‘ect ur 5
.

!, varisnce, (b) ‘mininise secondary varience, (c)minimfse errer




2 © " -(3) DEMAND CHARAGTERISTICS. [ o S

(1) PRIOR ‘MANIPULATTON: ) N

% ) . (1) - Subject Selection Procedure:

A randon sampling pmedur\z ias adopted, thoreby’-
i A i

! octusiivdy sxidvgting et vt wibinds
o the. sfféct. of extransous variables. . Luntsers iwere not
s :used.,.,,‘l."‘ R gl ey
: - ("ii) Organismic vmabhgx s et R
e ‘ 1" M4E vandom seiple ves humogeneons ror sex, rade; U
B o oE g qc,cupat)un and educational Level, * but, not for ags.**
. 7Y " k s "‘ ! ’ ’ =
AT EAch sux:jem, vas req\ured for f.es\:;mg on-3 separate dayh!
! v R at”sampc to mnmise Possihle *subjéct changes’ e
3 Lo Juring Ypis’ poriod (i.e. changoa i ‘attituds, motivation,
e s " ., irteresty ‘stréngth, body veight, fitness, leamning .
. es outside’ the d ul tio '
5 ‘performance capacity')*, the Polloving procedires
‘_ N g udapt’edz‘ T o
Bty 5 % [
*. ses S B oe ¥ e

Parfomances tay have' bedn more e u.y :mﬂmncsd by

»motxgatjon,‘uthamiga e P

P ertormance cﬁggcig.x aspgmxsd npvn meny. vnr.mblzs, some
ich are 14sted




(1) Swjects vere tested on 3 conseautive days (to-reduca the -

tine during which maturation colld ofour)w.

(2 Body weight- was scertel or}z & X

® " (3)" 1eg streigth ves nompared on2 :epuabu necusiu!:s e

LT (4) Mjectu Vet yrovidéd with & written set cl‘ mstrﬂct

about” t_hn :.hveaﬁgatwn in yhiéh thay' wére enguged. 3

« Altholgh motivatio, uttxtudu and inte}rnt were difﬁc\}lt to.
%Nl, the' follmd.ng vari.dbles wex'e suecessmuy‘ uimised: - . o

o SHtaae favel; ¥ (a) aé,tm, for tasts 3) mowgof © Cu B

. . ' physi.csl sctivity u Hnurs pdoz-\to test;u:g, (4) Hetad © .




v e stngle u-:n?{wrw Consequntly, s matiration
;o . .. oeffects during the | of the £ins), test wers largely,

! " eliminated (-ﬂ points (1) - (&), ppa._101-1); "

(3) lnntunpt\u.nndotoenzm mz.nh-mug

AN .ans-nms -mwnnhmd through tHie u.eﬁu pxneedlm
g !

P 102) £

s s N\
; I'ndcﬁ.nnbh, apeem.L axhrnnl mm, ’beyand the "

“ nxbédmnur'
effect 'upoﬂ muvnun perfarunul. g; uubfauba vere conaamld

“contral, say have hall & stimilabing or cumuw.u

‘over pending nations cns, £or’ thitancs; Hawbver, Sontial here vas .

-izpossible. Gnnuqusnﬂy, subject IM lovel vas cemnd-m i

mhamplymcmt:munbh. = = A
) Testing: : st

“To help pfevent subject .-n-muum tw prevent - -

seation)

Subject, of the purpose Gf the inve

S, the : Y 2 were

(1) m testing cosposed nuu of 6 trials, with the
varied og the 30 trisla.®
(z) mhsm‘wu $o1d. that ég’ randonly varied
M vas menly to prevent anticipation (,_-;.

pi155), A
. (3), The importance of ‘cptima performance’ vas
® ‘Equal mumbers of trials for each forsperiod were. adninistered.
* Tne subjeot vas contimally reminded to kick the lever as hard

timially
2nd fast ag he could. (A practice test was first conducte:
emphasising,this instruction.)




_‘33 -

" enphiasiged; the aubjsct, was te1d thats (s) zeaction tdas,
. and (b) msguln- power were baing mensurvd. .

W LT subject was ‘informed that the 0-trisls simply

% ropresented ‘4 single test: . R
. (5) Non-reactive, uncbtrusi gordin were used '
14 e
far obeuning aata.™) : : N

¢ ,1(6)_ Subjects wem Eiven standard pm-mwtdsd mn}n en-

prior. to wid gt the un. (8B, "4 éontrol group

desxgn vas eanumemd vnecssary £or, this mvaebigatinn.)

An ncumpt varmnde to ‘eliminate uv pus:ibili’cy of" subject
ANTICIFATIOH ef tha ‘4ine of :u'u.t‘lution of | the gmgn ‘go' light" byx o

(1) randanly vuy:_mgj_',hs T (11) b o roced
baiforeperiod ; ar o

whereby subjects were ungure whether the green light would come on

at si1, after thfe red 1ight (seei Apparatus, p. 61 ()., Y

An-sttenpt vas Al.so made to, negu'be (possible mcna;
effect by: . -

%) allmng uubjects to bocome fully mulmng}a u—.&h the

i us before o the’ £inal i

(2

subject on the day preceding‘the final test;®*

Yy e s i) & B e

* * Both were emphasised to subjects, and both
ments weré initially recorded im'a prectice test, since it was
“egsontial to provide exactly similar conditions to those that
would be_experienced. in the FIVAL TVESTI:ATION.

S - s A ) !
* (see: Appn-am, B 8). ; !

2l
i

*» N,B. ‘Subjects were not informed that the tegt; was & ‘pruchws‘
test, ‘witil afterwards.. . This procedure ensured maximum effort, -
from subjects; hencé it was hoped that, prior to the final ‘teat,
" gibjects would have -reachéd an optimm level of performante,
such that, the effects of furtner prnctica vould be mininal,

conducting a practice tdat (of 18 ‘trials) with esch Poeid




g - ;

i i , S -
\\i . . -
3). dlseoi:_s% the ﬂtill 6 trials w r;n.]. test, to
| allow 8 >

(n) the swject to becose physically and.mentally 'tuned? to
. the task (iie. w “allow the subjoat to ‘v_-rs&' (beo:

P 101).); 3 - . £ 5o
(b) m ‘mubject to_ nugh his ma.nm puremncu leyel - prior
T wm.nuom of Tinal dbsorvations.® - s ;

F

(vi) mﬂm-

/ (u) u.ung .ubjnct. .c difhrsnt tines of the day, (b) test.tu w .t

individual at the sems tu- ofi 3 consecutive days of testing
byrnndmlyallouﬁ_ug

1 vas

)

u\xbjemtohmunshyuu ermuwundncr!x (L. Table 1,

p. 89 mww“m-__unleMLt,nhh (gee: *
Table 3, p. 139 Appendix).
Subjects were not inforzed that the inttial 6 trials of

‘the final test vere practice trials. This procedure helped -
ensure maximum offort in. the ‘verm-up! poriod. -

* Performancs has boon shown to be_affested by diurnal rhyths

(geé: Melton, M. G. 'Motor Skills ijeqts' Un;)mbusned Thesis,
Collega of 973)




" ‘Table 1+ Unbiased Method of Allocating ts to Testing Time

by use bf aWARIX.. © . . T |

& N : SUBJECT

AM, /PN Tn@‘(hra.) . NUMBER

¢ L 9.0~ :
M, 1:00 -

i

FISE TN
88888

KM

during the" course of the investigntim‘ Possibly,. aurvivors )

represented a sample, u}*h vas completely disforont. fromithe i
unbu)ed representative sampile which began the expemm.~ This,
factor Limited the extemal validity of this study: 3

(2 -~ EXPERIMENTER, INPLUENGE:

Expeﬂmentar inflience vas largely megated by o ) \, i
k( (1) “testing uuh;setg.u;x‘m no p’d.qr Jmowledge of-(a) the “F

C e ,.(b) ‘the’ expbrimenter's stuly; )

(&) usiig & nmu assi:tant o std tn muemng data;

3 reduci: canhact ‘between ixperlmexﬂ.er and’subject. (This

" - was' achieved by. (a) ‘hévusing subject and mlevant P

apparatus’in a palystyrene booth, sepatate £ron the

S and his. recordin; (gee: Plate 1,
p- 675 geat p. 57, Apparntus) (b) employmg tnpe—
: recorded i_natructions throughout, thereby reducing’
suhjm:t—exparjmenber contact. o m nacas:ary 1¢vel;

" (o) providing written inotry ‘buns pnor to testing); f

Three s\mscu vere. 1ost /diwuﬂled through {1Iness. or injury :

5




/< () aa CHARACTERISTTCS: . ¥ y

S K TN

B emplaymg @ om-[p-oup design; t.husl placeho contrels were *

unnecessary. I - 2

bias vas it reduced by (2) reducing.

indimct in!’.l\mm:e on subject perfamam:e (b) reducing direct

influende” -on coD.eumn afid, un&lysis ot data.®

- (&) ‘Suhxaut b ut duus r-hnv- 40 per :

(|) Pre-enquiry’ data daterminad “that g;, suh;sccs "vere md.va.
(2) Posb—enquiry data aeceminea that; m amects ruﬂisud
the p\xrpns- of the invaa@*ation.,

(b) Sub{et:t " i 0!’ evaluation demunﬂs' !

- Anutb!nph vas’ to 3 EVALHA;’IQ_NII_ P
by: (a) use of deception (mugn recorded instructions)
o diagt the real iritent of the exporizent (geé: p.154);
() funy mremmg subjects, of the xvqlu.mmenh.s for the
vbest-(g_ insmions; p "151); (c) u_kinz for full
: co—apemmn o m suh;ect .(d) etmﬂaxﬂieing .
=~ mstmtiwng. T ‘ b2 o oy

" (2) sibject ifiterastion with other subjocts was prevented by} :

(n) testing subjects on dxfﬂnvnb crcnsionr e

h e 1 .!hmliﬂ be nubsd ‘that these procad\.\res algo- reduced g jec
-influsnce on the experinenter. -

* Mo subjacts had preconceived idaas of- (a)" }he Lml;u’re‘ of the, .
investigation, " (b) the ‘reasons behind it, / 7

- *+ Evdluation Apprehension: is gunem,ea when suhjem perceiva

vEat is Toquired in differont, ways.

T two subjects were alloved inbo uwgimnteq on the g‘m’s
" oceasioni -, . - T At




te % ;
. () ing that no discussion of the igati

i océum‘ci sui?side “the“leboratory. - . 7

“{e) mnvmmm Ry # z
(1) Ermr vunmcn ves mmimised by choosing a Mg

— ta: mg\_:g {Beckmas HacoRies Edacs ~ zeer b 51)

< - Lt meuurv muanu];r pmr. However, hgg_x—g_ may have. . -

Arisen in the intorpntnhqn oF "the ray aata (g_ p. 1o4l

e R 3 (i) Seversl featires of tho a ggamhg dasignﬁﬂ 6 meas\lm

an (see: p:'44) woprosent Sotent i souzces

of expeximental erxor, \rix.

i

ey 57 ok (u.) longth of Jover ik of stulsnt's oking 1o, and’

" conia: q\ﬂ!nt langth ot the' hcking Loves
(Ln) speciﬂciw of the. test and locnllbation of

ll\lzcullm effort *

uysten, o

(0 nbﬂicy of . tbe uck;,ng J.ever t0 w;ehut-nd gbmss/

“sorgis mposed agatnst st-" :
rxght inee. (1,:. kickhlg Imea)

(va) positim of subfec
R

) il : < vith relation to ‘the axle,éf; the bicycle wheel; *
. 1 X ! (v'.\i) machmﬂ.oal dusdvam.q;ee o the pulléy system,
¢ " produding additional :esiatanca +o movement’ of ths

pre-determined 1qm:,J 5 s N

14 (ﬁh)mlucims\r[p of
Recol'dor) +.o g apgma) of ) bieycle vhysel

ﬂection mlxh\uie (Beckman




Specific tape-reco: structions (3#: p.151) ensured

a1 suv;;xeut; plachd ‘their kicking (right) legs in .a °

sinilar position, at the {cumncamnt of ‘eacH trial.
(nr hnah of hc\_«jng dever: . g

o . The lwur l!ugth was adjustod ‘bo suit the plvaiqua
P Bl Kottt oemmrtotﬂseindividuala\m;lect(ﬂ_ p.m} ry,

|
"hwnzngm(nmwucenmotmuhea &toar !

Pm—deternﬂ.narl maTk gn the foot 1sv=r) was ha\ ed upon uu

AR T sl ‘subfREts bone Leogth, (£ron Lnterd conayu oi Semr o

. : e lateral mallealus, of right fibwls). Error vas sinimiced
i by: (a) udnpt!.ng a standand pll'ecudum 6T u]l ‘eagure~

. ' : agts; (b) Tecording bons length (acciiate té 0.5 cmi.)

1 and luver length (ucumbe to 0. zaﬁwsv) ‘for .each subject;

prior to man Testing; (c) mdn(‘aining axncf.ly ‘the

sams. 1ength for 5\1haequ-nt’&cat)ng periods (for -~
o any' s¥bje )., e % " sw
(411) - & city ur tosf and docalisation of msculamaffum e

Tu help erisure that psrfoxmﬂn meas\n‘ ] rupx‘ssentad onlv
dssired m bt posttions, prior to,
difing; dnd inmstiately fellowing each’ u—m. vere
. (see: p.157). pally,
"gach subject was:asked to react with exactly the same

. " movement in response’ to the présented stimilus, and. in

+ exactIy%ho seme manner; at the codmencement of each

trial (gee: p.15|) Despite precautions




howdver;* m£ yarisble factor repregentdd one of the'
. - biggest hm'ltu‘hxons.govandng mwnmney of trits
~irmastigations :

(iv) Maintenance of tension i the pulley system:

T ensure that all’ subjects ‘were applying force against
5 bata ‘were: 2D
© 3 .
S the Pre~determinied load throughout the. range of lever

mmmnt'grdduc‘ed, ’mceux‘@m wn oquel dmourt of tensior
in the chnin uf the puuey sysm “at che gm:emsgg o(‘
nch tx-m of uw test, Prlor to, Tgsﬁng ench subsaat,

e e degm of “tangion in the piley :yabem (mh e Jover:
in:ths festing position) udi sibjedtively end objaef.ivsly

assessed by the p;eee_mpanur (sae p; 95).- Such

precautions ei&imd that’ changes in the pl'clsical B

* nature’ 6f. th B pulley system, vere- corrected i.madiuuly X
pmvsnzing ahy varisble contdmnating (mecham.ua.l) efz‘ece. '
» . Ay amcts wvere therzfqm constant throughout: the test.

(v) Ability o the etk 1over to \-n.thstand 'streg!t

Due to the excu{?aiva m\mt of tom applied aga.mst the

foot lever, it. vas l{able ta hend. This poss:.ble source

g
of expsrimental ‘doritanination vas, quarded ngsl.nst through J‘

a routine inspentian, 1mediuf.e1y pnur to, tosting each *

subjeut. b W
£
(v1) ior o o ac‘t'n right” kl‘dnn knee, ¥ith relation -

‘ g )

to..2x1e of bicycle whee!

. “Specific tape-reconded instructions .(ﬁ: P:151) ensuged

* Whilst this source of errer’couldnot be completely elininated,
: it wag contrdlled by adopting a-procedure based én'a previous (
- pilot jnvestigation (using 7 subjects). designed to test the
. reldabiMty and validity of the spparatus used for.meaguring
. mascular- pover. 2




l

11 S L WY

. e
| tne oxlé of theucycla yheal. . - o
e
(ni)Resintsnce bo movement Emducec_l by the pulley. gg : T
" Mechanic 'st}dv!nt_._agee Ere pmﬂuced by: (a) mction R

. } (v) sl:lght misulignment of the fixed vigsl of the’ pulley

| sim:L'lA\- pasitian, With the axis of %he kme in Line wi

«L ‘imidurred thiough tho le sten (gest diagtum 4y pe 4T);

‘and the lmrge bicycle whgel" attuhing the* Kloking levor; ‘
! (c) relative gcsi.tions of the 1au1, ﬁxerl wheel of thp X

pullsy dyatan; ﬁnd. o lso0t 1ever (to vhdoh egfan-. ey

applied). Altm\gh siich-dedign faults’ produced slignt \" s
inu{.’cnra.c‘laa :m méasums of pus M E T, tbsse eftects &

abnisiant H\rcughmlt( oy 2 10@

40 novenert. St the bicyele whesl:. J .
The mugnitudsf o doflogtion of the. fsedls on the graph

. paper wasg dimctly mlma to. the degree (1. qlinmee),

that the bicycle uheel lwer “was moved’ on each trial (geet
RO ) .
'p. 105; see: d.l.ugm 5 ps 50). The- exact tiunahig B

|
[k
[ts betveen these’ 2 varla\:lda wag Asuertaineli (\ming tupe/\

. meuuum and ruler, and mz't.her checked by unmg a gpirit - ‘ .
| . level) at the beginriing of t-,ma investigmnau- 'mm : .
i was g bry 3 i ths or.tgi.nal

-

Nt .
Position of the tablo, on hich the” dubjsct; ask, ‘andthe vertical : |
distance .of; the h).cycl- wheel hvm the floor, were both

adjustabla, : e L //» e
A B

[ Tle. Movémsnt of the lever- i a clockuise direstion-Zased a

ndedle - deflection away from a basal. (résting value),. Movement s
4n.an anticlockwige direction ciused ‘the needls to returm to’the- :
bnsal pusieion‘ . R . . =




at the 'afuu"‘-‘ thereby

enaurhlu the relisbility of !.‘ru.u -uun-nt, | thus-

ni.n:l.nh;.y -umtsrm » e 28 ¢

Mes smen Stre: 2 p. 15) C b &
Aun’nlnt of each sbject’s leg nm&u zade by &

: uasuuvu wnﬂ.mdhyuaessinghg nmgthcmu I=
o 8 eund naoaaien, hma‘ut‘ when t.lu.uubjoe(. was. nal:

i ]

":'f'tig}s‘ by, pmdou}}:ﬁha (ux 5.9 ¥l

u;,.

. Tine between trials a3 sccurately determined by using a_

reliable 'Koddk Second Tizer! clod %+ p. 66).- Eore—

" pericd was also standardised-by using a very accurats and

relishle 'Metrix Model MI solid state Timeni (gee: p. 62). +

1 of Hetght and elgntd\_ -
Subjsct's beight and weight vere tely and relisbly
ascertained by using the SHoltain' adjustable Eaigat
measurement scale (accurate.to 0.1' cms.), and the
“+Detacto-Medic :al:u (acaurate t0.0.1 Kg:) ‘respectively.
Weight vas measured. on'2 aapum ocaasiona.

o A )
Stands Conditions:

sting yaa'condusted wmdex

Other me’?ﬁ/gagﬂml o those already mentionsd)

jncluded: , I
(1) \uao!‘lpo]vmﬂmbmhh(_g” p.' 57), and vhite
mxuwamms(__ p. 51.),vhtuh

« IR e r

of 4 m—u 1 ‘intervals ard dribel [




» )
kg N s 1 \
& - . , (a) % emiph H 2 ’i.e. from L
. e’xurnal gudiitory or vieuAl cuss) which mey have :
N - 3 '/ L dmmma tl?’aub_)eat thereby producing experimen-
; SN e sontsmination, and () provided wnifor
Iy \\ i conti o Hhroughout! the testi - " 4
i (1)  redorded instrictions and uhim}ncxse mmugn ~ !
. = ¥ o earphoneg; © - ;
@, I (441) sinilar attize tar'an’mgsct.: ' s fd
(9 " adjustabio ‘yaridng! end ! " lights (see: . v f
i ot b '}) thoas yere edjuabed to a\xit tndividual ' ;
: nquirﬁmnhs, i . iy !
> iy T emctly ;m_m ssqunme of trials for all suhjeutu. O
S 6] Ralmﬂitv and Validitv cf‘tha m ‘ement of 1 2} A
: . power:: - . - " :
~ U (@ Some abjections’to the validity of this nedsure
hm alrgady bech. stated. * Hmver, the vma{" of :
Lo . tis dnstrimen’; ysod dspended largely upon assump-
[} ¥ S

tions and conditions involved in the application of
# 'cart.a‘in mechaiical principles (see: p. 103. ’Auo:
3 i © . (a) the subjest wag given a prior préctice ma‘t‘ in
o an attem;;{ to control any lear;xing factor operating
in the, Pinal:test (gees Pmadﬁm, P 9&)’; (b) the.. ,-'
+ sibject was told 4o fiove the Lever as hard and fast
. as He fould through the mnéa,nf novement (gee: |
. : . -p- 1575 (c) & previois pilot impstigation had
e | . in&icamg that no 'fatigue effect! was operating

% Tt vas Found'that the most siifible position for the Lights vas P
in front. of: the wmbject, 6€ his téye levell.
N N 4




[©)]

(10)

- Standardised pmcadum were ﬁnalised dus
)

(11).

Suitabﬂitx of Sb&tistlcal Tentg w4 ¥ .

degign with' two mrpe!‘imental varisbles, was chosen to.

independent, random sumples !‘ronf those populﬂticms and N )
tegting th equality of the snmﬂ.a wéding, . 1t vas hoped
that the test wouldinddcate with some confidence whether - -

the effects of the 5.different foreperiods on muscular

% [
agring the course 4F the-investigation. -

imlred.:.aw]\v prior to thn ﬂ.nal hst.
s

Yalid msithod of calculating meagureg of Hug_u_ular Fwer

from Rav Data: . .

(ee: ITroatment of Data’, p. 104, p: mt\compm- : S

hensive desc}ipt%pn, ‘apd justification of method.) 3 o

(»_93- o #
’ : l) .,/' .' ¥ ' sy ¥ "

~

ty ahd cbjectivity reported for a previcus .

/ : .
preliminary pilot investigation, “in vhich 7 subjects

wers tested over 6 trisls, with a weight equivalent’
+0'20% of theismaximm (seet Teble 5, p. 149,
Appondix) ‘indicated & high Level of stability and

cpnsBstency in recorded chservations (r.= 0.9+ .

obs mtions gleaned from & pnav:.ous Pﬂ.ot o .
L

abservatmns glaaned l'rum an- IS-tnAl ?RACTICE test, y

Tnvestigation;

An amalyus of vﬁriance, \xtﬂ.inng a rapenbed measures

examine cbtained meastres of musculsr powsr. Tts'purpose .

vag to cudparé"r‘(r) 2) population neans by selecting r




B MR W o
. w1
1 ’ g ’
. . «
< * tigna.) o - “a ot
. 2 - . i . l; -
O . .o . g o o )
) 3.6 TESTDO PROGEDRE: - . . T SRR AN
. X, @ > -t e
oo 'zacnono-m:am,cmsnbymnnduunpﬂngpm e TR R
: om,umd vas testad on.3 citive’ dayat® Speci.fic procedures DA
e S Srers adoptéd on each aqqmdgmmg gertain ‘inténded dmqu . :

. - nhmuv“ yhiich moluT
& - Dg‘ an :

murt muuuh pouer, 5"

5 A (h) ternitoig u:h uub:m.'. )u;dn-l hnrl (

: . meemuﬂmtb-g_g"byuzmuehu uu,:'
: { § " dofined -nnnet). < : '\ x “
; ‘\ ) Day:2 | ; 5 P
(a) reminding subject of Experimental vae.d\n-d, 3

o VB e nuatingindiﬁthallni-al'lu;l. . 5 &
@

(@

m;

¥ Only 7 mbTeots soupleted a1l este’ ! '3 dubjecta tired.
idiny through ths, asting procadyse, du o i1hess.on dnfury: -
—— e .
v Each mj.ct vias u.ud at ummum unmh'ﬁf the ) am

# (= as dofisied by any chnngin the pen pumon of t.hsi;_om’
_gg; from its baseline, resting poli.t.im.) . A




]

X < -
“(15) Tpe .swbject was ‘asked to kick th
s : e

(16) The whi noz;e did not’ commence. untu

(9) The' gubject vas told that the Iwnmum load that ha could

move, by kicking the lever uith his right leg, would be
_recorded,  He was alsg infommed that, the slightest novement

of the load would produce a recognissble deflection of -the
‘Becknen Recording pen. - .

(10) Tha subjaet was, instructed to kick the levu' as he g@
Lj_ﬂn*m couldcnsuch tri.nl.‘ 3

ds-uas esd

préGedure, " IRV E LY e
(12)  poters plu.:i.ng/a ‘u ' Qout'on o the ‘weight container.

(gee:. 22, plate 1, p. 67) the subjen:t mqe:wed 5 practide
trials, with a load of' 15 K., which prpvided ‘an
npport\mity ‘to: (n) verm—yp; (b) further mulur;ae

.. himself with the apparatus and task demands.

(13) & t-minute ‘rest period was .ellowed between each practice

’btrinl LR

(u.) During “each trial the subjent recewaa pre-mcomd white
noi e (75 db)_through. the enzphanes (see: 2, plate %, P
73). ‘l’he uhiu noises, (a)" nanmnr:ud 5 seconds prior to,
N 1

initiation of tho, ket 'uarrung"light, (b) ‘vas terninated

% 5 seconds after the -initiation of the green 'go! light.

: light " »‘v»‘

l indxcabed verbally that he wus remiy

7(17) The load was mtumad 10.its 1mﬁnl ‘mating' p(n&xt:\on

atter eemh tri.gl




(a,) xemmd:,ng atbject of r:xpmmantal Procedure; e
2 &
(h) demmmmg the' sffect of randonly varied forpporioda on

moasures: of mcum pmr (umz a zos -of maximm load).

sked. 1 l‘onaw thege. inétructions .ngqmusly () 3 diga
e pidor t.a “and, (n) durmg the 3 days of festing. i
(z) (1) ‘age (yem and months), (u) height, (iu) ypight, and

(av). rignt 18 enguh (:um

(3) m \uqels vheel 1«v§r wes' adjusted to mt ;md].vld\ul

n, anidls mb) s recnnied'( _g;- Tavie 4)' ~/ :

x‘equiremsnts. Tength' of A {tron ax1s of vheol to mark:* "

s




®

(1),

(2)

(3

()
(5)

(6

Q]

A trisl-and-error Rrocess was used to ascertain the
subject's maximin 15ft. )

: \,
Initially, the subject was asked to kick sgainst a load of
50 Kg. :This load was or 'y

after the initidl trial, dependi.ng “upon' subject; perfor-

mance:. " .

_Ini" order: to dotermin ' paxinal 1bed‘, several trials were

iroquired. Nuiber requed varied botveen 4 and 10, for ,

the sample tested. . :

A 3-minute rest-period was allowed between trials,
Bor any subjeSithe minimum load that could “not be soved
(as ménslzréd by the Beckman Recordor — see: p. 48,
Apgmtus)— was recordéd as the macimum 1ift. (Aveilable
weights allced measurement only to the néarest 0.5 Kg.)
For eny subject, maximum load un.sv verified by conducting
2 furthor triale vith thib.load.

Procedures and instrictions vere strictly standardised
~I
for all subjects (see: Appendix, Table 6 (i),7p. 151).

Dz " A

PROCEDURE FOR TESTING SUBJECT WITH 20f% MAXIMAL LOAD -

(a)
(O]
'+ (2)

(3)

(3}

subject’ of i 1

Ses: Day. 1, points (a) 3 - (a) 8, p. 95).
The s\ibisct was informed that his m: 1ift (recorded
the day before) vould be'checked to ensure accuracy.

The subjech was reminded to kitk the lever as hard and
fast’as he could on each trial. !

See

Day 1, peints (a) 11 - (a) 17, p. 9. ‘ B




(®) ividuel gexizel loed:

- (1) The subject was tested with his previcusly recorded
maxisum 1ift.

4 (2) Three consecutive trials were conducted, to verify

% wmmﬁml. s i 5 o

A3) A 3-minute rest period was -mma beteen trials. YR

- : v e XY z_zz smmnnnvntmndumtarfzwth

4 ! ent, maximun, the ;aaa,y‘qu lincreased or, decreased .

L0 i ascorgingly, until’ thé new maximin was ascertainsd. g
S By, ) (5) usber of trials m}#nnd\tor any -'ubje;s' varked betveen }
i }__forthnaupl.em.ted.; . ; e

(6) If 2 measurements of meximum 1ift were cbtained o \

consecutive days for any subject, the pmr measure -wes |
assumed to be the more accurate estimate.® # |

- (7) For any subject, the mirium load that ‘could not be.moved /

(as measured by the Beckman Recorder) was recorded (_gé_'
Table 4, ﬁs 114) as the maxjmum 1ift (accurste to vifhin
+.or - 0.25 Kg.)' = X &

(e) ‘Familisrising subject with apparatus designed m

reaction time:

(1) The subject was ismformed that, henceforth, all tgsteici)

would be dons with a load (i.e. rui.unce), equal tb.20%
. of his maximn ift,

; -
(2) « The subject was.instructed to Idok the' lever as hard_and

“fast as possible on each trial, when the green 'go' light

: *came on'.

H

1o the trial-and-errcr process adopted on Day 1, fatigue
have ‘affected meximum 1ift. H.o;mr, this wes less likely
Day 2. . :




(3) The.subject was fully familiarised with all new apparatus.

. Ho was informed that (a) muscular power, (b) Teaction time,

, would be measured on each trial.
(4) 'Eighteen trials were' aduinistered, with a 3-minute Test
_period efter trials 6 and 12, and a £0-gecond rest ;n—foq,
L ‘after ‘all other ‘triala. 5
! (5) The. foreperiod was’ randonly vamd over 12 trials (;__g
L0 Teble'2y p. 100).' Trs,sla 1= 6 rud not ;repmsan't a

Fandon nurber process,. ‘butvere: designed to rumunnge i

subjects with a1 pnssibla £¢ hpex—iod

(6):" Overt performance, as msu‘mmd‘by (;) miscular power, and
() m?ctinn time, was détem_tnea_ for each trial, by*® 3 "
' asking the subject to kick against a load (i.e. resistarcs)
P equivalent td 20% of hismakimm 1ift." ¢
< AT Duing cacn +tridl the' subject raceived hits noise (75 ab)
through the uﬁphrnes (see: plate 4,7p. 73). The white

s

nofshs (4) coimencsd 5iesccnds, prior 4o initiation of the
red '\mrning! light; (b) was terminatéd 5 seconds after
* the initiatién of the greén!!go! Light.. . ”

(8) A measurs of bleyele unes] velocity vas obtained s a:

tnca on the Beckman Recm:der, for suc&w’ tnnl (_g__
atagren &,' B 51) This Gould be conyerted o a reasure

cular pover by the ‘method out.nnsd in Section 3.7,
s g 4

# On some occasions) the m 1ight did not. ‘cone -on' after
red light. This procedufe helped prevent eubject n.nhicipnﬁ.un.

A relatively small loed was nsed, to: preven(: f:tiga as. a
conteminating varisble. The oad doked against did not corres-
pond EXACTLY to 20% of subject's maximum 1ift; Xosds were
Limited by the variety ot ‘available Tolédo ueights.




'

& Table 2 : Practice Test.
<

SUBJECT NO:
DATE:

TME m:
MAXDMM LIFT:

msmxmuun{m KG.

" KG.

KEY: / -
(1) S.R.I. = StimulugResponse

(2),E = Error made by subject.

“(3) 0.0.Foreperiod = Red 1ight,
is not folloved by green
Tight. i

o i B
g TRIAL NO.  *". FOREPERIOD , SR " . zo .0 . °
~¥. ' (SECONDS) | . "(MILLISECONDS) B= Ve
e y 3.0 ; B
2 25 s
3 b 1.0.
% - /.00 L2
5 , 1.5 % &
6 ' 2.0 5
; . |
4-MINUTE BREAX - Check’ for Problens -
7. 1.0 T | &
4 s S T !
9 1.5 -
. 10 2.0
n: ., 3.0
2.0 1.5
4-¥INUTE BREAK £ )
g 3 B T
1 0.0 =
14 “ s
1 © 0.0-
1 2.0 " as %
g ™ 1.0 ; p [ " —/_
.8 [ LR

5




'Treatzent of Data' (sée: pps. 104-111). Resction Times, *
Gbtained from the digital timer (gee: disgram 12, p. 63)
. .were récorded for each trial (see: specimen record sheet, |
. Tavle 2, p. 100). _ = !

2 ;(9) The pulley systen vés taken, into ‘consideration when
. {, 'u-.mam.sn; the 1oad 3 be kicked mhn. .
. i . £10) . Procedires and instructions - vers strictly stendardised
E t.hrouhout (see: Appendix;, m:h 6 (41)) L2 153)

5 3 * pocpme mn FINAL TEST OF SUBJECT WITH 206 WAYIMAL LOAD: *
k ; 0 ash sibject of i Procsdure:. + .
L (1) & Day 1, pomta () 3-(a) 7, p. 95. B

) - (1) mny t;-xm were nd‘lﬁnhtamd, with a fominute rest
} - . . -period after m-im 6,12, 18- and 24, end a 60- second
K rest period a.mx" all rn.her trials. K 4
(2) ‘e !ompnriod was x-mndmh nrhd. over 24, ;,nnlu (gee:
i Hg % “Table 3, p. 103) 'l'nlls - 6 did not’  represent a,
7, Fendom nusber proeess, ‘but were, dauigned to mn_uamn 2

nbjeaz- vith 11 possibla fonperiod i £ % 1.

- (3) overt perrammcu, as neuumd by (e) macular power,
i (b) ‘reaction time, 3 as dmmmd Lor'e each brial, by 5
asking. the jéck £o.kick agiinst, s Joad (1.3. mnmme) "

/lq\dvdnnt %o 20% of is maximim 1ift,® vhen the green -

= (1) Use of a relatively small load pm-nmd uti , asa
contaminating variable, affecting results,

. vas taken j.qm consideration vhen " mmm.ing lnnl.u
S Hdaﬂwﬂdmmmmw otu:h




-
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(4) ‘During each triel, the subject received white noise (75 db)
through the earphones (gee: 2, plate 4, p. 73). e white
noise: (a) commenced 5-seconds prior to initistion of ‘the
red 'warning' light, (b) was terminated 5 ‘ssconds after
the initiation of the green 'go! Mght. © :
(5) ‘Priortis commencerient, of ‘the white ndise on each tﬁ

- the sub,]act ua.a inatructed to l:l.c): the lever as

fast as he could B

(@F A néasure of bioycle whebl vslocity as obtained as a
t7ace on the Becknan Recorder, for'each trial (sse:
‘ddagram 6, p.. 51‘).7 (For o sgores, see p, 115.)

(7) Reaction times, obtained £rom. the aig;-:tél tiner (geat
, diagram 12, 'p‘. 63) were x}sccnlad for each tiial (see:
subject record sheet, Table 3, p. 103): Any errors were
2130 recorded. No reaction: time data was utilised in this
,invmstigniion Ceee: Table 8, Appendix, p. 160). However,
scores wers recorded: to uhv;qdamisau_un of procedural

8 ¥
routines for future irvestigations.

(8) ‘The above S alloved comperigon of |
ds fsasured, by misular Pover) fof ‘ench of § different

foreperdods. This compadson indicated the emnz of jany

fcrepsripd/perfnmngj (miscular pover) interaction.

(9) and ; uem strictly sed:
thmughm (see: Append.ix, Table ‘6 (ﬁx), P: 156)




.T. = Stimalug-
Res'ponee‘ Inteival.

(3) 0<0 = Red light da
not folloved by |

20% MAXTMUM LIFT K. green-light.
TRIAL NO. FOREFERIOD s.n,;. SE=v
**(SECONDS) . (MILLISECS,).




Vo | )
3.7 |TREATMENT OF DATA:

I(2) Motyod of Power by the body: .
: .

- (('1) Mechanical Principless

Atbach\unt point of chnin to
rim of wheel.

%] = patellictinia tendon
R e of kries)
G1 < radiug of vhsel. |

1, = Tadius of svers
d = rlintanes moved. by‘vhasl

4= ;dzutn.m:n moved by 1e\m~. ‘

(1) The 3 eom‘_wnants of the power equatian FORCE, DISTANCE
| and TIME-could Be anlcum.sd. P of
(2) umce meagg_ug dxatmce through which force travelled.
4 (3) Point'of ggg; ggﬁ on of force point. on micle’ Tegt on.
» X . vhanl lm:', ‘on whiich the foot was. resting. (Thus the. '
s ¥ 5 o ! distance’ the force traveue u.Lara distence (d{ Y. ’ N
| stk the lever Tength, fron:the fulerim (i.o: whel. axle)

i toa point on the foot' vest, a3 the radiis (ry).)
\jk) AM {a) = prﬂportlmﬂ 0 the™lever length (x' )k
‘. ... -and could'be caleulated by:, (1) dstormining disbanee that

e ! SN of,uhsel rigved (d )5 (44) - -measuring redius of \thel .

(r ) (1}1) mensurxng radivs 6f 1evar (r (iv) calc\\—
[+ lati.ng nrc diatance (az) by. T
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could be calcilated by determining Q.hs tims taken for a

ﬁvﬂ point on the :dm of the wheel to travel v.i1 This
time could be ‘messuted using o Beclnan Recorder (geei
p. 51).

(6) The force emmd over distance 4, could be estimated:

(1) STATIC FORCE pfyuired 4 iove the vaighta vith dow

eloeity 'a‘nd Zero adgeleration; “(this c:T:J.\i be determined
by uaiug al aprmg balarioo attached. ot right angles to th

levar Am) (2) NRCE axarbeé -in eddition to static
Torce, giving the weights their. nceeiamtiun and‘: ..

rosiiltant velocity.*

(7) Mechmxcq principles may be. applied to the levex‘ sy.;mm \

s (gee: diugrﬂm 11,)

(1) Fx.Vx = Pover gunetated by mcls(a) 5

(2) 7y Fy ='rx.Fx, theréfore Fx ¥, .
N .. ‘ .
(3) VxaVymx ¢ | :
£y .. 4 Gt e -
(4) ‘«Pznﬁ.r1
T, . . ;
o 2N
5) V) =t.r,.d; | e
T B i )
o i TR »
(6) FxVx= Bz, & Vo . .
> Ty / : .
s i R P

.. must

g was ‘the'kinetic  Snerey of the moving parts, and depended
s¢’and vélocity. .(Moving pdrts = weights, including
pulley and att achmsnta, éver and handle.) ~To determine the
kinetic energy of any moving part; its mass end final velucity

be known:’
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8 ’ ' : N Y
‘ (7) therefore. Fx.Vx. = F,.¥,.

g 272
: ~ (8) el TR R trd .
: 2 - 1.
(9) therefore Px.Vx = Fiitud, - . iow
: =
- .(10) P (Pouer) = Forcs x Distance = F.V. .\ &
« Time '
(1) Px= Foot.d, i < i
(2) Tas of mechiarical § 8 in co ig_measure of.

- (1) “The“above. prfnciples were applied {h computing measures

'or:pwer for any subject, elloving erfor to be
< conpared FOR ANY TNDTVIBUAL'ONLY. | T, ol
- (41) Whan ‘the subject, ¥icked the lever; tho potemtiometer .
~/"  attached to the @le and wheol. spoke, coused o pon R
deflection on the. grnph paper of the Beckman Recorder
(ses: dtogran 6, p. 51). S ) )
+(414)The magnitude of the. ‘d6flection vas directly pr&pox;iénal
-to'the degree of turning of tho uhea‘”]..
(4v) The distance the wheel.was turnsd-(i.e. the distance that
the sttachnent point of the chain moved) in-order to
i * " p‘l‘oduce & maximim gxsrlucuan of - the- marker n,’ was d ;
measumd. ’
(v-) Tn el compututicns, +bé variable of distance ias mede™
tant, by cnlculating the®distance thai the wheel

- (attachment point) iould move in causing & npeciﬁ.e

deflection of the pen (sae. diagmL 7, p. 52). L
(\rL) The gtaph paper trave].’lsd at a speed of 50 mme./aecand

™ 2 phsge. iy, the ‘time
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required for the attachment point of the chadn to travel
the constant distance could be computed for each trial
(gee: disgram 7, p. 52) by girar. deternining the maximum
atbained velooity during the trial.
*(vii)The line of 'Hest £it'# through the 'stecpest' part’ of g
the curve, was assued to represent a measure of meximsl
velocity (gee
(vidi)The bine (asconda) requ:l.xed to movo i lever thal set

& 4 distance, at max').m\m va].auw ‘vas thus ity

diagran 7, p. 52).

coabuted (deat dipgrans 6, 7, pps.51'~'52), ‘providing a |
messure of mxmun VELOGTIY for each trial, of the
attashinont ming of ‘the- chniﬂ to the vhesl rin ( ge_
Ty _i ) . . Table 6,,p. 116).

(4x) Measures of - muséular power wore consequently computed for : f
nliy o the different 1cada kicked Sgainst on each trial (see:

b, Table 8, p. 118):°

" Method of .Calowlating Maximsl Velocity for Edch Trisl:
" . (gas: diagrams 6, 7, i:pe. 51 -52). ., .
| (a)

CALCULATTON OF DISTANCE mvausu ON EACH TR

‘(N.B. Ses: Oh. 4, p. 115, for complete table of esu
(1) Full (d.el Maximum puaibu), deflection of pen (Béckman
Recorder) = 35.8-mns. (dua ‘to maximum pnsu“nle displace~ —
ment of 1sver rmm msting posihson)

(2) Radius of wheel (£ uhich Kieking lever is attached), =

30.0 cms. 'marercxe, circmfemnnea of wheel =
ZRT- 2”;( 22 X 30 =188, 57 cas.
7

» 'H\mn,enar'}'w baye occuired in interpreting the curves.
R e e )

R D et




(3) For a pen defleotion of 35.8 ms., the attackment point

of cBiain (to Wheel) travelled 64.0 cms.*" Therofare,
(from 3):  * . o -

For & pen dsﬂ.act\i;n of 40 ms., the attachment point of
chatr vm&me_é% X 64 bng. ="71.508 cms. 2= 7151 Gus.

. (4) ohssume & pen defloction of 40 ms. for Each sub .-
* grial: i 2 : g oo '

o B ¥ ey

Then; *di travelled by chmént’ point’ of chain'= ' .

71:51 ‘cms. '_ each occasion. A =

caloulated for each trinl, by measiring d;.stanu travobled
by, papersin | order:to travel 71 57cms., and then dividing

thie figure by 50.

. ®

(b)  CALGULATION OF NAXDIAL ATTAINED VELOGTTY FOR EACH :mm
e, follouing pmoedm‘e vas adopted for a:ll'culcu]-.at"ana/
aubects '+ (LB, Sees Ch. 4 B 116, for complete table of

remulte.) Yo o Bl
© EXMMPIE - SHIECTX: . - T

TRIAL 1: . '

TR %
20.8 éec. = 0 416 gecnndg Themfore, Mexiiui Vej.eciiv\of
50




7 9 ms. = paper distanca. Therefore, aptactmert § pni.nt

: tmveu.ad 711.5| ems. 1:1 17.9-s0c. = 0.3581 seoonda.

1 OOO xn ]51
.358

“(41) Justirie {'.iun .tor catx tioal

(1) smcuy, pbe.ma musures of mgmﬂar ‘pover: - (a). cmihi
.noi be cor/:s:,deud abggluye meaguzgj * (b)" could’ not be
* uged ‘to éompare perforuances of dimmw' mdiva‘ﬂma,

béth apparatus desi 5 a.nd al1dit; md relinbili;

the ndcpted vemi

objec!.icns 6 thid app{»omh. ‘several le factors . 1"
lmve baan enunerated elsewhere. (geei Error Variance, B A&7,

) Lmicmona, P 7) Thﬂsr inéluded:
P £ B Hment of i.nerbh of wheel. - . i

¥ {(11) Muscla(u) hngeh(.) tendon(’s) Jleneﬁh(s) o )
* (iii) Knee position Folabive to whesl ‘axle:: d :

(1v) Eﬂ‘activu Jsve!‘ length

T4 (w). Knge- ungle (st.arting)
(i) Exact pnsu.ian of a.nkh rest at ankle.
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- (x)  Body position, and localisation of effort.

(2)
. any indddual on several different occasions.
(Beliabiiity of vas discusised p
(.L__ p. 92).), *x T 5 R
(3)‘,: 5 &l Vo.umu al F to

", compaze, por£omance of. the same’m‘;jects ‘on diforent

Gocaidons, with d:.rfexdnt gom;gnod treatnenta: g
"o test se,veral sltsraativer hvpu,t.heses’ an analysis of

fance ted Fes desien With two
1 variables; was undertaken.® 'The following
‘were justified in g ‘this- anslysia:

+ {1) ' Data, (medsures of muscular pover), was measured on

‘b interval scale. _/ ;

- (@ Columns of data were ind.ependnnt, rahdon saaplea

fron the sreatmnt populations. .

i »(3) Tmat.ment. populutxons vere normal. ., b
] Sor
(5) Slmples of eqm sige vere studied. (This both

had the same bk

) " aioided the' problen of sinoqual population vertantés,

Arld alsc nllmd.,pn etﬁcient compsr).snn ‘between
... “ipeans: (6. Tukey tests) 1f such a cémparidon proved
. to.ve mcusanry) °
(6) Thvias eammad: that this 'hest,(tuo-taxled at the

‘o, 0.05. 1sva1 of signiﬁ,cance), would indicate uith

% :g‘neua.me ‘the_teat hypothesis,:

it wids hoped. toéispmve the hypothesis' of: significént
differerice in this i igation, the alternative hypothesis,

2(; 5 und z(h), bps: 6-7

Obtained neagures of muscular power could be compared for




wh

et

-1 -

.
confidence whether. the effects of the 5 different fore
periods on'measured mufcular pover were significantly

different from each other.
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CHAPTER FOUR
* RESULTS AYD DISCUSSIO!
: : - .
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Table 4
Iable 5

¥ 2 ‘able 6

4.1 SUMMARY OF DATA:
-Subject i.nromum/Jau colléction sheet.

Calowlated distance (mms.) graph peper travelled for
the sbject to move the bicyolo lever a set distance -
st lestimated! meximm veloeity.

Mexizal eahll.ted velocities obtained by 7 mg;m
for each of 30 trials of a test of nuaculnr power
with a 20% sub-mexizal Tosd,

- (&) Maximm voight (Kg.) soved, (b) velup of ioéd.(&-)

sivalent to 208 (

1y) of that meximm; for .’
7 sbjects. ToEE W
Measures o€ sl manas po chteed Wt

subjects for each of 30 trials with a 20f sub-zeximal

- load . j

Mean scores (musculer pover) cbtained by 7 swbjects
for each of.5 foreperiod treatments with a 20% sub—
mexinal load. l




YLOWER . WETGHT (K0.) '~
LEG! LIFIED®

?sm?sﬁ BICYCLE ot THE nmp
SUB-"  AGE " BEIGHT - TEST. 1 WHEEL 1ENGTH () "TEST 1 TESTED ~ TESTEI
JECT - (RSAMEES) - . (CMS) 2;% EETEST 2 1EVER (a8) = (oMS) bg RETEST 2 (TBST 1) (TBST 1)
= 29 . 1810, (g 5.5 Cus M o 8.0 1dpa 1476
8 T gk - M € A0 Mo {omeTinowm  2a
3= 19,8 175.7 E;; gq; 41:0 40.0 {3 11:;.8 ' 7.oop.n.‘ 1.4.76.
it 1. " g i s
o 45 ' ;
g 19; -180.2 . é;}g:; Lhyo5 43.5: Ebi g?g 5‘:-_(_309.11. 1.4.76.
5 19,6 5 Eq) 77.5 44e5 435 % %o .9.00p.|7;.l 2.4.76.
L2 (6) .5, 68.0 o T
7 s, e E;;'_;,q_[g o 5.0 oo s LT
7 22,2 167.6 “(a) 80,3 415 40,5 a) 67 0y . 9.00a.m b 764
G = 4 (:) 80:5 \ E ‘2—\/\_} A\ N
« * (@B, AL pctem Jirts vere sonsired: aceirately, + of < 0,25 Kg.) <
vioog ; :




;115- e f ’

: 1

¥ TABIE 5 : CA DISTANGE (mms.) GRAPH PAPER TRAVELLED FOR 1
1§

i

1, 5 SWBJECT 70 MOVE BICYCLE LEVER A SET DISTANCE AT ESTIMATED
) ] 3 2
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TABLE 6 : ESTIMATED MAXIMAL, VELOCITIES OBTAINED BY 7 SUBJECTS FOR -
EACH OF 30 TRIALS OF A TEST OF MUSCULAR POWER WITH A &’
MAXTHAL VELOCITIES OBTATNED (QM./SEC.)
|
SUBJECT NUMBER d
TRIAL | e .
Wo. |1 2 3 g5 [3 7
156.8  226.3 197.5
192,21 194.3 +203.2
ATV 21400 187.2,
196.5 " 1216,7 189.2 -
"176.17.:223.5 158.2
719 2217 : 190.2
192,2 .°232.2 . 2217 220.7 171.9
[ mEE e oamn s
195.4 223.5. 215.4 ° 209.1 1770
188.2 187.2
197.5 166.3
192.2 1806
167.9 176.1
166.3 184.3 .
174l 162.5 ’
168.7 163.3
188.2 184.3 7
Chamg 169.5 .
188.2 206.7 »
88,2 200.9
1806 206.7
J95.4 188.2 ;
167.1 179:7 ’
192.2 79,7
200.9 189.2 X
206.3 2041 20.70 2207 168.7 2
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TABLE 7 : (a) MAXIMUM WEIGHT (KG.) MOVED, (b) VALUE OF LOAD (XG.)

- EQUIVALENT TO 20% (APPROXIMATELY) OF THAT MAXTMUM for 7

SWBIECTS.
- s
o >
— NEAREST % OF MAXTMUM
MAXDIM  WT. (KB) T (kD) LIFT
WEIGHT EQUIVALENT AVATLABLE E ALENT
SUBJECT  LIFTED  TO 20f OF . (WIM 0 VEIGHT
NUMBER . _(iGS.) MAXTMM APPARATUS) | CHOSEN
Y 7.6 1.5 19.9
: - i, | e
Tl win), A4k 5 200
R X 9.4 9.5 20:2
4 o end 16.2 16.0 19.8
5 68.0 13.6 13.5 19.9
T 6 61.0 12, 12.0 19.7
. e
5 : T
7 67.0 1.4 13.5 20.1
[
,
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TABLE 8 : MEASURES OF MAXTMAL MUSCULAR POWER OBTAINED BY

SUBJECTS

SUB-MAXIMAL LOAD.

(sEB: MBLES 6 7. pps. 116, 117).

WITH A

TRIA]

_EACH OF

MAXTNAL, MEASURES OF MISOULAR POWER OBTATRED (£G. M./SEC.)

TRIAL
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—
' TABLE 9 : MEAN SCORES Q%M POJER) OBTAINED BY 7 SUBJECTS FOR

EACH OF 5 FOREFSRIOD TREATMENTS WITH A 207 SUB-MAXTMAL
LOAD. . (SEE: TABIE 8, p. 118).
(N.B. AL scores'= Kg. M./Sec.)

1. FOREPERIOD 1 (1.0 SECONDS): 7
g 3 SIBJECT NUMBER N
1 z‘{ 3 4 s 6, 7
# - -
12 6.7 8.4 19.5 38,9 287 20,0 26,8
L4 W4T 24,3 - 17.8| . 41.2 333 213 21.6
VB M4 2 192 36,4 29.4 2.8 22
453 °29. 192 3740 326 227 .
x (Kg.M./Sec.) e ) Voo
POVER - 44,275 27.325 18.925 38.475 31.0| 22.2 2505 .

S.D. ¥
(Stam)inld 2.716  2.155 0.757 2.087 2.288 2.054 .3.821
Dev..

2. FOREPERIOD 2 (1.5 SECONDS): . /

- T
b SWBJECT NWBER
|
1 2 3 4 5 6 :

18 43.5 21.3  22.8 345 2.4 22.1

25 3.8 24.2 222 39.5 322 216

26, ot 219 - 6.6, 397 B 21.6

30 45.3 " 328 2030 369 9.8  20.2
x 44,175 28.05 20.475 37.65 29.875 21,375 2.5
(Kg.M./Sec.) . i /,”

SD. ¢ 0.789 ' 3.558 2.794 2.457 1711 0.818, 1.608
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TABIE 9 (Conmt.):
.3. FOREPERIOD 3 (2.0 SECONDS):

maL SIBIECT NUMBER
1 2 3 4 5 6 7
10 46.4 283 202 345 8.2 21.2
11 40.9 S18.2 36T 29 2.5
13- 8.5 L2016 419 326 2.7
23 42.0 26,2 183 387 300 %8
= V 4ho43] 27425 190825 37.95  .675 22.55 23.725
(Xg:M. /Sec.) b . . | ’ . o i
3. Y3591 091 103 2844 2159 . 1.593 3.2
- ~ - = v v
4. ‘FOREFERIOD 4 (2,5 SECONDS):
TI%AL . SUBJECT NWMBER
. 1 2 3 4 5 6 7
7 47.0 24,9 216 8.7 30,2 22.8 " 26.2
16 46.0 - 253 8.0 358 284 19.5 * 2.0
17 46.0 2.5 194 306 %67 19.6 21.9
202 44 249 196 9.5 0.7 20.3 241
% (Kg.M./dec.y i
POWER 45.715 24,9 19.65 3.9 . -29.0  20.55 24.05
s5.D. 1.212 - 0.327 1482 1.602 1.82, 1.5 1,75
. - Bl
ey
* |
ol ‘
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- "TABIE 9 (Cont.):
5. FOREPERIOD 5 (3.0 SECONDS):
o R ' SUBJECT NWMBER
NO.
=] 1 2 .3 4 5 6 7
- 8 47.8 2.9 2.1 3%6.4  29.8 20.6° 27.1
15 Lba 241 18.6 38.7 25.4 22.1 229
22 %6.0..  21.3 21.2 37.6  27.3 244 214
24 48.1 28.3 18.6 34.3 28.9 22.6 20.4
% . 46,5 26,9 2.125 %75 27.85 22.%  22.95
(g.M./s00.) : o
s.D.

J1.8R1 1911 1799 1.884 . 1.933 143 2.951

42

2.

ANALYSTS OF DATA:

(See: Raw Data, Teble 9, pps. 119-121.)

“ Maim Mill Hypothesis (Ho):

PP = )pPE(2) = e ) = pp®8ld) = pp®e(5)
Where: ' S
0% = Individual ayerage score of miscular power, with a
pre—determined (20%) sub-maxinal load;

£(1) = Foreperiod of 1. o seconds; -

;(2) = Fompema of 1.5 seconds;

£(3) = Foreporiod of 2.0 seconds

2(4) = Po‘reperlod of 2.5 seconds;
. £(5) = Forepariod of 3.0 seconds.

Subgidiary Null i'lgeoﬂugig» (Ho);
FBRE) = PPE3) = p'H(3) = g B = ppe(s) ¢
Mhere:
Jep® = Grouw sverags scors'of TRsCHIAT PHST pith a
) pro-istérmined (200 sub-maxizal load; ‘ )




£Q1) = x-'c:pax-m of 1.0 seconds; B
£(3) ='Forepericd of 1.5 seconds;
£(3) = Foreperiod of 2,0 seconds;
£(4) = Foreperiod of 2.5 seconds;

£(5) = Foreperiod of 3.0 seconds.

" Analysis: | .
To test the altemative hypotheses:
1,(1) p*e(1)> at()Lp 22)> m<)cp 2(3)) or(pp f(L)) w;,q,’r(s)

By (z))bp in> P r(z)> Qr()(p °2(3), ; or()q.l r(z.)) 01‘9(;)51‘(5)

An nelysis’ o saidanis, utuiaing a xvpﬂu.ted-maasuras \iesign .
"\iith two xperimental variables; vas conducted: ~ (For detaﬂs

of anslysis: ges: Tebls 9, p. 12, Appenﬁx ) o sndysts of
variance, teble vas cemplubed (’m:ls 931, p . Obeerved

F ratios were uwp&xad uith tabled v-alues for %=.0,05 (two-"
tailed test) with lppropnats degrees o tebdion: Trrs e
b‘) MATN EFFE fie! . i

I F . I3 *

(qtseman subjscts ggrxanc
Entering the tahl.a Of the F distri\mtion‘ for.&=0. os,

with iy =6 ond N, 72, e F valie orz.z14m roquired

for mgniﬂuance. A valua of 440647 o e)cpeﬁmentn]ly

obtained. Tbererom d:.fL'e
» 'shown to be k: gﬂx gr_s;

1ces betwesn subjects were

" Knmistowics, 2. u., anid Yamoulis,
, Mathematical, Statistival and manug Tables for the Socdal
Sciences.
Lorgaen @ London; 1976, p. a. i B, 3




" i (11) Between foreperiods variance s \
[Foret= o.us, with N, =72 u.ud)l %4, an ¥ value of

664 vas Tequired for significance. A valis of 0,722

)
" was, dbtained.. Therefore the trestments effects (i.e.

o # - “foroperiots) sppsered.to e highly inaignifléant.

(su) Betueen friala varinng / '
& For"" 005. wit.hll 3axuiu

2, an?mda'ar .

he 2.y
Ve K e : " 29 vas, requs,nd for' uiy:il‘ieanc

ST Y vas Gbtadried, indicating

- A wilus of 2,532 -

[ vers, g f‘ién‘n/h.

(b) w@._s

24, ‘an P valua' of

00 was Tequiréd. for uigniﬂcap e A value of 0.930
te : between

('v) (yg]suts;_ @s} variance” - v 2 g

FnreL= 0.05, vichll =1BmdN4.7z, an?vnlwa of" \
i

. .703 was mquired for ,ugniﬁunce. < A value of se2
<wes ehw.md, suwparbing an M interactiﬂn

(i) (Pom@a.odg + trisbd vamnce R

For o 095.u1thn 12md)l<=72 vaalueot

875 wagt req'uimd for aigniﬁcance.« L valoe of 1.687

vss nbtainad i.nd‘lcsting 'bhat 1215 intemcuon be\‘ﬂ!fm

t differences between trials” :

a-masptsm Soboperiofs wis mmm;;m hL




| 4~3 . DISCUSSTON OR RES

.. (1) - Indis ual performances (as mas\ued by mscular pouer, v;i,g.h
2 load nquivllant “to, 20% of an' indivmm'. muxxm\m um) ‘were
found to be not significantly dif{eEnt (i.0. either better or
.. vorse) with .qy of. ths 5 chosen foreperiods. *
(2) No reagonable evidsn?s existed for mjecti.ng the ull

}wpotheas: (no). e

e;ueen foEp_ericdg Kitatc (= 0. 722) 4ompared with the
-required valus:(= 5. 661.) s’uggeutud a rulativély manl -
Poasibility of malcing a tipe u error.

fom _‘ betueen: subjects

RO highly Blgn:.l‘l.cant for in
: axnad due to, various i_m\lvidual innata; and aequinp chnmm‘-
“dstics. ‘Subki a' finding vas cxpactgd in ‘S\fendogly choged. .y
sample wbare ‘the depe vnnuhl- P a0,
" bu ‘nomally digtributed. i ! : :
(5) m{hmnwg PM vas MM_@;& acuma of
y vaﬂqfu. SPQarh @ the nrsgdxder 1nberactions vasg
¢ insignificant; sugguungﬁﬁhn (a) effects uf guhjeeu m
S tomz ;; vere, jndsEnden ;. (b) effectg or gubjeubg and it
mr of’ tﬂula were: indeperdent; (e) offeots of mmg

ozﬂa; of tgg;g ware inde;gnden i oonuqusnuy, mo. i
:lmportant mummanng effaot was. she\m 0 e nparating (5_




i

performance. Mean scoree? of muscular power with each fore-

period were ranked as follows: i

Meon Score ;
(Muscular Power, Rank e
Kg.M. /Sec.)
29.6
29.4
29,4 )
28,
29.0
Subjective analysis (see table above): indicated Phat opbimal .

EC T

s

Il performances were cbtained with the shortest, !‘ureperind [T
.1 second) . A;u,hcugh Tanks indicated a thend towards worsening

[
I . with 1 811 scorss wers so

similar (range = 0.8 Kg.M./Sec.) that rio differences could be
. ;nr-'ma from cbtains® data, Any possible contaminating

effect, which might result from future investigations, was
thus considered to be minimal. ~T
| (8) Average performances of a group of 7 subjects were found to be )
Dot aigmiricently ‘different (i.e. better or voxsu) with any of . 1.1

5 different foreporiods, randonly Aasxgnad. b .
(9) It has been consaquently suggested that, in future inveshgn— g
% e * tions, randomly variea foreperiods® vould not act as an )

N i . intervening yariabl ing cbserved ‘scores of ey

muscular power obtained with various sub-maximsl loads.

7 ¥ - (iie. grodf memn scores of individual mean “gcores.)

* ae 'aaum{ in this investigation. . -
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5.1 CONCLUSTON:

(1) Whilst an optimum foreperiod may exist for any reaction time

T task (gee: Literature review) results have indicated that no
such uptimum foreperlod exists for the muscular power task 5
outlined in this investigation.

' It has been consequently suggested that sinilar rendonly varied

N

- ' foreporiods would not dct &s an intervening varisbla, ’ 8
. . contaninating dbgerved scorés of msculer pover, in future ”

inveatigations, :°

s (3) In| futire investigati Various sili-macinil Loads' could

asonably: be used in ‘conjunction uith rendomly varied fore- :
. poriods; to smasurs stmiltamously muacular pover aid :gmu o
P ’ _ time, nspectivaly # > - :
: (4). Nome of the 5 fested foreperiods — mmy to contaminate

- sxperinsntal data adversely in a futato inveshigatlnm. M s g .

foreperiods ma.d probably ‘havs an M effect upon moasires
of muséular pmr, &nd’would, consequently, be germissible in

a futyre investigation. bl B - o

(5) M1 5 tested foreperiods could be used 4m a'future investiga-
" tion, \ith reasonable certainty of no inherent expérimental
‘bias being fntroduced into the data: :

5.2 RECOMMENDATTONS: v A

For a future final investigation, which Would cunsmar the

- effects of .a gtressor on p_erramanu (aa mnsurerl by wuscular

o L .
pouer and nnctiun time), it was rgcamgndad ‘that:

¢ ) It i )

# hoceptance of this conclusion dssuned ‘that ‘the result of no -
i T ignificent. differerice, obtained: using the seme sub-maicimal.lo:
|

- for all trigls, was.oqually Bpphwble %o a teat where sub-
naxinal 1 1bafls va ariod:
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(1) * Various w"(t.a. %'s of maximum) could be
reasonsbly used together with rendonly varied foreperiods, _
to -aum simultansously miscular power-and m

o i, respectively, L,

A ; (42 The oxder of rantosly varied fogeceriods (inslultig

) °  'warm-up' trials) should be exactly eintlar to e }anhr

adopted in-this investigation.
(i14) i sed \ and 1 formet followed
here for rocording reaction tine shoulT'bo incirporated
B Too ‘. % i

" intoa future invostigation.

- P Y Se :
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l’.\.ease try tn fo]lml these 1nstru¢tions cam!\l’.ly hufnm the teet’

A Ccms dmese\im tmnksui\‘:/gym uhoeg. s 1 S IERIE

2. Do not’ ongage in’ any phiysical activity Guring® the penmi three . 3
houris before the test. L i

Bat friormal! dfet and drink "ormal! simoinit ‘of 1iquid Aa i 5 1
- “before the. test.  (Record.diet on-diet’ sheet;. .o, ty-pea of!
o | B foods at -esch ma: type of meal-)

S 47 Do not, engage. in 'e)dmustiva' p}wsical ,amuty in 48 m!uz‘u i o
A - prier ‘to test. 3

Do not eat; or dnnk uqyth:u‘lg in the 60%minite perxod prior %o
tast. |

¥es) o 5 2 ' i
Save,‘npxmh} amount, of alsep,m the! dvering befire bdsty. s g
“Dgnot, dirink any alénml if'the 36-hour period prior o tést.

Do ot sﬁmkg any c1garettes vithin, the 3-hor perj.od/ pmr “to; l
testing 3

Do ‘not. dirirk any, tea“or coffse uitkin the 3—hou.r peﬂ.orl prior to
- testing.

Do not, pamké of aiy cﬁhar &x'ug vlthin 2%-howba pidon to teaung.

Brisire ihat 3 ym);;:,n in, normall Health on mJ ddy of the’ besh.ng. .
(1.a. not syffeing’ from f\nﬂ.usnnu atc.) b

-
;. Ensure that you'are not, phys injiired on'the day of testing. |
(3¢ you havezeceived any inj) u;u.mn 1'week prior to. tost,
infam the axanﬂ.nar-)

. Plos inform ‘the examiner m;_m_.;, ir, form i
you utomeeeau gg onts. o




Table 2 : AI.GEBHAIC EQUATION O FORGE-VELOGITY OURVE !

AP+ a) (Vmp+'b) (Po + a) b P

P = force, i I

v = xfat = velocity, . o \ =

Po * isometric tensién,

i aand® onstents with the sions of a force.

and & velocity réépecﬁva),y. ) -[ G B . ey Lot

k Pmepfa.mepd-Phon.‘b-Poba-xb ey s, o

P.mepPA.Vmaxp‘nPo;b m o A "

vwv(P’a) h(Po-P) . !

Pra=b. (BB B
Vmex'p - N

b. (Po.2P) ~a® -
Vmaxp, - i &
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Tsble 4 : APPARATUS |
(&) Measurement of Museular Pover:

; : (i) Bicyele Wheel (no. 1) and Attached Lever:
1

Bicycle Wheel (Ra-ima = 30 gms. - to outaide, fim of Jheel'),

) Circunforence A= 188.6, cns

wxdth of rim== 3,3 cms.

|+ Circunference (inside ‘Fin of wheel, in chain groove == 182'./.) ;
. . I " “ - cmas..

2. Mo asts of, supporting (bic cle’ uheel) staves sttaching wheel

. fmdirectly to bem, and srrenged equidistant (12,0 ems.) from . [{

. ; " " “asth othex-ant € cus. frm thé horizontal Line, mprosenting the

| ) iaveter of the wheel” (mder of hollov tbular ‘steel, length of
r each = 38.5 cas:). . ] i w
3, Addlticnal hollow tubular steel ml (== 14:5 cns. dong) welded

to staves and attaching staves firmly to beam via steel corner o~

 pleces (29 cms. long, 0.6 cms. thick, 9.6 cms. vide on one siday

of,beem corter, and 14.4 cos. wide on other side). - .

S 4. Strong stesl bolts and i cormer piece
; p i ‘
securely to bpa.m. . | . g

.5~ To 'breling' devices, atteched securely to uheel, cona:\.sting

uf-z steel bars (9.0 cmss long, 1.2 cms. 1n,diamatet) end a

| strong plastic hollow. tube: (2.4 cms. - ih dismeter, with 1.2 cms.
: ; ¢ -

hole in centre) over each end of each bar.

® N I

6 Stone Bean supporting bicycle viesl (height = 2 motres 3.4 cas.,

* width == 25.2 cms.; 1_ength"“

cms.).
7. Lever (lemgth = 70.0 cms.; width = 5,0 cus. ; thickneds® =
. | “076 oms.) isttached to inside’ of bicycle wheel sxle, composedof :

| L A

|

S 't * Thickness' ‘nfers to diumeter of the CROSS SECTIONAL: AREA . of
‘ Y, PP f.\m etal..

rr
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|
steel/aluminium alloy. ~(Width of exle == 6.0 cms.) ” |

8. Steel Block (length = 6.0 cms.; width = 3.0 cms.; thickness =

1.5 cms.) securely attaching lever to inside of wheel axle by

. strong muts ahd bolts: )

9. Steel Block (length = 4.8 cms.; width = 3.6 cms.; thickness =
0.6 cms.), securely attaching lever to periphery of wheel by ¥ B
strong mats-and bolts.

10/ Sliding unit, it 6 mel/uumimum ailoy lavey sxbsnsion,

(thielmaas = 0.6 cms.) and Anm.e rest, - sttaghed SeeurSl b - s

lever by’ mmg nut and bolt, . and sllowirg lever length to be'
5 " varied uithin 31 cms. vertical: rangs. f T

11, Ankle rest (1._. 2djustable part of levar), ‘curved insmrd,s to

£it the subject's ankle. (Convex surface 1 21.6 cma. long; -
§ concave surface = 20.7 cus. long; width = 4.4 cus.; thickness = .
1 0.3 ems.). .
¥ - ] )
(1i) Pulley System: . .

1.", Smell bicycle wheel (no. 2) (Radiue = 20 cms.; Circumference =
' 125.7 ems.; width of rim = 1.75 cua.). .
2. . Tyre for wheel (éms-ue'= 2446 = 2,81, Kg./squem.; Radius. of wheel ‘
(with tyre) = 23.0 cms.). ° ; . 8
) 3. "Fixed" wheel (18 teeth). attached to wifel (dismeter == 7.2 oms.).
G b . Steel supporting am (3-sided) achi "ﬁ.}‘mdt' bicyole wheel 1

 securely to 2 gormer plates (width of side of am = 7.6 cms.; g

I thickness of steel = 0.6.cns.; width of top and botton surfaces

of drm = 2.4 cms.; length of ari = 85.2 cms.).

Z 5. Tuo strong steel bolts (lengths ='31.2 cms. each) attaching

dupporting amgecurely to stone beam via 2 stesl comer piecss
welded to supporting arm. )




6. Two stesl corner pieces; welded to supporting arm (lengths =
33.6 w\dﬂm (of both sides) of both corér ‘pleces =

7.2 cms.). ) ;

% ~ 7. Additional steel platey reinforcing supporting am on fourth

: side of stone beam (length = 36.0 cae. thickness = 0.9 dns. ;

ddth = 7.2 cas.). :

8. Stone beam (height =% 2 metres, 3.4 cms.; uidthi25.z cos.; J 3
== 28.8 cns.) sipporting above, mentioned ere] systed, . -« :

(vertical dlgtnnce from axle of Mfixed" wheel to ;\;rmmd = e B

ml,.Om). e 7 E . Ly

L 9. Steel brake arm-and saféty brake, attached Sootzily o mpoih
) ing am, dnd poaitioned 0,2 oms. evsy from tyre of fixed wheel,
with brake arm UP. (Length of breke arm = 24. 3 oms.; dimgﬁar
of arm = 2.0 cns. ; 14ngth of safety brake = 15.3 aas.; vidth of
brake == 4.0 cms.; ‘thickness of brake == o.é cms,).

\ 10, Pulley chain; composed of bicycle chain Yinks (1ength each link
= 1.8 cha.; width of each Link = 0.6 cms.), and attached ab both

ends: End 1: attached to fixed pom.i'on in groove on inside of

‘" rim of vheél no, 1 by medns Of mut and 'bolt; End 2¢ attached

R - secmly to_central support 6f weight container (see lmtar),
and reinforced at this point by doubling’and redoubling of the
. chain and by supporting balts. (Total length of chain = 1
L 3 mstres, 36.6, cms.) X )

11. ‘Pulley system, formed by taub cha chain (sée_bbve) ‘pessing over

teeth of "fixed" wheel between wo endg uf a»ttachmenh (sﬁa

above) . L v . 1

‘12 Stacl veight contatnor; Gon iating of: (a) ray, (m.deh B

22. Zl‘ms., l.enghhs 31 scms., ha)ght of tray < 1.8 cms., with

rinof tedght 1.2: . stabilising som,amed upxgm}

A il ~




- 43 -

(b) central support of container, attaching container to chein
of pulley (see 10 above) via gteel bar, and stabilising the
container securely by means of 2 metal rings over the steel bar
either side of the chain. (Length of support = 37.8 cms.;
vidth = 7.6 cms.) . ‘

13. 2 x 25 - Kilogran Toledo Weights.

‘2% 20 - " " " .; i
x5l " W, used for measuring
e . stréngth and miscular *
2x 25 W W " power by meens of the
- : pulley- 5ys'ta S
b 2% 1. W W e

‘Becording Muscular FPoweri- .o . :

1. Potentionster!(Ohmite'Type AB RVANAYSDSDIA, No. QMU 5011),
“sttached securely o outside of axle of wheel (no. 1), and to .
one of ths wheel spokés, ‘and Litiked to dnput chanrel of Beckman,

« through Universal: Couler, via gable wires to.B. N. C. comsctor
VoLtage = 1.5v; resistance = 50082). L. =
2. C. supply (115 volts), to Beckman Recorder vie lead- from
adaptar (length =" 4.0 netres). ’ EE
3.. ‘Wires ('Puume', *Nogative' and 'Earth') relaymg to Blckmun
Recorder. | 50 %, B
%l Beclcnnn 'nﬂpe RAT, Dywograph Recordsr (and Recording Graph
Papez'), mmtonng changes in potential d.l.fferenca, due to
movement of' the bicycle wheel (no. 1) as'a pen dﬂﬂectien on
the grnph aper. i
' Beckonen Typa R411. Dyn craph fecordsr Ink Cartridgas.

(4v) Additional required £o ineasure miscula p'wer.

Udoden table, one. ond converted into adjuacahla séat’ f.‘or 7

"?‘*"“

1

sub_jeat.g perfumi?g usts (mi.ght 72 0" cas. ;




length = 1 metre, 14.6 cms.) and reinforced hngghm,a on

2 sides by wooden cma: stays (length = 120°cms.; width =

6.6 cins.; thickness = 2.4 cms.) and also widthvise on 2 J)dea by
> cross stays (length\= 7/..4 cms.; width = 6.6 cms.; thicknesa =
2.4 cms.). .

2. Nylon r'n,g attached securely to stons beams and arowd table,

sscuring table in corroct position, alongside lever, duri.ng

performance of trmls‘ (!.ength = 5 metrés; diemeter = 1.2 cms.).
3 .;Fogm sponge ‘seat); covering m,,,f undersurface and ‘edgs of one
tablé ‘end, and constructéd frow & place of ‘fum spowﬂn -
" 50°cma.; widtn =30, cne'; thickness 3.5 cms.).

WE e T (b) | 'Audio! Apparatis: s 7
. ) / o nobﬁxftg 1725-11 o L-track Tape Re¢order, inputting
: %0 specislly constructed tape br Control Panel by

specially’ constructed 2-track lead. (Controls: (i) 2 speads
3 . (9.33 cme./sec.; 19.05 cms./dec.); (ii) separste volume/tons

. i
controls for tracks 1end 4, 2 and 3} (iii) automatic position
parker; (iv) recording level indicator.)

2. - Boberis Model 80 Portable” single-trick monophonic ta orde:

) g |
+o ape control panel by specially . |

¢ comgtructed. single~track lead.

“3.. ‘Tape track/headset Control Panel, mca).ving input from 2 tepe

&nd inputt oz (1) i 8

Lo e :
% (2) Subject's Barphonss (height = 10.5 cms.; length = 15.5 cms.;
vidth = 9.0 cms.).

i N o 0 Suparesc! Earp! ( , xeceiving 1np\zt

& from 2 tape muﬂeu,(: tracks)’, vie ontgo_l Fanel (d.er Tradk
selector); ‘through Monitor Headset output. 2 .
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K
5. Roberts Deluxe Model 850£ Stereo leadphones (Sub ect), ’
receiving input from 2 thpe recorders (3 tracks), via Control
Panel (i.e.track selector). )
6. Tenzar 1.5 Mil Backing, Low Noise, Professional Quality Oxide
Recording Tape (AV 176), for use with Roberts 1725-IT Tape
Recorder (size of tape = 6.35 mms. x 360 metres). (N.B. Tape

‘/ 2
used to record WHITE NOISE (see p. 16), at 75 db on 1 track,

. " from'viite noise- ganerator) ] .
. 7. Hi-gemic Britape Gassette; low noise, for use with Aoborts -

| . Rorteble tave recorer. - (L.B. Tape ‘uned 0. racord Sxpertmental
| gn;tmctions at 70 db.) . @
i 8. A. . Supply (125 volte) o (a) Raberts 1725411, Sterso 2-track

Tapa Reéconder (85 Watts); (b) Roberts portable tape recorder
(15 Watts); (length of leads == 2 metres, 50 cms.).

. ' 9. . 2-Track Leads, from Roberts 1725-IT Stereo Tepg Recontis| (right

. and 1eft éxternal speaker sockets), to fudio Control Panel.

(Length = 2.0 metm.) i

i 0. 1-Tracle laad fron Roberts portale tepe recorder’ (external

s 5pelk.er socket) ; to control penel (length = 2‘.0 metres).

t}onitor Head Set! output, $ into design ‘of Control -

Mo

n ; X e
Panel, and lead: (from output socket) to Earphones (Experimenter).
 (tength of. 1ead = 1 metrs, 15 ms.d - Lo .
12. ‘Headset output lead to Fberts-Deluxe ¥oded ABSOA Stereo

Headphones. (Length = 8.5 metres.) 1
3. mﬁt;—sockec adagger, to 1. &

(c) Initistion ai' Sibject Response: .
. 1. e gnernl eledtric Ligt bubs (25 vatts, 115-125 volta); e
| "~ red light (= varming light); 1 green 1ight (= i
e T i i : L
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Adjustable plywood board, painged noh-gloss black, housing

2 bulb sockets (diameter = 10.8 cne.‘) containing 1_red light
(left centre) and ] lpreen light (right centre), receiving input
fron AC supply (115 volts), via lead fron Control Panel (see: 4
below). (length of boand = 24.0 ans.; width = 42.0 "ems.; . °
thickness = *.2 cus.)

String ard nedl ,'mpponxng bossd on lusida of Eierit vl o
booth, and sttached to cross bar bolted to been 2.0 caa. from
cotling. (length of string = 4 nitres.)

Leads (Tength = 6.0 netﬂl) “Fron Contiol Pgm; (see: 5 belml)

to 9@ and green \mlhg. !

. Specially designed Gontrol Penel, incorporating: (a) Press-

Button Switch, controlling initiation of (1) Red 'warning'
ht, and (11) Green’ 'go' 1ight; (b) Hetwix Model MK golid
state Tiner, controlling forsperiod Between 0,0 and 5.0 seconds

“(for use vith AC current, 1102120 volts, 3 Watts).

AC gupply (115 volta), to Control Panel, and hence to red and

green lights.
Multi-socket adapter, to sccommodste electrical appliances.

" Polystyrene Booth:

composed of white styrene (thickness = 4.5 gms.);

subjact, bicyele wheel (no. 1) énd lever, part of
table, and part. of pulley chain; ; /.
Jimensions: (Heigl\t= 1 metre, 83.4 cms. 5 1&ngth 1 metre, .

52.4 cma.; width 1 ‘metre, 17.6.cns.); . w0

zoof completely covered with polystykens .

“botton half of back wall of 94931 cut avay, to sllow position-

ing of: teble, for subject 4o sit on;
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6. front two-thirds of table projecting into booth, (distance

between fable fop and bottom of. badk wall of booth = 5.0 cms.);

7. small holos (1.2 cms, long x 2.4 cms. high) at bottom of sides

of booth, allowing passage of all electrical Wires;

8. part of front wall of booth cut away (height = 1 metre, 0.8 cms.;

width = 72.0 cms.) allowing: (1) subject entry, (ii) subject to
observe weights to be kicked against;

9. | additional section from front wall (24 ems. high x 7.2 cms.

wide) cut avay, alluwing pa’ussge of pulley chain out of booth;

70. “small hole (2.4 cms: wide x 2.4 oms. high, 804 cas. fron
ground) 4n oris. side vell of booth, a.'ﬂ.u\nng pessage of wire

" from to Eeclannn Recorder.
g

(e) Other Measuring Instruments:
1. Detscto-Mefic Scales (for weighing suijects, Kgs.).

2. Huftain (Ltd.) edjustable height measurement apparatus (mL.).
3. Adjustable ('sliding')

il (for adjusting length of

lewer). g . °

4" Kodak Tiner Clock (for measuring time interval between trisls,
1n secondsad mimtea) -

5. Spirlt Neasurs for asedssing the rel donsiip of angle of wheel
* (a0, 1) movement to| degree of pen deflection on Beckman

Becorder, and for ensuring that lover was in exact verm;a;
postticn at Tost. ’ 3

6. One Crescent (41112) spamner (length = 33 ms.) for adjusting
lever length.

7. | General Radio Company Sownd Level Meter Type 1551-C
(Recalibrated September, 1975) , -to measure sound level of

vhite noise and instructions.:
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(f) Other Dimensi of Design:

1.

Distance from axle of bicycle wheel (no. 1) to gxle of 'fixed'
vheel (no. 2) = "2 metres, 8.2 cms.

Distance frombotton of supporting arm to floor = 1 metre,
44.9-cas. ‘ !

Depth, from centre of cutsida tyre grco‘v! of bicycle wheol to
rim of tyre groove of pic‘iclﬁ" wheel = 0.9, cms. N

“Wheel (No. 1);vieved from subject's i

(a) fange of Movenent (1) e

X due to
of Uheel at Rest. | ‘mavement =0°. .
G (2) Clockise ‘movement :::ﬁ:s
2 = 122.182°% 28
(b) Range of Movenent (1) Anticloctrise -
of Wheel after movenent = 122.182° | dus to
maxigum displace- (2) Clogkwise movement braking
pent of lever from . = O devices. .
3ing position. )

Resting Knee angle (subject): = 90° (+or = 5%.

‘»M;"MQ of neelile deflection (millinmstres of graph papex)
: :

caused by maximm Elockuise movement of lever (from resting
position) = 35.8 m.
Paper Speed (Becknan Recorder) = 50 m.‘/se.lend, .for recording,
méasires of musgular pover. \
(a) Weight of Weighing Container = 7 Xg. -
@) w;mm of Chain and Bicycle Lever = 2 Kg. (= fncluding|

load mquima to move wheel agednst mm&an@ caused by

mgnan§ of Inertia uf wheel, at 'rentl.ng position). [




/
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Table § : TEI’ OF RELIABILITY, USING SPLIT-HALF METHOD: =
SCORES (MUSCULAR POWER) OBTATINED FOR 7 SUBJECTS WITH ﬁ

MAXTMUM LIFT
5 (s) SUBJECT TRIAL NUMBER
1 2 3 4 5 6
1 2.3 .5 45.7  42.6 C 4hd 470
2.- 27 2.9 2.8 28.5° 255 249
b 3 21.5 8.5 2043 20.6 21.2 216
L. %A 3.4 34 343 367 38T
5 28.9° 26.5 . 28.4 . 28.4, 26,1  30.2
6 T23.7 2.k 2.5 22.7 19.0 228
7 %,7. 25.9 25,9 27.1 . 221 262

5 (b)

!

5 (c) Pedrson Product - Moment Correlation Coefficient:

d Even items for each *

Me: cores (muscular power) on 0dd

Subject.

SUBJECT 3 MEAN MEAN
(ODD SCORES) (EVEN SCORES)
1 440 2.
2. 2/.33 27.10
3 21.00 20.23
ok 36.40 | .13
5 27.80 28.37
v 6 21.7% 23.30
i 2%,.90 26.40

(Using mean scores from odd and even items).

SUBECT  ODD  EVEN
: y

2

5

x . X P

1 L4410 42,37 1944.81 1795.22 186852 °

2 2%.33  27.10 591.95 73441 659.34
-3 ; 21.00 ©20.23 241,00 409.25 -424,:83
4 36.40  36.13 ° 132.96  1305.38 - 131513
50 ¢ 27.80 283 - 772.84 8048 788.69
6 21.73  23.30 - 47219 542,89 506.31
7 24.90 1 26.40 620.01 696.9% 657.96-




L& :
150 -

Zx By 1R Ty T

200.26 203.90 6167.76 6288.97 6220.18
B T )

——— :
/mZ;“ S &0 w2 P EpY

R4

X 203.90

<7 x ka8 - 2002
- - b

J (7 e — (200.269) . (7% 628857 = (203.90))
i

- zteas - | o .
' U somos xauszess

r = 2708.25 ) ' i “
ik )

R

= Very high relisbility. - e b I
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. g ’ |
I : Table 6 (i) : mcsnuwz ROR mmnmmn OF INDIVIDUAL MAXTMAL LOAD g

(a) racedure for- rsmimrxsing muvs subjects with gggarnt\.\g prior . N
BT :

to determination of Maximal Load

5 . m (&) = subje . mst, ansver to indicate' that be unﬂnrgtmd! E §
ol [ [*'the’ aifections. : _ RN

1. Ask ‘sbject to go into booth, sit on table, with back of legs
Bgainst edge of tabls, and ith ‘lower' legs at right anglas to
' - table' top.
Adjust oight of Wbsel and position of teblo so that, axle of T
uheel is level with axis of knee of. right'leg, vith leg Tasting ;
.. comfortably on table. - Pt
&l 4 i~ Adjust length of Bicycle lbver, 80, tha'b' pcint of ccmtm:t of . ‘o 4
;7" right enkle is &t previously marked point-on:leve: ]
.01 ihe Measure: (a). length of bicycle lever (axle to pelh'h of contact);,

R (b) ‘axisof kmea to axis of enkle of lower right limb (i i
3 : lateral condyle (femur) to lateral malleclus 'ﬂbula)'.) A
5. - Chéck spparatus; (1) Becknan Recordsr; (ii) pulley -system; . .
ok (111) weights; (iv) braking devices; () “warning and stimivs 5 i

; Lights; (vi) white ndige;. uu) £ime mnerdar, viii) recorded

6." . Mnstruct subject to put headphone
© 7. Place load of 15-Kgs: ohto pulley e ’ ettached,to vheol..
4 8. I‘é:;ﬂﬁ that both tape uately, a.nd

: & "white noise! track is
: . 9. " Say} "Can you hear me, clear]
"Theige i

VIf you are asked a question; pleass dnswer to :indicate
e that you understand: 'Ts that clear?" (A):

12. . Position of subject: .

*. Say:. "Please do exactly as you are ingtructéd.

.. .13, Spy: NPlace your right foot behind the lever, with your anile
resting op the lever. -Make sure that:your. right leg" ial an
:(;l)oaa to t.he 'b:lcycla whesl as possible. Hava Jyou dane thia?"

"Please . chack that the” deis'or ‘the lieel goed through th
If it doss not please adfust the poaitio'n

. i your righ eg 'ge e Y your right leg in the correct ¥
# 5T 4 “position row?
. 15+ Shy:", IGeod. " Instrucr, subjeeti MKeep Your back straight during 2

ch ‘triel‘of. the test. ‘Do not use any other:part of your body
to ldck ‘this lbver except ‘your right leg.. Is this élear?t .

Pt %t -6 Instruct subject: "Place your'hands on your knées at the, Y
‘ E *".» begluning of edon frial.’": Say:: MHave you done oia?" (4). i
o ;. Says "Chenk t.\m your back is stmght now. . =

: B3 v:.L'L sxplain hou the appm‘atua works) (and then you can 5
- have 5 practice triels. -Okay?" (A).
Jet 18, Explein: T ‘want to.find qut what -the maximum load a-bhit you*™
. ... cen move by kicking. the lever with your right-leg. If you o
mamgs tomove 'the load, then'the mwemnt will be rscoxd:d aa -, % i
Ja trace onthe graph psper.. Do you understand?" (A). :
.19.-' say?" "Different logds will be atthched to the bicycle whesl. -
L L .<lw £ You will see what each loadis,, before being asked to move it, .
1 Tl o but you will be ‘told nothing Do you ‘'undezatand?" (A). sy
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s 20. Ipstnu:t subject (at the same time pointing to relevant weights): ' -
g oo "Plan nou that -the following’ veights will.be used: 25 Kg.,
B 20.Kg., 5 Kg., 2 Kg., 1 Kg., and 4 & Kg. The veight of the
bicyocle whepl is 2 Kg. The weight of the contsiner is 7 Kg.
On each trial ‘it is important, that you observe what each loed is.
Please cbserve clearly . the extent of . the load that you will be
licking against on’each trial. Is uus clear?" ().
¥ o 21. Harning Light:
- Sey: "The red light on the left nl‘wthe board in froft of you is
. a vamning light. Tt will come on like fhis."
By ® * . i22...Press switch, causing red hght to. come on. (Ensurs that: F.P.
! b 3 ’dalay is:.3 seconds.) . : i
figfai .23.ay: "The red light mesns | get ready' for & second light to
o P ‘coms“on .which i to the right-hand, side of the red Tight. This
B S Lo B en light will come on 3 seconds after the/red light. Watch,"'
Y g5 Mlow green 1ight to'come, bn.) Ask: "Bo oh undoratand?. ( A).
o 24 Kskt "Did you seo the varning light come on, folloved by the:
’ i -« second green'1ight?" - (A). )
o : 25.° Say* "The green light means. 1go!. When 1t coied‘on; bry. b0, [
. move, the load by kicking the lever as hard.[and fast as you cen. L7
Do not, move your foot, back, away from the lever. ’ Simply kick - R
forvards and upuardsWhen you seé the' green light. Ts-ell that : s
*clear? ()., i =
*.Say: "The wheel has & load of only 15 'Kg.. on it at the momenit. .
Kick ‘the lever es. hard es.you can nowi" (Subject’ 'kickp lever
: with' mgm foot.)' . N
. 2 27. Says-MGood!  Adk subject: "Flease would you keep your right
[NDE 3 . 1og gxtended, with the lever Yesting.on it, st the end of each| |
: R * triel? " You'can lover your leg'when I return’the load to its
" original position. This will help me with my readings.. Do you
- “understend?" (A).
26 ' Rososure sibject: "Aa you can ses, the safcty devices built
" into this apparatus make it ebsolutely safe, There is'ho ,
possibi_‘%i;y of you injuring yourself.” So please do not worzy.
OkA‘f? S
29. " Say: "The lights will disappear when you kick the, lever."
30, say- #It11recap do, fer. First, the red warning light comes on.-
megns that, you must got Tedy' to kick the lever:..Is »
&ua clear?" (4). +:iThen," 3 ‘seconds later, the green light
will.come on: wnen trd “doog, Iick. the lever as hard and"fast as
., youcan. Is thet clear? (A).
“31. " Tnstruct subject: "Remember, don't move “the lever until the'
. .7 gresh light comes on,” Alright?" (A). ;
33.. Ingtruct subject: "Keep your ankle just:touching the lever ;
. § until the green light comes on.' g
3. Bm n: "Before I place a heavy load.on’the wheel you will % =
have 5 practice ‘trials with's relatively anall load of 15 Ke.,
X to allow your miscles to- "ot 'varmed-up! .~ D yo wnderstand?

105 gl Sny' "You will be pven a one-nifnute rest period betuaen each .

,practice trial." st

.35, 'say: "During the tnula I am not Bllmled to. speak to ycm. Also, B
you'will hear whit is called' 'white Toisé' in your earphones.

This: is.to 'eut out! any (haturbing sound ml’luance- Listen; '

S andl uﬂi monntta'.a.: T
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N
. 36. - Switch on white noise.” Five seconds on, then switch off. Ask: .
. "Does the noise distress you, or is it comfortable?" (A). Say: -
"Thaeru slright then.” (Adjust white noise accordingly.) ~, '
37. : "The. white noise will be switched on just before each
i Tor o be comtonceds - Tn tha est intervals, betusen

trials, T will switoh off the.white noise., You ce Lax,
Is all this clear?" (A). g
. 38, Say: "Between trials you may stand up and walk Bhout, “but pleasu
g keep the earphones on.  MWhen the white, noise is ‘switched on, .
then take your position ready to kick the lever. hen you are
ready, say: "Ready." Shortly. afterwards, the b will

come on. Do you- undnrstand’l" (A).
39.: Ask: “hre' you ready?".(A). v .
40: .Say: MLet!s start with the 5 practice trials then," 3 . 5,
41, Giye subject. 5 practice trials (15 Kg.). {
-42.. K& tho end-of the' fifth trisl sey: "That is your last practice
- trisl. Befors we start tHe teat, are. there. any questions or -
' ‘problena?" (A).

5 ‘,(b) Procedurs " for Dete orl of Mexiped Loadi .. i %
i ‘43. “Say: "Okay: In order to ﬁnd out-sihe haximal Load ‘that you. can :
> Bove; wo Wil start with a load. of 50 Kg., which will be ¥
T or d Alrightar 3
&)y ¥

“44e - Say: "There will be & 3-minute \nst period between tmala We
ill continue until your:maximum load is found. Is ‘that clear?"

. 45 Sgy: "Remenber to keep your. back straight, and’to kick as hard
. . and fast as you'can at each trial. Are you ready?" (A).
‘. 46. Test subject with various losds. Start at 50 Kg. and work up/
down in 5 Kg, divisions initially, as necessary. Then change
& 5 load by 1. Kg, at & time. Find the minimm load that cannot be
s C ‘moved. Verify this maximum load by checking subject on 3
t consecutife trials.
p * 4T Vhen maximm load has beén fowd, say: "Thenk you. %hat's all
R " for today, - But I should like to check’ the makimum load.that,
" you,can 1jove, on’ another occasion, to.ehsure that this figure is
accurate  You can take off the earphanea now." Say: "You did
well." : = *

g Table 6 (44) : PROCEDIE FOR TESTING SUBJECT WETH 2545 MAXIMAL TOAD ©
() - Repinding sibjbct of ntal

’ { KEL (A) = subject must answer to ipdmate that he under'stands
. the’ directions: ‘

1. Sée page 15|, VoE i
2.". Asks "Do’you rememberwhat you must|do?" (A) \"wmn the green’ - |
. light ‘comes on; you mist Kick'the levér'as: hard and fast as yoa -
: +17+ . can.  Plaase kesp-your baclc straight, and your hends on your .
- kneu. Is all-that clear?" (4),
: As'before, you-will first receive 5 practide ‘triala with
"A Yoad of 15 Kg. ;. with a J-minuts Test betyeen each trial.
Renenbor: to/ keop your- right ankla just bauchi.?g the lever kil
h 5
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the green light [comes on. Okay?" (A).

4. Say: "Béfore we begin, pleage listen to the white noise."

& Solich on vhite notss (5 seconds) thon meitch off. Ask: "Does
the noise distress you, or is it confortable?” (A). ~Say:
"That's alright then."

‘6. Instruct subject: "Remesber #ff say 'ready’ when you are ready,
prior to each trisl. Also, Temember to check that your right
leg end knee are correctly positioned before saying ready.
Okmﬂ" ).

7. Aek: hro you ready for the practics trials? ().

8. Give subject 5 practice trials (15 Kg.).

9. At the end of the fifth trial sey: "That is your last practice
trial. Any questions?" (A). | 2 2

(b) . Retesting individual ma)d.mal 1ned‘ "

40" Sdy+ VT wi1l ow” check the maximim lod that yoii can:move:  Are
- you. feady" fos xL the test?" (A). Say: "Remember to kick'as hard
Tna fadt, aa yos ‘can There Vi1 be J-mu.nuta rest, period

. Test. subject with-previous paximn Yoad. - If this 4 not thie .
present maximun load, iricrease, or decrease load wntilmaximum
load'is ascertajned. (N.B. Verify’ maxioun by checking sibject

< on 3 consecutive triala. .
12, When swbject's prosent miicimim load hia been fouwnd gsyi "Thaak
. I have checked your maximum load. You can relaX now.
o you are resting, listen careRully to the Zallowing

in:tructicm! "
(g:) mcedure for aniliaﬂng Subject. ﬂLh apparatus dagxﬂed tn
‘feasure Reaction Time:
1. . Say: "From now on, .all tegts will be done with a weigbt Which is

equal to 202 of your maximm. Is that clear?". (A).

2. Say: "I em now going to put-a weight equivalent to'20% of your

R maximum onto the pulley attached:$o the-wheel. Flease cbserve.!"

3. Put 207 of subject!s meximm weight into the’conteiner, on the

“4 ond of the pulley (allowing for, the veignt of the wheel, lover,
¢ pullpy system and container).

4:| Say: "I would'like you'to do & tost for ne. This
nust do." L

5. Explain: -WFirat,  tho' red varming light will covs on.  This means
!get meady'. Then the second greeh light will come'on. Whép it
does, kick the “Lever 4l your right leg, as quickly and as herd

;88 podsible. ' Do-you understand?". (A).

6., Explain: "I am measuring, two things. listen carefilly: Fix-stly,
for each trial, T will measure the time between the second gréen
light. coming on, and you kicking the lever.: So 'keep your foot
just touching the lever, between each -trial: " Is this clear'z"(A)
"Secondly, ‘I will measure how hard you kick the lever. kiuk
the lever es hard and fast as you can. Is this clear?! (AS

" yoi understand what' two things I am measuring?" (A).

what, you:

i 7. Sayi Mlet's try it. . re you ready?".(4). .
+ 8. 'Press sum:h (anpenad (F P =2 seconds), (Subjecwchtg)‘
Say: "Good. " G g
{i -, e




23.
25.

32.

“this clear?" (

" Say: "Good."-

: ready' ' Ts ‘this clear? ()i
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Foreperiod Time Interval

Say: "During the test, the time intervel between the red light
coming on,and the second green light coming on, will vary. 1
will show you each altemative. Watch, but do not do anything

(F.P. = 1 second.) Say: "This is the first one." Press 'ready’

switeh,

Ask: "Okay“‘ (4). (Alter F.P. to 1.5 seconds.)

Say: "This is the second one." Presa 'ready' switch.

Ask: “Mnght"" (4). (Alter F.P.'to 2.0 seconds.)

Say: "This is the third one." Press 'ready' switch.

Ask: "Okay?" (A). (Alter F.P. o 2.5 seconds.)

Say: "This'is the fourth one." Press 'ready’ switch.

Ask: "Okay?" (A).- (Alfer F.P. to 3,0 seconds.)

Say: "This is the £ifth one.!’ Press 'ready' siteh. .

Pk "Alright?" (A). - o X

Say: "Any of these intervals mey occur on any trial. There is
no particuldr sequence. Do you understand?" (A), Sey: "Fine."
Say+ "Listen carefully-now: Sometibes, after the warning light,

the-second, green light will not come on. In this case, do mot-.

icick the lever., . if youdo,| this is counted as an. error. " Is
£

Tum F.P. t6 5-séconds; turn off green 'go! light. Press’

'resdy! switch., Mait 5-seconds. ' Pross 'ready' switch again; o’
sfum ot red"light. Press green go" svitoh, ready-for the next

Aak' Okay?" ()%

Ask: "Do_you understand the sequencé?" (A) ay: "Good." *

Say: "For each trial, I will measure-the time betvean the gecond
1ightcoming on, and you starting to kick the lever. 'As soon as
you stert £o put pressurs on the wheel, the timer will stop, I
will algo measure, on the gkaph paper; -the. speed with which you
kick the lever. So, when'the green light comes on; kick ‘the

- lever as hard and'fast as you can. "Is all this clear?" (A)."

Say: "Let's try the whole
‘Press 'ready' sm.ch (F.P:
"Good. " .

Say: "Now we. are resdy to begin the test. 'Bm‘ ARE THERE ANY.

hing then. Are you ready?" (A)..
‘accnds) Subject reacts. Say:

" QUESTIONS FIRST OF ALL?M(A).
Say: "Remember to check the position.of yehir right; log and knce,

befors each trial; and to keop your back straight."

Say: If you make an error; don't; worry."

Explain: T will give you 18 triala, 6 trials, thén a 3-mirute
rest period; then &.more trials,: folloved by & 3-mimite rest
period;: finally, the last 6 ;mls. Is that clear?" (A).

Explain: "Between each tnal you' il receive a.60-second. rost.
Mright?" (A). ‘Say: "You ran-‘stend up and move about between
triels, if you'wish: During trials, I am not allowed to-speak
0 you:!* ‘Also,” you.will hear the ‘white|noise in your earphones:
just Before eacly trial is dus.to beginl ‘When you hear the white
noise please teke your. posttion. : ihen you ave zeedy, say! -

Explain: "Becqeen cach 8ot of  trials, you can mux.,'r
speak o you, and you Gan then ask any questions. You will be!

' "told. when ‘each ‘st of, trials is over, md when aach new aet is

Say: Match, ‘and 1'11 show,you what T means"
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due to begin. Alright?" (A).

L : "let's start then. Are you reedy for the first set of
+trials?® (A). Say: "I will switch on the white noise, and

shortly afterverds the first trial will start. Okay?? (4.

Say: "Kick ‘as hard and fast as you can.”

Procedure for Initis] Reaction Time Test - |

Check that all apparatus is. ﬁmcﬂuJLl, ensure that Beckman
Recorder is operating correctly, and that Millisecond Reaction
Timer-is set at zero.

Switch on white noise, for first trial. Wait for subject to
say ‘ready'. Allow 5-seconds after gwitching on white noise
‘before pressing 'ready' switch; adjust foreperiod intervals as
necessary; turn off white noise immediately after each trial.
Reset, timer after eadh. trial.

Gdnd‘uﬂ trials 1 - 6 Rooo:d aaoram(ﬂsutiun Time nnd
Husculur Pover) .

Aftor trial 6, sayi T “fizet set Ls now overi' Any vablema?" BN

(A)." Say: "You now have a 3-minute rest period.'

After J-mimute test’ per.{od} say: "Are you ready for the second
set of trials?" (4). - Sey "Regeaber, 2s hard ‘and fast as'you
can,"

Goniuct triale 7 - 12, Adopt, exastly the lsape- prosedire "as for'

“trials 1 ~'6.

After trial 12/ say: "The second sst is now'over. Is everything
alright?" (a). Sq.- “Good." (3 minutes rest) :
T 3-mimute rest pericd, say: "Are you ready for the third
m of trials?" (A) Rui.nd subject: "Remember, as hard and
fast as you cen.
Conduct trials 13 - 18. (Use seme procedure as pmﬁmly.)
.After trial 18, ask: "Any problems?" (A).
Say: "That's.all then for todey. But the final test will be
exactly the seme sort of thing, nmept. that you will receive
20 trisla. fx, that, clear?" (Ai : ’
+ "This practice test is over,” Instruct. subject: "Please
<ake Off the headphones now. " (Subject leaves booth)
Say: "You did alright.™ %
Say: "If you make efTors dur:lng the final test, don't vorry
‘about it. Okay?" ﬁ Say: "Thank you.: That's all for today."
Arrange a time for the actual test. .Give uuhjnut‘ instruction
sheet (See: Teble 1, -p. end - ask: "Pleage follow these
instruc&ianu cnnmlly RN 2

' Table 6 (i;;) PW)CEDURE FOR FDVAL TEST DF SUBJEUI‘ WI‘I‘H 20% MAXDML
”

BT (K [ subject mLc ‘answer to muuau that, he \mdersundu

the du'sct ong

See. qu 1; points 1 6, 8; 9. P 151. i
Say: "I would ].ﬂu tofcheck: the white noise !‘iﬂt. .

- Switch on white noise (5 seconds). then:switch off.  Ask: "Does

* the noise distress you,.or.is it m{‘orhble‘i" (A). Ask: "Doss

. A% cut out oy bnrkgmmi noise? (A): Say: Good."
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(n) Procedure for Reminding Subjects of. 1

C
4. Say: "You will receive 30 trials with a 60-second rest period
. betveen each trial. After each set of trials, there will be‘d
' 4-minute rest period. Alright?" (A).

5. Say: "You can stand up and walk sbout the booth between trials
if you wish. But when you hear the white noise in your
earphones, please teke your 'ready' position. When you are
mudy, say: 'ready". Is this clear?" (A).

6. . Say: "Pleass do not leave the booth; and please keep the
earphtmes on. Okay?" (A

7. qu. "AL1 these-trials are with a weight eqaivalent to 206 of

’ meximun 13, Do you.remember what you must do?" (A).

8. Ay' "Remember, you must kick the lever se quickly as-possible
when the green light, comes on. You must also kick the lever as
hard ‘and. fast as. possible. .Okay?" (A). (Emphasize thig point)

.. Say: "If yoiu make ‘an @rror, don't WOrry."

9. © Explain; "During trials, I am not allowed to. spéek’to ¥

.7 Betwéen each set of trialsyou can relex.’ I can then apaak to

< you. You'will be told when each st of triels is over) and,
.7 vhenithé next set is due to begin. .Alright?f.-(A)!

10.," Instruct: "Please remémber to keep your back etrnght, and your

right knee and leg in-the correct position.  DO.NOT USE ANY
; OTHER ‘PART OF YOUR BODY T0 KICK THE LEVER. ' IS THAT. cmnm-- ).
11, Tnstruct: "Please, also remenber to keep your right leg extended

: after the trial; until I lower the weight. Alrighc?" (A).

12. Sy let!s start then.  Are you ready for the'first set of
triala?" (A). z "

13. Say: T switch on the white noise, and shortly aftervardsi
the ‘first [trial will start. - Okay?" (A). 3

T4 Place & load, equivalent to 20% of subject's maximum Joad, into
" ‘the containet on the end qf the. pulley. 7

k ag t g1l appardtus is finctional.
16, Suttoh on. white neise for the firgt triali Wait for subject to
say: 'ready’.
V7. Koy 5-aeconds, after gwitohing on white. nojige, e fore pmss:mg
. 'ready' switch.
18. . Copduct trials'1.- 6. *Record; but do vt countsdores (= FRAC~
** TICE trials). ‘Adjusth foréperiod as necessary. : Turn off:iwhite
noise imedlately agtbr each-rial. oot tinor. after oach *
trial.
19, After trial 6, say. "The' nrst set 18 now over. An'y pmblemsvn
(). Say:."You now & /-minute rést. period.”
20% - Fifteen setonds before the end, of the- rest period, aa:h
"Remenber, a3 hard and. fast as you can.. Are’ -you ready foz[ the
‘second 'set of trials?" (A).
i 2.

(Adopt; - sane pmcadure Y roz- tﬂalu
1 =6, ‘bia, ! count - gcores s, and Tecord. masuremant
(4), Museular Pover, (b), Reaction ‘Ti.ms ) % e

pulley chain, ete.)

Ly

# (I.B. ALL loads, fook-into’ consideration weight. of container, . ..
= B Fe
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2%
25.

After trial 18,"say: "The thind set-is now over. Alrigh
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After tridl 12, say: "The second set is noy over. Is-everything
alright?" (A). Say: "Good; 4 minutes rest.”

Fifteeq seconds bofore the end of .the rest period, say: "Are
you reddy for the third set of trials?" (A). Say: "As hard and
fast as you can."

Conduct trials 13 - 18. (Use same procedure as previously)

).

Say: "Okay; you have 4 minites rest now." '

Fifteon soconda befors the ond of the rect period, say: "Are

you ready for the fourth set of trials?" (4). Ssy: "As hard

and fast as you-can."

Conduct triale 19 - 24. (Use ‘same procedure as previously)

After trial 24, say: "The fourth set is now over. Is everything
().  Say: "Four mimtes x'est." .

Fiftesh seconda befdro the end of the rest peried, sey: "Aré

you ready for the fifth set o Sridtern {(A). - Romind subject:

A hard and fast as you can." .,

Conduct trials 25 ~ 30. . (Use same: procedun as’ previousiy)”

% rphones 3
. Say to swiSfest: | "You did alright o o,

. % i 7 byt

¥ o Ly

est La now ‘over. . Thank you. FPlease

H
t
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. L-(sECS.): . 1(8.R;T.)  2(S.R.T.)  3(S.R.T.)  4(s.R.2.)  A(S.R.T.)  6(S.R.T.)  7(S.R.7T.)

T : 9% 302 T287. ERHOR s
‘314 391 282 e 3. 400 33
406 353 362 35 319
“360 37 5 73 354, 368
. 267 306 30 34 407 395
319 356 333 286 %47 348
269. 268 37 287 370 329 428
357 313 351 258 7 U ERROR 443 391
24 2% 400 329 305 352 326
230 252 373 i 314 445 39,
283 27 135 309 732 306 365
251 2n 388 m 697 ~38 424
241 .- ERROR 370 299 255 416 4
218 372 351 397 302 T 379
- 256 Ed 48 ERROR 346 2 b

(ERROR = subject made érror)
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NO. (sEcs.)  1(s.R.T.)  2(S.R.T.)  3(S.R.T.)  4(S.R.T.) . 5(S.R{T.) . . 6(S.R.T.)  7(S.R.T.) -
1 3.0 _ - 29 362 . 350 202 284 400 756 A
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8 3.0 282 282. 37, 33 2 362 430 E
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10- 2.0 286 . 286 439 299 ;o314 366 374 5
1 1 2.0 319 259, 326 239 3, 39 357 B
12 1.0 295 ., V300 290 51 347 391
13 2:0 275 359 . 276 325 @
% % 1.0 275 ERROR 43 388 3
15 3.0 273 - *303 3 303 43 375
16 2.5 265 351 2 .+ 3N 33 378
17 2.5 261 3 321 451 288 N, 393 394
18 15 3 517 .0 321 280 . 7 385 .
19 0.0 . = - o - o -
= 28 243 283 2 255 \ 457 362 ¢
21 1.0 286 354 352 321 37 414
22 3.0 267 %3 pral 270 397 356
23. ~Z0 252 304 351 237 il 379 451
2 3.0 23 29 215 260 1
25 1.5 31 - 354 412 + ERROR 39 349
2% 1.5 297 309 31, 313 474 m 38,
27 1.0 24 339 ERROR 304 © 336 33 L4k [Cont..
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Table 9 : STATISTICAL ANALYSIS OF DATA
WITH TWO EXPERIMENTALy VARTABLES *
(See: (1) Rew Dita, Teble 8 p. 116).
(2) Mull Hypotheses 1(a); 1(b), 2(a), 2(v).)

Teble 9 (i) : Sum of Squarea 2

(1) Zotal 8.0.8.7 = 10,549.5669

(2) wavEFRECTS P
(1) Bebwesn'Subjects: § (X, - %) = 9,970.6089 -
: 111) Batieen Forepériods: S (Eh_-i)? = 10.8948

UL G Betesn Trials: S®, < DR = 2641z
\ lesoan Telela:. 8%, 2 )

.
(3) EIRST-ORDER INTERACTTONS

Gv) Suh]sctg x foreperiods (2 b): 4
< " . Interagtion S.0.S. fora b = 84‘1232
() Subjeots x trials (a e):

J "“Interaction S,0.5. for a ¢ = 107, I.DBB,

(vi) Foreperiods x trisls (b ): ]‘

TInteraction S. O S. for b ¢ = 76.3595

o) si:oown-onnm‘m'myc'mu"(nmmuu) ‘
, (vid) Residuil (a b ¢)'= 2715285 = ~ ©°

T .. ' Ay

* See : _ Chambers

E. G.
L ~Statistical [caleulation for beginners.
mbTidge ﬂnivax‘sity Pmss<19581 Pps. 11.2—11.6

+

8.0.8. =.Sum of Squares. “.° 2




Table 9 (ii) : ANOVA Summary

Degrees Mean Squares - F
Source of Sum of of (Variance -(Variance
28 Variation Squares Freedon Estimate) Ratio)
‘Between - 5 -
Subjects (a) 9,970.6089 6 1,661.7682 4406471
= - Between ! . .
; N Fureparioqs (» 10.8948 & 2.7237 0.7222
\ Between . *
LI Trials (c) -~ 286412 3 9.5471 2:5316
Interaction 5 . :
Subjecta x R
; Foreperiods. (eb) 84,1282 2, 3.5053° | 0.9295
I 4 5 £ .
. ' Interaction ' % ¢
Subjects x.
“Trials (ac) 107.4088 . 18 5,9672 1.5823
Interaction
. Foreperiods x ] 2
. Trials (be) 76.3595 2 6.3633 1.6873
" Interaction
Subjects x
Foreperiods x ',
Triels (Residual) 271.5255 72, 3.7712 -
L (axbxo) - ; .
A N ‘
10,549.5669 139 - -

, TOTAL




Teble 9 (i1i) : Comparison of Required and Obtained F Valtes .
’ (0.05 Level of s&miﬁc'ance) : o
' . . 3
3 . ot Obtainﬁd P .
. Source, of Requized F . (See: Tabl © Whether . . 2
* Variation - (0.05 level)* 91"),,;.163) + Significam o~
. ' (1)  Between . : > Yt :
C Subjects 2.214 440,647 Yes E
b (1) Between . e
: Foreperiods  5.664 . 0722 No
oo * -
b, » (1i%) Botween L S r Ly e
Trials 2.719 © 2532 Nor ' ... P
T (W) Interaction. - . B o L ¥ Yo ¥
£ . Subjects x PRSI T 4 R
. rorapermxu 1.800 S0, T Ne R
(v)  Intersction . . . B ¥ pg® ¥
Subjects x . - G i
¢ Trials 1.703 ©ots82 No Y
Avi) xmmgm by % :
reporiods % o B . 2 B :
Tn s 1.875 1,687 Yo Co -
1 g , E B [}
% i ' :
. .
L - R ’ - E b;‘
PP S s@e. »Kmiatwicz, Z. w., and y.mmuna, h (o : A "
T and el Tables for. the. . 4
. L. Social Sciences.

“Langman, Lmam, ms, po- 2225,

e

The fmt,mnta oftects (i.e;
msmnmxcm (o 05 Tevel of significpnc
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