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CHAPTER X
IRTPROLDUCTION AND STATHARET OF iR DPROBLEM

Origin and Significrnce of the Problem

Anyone wvho hes mittemrted to nesmsure the level of nerformsnce of an
individusl on a motor or verbsl imek 18 nwrre thet he verforme =t n
dlfferent level of skill eseh time en obrervation is made. Hie level of
rerformonce will vary to 2 prerter extent the finer the unit of mensure-
ment taken, snd omly the coarsest messures will de the ssrme on two aiffer—
ant ocesslions, Those who have hnd any exverience deslieninge toste recornirve
this voriability at lesst implicltly nnd vrefer to use mersurcs thet will
sive reasonehly congistent reeults on » second cccanion under sinilar
clrounstances. To obtaln o« gsufficiently high coefficient of relinblility,
mesgures muet be sress, the nversge of a number of observeiione, or based
on o lorre arwple of behovior,

Alshourh the existence of weriadkllity of verformrnce is recogniszed
by most individusls, ite imporisnce mny not be reslized. In his dis=cussion
of benaviorsl oscilletion, Hull (14, Ch.17) first demonstraztes the existe-
ence of vnriability or oeclllstion of responeee nnd them saoes on to volnt
out ite eirnificence, He states?

It must be confeased thnt behovioral oecillrtion doee

impose n prave handicap on z1l the soclal mclencen] pgenerally

srenking, 1t nrecludes the rmosalbility of deductively »re-

dieting the exnct momentsary behavior of zingle organiems

(14, p.16),

He vointe out that by mesne of strtisticsl devices we crn comvens-te to a

larre extent for this hrndiesn, but he conciudes!?



Maellys 1t 22y Ye s2id thst the vrincinle sf behswviorsl
secilintion e $n » larre extent responsidble Far the reletive~

ly beekwerd condition aof the neeisrl, =s rcomwrered with the

whysicel, gciencea (1L, D.717}.

Simce this variability ies slvsye wresent »nd iz of the imvort-nce
indlested the guestion arises mo &o whet extent 1t crn he used i{n vree-
dlotisn. Je verisbility relianted $to the level of rnerformencel Are some
individusle edarscterictically highly veriable vhile otheres show 1litile
variability? durrent tests of verbisl snd motor skille are decirned to
slininnte or reduce the influence of wvarisbility., butl few experimenters
have mede an snttempt to nesegure 1t snd evalunte its usefulneess in dee
seTibing or predicting behevior. vhere stores hWesed on the sversre of
seversl mensures nre used, the variabvility of the scoree chout the nmean
ie uweurlly disrepsrded ne = nert af the desorintioson of the behavior
abgerved., I veriablility csn be ehovn to be 2 usefunl merrcure in addition
to the conventlional meseures of vrerformance, the rresent ieate of rer-
formrnce can be of grenter value,

In the {ielde of educntionsl messurement, puldsnce, snd selectiion
snd nlscement there i n never ending senyeh for new snd better tests
snd methods of testing, or for ismmravemente of the rresent teete, 211
these teetes are bnged on menwurzs of nerformrnce of one sort or snother,
Wt extremely few utllire g mensure of the variabllity of thst perform—
snoe, If variablililty cen be satinfoctorily messured snd is nracticesl
for use ae & nredictor, then the »resent tesis ond tenting nmethods omn
be improved to the exient of the umefulnesns of the mereure of veriability.
The econnmic implications of such » Tindine sre those of any imnroved
method of gulding indivldusls into the vrorver vocstional flelds, of

selecting these $thet will be the mosi likely to eucceed, and of evalu~

ating training vrogress.
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Our manufrcturing industries huve been nmwcrs of the existence of
varisbility in cormmleted rroducte snd only recently have statintical
technicunes been used to mersure the variablliity nrecent, The field of
guality contrel is concermed with the me surement of thie verishbility.,
and the determinsation By eneollins tsehnlcues Ay to whether it e excesd-
ing the =llowsble limite. then veriertility i srecier than the snllowe~
ble limite, the source = mschine or individual - muet be locsied and
corrections mede. The mearmurement of Individusl warishility 1e slsilay
to the induetrisl cuslity control eliuvstion in methods eonéd ar-licatien.
An individunl vhose outputl veories conelders®ly In cuslity would be un—
desiradle in = situsilinn vhere production tolersnces esre small., If thet
individusl enn be sliminsted »rior to treining or resselgned 1f cliready
em:loyed, one source of verisbllisy in the wemufecturing vprocess will be
reduced. Industrirl cuslity control hae rroved 1o be of valug in menne
f=ctaring. Dawen ouslity cenirsl could be of velue in any situstion
vhere skllled pe-formrnce ie reemired. Such considerrtione rerresent
an Lmmortent ssmnect of the technical {ield called Fumen ¥pgincering.

Gme situction where hirshly ekilled rerformence iz reculred ic¢ in
viloting 2r sirplane. & pilioct 1z exmnected to exhidit = high level of
nroficliency =t e2ll times, for o devimtion from this lsvel couid reenlt
in sroegedy. IS nn indlvidusnl mey be cherncterized ss hishly verizble,
it would be undesirnble to borin training bim ae rn svigtor, for he
would be s continuml hasrrd to himeelf, his instructer, nand the coulp-
ment., If =n individuanl in troinine demonstrntes inconsistensy in the
level of his nerfommnnce, he msy nevey resch the necensary nroficliency
or he wlll tzke lonrer to trein. 4 mersure of vrrisbility, then, would

be importsnt in evaluating trainine nrosrece ~nd souid pos=idly be used



as & nredictor of fimsl vroficiency or desirsbility for further tralrning.
Yo carry the 1lluetration to = third level, it mirkt be nonelble to use
& mensure of the varisbility o nilot exhibits =2 =n indicstion of hie
proficliency, for even though g pilot mrny be nble to mect the regulirgzents
of the nrezent TlirBd exsminstions be will sxhibit o certrin spmount of
variability., If thisg ¢=8 e 7essured snd 1L there =rve sisnificant in-
dividunl differences, 1% any be »n fzvortsnt Teotor ip -redictins hils
deelirshility ne 28 orerstionsl svistor) ond msy be relsted to hig likellw
hood of belng involved in scoldents., The reletiosnehir of verlability of
verformence teo f1ir-ht rroficliency ife unknown, But 17 the varlsbllity cann
be mergared rnd, better, rvredieted, its significnnee vill be limited only
by ite importence In determining flight vroficlency.

It 1» beyond the ecope of this etudy to determine the imrortenece of
vauriebility in = Fflight situstion. The alm 1o, however, to iluvestigate
the brelie nwroblenm of vhether vorisbllility csan be mensured snd necd to
describe individusle in = reletively elomle situstion., If meseures of
vurisbility of rerform nee mre not useful in deseribing or predisting
behswior, ther the roet dlersperd of then L-¢ been Juctified., It any
vell be that they =~re not useful, Yut on the brels of evidence svsileble

prior to this inveetlpation no such copclusion asn be renched.

Higtorical Ieckeround
In reychalogy, interest in the verisbility of behevior hoe arisen
from two rensersl sonureee, The srrlfsst intereet comme rhout throush
nttennte to mevsure the sensmory threasholde, Tor 1t wa found thet an
individunlle 2%11lity to rercelve very feoint otismli veried from moment

to moment, This wse referred to »¢ the vhenowenon of oecillstion. In



neoychorhyelesl messuremente thie seclllistion ie exrected sud there rre
vell develoned techaleuwer %o take 1t into account, An rwyoreneer of the
gserisus eee of dehaviorsal oecillatliape in ~ddition to sensory secille~
tlons come sbout throagh sttevpitas to make successive me-surementis of
intellirence, fn; it wae foumnd thnt theve nmeseures were never evscily
the some., The vroblen then, iz one of orisinsl messuresent snd one nf
relisbility of mersuremente teken succeasively.

Under the hesrdline of Flecillntisne in Hfficiency® Sverrman
(25, ?h.1¢) discueece the shave oriecine of the problem, =23 smunrizes
the 2nrly mttemris Lo feolnte the soursee of voriability ~nd o mensure
oeeilletinn of genestion or Yeheviar., The aqueetione he ralece nre
aryilesble today, for there were no o-tiefretary srewers then, -nd there
are none now. a2efereine $9 the whennvannn of azclllatian, $fvwo of the
cucetions he agkhs =zrel

How, 1f #% £l1, does this mhenomenon vary cusntitetively

or sanlitntively from one verson to snother? . . . . done

the sseillatlon conntitute 2 renernl factor im snerntione of

every kind, so that he who is most lisbhle to it in one will

trnd $5 be mo in 51l others (25, v.7273)72
He stotem thst the nvnllable informstion ig nasger, but from the resulte
nbtzined on & Battery nf eleht simnle reaver snd rnencll tests he mitemnte
to somwer these cueetione, »nd coveg to the general concluslon thnt
seclillistion ie o wmivereal factor thnt doee very from Individu-l to
individusnl, He considers the sirnificance of thie frotor to be of
"yninown magnitude® and vointe out:i

Lo nrke further sclentific ncévence, the firezi prosressive

eten mast be to verfect the technloue of moreuring. 22 at

pregent constituted, the tosts cmnmot be wnde relinmtle ewcent

st the vrice of excesasive time (25, n.1?28).

“hen the technicae of mersurenssnt has been nerfecisd, Sresrmnn roints out

that there con follow an investigation of the varistion of oecilintion



under different condltiene for the vame individusl snd of the relationehin
of oseilimtion (o other frctors. He glves an exsomile thet g lsnedintely
é?ﬁliaﬁblﬂ to the vreeeent wroblem in whick he showe 2 sieele tine wove
with the pesks of the curve labeled ¥a® mnd the trourhs, "B". The curve
is to ®"represent the conrse of the cosnitive efficiency of any individusl
whoge oacillstlione sre of rrent semliitude®, Sresrman then ststes with
reference to the individusl revresented by the curvel
Suprose. first, thot he devoles himsel! to inventing

serovlanes. Ip thet cesse, his cuccese will denend on hie

hirhest points, re &, 8] ne for hie denthe, b, b, ¥, no

grent harm will be done if here he be reduced to the vpoint

of perslyeis. Iut gurvose, instead, thnt hie vocrntinn ig

to fly serovlanes, and thst jusl when some ruddern veril

arises he haymens to be down at one of tke ¥'s ( 25 p.728)!
Althouwrh written in 1927, the sbove illnetration rresents suite eone
cisely the vracticsl dackeround for the rnresxent erperizent,

¥eny studies of "varisbility® bave been reported in the
naychological sand educstionsl litersture, tmt slmoet without excertion
these studlen denl with varlsbility between individuslie. The effect of
nrociice on vrriability hes recelved much attention, snd slilhourh most
of the exrhasie ie vleced on inter-individusl veriability, the intrs-
indlvidunl veriablility could not be irnored. It Lo r common asrammtion
thzt in leerning o sotor sixill, immroved verformance results from the
reduction or elinmination of useless or insdecurte movenments snd nerforme-
ance becomes nore ronvtine snd uniform. It would rwmear te follow then,
thet verformence would bocone lees varinble as lenrninge seourred. Thie
has not been surrorted by ihe svidence however, for na Woodworth {28 v.
171) points out, vhether verimbility increnses or deeresscs with vractice

depends on the tyve of veswure teken snd the trek used, He cites deta

frox Furer ( 2)) =nd Betson (3 ) to show thet for = piven trsk, the



neamarenent of time ver unlt of ountvut will chow & decresse in
variability with proetice, whereas the mesgurement of output ver unit of
time w11l show sn incresse in variability. Relstive varlebility (3.;33-)
shows a decrezse in both instances. The reeults zlso devend o»n the teek,
for in & ball-toseing exrveriment me~suring outrut ver unit of time, the
sbsolute and also the reletive variability incresse with vnractice. In
naze running measured by the number of errors ver trinl, varisbility ie
reduced to zero ag errors are completely elinminated. YWoodworth poinis
out thst varistion still exists, but the measure used does not reveal it,
There has been much experimentation to determine the effact of
practice on inter-individual variability, but the resunlts are in dis-
asgreement. Kincaid (18), Peterson and Barlow (21), 2nd Reed (23)
gummarize the relevant literature. Ansstasi ( 2), however, voinis out
the ressong for the controversy znd shows bow it may be reconciled. Fhe
atatesl
Kuch of the controversy and confusion seems to have
arigzen from the attemrt to ro beyond the concretely
established frcls and discuss 2 gort of dleembodied 2b-
strezct "verisbility® which ie expected to be indevendent
of the varticular situstion in which it hrg been nonsured
(2’ pnlsl)o
The denendence of v:riability on the situation in which it ie merzured
is shown by the following outline of her diecuesion.
A. Type of vrectice
1. Amount limit: variability will decre-se with
prectice. The less ckilled individual is
given zn advantsre 1n that he cnn spend more
time in rrectice,
2. Time 1limit:!: wvarisbility will inerease with
rractice. The lees skilled individusl is

at a dlesdvaniage gince he scccomnlishes less
in the time sllowed.



1, Trpe of score
1. Output per unit of time! veorisbility will
incresse.
2. Time ver unit of output: variadbility will
decrense.
. DPreatment of deta
1. Absolute variebility! variadbility tends to
incresge.
2. Helstive veriabllity! veriability decresces,

It will not be the mrimsry =im of the »resent experinent to
investirete the effect of prectice on betweep-individual wnrisbhility,
slthourh 1% w11l yleld informntieon in thst reec-ri. The intereat w11l
be in the veris®bllity erxhibited within the individusl, To rvold the
error nolinted out by Znastssl, the tarm veriability +111 not be used
indevendently of the situstione in which it +willi be me-sured, but only
in relntion to them. The atitesmt to cherncterize individusls slong »
dimencion of verlebillity willl be in 2 relstive rather then in sn snbheolute
menner. Voriabllity on one task nry show entirely different chrrncter-
istice from v rinbkllity on snother ne n Tunctlion of the tosk or the
method of me sarement, dut thie will not invalidate covrnrieons of an
individurlts relstive rosition from tnek to trsk,

There have been recent studiee of intrs-individurl veriasility. but
mosd of thene mtudles have been of differences between trzite or s2hilitice
rather then of diserevnnciee between responses from trierl to trisl on the
same trek, Freston (22) wes concerned with the relstion of trait vr-ri-
ability to sge »nd vrenctlce while Tilton (26) investipsted the relstion
Betweon I nnd trait differences. Grsy (6 ,7 ) used voriebility of
seoree on the subteets nf 5 vertal teet snd inveetigsrted ite relrtionshin
1o intellirence mnd emotionality. She concluded thent thers vere individe

usl differenccs in this tyre of variebility but there were no consistent

reletlionehline to the froctore she investisnted.



Three ustudles were found thrt reported exverimentstion involving
the mensurement of varisability vithin individurls »nd within the enne
trait or task. The firet of the vertinemt studler wee revorted in 1926
by Hollingworth (11). In hig erxperiment he took mernures of six indlvid-
usls for a totrl of 22 trisls of rerformence on three motor trnske, two
verbal $oske, snd pulee rate. From the date obtalned two nersurss of
verinbllity vere computed. “he one mersure he chose to esll the "etadile
ity index", nnd wre breed on the correlation of scoree for the firet -nd
1re6 half-hour of ernh exnerimentsl verioed for erch individu-l., This
correlation voe computed for esch Yask snd the medleon for five teeks
{excludings nulse rate) wos termed the "stability index" for that individe
wval., 4n ndditionnl mereure woas brged on the mvasn devistiosnm of erch trisl
from the individerlle medien ecore, divided by the madirn ecore. Thie
was ¢~lled the ®*UCoefficlent of V-risability”.

Hollinpvorth found thri the two mensuyes of varlaebility of
poerform~nce were c¢losely related, nlthourk invereely. le found thet
hirh stebility indices snd low vorisbilisy coefficlents were "rositively
nzgocicsted® with evmerior sversre rerformonce rnd ¢apnclity for szin
throurh reretition, HKe found too that the lems vorisble individusls
vere more rezistant to the effects of mlcohol., He rconcludes:

Theee interseting indlentions suppest the deslirsbility

of & move elabornte investigstion of such relsotionshios, on
a isrrer array s=nd range of individusls (11, p.208).

4 seeond study by boodrow (27) in 1972 is closely relsted. be snleo
iavertignted the verisbllity «ithin =2 individusl within ene trak. He
gtates his »in snd nolnte out the noseible sipnificence of the reeulte
ne follows?

It i2 such varistion from eitting to sitting, or frow

doy to dny, here deelpneted by the term ‘guotidian verl-
ationt' thet 1¢ to be considered. A nmethod of menwuring
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thie choraneterietice, yislding what wry be termed 2rn ilnder

or ratio of suotidian wvaristion will be desoribed, =nd
1llustrailive resulte obinined by lte uge will be vrasented.
It 1ie believed th=t thig index mony bve of sisnificence in

the descrivtien of individusle - moseibly even in clinleal
neycholopy - eince under the grme teet conditione indlvidusls
differ greatly in the depree of lnetalility of behrvior from
day to dny. It is probeble that & more important use for
this index liee in the frct thet = recornition of the cone
ditions revenled by it should be coanducive of ereater efforte
in neycholegicsl experinentsiion te contrsl the internsl cone
dition of the enblect, whether by more sdecuste instruction
or othervise, ond should lerd fo =n zctunl determination of
whether the condition of the subject has been controlled to
the moint wvheve significant differvences 45 not oceour under
surposedly consteat conditione. Efforis slong these lines
should result in imvroving the verifin®ility of the cone
clusions drown from a neycholesicsl experiment, s verifie-
billity whiceh has Been noticesdly wicertzin in many inet-pcoe
in the »ast (27, p. 2L6).

The index of cuotidisn variztion that Woodrow uses 15 the rntic of
the exrerimentslly obtsined standard deviction of the drily rverrge
seoreg, Lo the rverspe standard devistlion of emch dey's seares) divided
by the seunre roet of the number of scoves tnaken erch dny. He shows,
thet under constent externnl conditions, i1f the successive mengurements
sre nll of the some universe or caternry that rotie will not differ
eigniflorntly from 1. 18 the datn sre corrected for nreciize e’ featn,
ray eignificnnt devistion indlester that the me-survments esre nnt of the
srme universs, a2nd the condlilonn sre not consntent ns aseuned.

Woodrow arnlied thls enslyels $o the datn given by Thorndlke in a
line drawving exveriment, mnd to his own exreriment usine twe wubjiects in
& eynchronous teovning erxperiment., Hs slso sanlyeed dxta for sight cube
Jecte in repreducinge emmty time intervele, snd in every csse the index
of quotidian verintion differed significently from 1. The mernitude of
the index veried with the individusl. He concludest

The resulte cited nbove Indleate that in the aversge

peycholorical experinent pertinent conditions, »robsily for
the most vart conditions within the eubject, sre notl sdecuntely



contrallied, Under conditlonz such s ordinerily =revsll the

wrooeenes vhich o on in e onblect ond lond to the messured

rerspongre chonge o oueh ¢ depree that ithe nessuremsnls snde

on one dur nay noel belong o the eese populstion or asterory

ns those sade on o U8 erent doyy even thourh 211 condltlone

that nre controlled by the euxperimsnter remnin constan$(27,

Pe256).

wgodrovte study demonsirates the exietencge of wrrishillity that ia
"nrobebly for the most rart® due %o condifions within the oubleet, ot
he does pot stiesmsd €0 mele use of hie Index of wepintion. Poth studles
indiente the roselbilitlies fovr the mesenwrenent of varlablilty =ad the
deslrebllity Tor Jurther erverizentstion,

The third study of withineindividusl wardadility on the ecme tusk
won oserried sut hy Chonee (L ). In her exverizent she twive nivinistered
both a rersonelilby Sesd and sn interest teel bo o larvre rrour of anliveds
2isy studente. Iy anslysis of the Sret vesulte rad interviews with Torbty
of the individusle tested, she concluded that intraeismdlvidusl veriabile
1%y wen oresent and the derrse to vhickh 18 syrenred wre reloted to
tendeney to revort neurotlo trelife, sdfuetsent wroblewme, ebo, Tince
vorisbility wee relnted to certsln fteme 4% sve posailble to rredict the
depree 3o which varisbhility 2isdt Be ezxnected, It wre found thet vrrie
ability wee srecifio to the =ereonality toot snd ehowed no releotion bo
v riability on Lhe Interent test.

The rrotlem that Uhunce woe interested in w e the Influsnce of
intromindividunl variabllily on seseures of velisbillity snd in the
soaroes of thed vorisabiiityr, The iafluence on rellebility ls the eecond
sourece of interest in the nrodlom of mesguring veris?1iity, Tor it le
fmcort=ad for - betier underatendinge of the dmarer-noy batween cosres
on mescssive sdninlatreti ne of o test, “inoe A1 Torent meneumes of

relintility w11l rive 41l Terent roasulie, sne problen is to leslnis the
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errore of the meseuring instrument from the verizadility swithin the
individueal. Hecentl technigues of an-lysis of varisnce sre nrnlicadle
to this problem snd vrovide methods of handling the date thrt were not
avallecble to the earlier investisstors of intra-individusl vorisbility.
Kethods of cetimating reliability by thege tochnlaques sve mresented by
tioyt {(13)s Jmekson (15,16 )e Alexander (1) and swwarized by Johneon (17).
Tests for homoreniely of varirbllity re originally vostulated by Heyman
snd Feareon snd reviewed by Jobason ( 17,pn.82-86), will be used to
determine vhether the variability vwithin-individuels differe eipgnificantly
from one individual to another.

Mo etudies have been found thal would indicnte thst an sttemet to
nesware vorishility or =n attemrt to use 2 mersure of voriablility would
be unproductive. In his discusesion of behavioral oscillation, Hull (1))
pointes sut the existence and nipnificance of sscillinstion rne referred to
above, ut in addition he sugrests some of lte charscteriastics vhlch nay
have nn influence on the messurement of variability. There are many
noselble sources of variablility eof verform=nce, and of those the vhysio-
loricnl nspect e only one. In regsrd to this =ource he stotest

Bow, nearly sll movements are medisted by the
coordinetion of sizesble muscle groupe. If the contrsction

of one muscle of such s groun should vary in its intensity,
thnt of the others remsining constent, the Joint movenent
nroduced by the group as » whole will inevitably deviate in
one respect or dimeneion from vhat it otherwiee would have
besn. Since the contrretion of esch muscle 1s wmedinte YWy
distinet hrblite, the conlrsction of 211 the rmecles of &
grour will oecillate indevendently. Thue coordinested movee

ment as such mey be enid to heove s meny dlzeneslons of veri-

ntion rs therc »re muscles involved in its wroduction ( 1)

r.315), ?

The ipplicntion of this stotement, aes spnlied to the problem under
considerantion, i thet =e¢ the dimensions of veriation become nmore nunersus

when the tr2k incresses in comnlerxity, the relisbility of a messure of
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the varlation will decrencse. Tnlegs Individuerle differ sirnificently
throurhout the range of the rossidble dimencions of waristinn, =nd this
difference ic chnracterinsiic of greh individual, mesguvres of varizbllisy
will not be relisble.

4ith the above considerstion in view, 1f vrris2ility of rerforesnece
on one %i~sk enn he moremred relishly, the suestion may he riiasd ne o
whether thir veria®ility will be relsted to verisbilitry on »ny other
troke OFf posaldble bearing on this emeztion, WMll ststee vith reeard to
eimnle lenynins thett

o « o« #vidence derived from t*i-]l and error lesrnine
aitnrtians demonetrates in s convincing manner that the

oecillation ssescinted with erch hndit tendency 1is larcoely,

1? not tolally, uncorrelnted with theodt of the others, i.e.,

thnt the oseclilletione of different effective h-tbit tendencies

are es-entinlly aaynchronous ( 1L,p.7218),

If this wvere true om the level of romrlex snkille, one would not exnect
variszbility in one skill to e related to vrrinbllity in snother., It
would not be monsible under those clivocunmstence to olaesify saoch individe
unl slone o pencrsl dimension of werinhiliity of motor werformsance.
Heperinental evidence indicriive of the srecificity of variability on a
naeresonslity snd on an interest inventory le revorted by Chence (L) ne
swamarized abhove,

The rvailadle exnerimentsl svidence lends 42 no definite conslusions
with rersrd 10 the wredictive promerties of mesouree of vwithin-individual
variability. but it does indlicede that thers mre individu=l Alfferences
in varisbility snd thnt further wascerch in the nres nisht be wrofiteble,
in the wrevious resenreh sithey ihe nunher of subiecte uaed wree omnll,
o1 the nunber of tricrle plven wne insdecunte Tor comvlete evrlunmtion,

1t would nvvesr desirsble to exsmine within-individusl varinikility on o

lsrger mamber of sablecte over » longer period of time. ¥rrinhility
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ghould he inveetipeted ot different levels of lenvnins and oroficliency,
for £11 the rvnllsdhle tynee of merrures of rerformsnce, for different
time intervels of messure, ond on teeke of differing levele of comrlexity.
It 12 not roszible to exmlare sll the poesible relstionshine or to
geperslize beyond the ervericments) situstion, tut the cim of $hisg ine
vertligstion 1a to exomine whet aprerr toe be the most inportent releation~
shive invelving the mensurement of intra~individusl varisbility. The
resulte yield informetion with reprnrd te the oxient snd chorreteristics
of intrreindiviiu:l voricbility of rerformence, and the effeet of prace
tice on veriability., Concluslons 2ye drawn concerninge the sxistence of
individusl differencees nnd the relationshirvs of veariadbility to sther

merspree of rerformonce.

“tetement of the Frolblem

The purponee of the erreriwvent
is to mske zn evaluntion of me: suree of Intra-individunl wvari-hility of
nerformence ne nredictors of rerformence, varipability, 2nd treinine tinme
on the ssme znd other teeke., This is accomrliished by tenting the srecifie
hypotheses strted below., The mernsures uged ore intreswdsy =nd interedsy
verinbility of rerformance on = batiery of three nrosrec-ively more come
plexr psychomotor taske. The terme ueed in this inveatigstion sre defined
in the folloving nmanner!
Level of nerformancetl conventlonel scorine of total
time on target, or the number of sorrect matehines mer
unit of tize,
Intra-individunl verismility! standard devistion of
an individnelte perforasnee sonres fram hie ovn mean mere
formsnce on = ringle tert.
Intra=dsy veriablilityt etsnderd devistion of rer-

form-nce scores within one day and on one tnek from the
pean for theat day.



Inter=day varisrbillty! etandnrd devistion of
nerformsnce acores on one tesl from the wmesn for all doye.

Specific slms. To sccomplish the general murnose of the
investipation, epecific mims have been forsulnted., These nilnme, Tor ench
tuek, uretl

1. 7o determine {7 finrl verform-nce cnn be predicted from
initisl nerform-nce,

s

o Ip deternine if there sre individusl JdifTferences in vori-
ability of perforssncs.

Te Yo detemaine 1f intra-indlvidusl variability late in
praatice can be predicted from intra-individunl vard-
ability sarly in »rsctics.

he To deteralne 1f, at any stpe of learning, intrp-
individusl veripbility le releted to level of perform~
AT .

Z. %o detersine if Interw-dsy znd iatra-day mcnsures of
irtre=-individusl vearisbtility nre related,

o Te determine 17 time of trainings to resch a merformonce
criterion can be predlicted from intre-individusl varie
ability errly in nractice,
7. To determine 1f sessures of initisl variabllity are of
velue ia additlion to mersures of initisl perflormonce in
rredicting {finsl nerformsznce,
In addition to lhe relstlionshire within erch tack, snecific s2ime have
also been formal-ted for the relationehine smong the ithree tasks, There-
fore the zins of the inveotipetion aleo arel

8. To deatermine if perforwrnce on one trek can he nredicted
from rerformeonce on the olker two ineske.

8, o deternmine 4f veriability on one Lnsk oni De vredioted
from variability on the sther iwo trske.

10, To determine if messures of varisdility on the two less
sopciex $tsske ~re of value in =24dition to meregures of
nerformence in vredicting finel level of verforzm=nce on
the zoszt canvlex tnak, ’

in arder to investligate the sinme neg zteted

shove, they ~re resinted Selow es hyrsiheass, which sre ss followsd



1.

7.

8.

B

1o,

Initinl performanee 1g relsted to finnd verformepes
on the ssame toox.

There ave individesl d4ifferences in varisbility of
varforasnce.

Intre~individusl wrrisbllity early in rroetice is
relrted to intva-individusl vorianility Iate in wrmo-
tice on the neme Hnsk,

Intre=individerl varlebility $o related to lewel of
rorformsnge on Lhe asme tnuk.

Inter~dey =nd latra-dsy smnesurcs of intra-~individual
varisbility on the zeme task nre related.

Hesouwres of intre-individusl wvariabllity crrly in
vractice are relsted to $ine of trainins to resch a
perfomsnce criterion on the came task,

The saltivle correlation of n menwure of Infitisl
warfasrmanee snd - ne-eure of Ialtirl {otzne-lindieidu-d
vorianility with the Finel level of verforsence on

the ssme tnelr is higher then the correlsation of {nitiel
sad4 final rerfomence slone. '

Herouree nf roylfoymence on one trelk ave Taloted to
neseuree of nerfomr-nce on the other %va tseke,

Heosures of introelniividoel »orishility on ane tonk
are releted to mesgures o7 intro-individoesrl verie
asbility on the othey e tasba,

Valne finel level of rerfarmeonce on the moet comeler
tngk ar n oriterion, the wmltinrle corrslrtion of
meawnres of intrseindividusl verintillity on the two
ieae conplex tsaeke 12 hipher then the rultinle
correlntion vith mernsurre of werformence rlone,

Far the rmroone of stetliatiosl sonlvels the shove hyrotheses »311 bs
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tecked ne 1mall hy-othsses, but conclusinng »A11 be drswn in toree af the

rositive ntsotersnta,



CHAPTER 11
KETHODE ARD APPARATUS

Experisentsl Design

In orvder to test the lypotheses set forth, mescurements of
performance of 30 individuels were made on three tsske, over n period of
15 daye vractice. The mezsures of veriability ueed will Be the etanderd
devintione of rverformance scorez sbout the individnalte own menn for the
day =nd for the entise troining vericd. Acceptence or rejection of the
bynotheses will be on the basle of rroduct-moment correlations snd
maltinle correlations hetween the variasbles me-sured. Hignificsnces of
differences will be tested by meone of the Ll test of bomorencliy of
variability ( 17,7.82), and the nnalysis of variance technicue,

The major variables involved in rursulng the aims of the evperiment
are a8 follows!

1. Taske used (in order of comwlaxity):l

B.A.4, RBotaxry Pureuit Test
E.A N, fwo-Hand Uoordinstion Test
S.4.l., Complex Coordinmstion Test
For the rurnose of the exveriment the most complex trnsk

1s defined ns the one involving the moet mmacle grouns., By

this definition the task involving z rotary motion of one

hond snd erm in following = moving tarpet is the lerel come

plex (Hotary Pursuit Teet), snd ths$ involving the coordina-

ted movenmtent of one hend snd srm and both feet in resmonse

to vieual patterns ie the mast complex (Commlex Coordination

Zeet). The Two-lznd Coordinantion Test, involvine the co-

ordinated movenent of two hande in following a moving torpet

ie considered to be st come unsnesisned volint between the
lezst conmplex nnd moet comvlex Ltrslk.

1?h9ﬁ6 treke are descoribed below.



2. Order of vreectice! with three tasks 1t 1s noseidle to
pr-ctice them in six different orders. To bBe able to
evaluate sny poszeible effects of the order of nractice,
the munder of individusls vho prmcticed in each order
wae counter-belonnced.

3. Azmcunt of prsctice! ZResulte of 2 pilot experiment
indicoted thzt sublecls counld be exneclted teo rench a
high level of ekxill in & 15 dny perioed.

4L, Time intervel of mersure! The follovins intervnls
will be availadble for anslyeisl

Rotnry Pursuit Test
One trial (20 secconds)
Prinl series (five trisle)
Daily (15 trials the first dey, 20 triasle all
other days)

Pro-Hand Coordinstion Taest
A0 second
2rinl {(one minute)
Prisl seriee {four trisls)
nily {eisht trinle)

Somplex Coordination Teat
30 mecond
Trial (one minute)
Trial series (four trirle)
Drily (eight trials Day 1, 15 trinls 211 other

days)

The messurensnts nade will bet

i. ¥Heaszures of rerfomnnce?
Tine on smch target ares! for Botsry Pursult snd
Twowland Coordination Tests.
Humber of motterns metched?! for GComplex
Goordination Test.
For the purposes of this experiment only the time on
the 1/2% diemeter center of the tnrget will be

anslyesed.

2. Hersures of wvariablilitys
Intra~individusl vorlabllity of rerfommsnce

Intra-dey
Inter-day

Apperatus

The Us5. Alr Force nrovided one teost unit of ench tyne used. The

units are the stondsrd ones used in the Alr Force selection batteries,

18
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modified for the purposes of this experiment. The orerantiosn of erch
teek will be described briefly and the modifientions snd control units
exnlained. The instructione to sublects, as chown in Lypendix £, pive
additionnl informntion with regrnrd to the overantion of ths toske, Hore
detailed descrintions and 1lluetrations mey be found in reference (19)

edlited by Melton.

The School of Aviation Medicine Rotary Pursult Test

Zescriptign. Thie task involves 2 rotary motion of one hand 2nd
arm in following o rodating termet. & vhotoersvh of the test unit ie
shown on the left in Plate 1. A brmgs terget 18 set flush with the sure
e of the black brkelite turnteble. The oblect i8 to meintein contret
between the target snd the point of & hinred etylus zs the tumt-tle ro-
tntes st 60 rom. Performance ig messured by the time that the stylus is
in direct contsct with the tnrpget, and ic mersured in units of 001

ainutes.

opg. The lHotery Pursuit Test wes modified in the

folliowing manner Lo nake possidle an evalusntion of scorces In terme of
distsnee from the center of the {rrpet. The atgn&aré 3/ torpet wne ro-
plnced by = brass target composed of three insulsted s¥eas of sn over-all
diameter of 1 1/2%, nnd with its center 3 3/16" from the center of the
turntnble. The center, or first, ares of the torget ie clroul=r, 1/2%

in dismeter. The eecond srea ie a2 ring beving an outelde diswmeter of 17
and fitted sround the firet sresm. The third »res is »n ring heving en
outside dismeter of 1 1/2% and fitted nround the ececond ring, Nach ~res
is sepsrated from the other By a2 red plastie insulation 1/7%2% thick, and
211l are esbedded in 2 brlanced bekelite turntnble., The entire trrepet wns

rubbed down with a fine stone to elimincte surfrce irresulsrities. Hech



Plate 1. S.A.M. Rotary Pursuit Test and S.A.M. Two Hand Coordination Test
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aren ie wired %o on insulsted collector ring bullt into the turntsble
mounting dracket, snd trushee mounted on the taek unlt housing carry the
eurrent to the scorine coneole., Ho thet the contsot sres of the ztylus
would he smnll, the same nt sny =brle, nnd legs rubiect to wear, the
gtylue weoe modifled by soldeming = 1/8“ bell benring onto the end of the
glylue,

gaontrol Unit. %he control conrole for the Hotery Pureudd Test and
the Two=Hund Coordination Test le shown in FPlate 2. This unit wre cone
~structed for the nmurposes of this experiment, contsininge electronie
reloys, timere, counters, =nd the cycling mechsnisms for the rutomstic
timing of the test and rept veriocds. The vwiringy disprss for the Hotory
Marsult Test ecoring szad eyelisg mechsnlem ie¢ shown in Firure I of
Aprendix A. The overstionnl deserintion is rleso siven in Avpendix 4,
A wiring dingronm of the electronic relsye is shown in Fleure 11 of
Aprendix A. The eyecling unit wes tsken from & standard Alr Force control
unit, and although modified to some extent, itz basle operntion remoined
the s=me. 4 single trial ccourice 2 total time of 30 secondsl 1.5 sec-
onde motor wors up, 20 seconde scoring, B.5 soconds rest. The total

operating time of the cycling mechoniem for five trinle e 2.5 wimutes.

The Scheol of Avistlon Medlcine TwoeNand Coordination Teet {(Model D)
demcriztion. The objlect of this ¥nsk 1la to follow & moving tarpet
over =n irresulnor rattern with n contret noint thet 1e moved by mesnsg of
two ¢rsnk hsndlees. The coordlincted movement »f both hende is recnired.
A photogranh of the $rek is shown on the right ia Flate 3‘2. and in move
detail in Plate 3. The cronk handle for the left hand ie atisched to a
lend screw which drives the entire eoarrisge, incluodings the rirhdé hand

erenk hnndle, from left to rirht acrose the srperstun., The cronl hendle



> dV?—
Plate 2, Control Unit for S.A*M* Rotaiy Pursuit Test and S.A.M. Two Hand Coordination Test
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Plate 3* S.A.M. Two Eand Coordination Test



2k

for the right hond is fﬁstéaaé.ta 5 second lezd serew st rirkt sngles

to the Yirst, snd moves the contsoct butten with ite mountineg vlate towsrvd
or swey from the front of the unit. Kotsting both handles at the szame
tine moves the contsoet bution to eny vositionn over the turntable; btud
since both lend scrows have left hand thresd the direction of rotstion

of the handle is the reverse o»f vhet normelly would be exvected. Vhen
the tzsk e in operstion the turninble dieec rotntes nt & constant sneed
of 1 rem. As the diee rotatee it crrried with it 2 Drass tarpet which

ie mounted on & shaft projecting up throuwrbh a curved rlot in the ton of
the dise. Irresulsy movements of the trrpet within the s2lot =re mroduced
by two identical irresularly shsmed ecrnme mounted benesth the disc, The
bottom canm is sistionary, while the urrer crm roteter in » countere
clockwise directien £t 1/b rom. Thir com arrengement produces four
different matierns of movemeni of the tarpel which =re rTereated every
four trisls,

Hodificstions. The following nmedificmtions were made in order to
evalunte ncores in terme of diastsnce from the canter of the tzreet. The
standnrd 7/8% target wee removed and repleced by = tarret identicel to
the laminntcd target used in the Hetory Purenlt Teet. The uwires to ench
target srcn are bound $0 the t{arpct nrm under the turntanble, =nd le=d
down a hollow center shaft to collector rinre below the worm drive genr.
Inmulrted trushes mounted on the tnsk unit houneing sake coent=ct with the
cellector rings und are vired to the scoring consele, The trrest is
coapletely insulsted from the mounting srm rnd the task unit houneing, On
the etandesrd tnsk, cont-ct with the tarpet closed 2 microswiteh which in
turn orernted the ecoring nmechanism, Thle wee mpdified so thnt current

flowed through the contect to the trrret. £ vloetic klock wre oubstituted
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for the microewiteh snd the ciigingl goring contect 2rm mid contret were
fretened to the block. The contsact snrm wre then comnected to = flexible
wire thet led to & terminsl otrir en the underelde of the task unit
housing.

Contral Upit. The Two-Hond Joordination Test is controlled from the
seme consols ne the Hotsry Pursuit Teet. The seme target ccoring
mechanien iz used but with & serarste, erecial cycling mechaniem nnd
asdditionasl counters. A single trizl occunies = todsl time of 75 smeconds’
two seconds worning. 50 seconds scoring, 13 secomde rest. The total
onersting time of the cycling mechaniem, for four trisls, iz five minmutes.
A wiripg disgram of the control wmit ie shown in Fipure III of Aprendix

A. An operntionnl deccription is alse gliven in Appendix A.

The School of aviztion kedieline Lonrvlex $oarﬁ$nm§ion Teet (Model B)

The osbject of thie trsk ls to coordinate the movement

of etick end rudder controle in order to matech yatierns of vimual
stimuli. & vhotogpravh of the test unit lg shown in Flate &L, The
stimalue vatierns conzist of combinstions of red lights presented defore
the subject on an unrisht ranel, one lisht spreeringe in ench of three
double banks of lights. The banks of lights eorch consiet of a row of 13
red and 13 green lighte, ench damt correspondizg to one of the comnonents
of control acvement. The green lighte in esch hank are menivulsted by
the sirnlane tyve controls, the uwpper curved row corresnonding to alleron
movement, the center verticesl row to elevmtor, snd the lover horirzonésl
rowv to rudder movement. Fasch light of the stimulus peittern of thiree red
lights is to be mnteched by & green lirhit; and when sll three nre mmtched
and held for a period of 0.5 seconde, u nev stimulue rattern is anto= ¢

mntically vresented. The scere 1s the nunter of patterns matched during
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the trizl period. The selector mechaniam is constructed to rresent a

totel of A0 patierns of red lirhts. Of these 40, there ~re 173 baasic

patierns vhich are revented three tines, snd then followed by bhasie

patiern nuwaber 11,

Yontrol Unit. The control console for the Cemplex Usordination Test

i2 shown in Plate 5. Thie unit woe slzno constructed for the rurnogee of

the erperinent snd contaline the scoring unite =nd v cyelioe mechsnlien for

alternating bhanks of counters. The ciremit for the contrsl wnit le shown

in Mpure IV in Appendix A, nnd the onerntionsl deecrivtion {2 ~lso piven

in Avvendixz A. The number af settinsrs or ratterns commleted is counted

by 2 magnetie counter orerated by a mlcroswitch atisched to the switehing

mechenism of the tsck wnis.

Tyvea of Scores

The tyves of sooree used in the nnslyelg of resulte 4iffar Lo some

extent Tor erch tathk, and nre descridbed below. Other scores vere abtnine

ed, bt the snalysle of the resalts will be limited to the ecores de~

seribed,

The $rroet ascores on toth the Hotsry FPureait Test nnd the Two-

Hand Ceordinstion Teet renresent the -~mount of time on the merticulsy

ares of the terret in unite of 001 minute. The scores obinined on ench

tagk are?

1.

2.

RBotrry iMureunit Test. The beale scoring perioed is 20
seconds, termed one "4rizl®. The score oshtsined in
this intervnl ie the tine thei the c¢iylue wreo in copw-
trot wita the 1/2% digneter, crnter area of the tnyw
g@h {hm }-} .

Two-llond Cooréinatlon Test. The basle scoring veriod
is 3 seconds, termed the *70 second" gcore. The
score obtsined im this intervel ie the time that the
contaet point wae in contact with the 1/2% dismeter,
center nres of the tarret {(Arem 1),



WH{Y-V {VEREADY

Plate 5. Control Unit for S.A.M. Complex Coordination Test



3. Complex Soordination Yest. The btansic scoring neriosd is
30 weconds, termed the "0 second® score. The score
obtsined in this interval is the mmber of natterns thst
were "miched.
The besic scores sre the ones scotuslly recorded from the scoring
mechaniam,. All scoree for intervele longer than the brsic verinds are
obteined by sumistion of the brnele scores. Semnle ecorine shesbte with

the ecorea for one individunl on one dsy =re shown in Sprendix ¥,

Exverimentel Enviromment

The exverivent wes conducted in a 20% by 16! section of » Nobbs Type
Fatment, The teet unite were set un aslons one side of the lenpth aof the
room, with the Hotrry Purenlt and Pvo-Hand Coordination Tests mounted on
a deek 30 1/&% high as shown in Flate 1, 2nd the Complex Coordinstion
Teat in the rosition shown in Plete &, The rontrol unite were locsnted
on the othey slde of the room, onnoslite the taekz they contwvolled. The
roon was illuminated by thwee fluorescent Tixtures each havine two 40
watt fluorescent tubes. The level of iflluminstisn we high throvshout
the roo except over the Qa;plgx Goordination Teat where it wne considere
ed deeirsble to have the illuminstion elightly lower. Dayligsht wes ex-
cluded so thut the level of 1lluminetion wre constant throurhout the
exreriment. The scoring mechaniss wrs soundproofod to as grest an extent
as possible »nd distractions were kevt ot - wminlmum, Only the subject
and the experinenter were in the experimenial room, nnd no one wre allowed

ta enter during the sryperimentsl hour,

Procedure
A pilot inveotiention wrs conducted in which three subjects
nrzoticed five doye s wesk for 72 deye. 2nd four sublects rrecticed seven

days s woek for 20 to 27 d=ys. YFrom the resulte of thie inveotirntion



the following procedure was adopted.

#nch subject prscticed on wll three $coks eush day and in an order
anseigned prior te the experiment, The possible ordere were mmbered
from one to 8lx and nseigned to subjecte in the order in which the
nunbers apresTed in = tadble of random mumbers { 5, r.WC). The orders
were asnigned so that esch would de revresented the same number of times
in each grouy of subjects, and counterbalsanced for the entire mumber of
subjecte used. Iecause of sublects whogse data could not dbe used, comnlets
counterbaloncing was not mossible. The numdera of the subjects vho

nrecticed under esch oréder nre shown in Teble I.

TavLE X
OROER OF PHAUTION O¥ TASES
K = Hotnyry Pureuit Test

Y = Two-RKand Soordination Test
Z = Qowplex Ceordination Test

Grder feguence
Humber of Fractice 2ubiects
i XY 2 l, 10, 19, 28, 23
2 XxzY 8, &L, 71, 27
3 YzX 9. 11, 13, 18, 25
4 YXZ ¢ 24 M, 17, 22,
5 ZYX 3, 12, 15, 16, 24
) ZXY & 7, 20, 29, 28

The number of trizle rlven on esch %usk on ey 1 2nd Znye 2 throuch
15 sre shown In Table 1I. The nmunber of trinls piven the first dny con-
formed to the Alr Force procedure snd fitted conveniently inte s SO

minute experimentsl pericd, Additional trisle wvere roseilble nfter the

first dey eince only brief inztructions were nenessary., In the nilet
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TABLE I

HUMBZER OF TRIALS GIVEN OF wACH TATX

Dey 1 15 g £ (+ 2 prectice)

experiment subjects galekly reoched s high level s5f okill on the Twoe
Hand Coordinatien Test, e0 the additionsl ¢rinle were siven on the
Hotery Pureuit Test sand the Commlex Coordinstion Test. Two nimutes reet
was plven betwesn nrretice vneriods on the different toeke, sad M to HO
geconds reet betwecn $rinl serles on the same tnek, Detnils of the ade
minfetration of the expariment may be found in the Instructione to
tabliecte in Avrvendix C.

¥meh smabject nracticed for s totel of 15 days. Pecruse of university
holidaye and semester chunges, Yednesdey wre chogen ns the Tiret vrectice
day. Subjents did4 not nroctice on faturdeys or Sundsye. Practice drys

were #8 Tollown?

Dayes 1 ~ 1 ¥Wedneegdny throurh Fridsy of firaet wesk
eyes b - 81 Hondsy throuveh Priday of second week
Deye € = 131 Honday through Pridey of third week
Deye 1h - 153 Hondasy snd Tueedsy of fourth weelk.

The individunlse used ne subjects were male volunteers from the
genersl stuwdent body at the Univereity of Marylsnd., The svernpe azre wns
20.8 yenrs with a range from 17 to 0 years. None h-d vnrevious erxneri-
ence on the tnaks used. All subjecte hed visual scuity of at least 20/20
corrected in each eye snd hrd norssl color vielon, sz determined by 2
Snelien wall chert snd the Ichihnrs Tests for Color-Blindness. Thirtye
peven situdents beran the exveriment dut the annlysis of reemlts will be

heged on W sublects for whow Lthe deta are comnlete. The zudjects were
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ran in three grouns chronoloplically snd designsted na followet
Group A Jamonry L - Janmuery 24, 1950, N « 12
Group B: Fedbrusry 15 - Harch 7. 1950, = 8
Group 8% Harch 1§ « Avoril L, 1080, ¥ = 10,

The teebe wvere administered by five exverimenters vho were praduste
studente or senior mejore in peychology. In order to masure ne gtendord
e procedure se voseible, all inetructions were resd to subjecte end
experimentere adminlstered the teshe to ench other ns checks on stendsrd-
fzation., All hed wyrctice in sdminictration vrrior to the exmeriment.

“ublecte were informed of their hirhest escoree st resular intervele
during rroctice snd vere nermitted to gee nny of thelyr scores., On the
Hotery Pureuit snd Two-Fend Coordinsmtion Tente they vere told their beot
ecore of the rrecrding series of trisle durins the reet meriod. Ferly in
nractice, scores ware piven for the sum of the three targeil arorsi but
later in proctice, Ares 1 scoree were piven. Omn the Cowmrnlex Coordinstion
Test, during the rest reriod, the subjlecte vere told the totsl nmumber of
patterns they watched during the mreceding intervnl. The indlvidusl wes
rnot given his own scores for rrevious dsys or sany scores made by other
individusle,

It wse the intent of the experiment to maintein s low ond stisdle
level of notivation., Pubjects vere Informed that ot the conclusion of
the s¥meriment they would be vnid gt the rate of fifty cents for erch
nregtice rerind. They vere told that they were rerticirating in e
leasrning exverivent »nd thsi the nlm wre to find ovnt how well they could
do in the praetice verisd piven. They were reminded of thie »im on the
gecond dry =nd =t the bepinning of the second =nd third weeks of ~rrctice,
there were no intentionsal reminders 2t any other time unlese cucestisne

were sckred, in vhich cree the same Information wee renseted. The comnlete
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finstructions ns resd to the sublects nre given in Aprendix C. Scores
were presented only se descrided adbove. No atatements thrt could be
interpreted ss evalusntions of verformance were made, nor were the sub-
jects aware of nny other individusl's performance, Subjects wvere re-
guested not to discuss the exmariment with anyone elee engaged in it.
Wvery offort wie nade to maintain conetent conditione throushent
tie experiment and to eliminnte all rorelble sources of error. Ade
riniatration of the tests wrne standasrdived and the exrerimental situsntion
neinteined as constent az voseible., Timing of all trinls =nd moet of the
rest periods wae sutomntic, The syvaratue snd scoring mechenlems were
checked frequently during ernch day. In srite of these nreceutions there
wng one source of error that counld not be immedistely corrected. Thia
error wes 1n the scoring mechaniem of the Hotury Pursuit and Teo~lend
Uoordinstion Tastn.i The possible sffect on the experiment 1s thet
scorineg conditions were not rrecleely constant from grour to rroun. As
to whether the condltione differed sufficlently to affect the resulie

io o cuestion that ie considered below in the dlacussion of the reeults,

113 wrg discovered that the spring tenslion of the relaye contzined
in the elecctronic scoring relaye decreassed with vse nnd mermitted 2n
overscoring to occur ns the stylus rassed from one ares of the t-rget to
another. It was necessary, then, to mske an adjustment in the avring
tension of the relsys in order to eliminaste the voseidility of s=cores
higher than the theoretical maximum of .33% min. on the Hotary Pursuit,
and 500 min. on the Two-Hand Coordinator. The first sdjustment was
nrde after the third dey of prectice of Group B, and on several occaeions
thereanfter. ¥Prior to this adJustment of ths relays the scores for the
sum of Ares® 1, 2 nnd 3 did exceed the theoreticel maxiwam by ne ruch
ze 04L3 min, on the Botary PFareuit and 015 min. on the Two-iznd
Coordination Test. Incressing the svring tension oversted to reduce the
level of the scoree for the total of the three mresas. The effect on the
ires 1 mcore would be exvocted to be of n lesser magsnitude but ite rre~
cise amount cannot be determined.
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A second eource af error was in the tinine of the acorine int-renle
for the Two=Hand Soordination Tent.l The siprnificance of this error for
the exneriment is that =ny meneure of verisbility will inelude nt lenct
s small smount of machine varlability. Zhe machine veriability is in-
significent e~rly in training, but vhen the individuel resches s level
of akill such th=t he scores only in the center -res of the tnrpet, the
mochine veriebility may be grester than the individunl's varishility. As
2 rerult the cormmarison, between~individuale, of scores snd of the vori-
gbillity of scores thet srrresch the meximmm 19 of limited volue. dxeent
for sveluations late in tralning, the error is not sisnificant for its
narnitude s small snd 4% {2 readomly dietributed between tricle -nd be~
tween sublects, I%te influerce ie coneldered below iIn the dlecusnion of

the remulte for the Twvo-Hend Coordinantion Tent.

1The timing of ench trinl ig determined by the smeed of the rotsting

dise, The sprerntus is decigned for the dlee to rotete nt the eneed of

one rpm, but the actual tinme for one revolutlon varied from .990 min. teo
«997 min. This speed could not be repulated, o no corrsction conld be

mnde. Decsuse anch trisl wee elightly less than one minute the maximum

poseible score thnt could be obinined for ench trisl veried from .9%90C to
957 min., deypending on the gneed of rotation of the disc.



CHAPTER 111

AVALYSEI® OF RUSULPS IR THE S.AM, ROTARY PURSUIT T397
The an-lysls of the dnta ie rresented nevarately for ench tssk, and

the relatinnehipe of measuree within that terk nre rpresented under that
task hesding. Helationshine of mensuree nmong tnaks are nresented after
the analyses of the three tsske, %o reduce confusion the following
gsysten of notstion will Be =dhered to throurhout the renort:

Let X %be any score on the Hotnry Pureuit Test

Let Y be any score on the Two-Hand Uoordination Test

iet Z De any score on the Jomnlex Coordination Test.
Zubserivts will e ueed Lo refer to sracific scores ne followst
a score for sny individual
& score on any day
half-minmute score (30 seconds)

trisl score
trisrl geries seavre.

% oot ¥ e b
- s 5 SO We

A bar nlaced over the letter indicates = mesn score ans for ersmple,

X:t = g mesn trial ecore on the Botery FPurmuit Tect. Addlitionsl symdols
are added and =re expleined »e the need for them sriges. 51l irrpet
scores referyed to are time in contset with the 1/2% dismeter, center
sres of the tnrpet. All standord devistions referred to mre neximum

likelthood eetimatee, indiceted ne a.1

1?&0 standard deviation of a sample is alwsye sn under-estimation of
the standard deviation of the marameter unless the s2zrle mean le egunl to
the mean of the narasmeter. & more vrecise ectinnte of the marametric
vzlue msy be obteined by multinlying the samrle standard deviation gy

2, or from raw scores by the formula ¢ = \/M'm)‘ .
Hsl ¥ (B-1)
Derivation of this formula ie given in Peters =nd Von Voorhis (20, pp.70-71).
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Level of Performemee! Hotary Pursult Test

The nesnn trinl scores for eoch dsy nnd for each sabiect on the 1/2%
dlometer trrpet are shown in Table I of Avrendix 1. These scores were
ecormited by dividing the totsl scare for =1l trials erch doy by the
nunber of triasle., They s2vre referred to by the smbol %;. A granh of the
nesny of the i; scores for ench proupr by deye ls ehown in Plgure 1. Yrom
inzpection of the gruph it csn be geen thst the mean score wes still ine
ereacing at the end of the vrsctice veriod, btut the rrnte of incresege wes
considersbly lees for the last eipht daye than for the first seven. An
Yenid spurt” ie apparent but would be mormally expected for the subjects
were pwale thet the fifteenth dsy wue their last. The effect of lack of
prrotice over the weekend wng not snrnarent the Tiret weekend, but over
the secand, grours A and 4 showed no imrrovement snd over the third,
thelr level of verformance dropped. Group ¢ sbhowed lews effect of no
rractice osver the weekend. Insvection of the greph indicstes thet in
this situation the higher the level of ekill the grenter wmoy de the
decrement in performsnce ag s regull of o bresk in the rerulsr nrectice
routine,

To test the hyvothesis thet the proure 4id not differ sisnificantiy
smong themselves in verformsance, the antlysie of vericnce technione woe

arplied to the Xt

in Trble IIl. %The evsluntion of the between grours varirznce arrzinst the

acoree, The swwmery tsble for the an-lyeis ig shown

reciduel verisnce ylelds s hieghly sienificant value for ¥, indiceting

that the groups differ eipnificantly. Grouy € deviatee from the mean to
the rrestest extent, 20 »n annlyeis wrg wmsde to tert the hyvotheeis that
Groure A mnd B do not differ siprificently. The sumurry of the snalysis

is shown in Tsble 1¥V. When evaluated sgninet residusl (?1) or both
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ANLLYSIS OF VARIANGE SOR GROUT DIPFERENCKS,
ROTANY FURSUIT T287 DAILY vEAE PRIAL SCORES (xt}.

N e 30
Soureg 2 Sausre - 4 Yariance £
Toteld 1884066 .80 hho
Eetween laye 180672100 W 100480,07 0g,15%%
Fetveen Groups 5CE38 10 2 20760 .24 20, 3PRe
Interrction 8178.50 28 292.07 -
e gidual B10BAS, 7Y %05 101248

TaLE IV

ANALYSIO OF VARIANCH PN GROTP DIFFRENCTS,
HOTAKY FURSUIT THST DAILY M3UE THRIAL SO0RES (‘x‘). GROUPS .
AAED B, W = 20

Source Sun of Seuares af &y Z,
Total 1297031,.21 209
Between Uays 1012097.20 ik ?22B8.77 60, shee 7255w
Between Groups 173,79 1 173,70 1.08 .20
Intersction 144,11 1k 81.72 -
Reeidusl 2B0&76.51 270 1079, 58

reeiduel snd inter-ction vari=nee (¥ )}, Grouns A and B do not aiffer
alisnifiensntly. It moy be concluded that Groun § contributas most to the
verisnce swmony groung, and is the sroup producing the heterssencity of

the bhetween proune vorinnce se shown in Tnble TII,

1In tirle t-hle =nd throu~hont the report, & ziarle sateriel will
indicnte that & vnlue of F ig eirnificent between the 17 snd 57 levels
of confidence., 2 double asterieok 111 indicrte eirnificance =t lese thsn
the 1% level.
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The source of the differences in the rrours cannot be exverimentally
determined, but there nre two pogeibilitice. %o 2%Tort wae mode Lo
cguste the groupe at the beglianing of trazinineg, for subjecte vere choeen
only on the basisg of evellablility for scheduling purrpoees 1f they
emalified under the sinndnrds set ur for the exreriment. f¢ one noseidle
exvicnation for the rroun differences there may have bheen o binsing
fretor onerating in the method of selection but what would arresr to be
the more nbvious exvlenntion of the differencesn is in the sdtuntnents
th=t had to be mnde of the ecoring ~rnsrrinve, Theee sdiustmente of the
electronic relaye did not a’feet the shane of the eurves to sny exient
bat would be expected to deprees the level of the ecorees., The scoring
relays wers not sdjiusted =t sny tine during the Grour A exn-rimental
period ut vere sdjusted on severn) oceasions dduring the Croups® rnd G
experimentnl periode. In snite of thie the threc curves fnllow essentisl-
iy the szme netterns nnd in no cose does & deviation from o emaoth ourve
golncide with o wolnt ot which & scoring sijuetment w-2 made. Although
edjustmente vere made during the Uroup F erverimential pericd re vell ns
the Srour © veriod, no effect on the verformsnce of Group & may he noted.
Yeoring sdjustmente conmot be elisinated as o source of the proun differ-
gncee, tut because the difference csnnot be sttributed orly to them,
Group 5 willl be ueed in the mnzlyele rnlong with the other groups.

To eviluste the effent on level of rerfarmsnce of the srder in vhieh
the taske were mr-oticed, the npalyesls of varisrnce technime wros ueed.
The {sweot individusle whe vrncticed in one order wae four, =o four in-
dividunlise vere selscted st rendom from erch of the other proure. The cum
gflgach individusl'e drily wer-n trisl secorse for 11 15 deye of rractice

{ 2 xt } wem used ng the mesrure of nerform-nse. The summary t»dle for
J=}



4]

AFALYSTIS OF VARIABCR OF ROTARY TURSTIT TReT,
TOPAL HMEAN DAXLY TuIsl TOORES, B = 24

Source aL z
Potal 10R6H17 23 |
Eetween Orders fo67L8 5 17640 1.08
Within Orders 086672 18 171648

this analysis 18 shown in Table V. From the anslyelis it Rey e concluded
that the order in which the tasks were nreticed hnd no effect on the
level of rerformence on the Retory Puroult Test.

Po tret the mull fomm of Uyvpothesins 1 regerding the relsztion of
initisl rerfomence o flnal perfornsnece, Fearson productemoment correlaw
tiong of the daily mern trisl scorveas (Et) were caomvuted between Unye 1
ard 2, snd esch with 211 the other dayes. The intercorrelstions of cone
secutive doye were computed to determine the consistency with which the
teant messured rerformance frow dsy to dey. The correlstiane ove ghown in
Tahle V1.

Ueing 9uilford's toblee of sigmificent velues of r (g, p.5t%), &
correlstion of BG6? with an ¥ of 90 fe significont at the 17 level of
confidence. It mey de concluded then, thet initisl =mnd fin-1 nerformance
is significrntly related, but that the relationship ig rel-tively low in
comparizon with the correlatlons betvesn consecutive daye. The high
correlations between consecutive drys aliow that the test ig » conviatent
newgure af rerformnnce from day %o day. Althoush the relrtionshis remains
vositive, the correlstions between Dsye 1 «nd 2 and »11 other doye detresse
at the days become more remeta. ¥rom thie 1t ruat be concluded thnt the

wrretice irn thig eltuntion hag n 4ifferentinl effect uron individusl
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TABLE VI

IMTERIAY CORRILATIONS OF ROTARY FURMUIT PST
BATLY TRIAL Z0ORRS (Ke)' K=

Onye
2 2 & 3 & 2 B g 1 1 2 1 ¥ 1
1 82 ] téﬂ‘ « 5% -ﬁa S W5 .:57 .56 -63 055 tlft} ¢f‘?’4 « 5D

2 LG W76 LB L7000 BB 66 66 6L 66 .81 L858 62 .63
3 87 B8 .M
4 .96 S BB
5 Gk S 90
6 53 Lo o2
K4 Sl &7 .90
8 Sk .85 .90
9 .92 .82 .90
10 .92 .90 .90
11 .05 £9 00
12 B0 E7 o2
13 .88 L91
1k .95
15

performance, slthoush in generesl the individuals who nre nbove avernge in
the Yesinning must remain sbove asvernpge throurghout troining.

For later evzlustion of messmures of variability representsntive
me=guree of rerformunce will be desirnble. The rossible me- sures con-
eidersd would be those thet indic~te the level of rerformance enrly, mide
woys and late in proctice as well s the averape level of merformance.

The relations beiwveen rverform-ace on selected nractice dsys mnd the mean
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level of nerform-nce for nll 1% doye. ns well ne the g&inl Trom Bay 1 %o
Pay 15 are chown in TobleVII. BRecouse the mean for the 15 dsye is brsed
in part on the nerformance on ench doy 1t would be expected to ba cor-
relnted with coch of them to st lesst some oxtent, Becsure oy 7 is
hiphly correlsted with Dey 15, svoluniion sgninet bDoth would be wne
naceenary. %She mnesn rerfornsace over Lthe whole training veried ig anlso
hirhly rolated to ey 15. Scores for iaye 1, 2, 15, =2nd geln npreay o
be somevhat ¢ifferent messures so they will be used ae revresentntive of

perfornelce.

TaBiz V11

IFTYRCORESIATIONRS OF SELEOTHD HEACURZS 0F PERFORMANCE ('it)
QF T8y ROUARY Pyastuly #ya9,., R = 3@

ey bay iny Hean, Days Gein, Yayse
g

2 K4 "5 —deds —dd
Doy 1 82 o5k « 50 - - 20
Dy 2 .68 .69 - .09
bey 7 .50 - -
Day 18 94 .75
Mean, Dmye 1-15 .56

The interday correlsticns of congecutive daye shown in ¥able ¥I
indicate that the dotary Pureult Voast nmensaree rerformance consietently
from day %o dsy. An eatinete of the relisbility of the test nay bhe de~
rived from an eanlyeis of She vari=nce of tha'ii scores., ZThe summary
t=dble for the anelyels is shown in Tolle VIII.

1ﬁamputad by subtrzcting the sy 1 mean score from the Iay 15 mean
sonrt.



PRIl VIIL

ABALYSIS OF VAiIsils »ou Bl ¥ IIVIDUAL DIRWRREND ™,
RYTARY POCTIT Too% DalLY ¥-4N THIAL SU0R%S (f£).

&
ffEEEf fum of Sauores af Yarirnce i
Total 188L8P6,70 Lhg
Between Individusle 265999,22 29 1369 .46 65,808
Between inys 0672100 1 160LED 07 492 Bore
Hesiduel 82765.58 106 201.86

The differenoes bDetween deoye are highly esipnificent ns would be
exvected in = lesTalne situstion, and there are also sisnificent Siffer-
enses between Individusls 1In lovel of verformamece. The reliability of
the teet mey be estinsted by mesns of an sdaptotion of the Hoyt technigue
(13). The relisbility is comruted as follows!

iy

r ™ Eit” ] b £ L Ld LA
etween Ind, Ver.

-4
Apnlied to the dota of Table VIII, this retic yielde s coefficient of
S585. 1% may be concluded then, tha the measures of verformence obisine

ed are highly reliadle.

Homogenelty of Trisl Zcore Varisbility
Ap ench dryt's practice consisted of 15 or 20 trirle, it ie noscidle
to consider erch doy 28 sn indlvidusl e~mple of behavior ond test to
deteraine vhelbher the varisbility within the 4ifferent eemmles iz homoe
gencous, That le, brve the crmmles been drswn from norsel romulations
having = cosmon strndard devistion? The test used is thet of the eri-

terion Ll {17, p.82) the ratleo o 5 velzhted gromstric mean to e wvelrhted

arithmetic meon of the mesn seuarcs from wvhlieh the verisncee were



setinnted. The meah sctsares are selrhied vith the mumder of oheorvetions,
It iz roa=ible to test the homepensity of veriarility Bebtuser fadividurle
st eny veint in the treining reried, civine 1,.3 ratioe sne ohwn ia Tehle IX,
The protability levels shown nre bused on Ynyer's ieblec of the iy
distritution ( 17, v.36). Eejectiom of the kypothesls of honopenclty is
indlested when the obisined veluee sre ecunl %o or Jees then the tobled

valuse of L, a8 the resveative 17 ar 57 level.

TABLE 1K

Ravduly TEST POR DOBEFELTY 0F VRRIABLLIVY OF

Epid

TN A ¢ g e s R ot A
STLI VEROIIIT TR0 PRIAL ANOREY (;x,ﬁ), ® o= 0

> &5 iz R4 < 3t

< 8 13 Sk < 3%

ih

- 5% e -85 <17
< 17 15 L2 < 17
oy < 1r

e IR
*
[§
w3
WA

Por Doy 1,the signifierat velues of L, at the 17 =nt 57 lcvels
resvectively nre 89 nnd 001, For Daye 2e1S,the 1T ang 87 erlduse of
Ly are G158 snd JO27.  From the smelysin 1t mey be comeludsd iR i, excepd
For lnys & ond G, theve nre sienificont indlvidunl differences 1t vorie
abiiisy of :; seaye theourbomt the teaining weriad, “he eristence of
individunl dlffereaces in fund-omentsl to the dealmm of the soverinent,

In penorel, the nernitude of the L, wtis wvorles directlyr with the mypynltude
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of the standard deviations of the trial scores as will be shown below.

In other words, the variability tends to be more homogenseous as the
individuals are more variable. It would be desirable to have a measure

of variability that would elearly differentiate between individuals

every day of the training period, but that Days L and 6 do not, will not
seriously afifect the analysis., However, a measure of variability on those

days will not be expected to be meaningful,

Intra-Individual Variability: Intra-Day

The criterion of L, indicates that there are individual differences
in the variability of the trial scores for each day. The extsut of thet
variability for each individual may be measured by the standard deviation
of the trial scores avout the individual's osm mean for that day. The
maximuzm likelihood estimates of the standard deviations of ihe trial scores
for each individual, for each day, are shown in Table II in Appendix D,
This measure will be indicated by the symba%ﬂ g A graph of the mean
g t for all subjects is shown in Figure 2. Inspection of the graph shows
no coagisteat relaticnship bewween variability and the day of the week,
It may be seen that the mean inira-individual standard deviation shows
an increase for ithe Jirst hall of the training period, and then decrcases,
This type of measurement of sccores does not precisely it Yicodworth's
{ 28, pse173) classification referred to above, bui .ecause all individuals
were given the same length of practice period it can be best classified
as output per unii of time. Variability obtained under this type of
measurement would be expected to increase with prectice. The graph of
the mean for all subjects shows that in this situation variability in-
creases only for the first halfl of practice, aud then decreases. That

the resnlts do not completely agrse with a prediction bused on ¥Foodworti's
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statement may be becsuse the clnesificrtlon ie not proper ~nd/or becruse
the subiects were approzchinge theiy paveislosliesl linmit. The wreer level
of performnnce igs limited by the $asik, vhich would nlwo tend to reduce
variability, but with the ractice given none of the subjects renched

that liwit ot sny time. LHg will be demenstrated luter, individual differ-
ences in the trend of verlability sre wmarked, for some showed =»n inecrenee
in verisbility throuphout treining, wherens others showed 2 considernble
decrense.

To tesrt the hyrothesie thet order of rr-ctice on the tesks hnd ne
effect on veriabllity of verformsnce. the 15 d=y sum of the daily standard
deviations of itrisl scores ( :gl g, ) were anclysed ns shown in Fable X,

&

The same 24 subjlects were used zs in the evelustion of the effect of order

or practice on level of rerformasnce,

g

PABie K

ARALYSIS OB VARIAMCE O ROPLAY PURSUIT TeST
TOTAL STANDABRYD DEVIATIONS OF DAILY THIAL SCOHEZS. F = 24

2Qurce g s af Inria £
Total 27269 23
Between Urders 1465 5 8913 B
within Orders 22804 i8 1287

The shslyels sarnmorte the hyrothesis that there ore ne difference« in
variability attributeble to order of vrvreotice,

To test the mull farm of Hyrotheeois 1 2nd to detormine the
consietency of erch individuslts varindility frem dey to dny, vproducie
noment correlstinne of vnrisbility scares (at) vere comvuted between Day 1

end 211 other drys nnd hetween conserutive dnys., These carrelstioneg nre
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TaBLE XX

IO Belid Y CORCRLATINESE OF WOTaNY MIHOUIT 2uRp
DTAHDARD DRVIATIOHS Y DATILY Tulsl soodws, ¥ = 0

oy 2 3 & 5 & 2z £ 2 X M 1 13 M s
1 &“33 nl& *;?? 30 -.1‘7 "*n;?ﬁ -~ 343 ""«13 tﬁﬁ -o 20 "025 ’aﬂﬁ "‘“35 "clg

2 2
3 O
b -7
5 «35
6 29
? B
8 «50
9 i3
0 27

11 2%
12 .
i3 23

presented in Tnble XI.

Using Ouilford's t-blee of the sisnificent velues of r ( 8, D.%),
with 22 deprecs of {reedom & correlstion of . W1 ie elpnificent st the
27 lavel of confidence, and r coefficient of 567 fo elppifiosntly differe
ent from mero st the 1T level of comfldence, By these etondards none of
the corrclations of Jsy 1 with othery denys differs clipnificantly Tron zeore
st the 17 or the 57 level of econfidence, Tive of the conserntive day

sorrelationa differ alpnifiesntly from sero nt the 57 level =nd tuo 4Alffer
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at the 1% level of confidence. Inspection of the dnta shown in Toble II
of Aprendix I shows that there sre nmorked indlviduel Jdifferences in the
trend of voriebility with rrrctice, Some individunle show n marked de-
crerse, others remsnin at the esme level, and n few szhow an increzse in
variability with pr-ctice. ¥With such individurl differences in trend
one could not ervect to vrediet finnl veriasbility from the lavel of
initi=l vorisvility. it msy be concluded thst intra-individusl vori-
nbllity enrly in rroctice, 28 mesrured by the standsrd devisitlone of the
dnily trizl scores,ls tot sispificantly related to intre-individusl varie
ability later in rrretice. This messure of variablility ise not consistent
fron dsy %o day =nd the relations smons the consecutive drye are chonece
relnotionshins 507 of the time,

An ectimate of the rellabllity of the intrs-individusl v~ri=bility
ns mensured by the standard deviationa of the drily tris)l scores (Gt)
mny be comruted by the Yoyt anelyeie of varirnee technlcue. The summery

of the narlyais is chown in Teble X11.

TABLE XII

ARALYSIS OF VARIANCE BOR ByIweEsN INOIVIIUAL DIF¥FRRERCTES,
ROTAKY PUHCUIT THEOT STAMDAHD DEVIATION® OF PRIAL SCORME,

B =30
Source - 4 Yariznce £
Totel 11401.64 hy9
Between Individusls 2h77.28 29 88,42 b 2O®%
Hetween Days 67h .96 1k b8.21 2 AT
hesldual 824G 50 106 20.%2
r = £5,2 = 20,32 = P62

£5.42



Prom the spzlysic it nmsy be concluded that there ~re cipnificent
fndividusl differences in varizbility. The significonce of the differ-
ence between dnys indlestes thet there 13 1 trend in the ~vorsre veri-
abllity ne ie shown in Figure 2. The ectimate of relisbility of 762 1s
conaldernbly lower then thet for the rerformance scores. The mer-ure of
variability, then, is much lese relizble thean the messure of rerformsnce
on the s=me task. The low estimnte of relisbility, slong vith the low
or zero inter-dsy correlatlions, indicstes thnt this mescure of varisbility
io of doubtful volue for deseriding or nredicting behevior levels.

To test the hypothesis thnat the differences in vrriasblility between
groups are not significent, the snnlysie of verl-nce technicme wrne ngain

ayplied. The cummary of the snrlysis iz shown in Pnble XIII.

TABLE XIXT

ABALYSIS OF VARIANCE FOR BTWERR GROUP DIFFERINCES,
BOTAAY PURSUIT TAOT STANDARD DRVIATIONS OF TRIAL SUOHES,

B = 30
Soureg iz Jarieonce x
Totnd 11401.60 LG
Between Usys 671 .96 1b b8, 21 2,01
Hetween Greure 127,67 2 162,81 §, Boes
Interesction 669,16 28 21.8¢9 -
Hesidunl o729 .89 Les 2h.,02

The anslysie chowe thet there nre gipnifieant 4ifferences between
groups. To determine which group contributes most to the between prours
varisnce, s 2imilxr anrlysele of Groure 4 =nd B is shown in Tsble XIV. The
betwecn groups voriance is much lese then the residus:l vorisnce, indiesting

that proure A and B are not sipgnificently different. As in the cree of the



51

TABLE XIV

ABALYSIS OF VARIANCE FoR BETYREE GROUT DIFFRREECKS,
BOTARY FURTUIT TP STANDARD DEVIATIOND oF THIAL BO0ORESR,
GHROUPFS A A¥w B, ¥ = 20

Source (44 Yorisnce £
Totrl ?770.19 266G
Between inys 707,81 14 50,56 2.n7e
between firoure 7.88 1l 7.88 -
Internction 332,28 T 27.73 -
Regidusl €722.2? 270 2b .90

performance zcores, Uroun € must be the heteroreneous proun, mt in thie
enge the mesn varisdility of Groun ¢ for nall 1% drnye is higher then the
mesn vrriabliity for the other grours. rgenin there i no wey of ascertaine
ing the cruse of this difference, but these reesultes would sesm to indiesnte
th -t the scoring adjustmeént wrz not vrimarily responsidle. If adjustment
of the scoring reloys were recponsible for derressineg the merformence
ecoree the variabllity would 2lso be redwed. #s this wae not the cnse,
the indlestion is that an unkunown f-ctoy orver=ting in the selection of the
groune may have been vrimarily resronslble for the heteropenclty of Group
.

Because the prouns do differ in variebility, esch wrs snelyged

sensrately ~nd a Hoyt relisbility coefficlent comruted. The coefficients

obtzined for esch group rrel

Group A r = B
Groun B r = 68
Grour © r s L1
All subjects T = 76

Althoush the reliability of the variability differe in the three rrouns,

conbininge them yields » coefficient only =lirhtly lover thesn th-i of the
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most relisble group. Thie remult is not unexvected for the ranpe of
acores is incrensed.

In an effort toe obisin » more consistent extimsie of the individunl's
variability, the daily etandnrd deviatione of the trial scores (ut) were
grouved ~nd means of the srouned messures computed. Grouping wes by

ealendsar weeks so that dnys proured were as follows:

1 throuch 13
4 through 8
¢ through 13

i and 15,
The Inter-veriod product-moment correlstions of the proured messures of
varisbility snd the correlations with erch individuslls mern wveriadility

for the 15 day trraining veriod 6;;) »re shown in Tshle XV,

TABLE XV

IRV AHCORRIFZATIONS OF GROUFED MRBASURSS OF YVAHRIABILIYY,
ROTARY PURSUIT TV5T, N = 30

Unys -
Pays 4=8 $=13 =15 2
1-3 -.26 -.26 -.16 073
b8 T8 .63 86
9-13 72 .50
1he18 B2

The intercorrelations of grouped messures of variability support
the rrevious conclusion that variabllity srrly in vrectice 18 not reloted
to verisbllity later in prrctice, but it is aprarent thnt mesn varisbility
over s periosd of geversl doys 12 & more conslistent messure than vari-
ability from one d=y %o nnothey., The hirbh correlationn of groured nessurve

of veriability after the third dsy with mern varisbility for the wvhole



reriod vould bde exmected, znd indicate that thsy are rme-suring
syoroxinately the ss=me thine. For lster eveluationsz the mesn vari-
abllity for Deys 1l-9 snd for iOnye 9=-173 will be used ae revrecentative
of variability eanrly and lste in nrectice.

Az & vertinl tent of the mall form of Hyvotheale & concerning the
relatiaonshin of variability te level of rerformenee throuchout trinianes,
the correlstions wotween verishlliity (gt) and rerformsance (E;) for the

game dny are shown in Teble XVI,

THBLE XVI
BOTARY PURIUI? 700 PROUCT-MOMIET CORRMIATIONS

BETWERN VARIARILITY (ag) AND PRRFOBMARCE ('it) OF THE SAME DAY.
)

Dax. i 2 3 L 2 plsl is
r - 59 «5h B .kl e D -, 858 -.7¢

The correlatione ghow that verladility hee o significﬁnt-pagitive
relstionshiv to nerformence early inm mnractice, but the correlstions drop
to zere in the first four d-ys and then hecome incressingly nesrtive
throurh the remsinder of the nproetice veriod. It asy be concluded that
veriability se messured by the staandard devistion of the deily trinl
goores qu) is relsted to rerformsnce, but the direction of the relstione
ghip depends on the level of learning. The high nositive correlation
the firet two duye is nrodbrnbly =n artif-ct of the method of mersurement
of variability. 7The mersure ie bruged on the stsndard deviantion of the
trinl scores within eanch dny. DBecr-use & laree rrmount of imvrovenent
trkee plece within the first few daya the standnrd deviation will be
determined to o laree exient hy the smount of immrovement rether thnn

the voriability of the individual from trisl $o trial,



i¢ a further test of Hypothesle L, correlations between groured
nessures of variabllity snd initisl 2nd finel rerformsnce were comvuted
to determine the poeseidble vzlue of mesgures of voriebility =3 vredictors
of merformence on the ssme task, The correlatlions are shown in Tsble

AVII.

TARBLE XVII

CORRKLATION OF INPRA-DAY VARIABILITY WITE DAILY MuAN SCORE,
ROTARY FURSUIT TEST, N = %0

Variability (o)

Ferformance Day Daye Days Daye
—iX) A=3 4=8 913 =S
Day 1 .62 -.48 -t - 120
oy 2 .59 -.59 -.56 -.50
Day 15 .30 ~-.58 -.73 -.76
Gain -.13 -.31 -6 -.55

Using Guilford's table of the significant valuecs of » ( g8,r.548),
a correlation of .36l ie significantly differemt from zero at the 57
level =nd «» correlation of .463 is =ignificant at the 1f level. It may
be concluded then, that the mean varinbility of the first three nroctice
days ie not significantly related to finsl level of verformonce or to
fein in verform-nce from lay 1 to lay 15. Groured mensures of voriability
after boy 3 show significont negetive relatlonshing to fingl level of
nerformonce. In every ceose merformance (Et) errly in trzining shows a
higher correlstion vith finsl verform-nce thnn does variahility at the
seme stage of lenrning (eee Table VI).

Other methods of ectimetins intra-day, intre-individusl veriability

were investigscted. The vearisnce of the trizl scorees Sor soch individual
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for ench day wae used as & mecsure of varisbility, but the results obtalned
vere essentlslly the smme as those obtained using standard devistions.
Either messure probobly would be setisfactory, but the standard deviation
hns been used becgsuse 1t returne the values to thelr originsl nower.

For purposes of comparison the correlation for consecutive deys for
both the varisnce and the standard deviation are shown in Teble XVIII.

It is apparent that the vari-nces pive neither more nor lese & consistent
neasure of variability than the standard devistions of the scores.

As other messures of wvariability., the 10 - 90% renge and the sverage
devizstione were compuled for e~ch dey's trial ecores for the first three
eubiects, but these measures were highly correlzted vith the verinnce and
standard deviation. Hecesuse these wessures sre leses convenlent to handle
mnathemstically snd appenred to be measuring the snme thing, they were not

enalysed further.

TABLE XVIII

I8THB~DAY CORBBLATIONS OF ROTARY PURTUIT 1757 STAHUARD DVIATIONS
ARD TARIABCES O DALY TRIAL SCORES., R s 0

gy ve. Uy oo féggg 2oy ¥8. Jay T To252

1 2 <33 .32 8 9 .60 60
2 3 .20 .25 o 10 ) osds
3 b Ol .03 10 11 .27 .21
h L -.07 -.10 11 12 .29 .16

S .35 51 12 13 .28 .36

7 .29 o2 13 14 .23 .20
4 8 .36 <32 14 15 iy .50



Intra-Indtvldasl Varlsbility: Interwiny

The annlysie thus £y desoribed hes been of variebility within the
individund within ecoh dey. It L voneible to obisin sn nodiitlonsl
nar gare of vearlability within the individusl belween daye. There npe
three wye to nocsure thle ingerwiny vnriahility., The firet to be cone
sidered s the maxiows likelihosd estimale of the stmndard devintion of
the 4nily mean trial scores fﬁ;) for eroh fadividusl stout his own mesn
for the entire 1% dayas., Thoae eye the zeaves showty in Tadle 1 af
Soretdle Dy snd the mescure le derived by coomting the strpdard devistion
af ench row. Zhe slzndard devietlons for ssch indlvidunl sre chown in
inble XIX, indierted by the eymbol ogi. Unfortunstely thies meseare s
ast ane of varisbillity slese i g slvo o messure of the rmount of lsa- rom
inge A lowpe ~moumbt of invrovenont will tend to inorense the sipme of the
scorea. The correlstion of agg with roin in verformance from ey 1 to
ey L5 yields a coefllcient of .90, indlesting thet the sinsderd devintion
of the dally mean trial ecores ig p oecsure, o = levre extont, of v Tovee
ment of performsmce rather than voriabdility of verforssnce.

Tn comvennste for the effect of learaine, & strodnrd ecore wous

somprated for exch individunl for erch dey. To obieln this sconre the
- o}

ae¥iction of the ladlvidusl X ecores from the delly eroup mean ( T 352 )
A=

wvere divided by the etandeard deviation of Lthe between~indiviiusl o
soures for bhet day.

“Somderd Yeore *Tp = —
L

The mersure of intevedsny vardability ohi-ined from thetvs scores Lo the

stenderd deviation of erch individuealle etradavd searce over the 15 day

neeatice veriod, and vill be indiceoted by the synmbol G, . Phere atandmyd
A

devintions sre shown 4in Teble XIX, Thie mersure le affected bty the smount



PABLE XIX

IST¥R=DAY MEASURLREZ OF VARIABILITY, ROTAXY PURSVIT TS

;

oy o, a Subiect oy a, o

% x % t 'x %
1 62.81  .28h  3.689 16 745 .72 K910
2 63.82 .61 43P 17 6h,30 ¥ 6,741
3 67.15 .1B8 4.582 18 6,19 .06 127
4 54,89 W01 13.226 19 53.95 AT 2877
5 63.57 .250  5.u9% 20 61.52 423 5,220
é 8,02  .399 b.638 21 53.8L (299  A.LED
? 5,13 403 2,921 22 46.53  .593 £.307
8 66.57 .39  3.998 23 63,08 %5 £.37h
9 66.72 60  6.129 2 61,30 w6 3,077
10 BB.22  .522  6.079 25 7%.19  .59C  5.980
11 65.58 .66 3.561 26 §3.08  J4B0 4,87
12 B7.57 G L.hh? 77 56.20 .90 h.675
13 66.53 .71 K.065% 28 §2.68 ,Wh L4718
b} ] $h,20 .37 .72 29 K768 657 3.407
15 58.12 377 k.276 39 LOk6 528 3415

of learning only to the extent that the rrate of lenrning differs from the
averare for all subjects. The individual who learne more raridly or less
rapidly will appenr more variable then the indilvidual who learns st the
zeme rate ne the aversge for the groun.

The third messgure of intrs~individual, inter-day variadility ie the
naxivus likelihood setinate of the etanderd deviastion of erch eubject's
dnily verisbility escores Gys OF the standard devigtion of erch rov of

Table II of svrendizx D. This stendsrd deviztion of the etondard deviptions
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will be indicated by the symbol Oy * The vroduct-moment correlatione of
t
the three neasures of inter-dny variability with erch other ared

ox vs. O : rE =47

% b'e
vs, o H rs 013

UEE %%
o, vs. o 3 r= 00

%% %

The three measurce of variability are arparently different me-sures. The
standard deviation of the mean scores a!; ) is not used further, for,
ae was shown above, it is principally a messure of improvement.

As a test of Hypothesis 5 regarding the relation of inter-day snd
intra~day me:scures of verliability, the correlations of messuree of inter~
day varizability wvith mensures of intra-~day veriability vere computed.
These correlations, slong with correlations with rerformrace, are ghown

TABLE XX

CORREIATIONRS OF WMEASUR:S OF INTER-DAY VARIABILITY WITH MEASURES OF
INTRA-DAY VARIABILITY AWD MuASURES OF PERFORMARCE OF THE
ROTARY PURSUIT T28T. N = %

% 1-3 %% 9-13 %1 X 15 Galn X,
[ Qm . 56“ "-06 - oh'l‘ hd o’!‘i’"
%x
< "-2{) 0% "t26 -.03 018
9

#*Significant at the 54 level of confidence.

**Sienificent at the 17 level of confidence.
Uesing the values vreviously cited, a correlation of .36l is significznt at
the 5% level of confidence, and o correlation of .463 at the 1% level.
The stondard deviation of the standard scoree is significantly correlated
only with variability late in nr-etice. The standard deviation of the

gtandard deviations is not related to either of the mesnsures of intra-day
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verisbility., Inter-desy variability cesnnot be nredicted from initinl

int rn~dny vari=bility, but one of the nesmoures ie related to finel rer-
formanece. Hypothesie S is only voartislly rurrorted. Hessuresz of inter-
ﬂay varlzbility sre not relsited to initiel rerformance ¢o c¢-nnnt be
predicted from initisl verformrnece. The correlatisne of the sinndsrd
devintinneg of the atr-ndrrd =2cores with finsl nerformrnce =nd g=in in
verforn-nce are eipnificsant between the 5% and 17 level of confidence.
It is doudbtful 1f mezsures of inter-iry veriabllity are releted to

mepaures of rerfomance,

Time of Training %o fesch a Criterion
be an ~1d in evelusting me-sures of variabllity, the nunber of trisls
reguired for esch individual to re-ch two rerformsnce criteria were tab-
ulated. The eriteris ured nre a single trisl score of 200 {x% % 200) nnd
& trisl eserics mesn of 200 (E; = 200). The results =re shovm in Tnble XIXI.
The correlstion of the criteris with esch other is BF, snd
correlntions with ey 15 merformance {E;) are!
Criterion X = 2008 P = .78
Critariaavﬁ; “« 2003 r =& ~,00,
Becruse the trisl serics eriterion {s hishly relsted ta finsl merformnnce,
only the criterion of Xt = 200 will be used. The rraduct-moment correla-
tiong of this criterion with mersures of verisbility snd verfornmsnce rre
ahown in Te®le XXI1I. The corrslsations vith vrisabllity were commuted $o
test the rall form of Hynotheals € coneerning the reletinn of veoriebility
errly in rrrctice to time of trrining. with o corrrlation of b6 eienifi-
crnt at the 17 level of confidence, nll the rhove correlrtions are
siznificsnt. Although the correlstion is low, time of Lrsining =may de

predicted from variability e~rly in treining. %The correlation of Initial



TaRLE XXX

WUMBER OF THIALS TO HEACH TWO CHITERIA OF PERAGHMAECY
DX PHE ROTARY PURSUIT TSP

Sublect  X,.=200 X _= 200 Subtect X, =200 X =200
1 57 a0 16 514 &0
2 " 110 17 51 100
3 32 60 18 &7 115
b 71 90 1¢ 81 1058
5 51 8o 20 66 145
6 2k 50 21 90 155
7 2k 150 22 100 185
8 59 95 23 93 110
9 o7 155 24 116 115
10 147 200 25 58 100
11 51 100 26 14 60
iz 99 208 27 202 270
13 7 €0 28 97 155
14 60 75 29 h? o5
15 118 150 30 86 195

rerformance with the mamber of trisls to resch the criterion ig
numerically higher than the correlation of initisl verisbility vwith the
mamber of trisls. _However, apnlication of the Hotelling ¥ teet, ne
given in Johnson ( 17,p.5s), shows thet the coefficlents do not differ
siFnificently. Zecsmuse s messure of performance must he obisined bhefore
the variebility can be computed, a wersure of varlsbility is ~rroticrble
only if it zdde 3o the prediciive efficliency of the messure of verform-

snce. ihe indlesntion is thsat varisbility may be »8 pood a predictor of
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TrBLE ¥XIX

COHRRLATIONS OF WUMEER OF TRIALS PO A CRITVRIOK WITH
HEASURES OF VARIAPILITY ARD FoRFOIMaARCE O TWE KOTARY FURSUI? 10T,

¥ = 0
% (1-3) %% (s-13) 1 Ko
triterion xt = 200 -1t 0 - 60 -, 75

time of treining as ie initisl verformonce, dut further reserrch is
recuired to determine ite nesefulness se an sdditionsel neresure,

Hyvotheeis 7 is concerned with the evaluation of o wessure of
initisl verdebility in nddition %o & me-sure of initiel rnerformunce ne a
nredletor of final merformsnce. To test the null form of the hymothesis,
the nultirle correlsation of initisl rerformsnee sand initisl varisbility
vwith fiaszl rerfors nce wv=¢ conputed. The ceefficlent obtnined woe .50,

s value of the same nasnitude a2 the rero-order correlation of initisl
and finsl perfarmance.l The neme technigue was anplicd to detormine the
contribution of initial verisdility in additlon to initirl rerformance
in prredicting the pnumber of ¢ri-le to resch a rerformance criterion. The
multinle correlation coefficient obtsined wes 62. This is .02 higher
then the zeroworder correlation of initiel performsmce and nuwsber of
trinle to 2 oriterion, and does not revresent & slenifiennt 4ifference.
Thers 18 no evidence from these analysee th-t Iniltisl variability adde o
the efficiency of initisl verformence for vpredicting fin-1l verformonce,

Addlitional statistical anzlysce indlcate thet the szero~order
correlation coefflcients hrzed on W cames are not sufficliently stadle

for maltiple regression rrocedures. The Interpretztion of s multinle

lThis correlatlion wee .50, the highest zero-order coefficient.



correlation from these dutn, then, 1s cuestionable, snd no definite
conclueion can be drewn with rerrrd $0 the resulte etnted shove, lowever,
there 1¢ ne evidence in thle study to surmert the bhynothesis that the
rmultirle correletion of 2 wersure of initinl rerforaence and o mersure

of initisl voriahMlity vith the final level of rerformence on the s=me
teslk ie higber than the correlation of initiesl »nd finsl verforannce

alone.

Suommary of Conclusione for the Hotary Pursait Test
The princirle conclueions for the Hotrry Puremit Test, under the
conditions of this investipgation, may be stoted r# followe?

1. Initiel snd finnl merformrnce are vositively relnted.
The hypotheels that they =re related is supmaorted.

2. 7There are individuel differencee in variability of trisl
scores on wmost of the dsys throushout the training reriod.
The hymothesis that therve nre individusl differences is
supported.

3. Intre~individuel variability lnte in nroctice eannot be
rredicted from intra-individual variability esrly in
practice. The results do not suprport the hyvwothesie thst
intra-individunl varinbllity early in »rectice ig related
to intra~indiviansl wvnriabiiity late in vwr-etiece.

L, Intra-individusl vnrisbllity is mositively relnted to
nerformence early in nrsctice but nesstively related
Inter in nrectice. This supperte the hyvothesis thrnt
intre~individnsl varishility ie rel-ted to level of rer-
formence on the same %task,

5. Inter-day veriability connot be vredicted from initisl
intro~day verisbility, zlthourh finsl intreedny veri-
2b1lity 12 relsted to intor-day variability. The re-
sults rartially survert the hyrothesis thet inter-day
rad intra-dsy meceures of intra-individunl varisbility
on the s-me tack ore relrted,

6., Time of trnining to s eriterion msy be nredicted frow
initinl vorisbility. "he hyrothesis that messures of
intro-individusl variablility esrly in nrrctice 2re ve-
lInted to time of $r-inine to rerch s nerformence
eriterion on the same tnsk ie sumnorted,
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Bo conclusion can be drawn with yegnrd to the value of
using a messure of initisl variabllity in addition to
s mezeure of initizl performsnce in predicting final
performance. However, there is no evidence te support
the hyrothesis that the multirle correlsation of =
nersure of initizl verformasmce nnd » mesnsure of initisl
variabllility »ith the fin~) level of verform:-nce on the
seme Unvk 1s higher than the correlation of initial end
finsl nerformsnce nlone.



CHAPTRR IV
ABALYSIS OF HESUILPS POR THE S.A0. TWO-EAND COORDIBATION T787

Level of Performence

The score obtnined on the Fwo«Eand Coordination Test is the time
in units of .001 minute, on the 1/2% diametar center nres of the target.
The scores for esch individusl z2re shown in Tedble III of Ayvendix L. They
vere derived by dividing the total score for esch individusl for ench dey
by the number of trlesls for the day. 7This score will be renresented by
the symbol ;;. A praph of the maan‘§£ for all sudbfects »nd for e-ch proup
fs shown in Flgure 3. From the gravh it may be seen thad there are no
consietent differencee among grouns nnd thet simost all lesrning sccurs
in the {irst seven dsys. The mesn for the groun arpvrosches the naximum
voseible score within that time.

Yo test the bypothesis thnt there nre no significsnt differences in

level of verformmnce attributable to the order in which the treaks were

s
rreeticed, the 15 dey totsls of the mern trinl scores ( I !t )} for esch
EED Y

individurl wvere anslysed by mesns of the anslyele of vorisnce technioue,
The summary t=dle for the »nalysis is shown in Tadble XXIIl. ‘The same
rondomly selected 74 subjects were used in this sanclyele na in the similar
analysee for seipnifiesnce of order nf »rectice on the lotary Furrait Test,
In order to test the null form of Hyvnothesie 1 concerning the
relationship between initiecl =»nd finel verformsnce and to determine the
nonsistency with vhiech the tmek meneures nerform-nce from dny to day. the
arrropriste inter-dsy correlatione wers commuted snd are shown in I=hle

XXI¥. Using .71 me the velue of r significent st the 57 level of confidence,
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TrBLE XXI1X

ARALYSIS OF VARIARCE OF THE TWO-HAR) COORIIWATION ¥usy
TOTAL MrAN OAILY PRIAL SCOuxE, N = 24

Source aL Sarisnce £
Total 23
Between Urders 360808 g 78161 -
Within Ordere 567619 18 215361

performance on Uny 1 is not signifiecantly correlsted vith verformeonce
after ey 6. Ferformence on sy 2 is sipnificently correlated with nere
formunce through Day ©. It may be concluded then, thrt initisl rerform-
nnce 8 mecrgared on Day 1, is not elpnificantly relsted to finel
performmnce s me-sured on lay 10. The r+lstionshir between rerform-nce
on one day end verformrnce later in vreetice decresses -2 the mmber of
intervening drye lncrenses,

Ag shown by the correlsationa of ~ongecutive drys, the trek mesesures
verformsnce vith o high degree of consistency throvweh Day 1l. The dron
in the cerrslationsg zfter iay 11 ig attridutadle to the Pratriction in
renge, becnnse most of the enbjiscte were aprroaching the marximum rogeible
score, snd many did resch the masimum. The wrriability in the length of
trisl, =lthough reaching only 007 =minute ae 2 maximun, would z2leso cone
tribute to & reduction in the intev-day correlstions vhen scores renched
the maximum. Sor the =zbove reneome, analysis of =mcores on the Two-Hond
Ggoriinntion Test will Pe mede only throurh ey 10,

An entinste of the reliabllity of the drlly nern trizl scores (;;)
for the firet ten deye may be derived by the Hoyt aneslyeis of vorisnce

technicue (13). The sumnrry of the enslysie Yo shown in Prdle XXV. The



ISTER-DAY CORKELATIONS OF TWO-~HAED COORDINATION Prs
DAILY TRIAL SCORKS (?*). W=

.83

%mﬂmu&uwwﬁ

VR I~ R ~
r W N M O

anslysis indicates that there are sigaificant differences between

individusle ~nd, ze wonld be exrected fn o lenrning situxtion, betveen

days.

.66

90

<53
.78

Ok

o0

.66

o?“

.61

.95

TABLE XXIV

27
B

392

.28
.51

.93

’16

80

97

.15
<35
59
-69
s
.83
8

93

.22
%

97

.13
.32

85

Dey
2 3 & 3 6 z &8 2 2 U 2 13

21

8% §

B8

& 15

« 18

o2

77

The relisbility coefficient of 918 indicstes that the test 19

07

.11

97
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PanLE XAV

ABALYSIS OF VARIARCE OF THER TwO-HARD COCRDIEATION THST
26 ILY MEAK TRIAL SCORNS (zt). DAYS 1l-10, ¥ = 30

Souxce af Yarlance 2
Total 16416017 29
Batween Individusls 1199925 29 h1376.772 12.,16%%
Letween Unys 320027 9 150211406 h6E? G
Residunl 887962 261 WMO?2.15

raW = ,018

Homogeneity of W-Second Score Variability

The null form of Hyvothesis 2, thrt there are sipnificsnt individunl
differences ia variabllity, may be teoted by means of the Ll criterion.
The messurew used ae sumples of behsavior sre the W=pecond zcores for esch
individual erch dny. Homogeneity, as shown by =n Ll ratio th=t mey occur
more than 5% of the time by chance, indicatcs that the samples mre from a
noranl populatien snd hsve the srme standerd deviation. Heterogeneity
indicotes thet the somples may not be from norasl povulntione snd do not
have the eame slondsrd devistions., The L1 retioe obtnined at different
strgee in trrining are shown in Table ZXVI.

Yariability of the W=-gecond scores ie homopeneous for the fired
twn dnye, w0 i3 mey be ateted that, on those drye, there nre no significont
individnal differences in variatility. After Dny 2 however, the veri.
nbility of the scores e heterogeneous, indiesting siemnificsnt individusl
differencee., The imrlication of thie reeult iz thet variability, ==

me-sured by the We-sacond scores, is of 10 vnlue the first two daye of



TABLE XXVI
L, RATIOS, TS FOR FOMOGEFEITY OF VARIARILITY OF
PwO-HEND COORDISATION T+ST 0-SECOND SCOHAS (r). 8=
265 i 2 a b1 pls] is
L, satlo 926 .55k 838 616 .259 .28
Probadility Level ~ 54 & 5% < 1% < 1% < 1% < 1%

prectice, because individuel differences nre not sipnificant,

Iaeley. To arrive zt a nmesnsure of

the intra-dey, intra-individusl variability, the mexizmwn likelihood
estimzte of the stenderd deviatlion of the W-second seares wrs commted
for each dnay for esch individusl., Thie messure 11l be indicrted by the
syubol o and the velues are shown in Table IV in Aprendix U, & pr=vh
of the menn g, for all subjecte and by grours 12 shown in Fipure &. The
mean variabllity curve for 211 sublects lg n relstively smooth curve show-
ing =& merked dror after the second dny. There avpesr {0 be no consistent
differences beltween prours, and the weekends ehow no dlscernlidle offect

on verisbility.

The mesn variability curve is very similar in zhove to theat vmunlly
found in a situstlion where lesrning is mensured by the reduction in errvers.
The curve obtained, then, would apresr to sunmort the common assumntion
thnt lesrning » sotor skill consists eseentizlly in the eliminmtlion of
inndecusrte or uselest movements. That the curve aprroaches gero 28 &
1imit is sattritutable to the fredl th&£ most of the sudiects resched the
maxismar roseible score before the end of the 15 dny nrmetice nericd., Veri-
ability wee undoubltedly etill rreecnt bud could not be merrvured by the
method used. The sharp reduction in verisbilily =ficr the second dry

eannot be exvlsined by the limits of the tsak, Tor it toaok »lsce during
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the reriod of most rapld lesriing and before the subjects renched the
maxivum score.

To teet sn hyvsthesls th:t order of nrectice on the tasks had no
effect on veriability of performance, the 15 dsy sume of the deily
atanderd devistiona of the W-second scoren (zgl ah ) vere snalysed. ‘Che
summary of the analysis i¢ shown in Table XXVII.

TABLE XXVII

AERLYSIE OF VARIANCGEH, TwO-HARD COORDIFATION 7:°7 TOTAL
STARUARD DEVIATIONS OF DAILY 20-8RCOND SC0RED, N o« 24

Zource az Yorispce ¥
Total 108671.94 29
Yetween Urders 1151,6% [ 670.71 -
¥ithin Orders 108322.11 18 sBg1l.oh

The analysie suprorts the null hynothesie thet the order of ~rrnotice does
not eliznificontly affect the veriability of rerformmnce.

Inepection of the graph of the standard deviations of the W~second
scores (see Figure &) indicates thul there are small differences between
the groups. 7o determine whether the dlfferences are signiflesnt, the
g, Bcores were analysed for all individusls se shown in Tadble XXVIII. The
snslyeis showe that the differcnces between grourps are not sipnificanat
when evalunited sgelinst the residual varisnce nlone (?1},ar wvhen evnlunted
ag=inst both the residurl varirnce snd the intersetion verisnce (?2). The
differences between deye are highly sisnificsant as would be exrected from
inspection of the gravh.

If veriabllity is to be uesed to describe or rrediet behmvior, it ie

imrortent to Ynow 1f the smount of variability zhown by one individunl



TARL® XIVI1l

ANALYRIS OF VARIARGE ¥k BY¥PYRLR CROUP LIFFMLANCER,
FWOmTAND COUKDINATION THRET STANDAKD DEVIATIONS DF W0-SECOND SCURRE
UAYS 1-10, ¥ = 0

Zqurce Suz _of Scusyes 4f  JIaziance X £
Total 17¢220.71 299
Between lays 197298.18 o 15255.95% 10L hG%% 100 ,20%%
tetween Croups 585,53 2 292,76 2.00 708
interaction 1¢16.10 18 106 18 -
lesidual W20 .00 270 146,00

renanine relatlvely constont at the diifferent gtrgen of learning. In
order to test the mull form of liypotbesis 3 thet lntre-individusl veri-
ability esrly in prectice ie sipnifieczntly rel-ted to intrs-individusl
veriability later in »nr-ctice, vroduct-moment correlstions were comrmted
between variability {ah) for aye 1, 2, znd 3 snd all other drye throurh
py 10, 7To determine the consietency of e~ch imdividuslls vrrisbility
from dny to doy, the intercorrelations between consecutive dsye wvere szleo
conrated. The corrslatione obt=ined are shown in Trble XXIX,

Becsuse the anslysis sabove ethowved thet there were no eairnificant
individurl differences in vroriability on lmys 1 snd 2, the correl-tions
of these drys wilth the other mrretice dayve would not be exrected to be
meeningiul. The volues shown in the table enrmort this conclu=zion, for
nithoush gome are sipnificrnt, they do not 11 into » merningful vattern,
Using the t-bled vzlues sg given by Guilford ( 8, v.540), imy 3 is sipnifi-
eantly correlrted with Usys 4, 5, snd 6§ =t the 17 level, »nd with Day B st
the 57 level. The carrelatione of warisbility on Usy 3 with varinbility

on eye 7, @, and 10 do not differ significontly from zero. Initial



TABLY XXIX

I¥T ReDAY CORRRLATIONS OF TWO=HAKD CONRDINATIOR TEST
STANDARD JRVIATIONS OF 0-SECOND SCORES (“h)‘ E = %0

S 4 2 3 L3 2 aay.ﬁ z 4 2 ig
1 Ol =27 =B =7 =W =h2 =0 -3 -2
2 .19 .26 .27 .22 .15 .11 oL B 73
3 69 .50 .58 .3 .8 o1k 16
b .81
5 .79
6 70
7 .60
8 83
9 B0

variability, as nessured by Uay 1 or Usy 3y is not signifiesntly related
to final variabllity.

The intercorrelatlions between mezeuree of veriability on consecutive
dnye indieate that they are signiflce-ntly relsted from doy to doy, after
ay 2+ Dut the derree o0f the relationship is considerably leees thon that
between performsnce scores on consecutive days (see Trble XXIV).

For resnons stated nbove, only the meseurcs of vrriablility from inys
3 throurh 10 are used., Of these nmersures, Usye 3, S, and 10 will be used
in later evaluntions ns rernresentotive rme-guree throurhout learning. lay 1
will %e used only for vurnoses of comraricon., Since the drily meneurse
are limited in number =nd there ia no logiceal wrny to group them, they will
be used only ss daily mesenurece snd will not he gromped.

An estimate of the relinbility of intra~individunl veriabdility es

messured by the stendard devintions of the drily 0-second scores (o)) may
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be oblsined by ths Hoyt znslysie of veorirnce technicue. The swwsyy of

the snelysie i cshown in Table XX,

TABLE XXX

AHALYSIS OF VARIANCE FUR BETWENE INDIVIDUAL DIPFRRENCEKS,
THO=HAND COORDINATION TuST? STANDARD DIVIATIONS oW
30-SHCOND SUORES (o))s DAYS 1-10. ¥ = 30

Zgurce a5 Inrisnce £
Total 179220.71 299
Between Individusle 15205.48 29 525,77 5,120
Between .inye 197208,18 9 15255,.1% 146 O 0%
Rewidual 26717.05 261 102.36
p s 524,31 = 102,76 - .80

s2h .73

The obtrined reliability coefficient of BN indlertes that mersures of
voriability are lese reliadble then mecsures of rerformenee. The relise
bility of the nerform-nece scores is 918 (see Toble XX¥). The anslyeis
shows that there sre cirnificant dlfferences in voriability betwveen
irndividuale =nd, 2¢ shown vreviouely, detween drys.

A mesgure of variabllity would be unnecessery 1f 1t nessured the
snme ngpect of behavior as does verformance., Therefore, to test the mall
form of Hyvothesle 4 concerning the relation of intra-individunl vuri-
ability to level of performesnce, praoduct-moment correlations between
mensures of performence (i;) and messures of variability (ah) vers Come
vuted., The correlstions are shown in T=ble XXXI.

Using 381 as the value of r sisnificont rt the 57 level of
confidence and 167 ae the value sienific nt ot the 17 level, it moy be

concluded thsat verisbility on daye 2, & snd 10 is sirnificantly correlated
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PARLE X¥XIY
CORREIAPINNSG OF #FATUMAT OF FPEAPONMANCE ARD VARIABILIYY,
TWO=H-BD COORDINATION TH°?. ¥ = %0
_ Yariability (ah)
Perforusnce (Tt} nys
1 oﬁ “o?? ‘.51 --.12
2 47 - -.67 -5
3 - ’.72 fd haal
5 - - -‘8@ -
10 .27 Ak ~ob0 -.95

with performence on the ssme day. The correlstion of the measures on

Uny 10 ie eufficlently high to conclude that both are mersuring the asame
thing, and the use of o mensure of final variabllity in addition to final
rerformence ig surmerfluous. Yeriablility 1le¢ related to performence nt some
stnpes of le=yning, therefore Hyvrotheals & i3 vartisally sunrorted., A4ll
of the sipgnificsent correlations of variability with rerformence are negative
excert correletions of Uey 1 veriabllity with nerformesnce. This mny be exe
rleined by the faet thrt there w-e more learaing on>ﬁay 1 than on the
folloving doys, and as » result the standard deviation of the W-second
scores for theat day would be corresvrondingly inerersed. One wonld thare-
fare exvect it to be vositively related to nerformence. From Teble XXXI

it may alvo be steted that finnl level of rerformsnce cannot be predicted
from initlel varisbility.

The sbove anslyels has heen

af meseures of intra-individuzl wvariability within dsys. The inter-day
veriability of esch individunl will 2ls0o be computed =nd used ne an addi-

tional mensuvre, The messurcsg used will bde the mazimun likelihnod estimnte
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of the standard deviatlion of the stendard scores, indiceted by the symbel

(6*). and the maximus likelihood eetimnte of the standard devintion of

the drily standard devistions of 30~second scores, indicated by the

aymbol (aa Jo 7he velues for each messure sre shown in Trble XxXIX.

h

A I B B < SV VR A - E

F & 8 B B

15

TABLE XAXII

INTER-DAY MEASURES OF VARIABILITY,
TWO-HAND COORDINATION T3#5T. ¥ = %0

.150
o Shils
575
505
« 394
« 268
758

:?fb

25.86
>8.60
?1.72
22.62
27.85%
33.28
26.61
18.82
23.69
22.21
25.71
20.79
0.23
25.01
28.41

Sublect;
16
17
18
i9
20
21
22
23
2h
25
26
27
2B
29
30

Q06
917
521
786
oGy
.122
.192
<326
220
290
L:18
.88
.206
L6686

15406

g“’h
26.16
7G40
27.76
25.80
2L 1k
21.%
18,57
?21.27
21.78
26.66
27.76
1.5
22.b8
26 st

7.71

Their comrutation 1e the ssme ns for the mnslysie of the Rotsry Pursuit

Test reesulte,

The correlstion coefficient of «.% between the two memsures

Inca not 4iffer elgenificantly from rereo.

To tegt the nnll form of



Hypothesis 5§ regarding the relstlon of mernsures of inter-dsy and

intre~day variability, nroduct-moment correlstions were computed. The

correlstione nre chown in Table XXXII1I,
TABLE XXXIII

CURRELATIONS OF IFTRA-DAY AHD IN?IR-DAY MEASURES OF
IRTRA-ZHDIVIDUAL VARIABILITY, TWO-KAND CGOORDIFRATION T#sT., H = 30

G %S e

e —.b2® 3% 35 LuBee
& Ql‘e~‘ .21 -.15 -.?1‘*
%n

From the correlations it mry bDe stated thet messurec of inter-day
varisbility sre releted to mercures of intra-deny variability =t sone

stages of learning. The only bhirh Telstionchin ie thet of 66 with o

h h

ay 10, n negative correlation,
Te show the relationship of mersures of inter-dsy verisbility to

level of verformsnce, Tadle X{XIV is given.

TABLE XXXIV

CORMELATIONS OF NuaSURES OF INTUR«DAY VARIABILITY wIYH
HEASUAKS OF TEAMHEKARCE, TWO-HAND COORDINATIOR TR8T. ¥ =

Performance (-it)

o - B - Shew - B28n
2

& -.3}@ ‘05 .72“
“n

The stsonderd deviation of the etundnrd scores shows » sirnific-nt nes~tive
correleation with initizl 2nd finnl verformence., The standsrd deviction of
the =t:nd-rd deviantions s positively ord sirnificantly correl-ted with

finsl perform-nce, but not relsted to initinl verformonce. Althoush they



are related, inter-day messures of varisbility sre net nmessuring entirely

the snme neapect of behavior ss are nerformsnce scores,

Time of Treining to Rench a Ferformmnce Criterion
Three levels of vrerformonce were chosen ns criteris, nnd the nurber
of trizls wecuired by esch individurl to resch esch wre tebulated. The
criterins chosen srel
¢ Trial mcore of 960

Q
QW “&Wumwawa»aan@%ua&mmo
G, I One nerfect trisl.

3
The score of 960 wes chosen becruse 1t wre the hirhect trirl series score
thet all subjects rerched. & verfect trisl wre defingd ae » trisl in
which the contact wns kept on the center 1/2" diameter tnrret througshout
the entire trisl. The number of trierle recuired to resch the criteriz jis
shown in Table XXXV. The intercorrelatione of the nutber of trials to
attsin erch of the three criteria sre shown in Table XXXVI. The correln-
tlone show thet =11l three me~suree are highly rel«ted., Becruee the
numder of trisls to rench one prerfect trisl la a less srtifieal criterion,
it will be used in further evalustions.

To determine the relstionshiy betveen level of verformsnce nnd time
of trrining, =nd to test the mall form of Hynothesls 6 concerning the
relantionehip of intre-individusl wvarisbility ecrly in nectice to tine of
training to resch » performance criterion, the correlations shown in
Tnble KXIVII were computed. ¥row the correlstlons it msy be stated that
the oriterion ie¢ signifiemntly related to werformeonce on ieye 2 r~nd 10,
ey 1 verisbility shows = higher correlation with the criterion then doen
Py 1 nerformonce, belng signifiesnt nt the €% level; tmt the difference
btetween the correlstione ie not =uirnificent., It ie doubtfMl that initial

intre-individunl vorinbility 12 relnted te time of tr=ining to resch =



TABLE XXXV

NUMBER OF TRIALS TO RMACH THREE CRITERIA OF PERFORMANCE
OR THE TwO-HAND COORDINATION TEST,

faplect G L &
1 32 &4 Sk
2 53 56 66
3 3N 3o 50
I h9 52 81
5 28 28 49
6 26 26 L2
4 ki L8 bl
8 7 hB $0
b4 38 60 70
10 61 72 €8
11 26 %6 14
12 29 32 56
13 17 24 32
1k h2 hdy 47
15 58 72 89
TABLE XXXVI

Subiect fl
16 27
17 5
18 *n
19 L5
20 37
21 37
22 36
23 26
2k 18
25 26
26 W
27 29
28 %
29 20
30 66

INTERCORRELATIONS OF RUMBER OF TRIALS 70 HEACH
¥=%

?2,

THRER PRIFORMANCE CRITERIA.

e
, .86
c .&

.89

22
2

®E K EEFE & 4

108

- R

L5
52
52

-

L9

52

LB

49

1i2



TABLE XQGVII
CORRELATIONS QF MEASURES OF PERFOBMIBCYE AND INTBA~DAY VARIABILITY
ITH HUMBER OF TRIALS TO HEACH ONE FRRFECT TRIAL,
T¥O-HAND COORDIBATIOR TR0, H = %0
T T Y o o a
o X -2 —a0 ~hl 23 ~h3
G “.2&‘ -055#¥ "'0?6'* *.M‘ .32 .65"

performance criterion,

A test of Hyrotheels 7 invoives a muliinle correlstion of initinl
varinbility =pd initisl rerformance with finel rerfowmance. Agein, it
is questionsnble if the zero-order correlntion coefficlents nre sufficiently
stadle; but in the cnse of Uay 1 rerformance snd lay 1 varisbility, none
of the correlations nre sigsnificsnt ot the 17 lewel of nonfidence., Ko
purnoge would be gerved, then, in comrating » maltirvle corrslntion co-
efficient. It is not mossible to test the hyrothenie that the rmitinle
correlation of mersuree of initial vperforannce snd mersures of initisl
veriability with final lewel of rerformnnce on the orme tank 4is higher
than the correlation of initirl and Tinel nerformonce alone., The same
conelusion is syplicadble to the nrediction of time of truining from sy 1

nerfornsnce =and Usy 1 varisbility.

Sammary of ‘onclusions for the Two-lirnd Coordination Test
Under the conditions of this inveetigstion, the following conclusions
may be drawni

1. #insl performmnce cannot be vredicted from initizl
verformance, The evidence does not suprort the hynothesie
that initisl performance ie related to finel verform-nece,

2. There nre individunl differences in verizbility of
rerformance =fter the second dsy of vreactice. This
suprorte the hyrotheecis that there are individusl differ-
ences in vaerisbility of verformmrnce.
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Intro-individusl verintility lste in oractice connot dhe
predicted from intrz-individuzl varisbility esrly in nrace
tice. There ie no evidence to sunrort the hyrothesie thst
intra=individual variability esnrly in rractice is relsoted
to intra-individuel varinbility lste in rroctice.

Intra=individusl variablility 1¢ relsted to rerformnnce at
sone stages of learnine, Tut finsl verform-nce connot be

rredicted from initixl verle®llity. 7The hypotheels thet

intrr-individusl veriability iz relsted to level of rere

formence is nartislly sunported.

Some inter-day snd intra-day me-euree of intra-individusl
variability zre related, but in penersl the relationsbins
are low. The hynothesis that inter-dsy »nd intrs-day
menrures of intra-individusl weria®ility sre related is
nartially suprorted.

It is doubtful thet Initinl varlesbility ie rel-ted to
time of trrining to resch & performance criterion., Ko
conclusion mey be drawn with reprrd to the hyootheeie
that messures of intre=individusl varisbllity e=rly in
rreoctice are relnted to time of training to resnch a rver-
formence c¢riterion on the same trek,

It ie not porelble to test the hymothesie that the multinle
correlation of meamures of inltial rerformance nnd mensures
of initisl verisbility with the finsl level of rerform-nce
on the 9=me trek 1e hirher than the corrclsiion of initisl
and finnl verformsnce =lone.

81



CBAPTZER ¥
ABALYSIS OF HRSULTS FOR THE S.A.M. COMPLEX COORDINATIOR TeaT

Level of Performsnce

The Complex Coordination Test wne scored on the brels of the mumber
of ratterns matched mer unit of time. The mesn pumber of vatterne matoh-
ed mer four minute trizl seriee esch day is shown for esch irdividusl in
Table V in Avpvendix . This sgcore will be referred to as the dsily mean
trinl series score, ond indicated by the eymbol Z,. A gravh of the menn
E; for esch grour and for all subjects is shown in Pigure 5. From the
erevh 1t ney be seen that verformasnce improved at s relatively stesdy
rote throughout the training verioed, nnd wre still imvroving sfter 232
mimutes of vrractice durling the period.

The rerformsnce of #roup B apreare to ke at » lower level than for the
other groups, %0 an analysis was mede to detemmine if the differences among
the proups are sirnlfiesnt., The sumuary of the ennlysis is shown in Trble

XAZVIII.

TABLE XXXVIIX

ANALYSIS OF VARIARCE FOR BRTWEXFE GROUF DIFFERENCES, COMPLEX COORDINATION
THET DAILY HMEAN HUMBER OF PATTARNS MATCHED Fix TRIAL SERIES (23).

=2
Source L JYarisnce Z
Total 5E723.73 hkho
Between Days B2913.60 1h 068,26 102,18%
Eetveen Grouvs BEB on 2 23,12 7.7
Internction 68.97 28 2.46 -

Resgidual 12272.8% o8 .0
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The snszlysls chowe that there sre slgnificant dlifferencec between drys,
as would be exnected, snd thet there sre aleo sirnificent differences
between groups. To determine if Crour T iz the srour mroducings the
heterogensity, 2 further znalyeiz wns mode of Groure A 2nd C only. The

sumnary of the snelyeie 1s shown in Teble XXXIX.

2Bl XXXIX

ARALYSIS OF VARIAECE, COMPLEX COORODINATION THUT DAILY MmaW NUMBMR
0F PATTEANS MATCHED PER TRIAL #HRIRS (2.). OROUPS & 4D G, ¥ = 22

Zource af Yorlance £
Total 40K61 .65 329
Between Uays 30852.96 15 2201.78 68,08+
Setween Grouns 0% 1 .03 -
Internction 22.48 s 1.60 -
ipsidual 9586.18 300 31.55

Groups A and U do not differ sipnifiesntly, so it mey be concluded
thet Grour B contributes the mest to the varlsnce smong groups nnd is the
grour producing the heterogeneity. Thie 1g not the grme grour that vwoe
below the menn on the Hotsry Pureuit Teat. There are no known fzetors in
the experiment thnt willl account for the lowver level of nperformznee of
Oroup B, 20 ne concluasion is drewn with regrrd to the ecruse of the 41ffer-
ence., Iecsuse there ie no evidence to iadicate thet the group should not
be included in the znslysis with the other srouns, no differentistion will
e made between 1t and the other groups, 4

To determine whether the order in which the tasks wsre orocticed had

a eirnificant influence on (he level of rerformsnce on the Commlex Coordie

nation Test, ~n anslysis woe¢ made of the tatal mesn drily trinl series
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15
seores ( L Zg Jo The ssme 2h subjects were used as in the nrevious
J#l

annlyses for effect of order of nructice. A& summmyy of the snnlyels ig

shown in Table XL,

TABLE XL

ABALYEIS OF VAHIRBCE OF THR COMPLEX COORDIFATION TEST
TOTAL MEAR TRIAL SERI:S SCORES, ¥ = 24

Zource af Yariance X
Total 151717 23
Jetween Urders. 1501 5 70082 1.18
within Urders 106676 18 5026 .4

From the =nalysia 1t msy be concluded thet the order in which the tnske
vere rracticed hsd no signifiennt effect on the level of r»erform nee on
the Gormlex Uoordination Tesnt,

In srder to determine the nengistency with which the Uommlex
Ugoordination Test neasurecs nerformrnce from day to deye and to teot the
nall form of Hypothesis 1 concerning the relstionsghly between initisl and
finel verformonce, inter-day correlstions were computed sms shown in Table
XLI. Omly the correclatisnes of voulue to the nresent analyels sr- shown.
Using 463 as the value of T significantly different from zero at the 1f
level of confidence, it may be concluded that initial nerformsnce ie
positively =znd significantly related to finel performsnce. All of the
consscutive ds=ye nre highly related, indicating that the teet i8 a con~
giptent meceure of verformsnnce,

The megnitude of the intercorrelations indicntes that the test is &
relisble mesenre; but, to derive n relisbllity coefficlent for the sntire

trsining veriod, the fHoyt technicue wrs used. A swwmary of the annlysis



IFTER-DAY CORUELATIONS OF COMFLEY COORDINATION Tre®

PABLE LLY

DAILY Mial PRIAL SWMIES SCORES (’iﬁ). )

x 2 31 4 5 & 2 wﬁ. 2 1 A 2 13 u 15
1 .BS 73 .65 .68 .88 &y .61 71 .SB .62 .69 585 .69 6B
2 89 B2 79 72 B 73 81 70 69 70 72 72 TR
3 -89 .69
h 95 .76
5 .93 .73
6 <90 S
? .05 79
8 .93 -B3
9 .93 .83

10 .02 B3

11 2 .88

12 «Ch .90

13 .95 .92

1n <93

18 shown in Table XLII. The obtnined relindility coefficient of Q8%

showe that the test iz = highly relistle mes-ure of verform-nce., It may

sleo be concluded thet there are mirnificsnt differences betvesn individe

unle snd, s would be exrected, hetween deye,

Homogeneity of Variadiliity of Per{omeance Scores
An estimate of an individesl's variedilily of performence on the
Complex Coordinstion Test within erch day mey be b -sed on clther the 30-

second scores or the trinl (one minute) scores. Using the Wesecond scorss



ATALYSIN OF VARIANCE: »OR BNPWEEN INDIVIUUAL DIFFERRHECES,
COMELMA COOHRDINATION Tuff ALY MYAN NUMBRR OF TATTURNS
MATCHED PEH TRIAL SERIES (zg}. E = 30

Seurce Swm of Sguores af Yariznce x
Total 55723.73 uho
Between Individusls 10871.71 20 364,53 66,11
Between Jays L291%.69 1y 065,26 555.90%%
Resigunl 2278.73 hoé 5.5
p s 368,93 = 5,50 « .ong
364, 57

the estimate ie brsed on » smmnle of 16 mcores the first day ~nd 32 scores
on nll eubsesuent dsys. Using the trizl scores, the estimnte ie b-sed on
B scores the firet day nnd 16 scores on sll subsecuent deye, Deriving =
neasure of variasbility from the lnrger nurber of trisls esch dey is de-
sirabdle, but h~o the dlaadvantsge of bheing bBrsed on scores of very small
mapnitude. leriving = mersure of variabdbllity from the trisl scoreg neans
ueinry a smaller ssmnle, but the sceres are twlice ss large. IEven with the
latier measure, however, the zcores are not sufficiently lorpre to sllow
sy connidersble vrriability, for the range is from zero at tie beginning
of vr-ctice to & moximum of 1F at the end of the 15 dnys of practice. A
nensure of variabllity brsed on these scores would not he expected to be
very discriminating among individuale.

To test the mull form of Hyvothesle 2 concerning the exlgtence of
individunl differenses in v~-riability o»f nexform-nce, the 11 test wes
spplied to both the W-second ecores (zh) snd the trisl scores (Rt). The
obtrined retice are shown in Tudle XLIIX, The resulte gf the Ll teste show

that the variability of the W-necond scores may be considered elpnificantly
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PTARLE TLYIX

Ll ﬁﬁ?%ﬂﬁ, THoT R HOOQuEREITY OF YARIABILITY,
GONTLEX COORDITATION TR™P, B = %0
Prob,. Frod. Prob. Prob,
my 2,  bevel 2, level 2y 7, leved 7, level
1 S01L < 5% 766 <17 g 861 - &% L7y <17
2 987 -5 .8E0 < 10 .963 >sf .01 < 5P
3 .7 <35t .86 <5 12 968 > 5% 9w > &
L 98 < 5% .90B ~ 5% w950 > 5% 923 ~ 55
5 950 <5858 932 > st 15 952 <58 900 < 5%
6 966 > 8%  .927 > &%

different smong individunle at the 5% level of confidence on only five of
the days shown. The varlsbility of the trial scores iz significnntly
different mmong individuale at the 1% level of confidence on three of the
dsys shown, snd at the 5% level on three other days. JRecause they do not
differentiste smong individusle every proctice dey, nelther menaoure is
completely sstisfretory. The variability of the trirl scoree mey noselbly

be a better mesnsure becouge 1% shows differences at 2 more sipnificsnt

level. 3Both mensures «ill be used in most of the later analysesz. Hynotheele
2 cannot e refuted, for there are sirnifie=nt individusl differences onr

st lerst some nractice days.

Intre-Individu-l Veriablility! Intre-Day
¥he 11 tret rzsulte indic-te thet mesecures of variability of
parforusnce on the Uomplex Usordinntion Test are of 1i1ttle veolue ir de~
seridbing or rredletine behnvior, but »n enalyeie of the meerures wvoo mnde
to check theere resulle., The moryieuwn 1likellhood estimstes of the stendsrd

devintiong of the Wegecond scores, snd of the trisl scores, for e«ch



individusl znd for exch 42y, #re chowvn in Teblee ¥I and VII in
Aprendix D.

The mazimum likelihcod ectimates of the eirnderd devistione of the
20 mecond acores are indicsted by the symbel Oy #nd of the trisl scores
by the symbol Ty Granhs of the mern Ty end Teo by grours snd for =ll
subjects, are rhown in ¥ipuree 6 and 7 resrectively. Inerection of the
graphe shows, that by elther mesrures Vvariabllity increases with mrectice.

The dsy to dny fluctustions of the curve of the mean o, are 2 little

t
erecter tian the fluctuntions of the curve of the mezn o, but the curves
are essentlislly einmilar.

The Complex Coordination Teest f£ite VWoodworth's clperificstion of
t=glks scored se oulrut ver unit of time. The resulte obteined srree with
hig statement that under this seoring cendition, variability will increace
with vrectice. Inspection of the grevhe falls to indiecste nny consisient
differences -mong the three grouns, but becsuse sienificant differences
were found in the level of verformance of the three srours, both the oy

snd the o, values were snnlyged for sroupr differences. The annlysis of

t
the o, Vslues throughout trnining ie shown in Table XLIV. The analysis
shows that differences omong the groure sre not sirnificeont vhen evsiusted
sezinst the res=idunl vari-nce {?i) or the residuml snd interrction
variance (¥,). The analyels of the o, values resulted in the ssme find-
ing. Table XLIV sleo chows thnt there 2re significant differcnces between
days s wounld be expected.

Inereciion of the granhe (Fipures 6 nnd 7) shows that both mensures
of voriabllity have avnroximstely the same charncteristicos and so would

be ervected to be highly correlsted. The vroductemsment corrsletion

between the tvo mensures on Dny 1 ia 732 and on Day 15 1o PS5, The
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PABLE ALIV

ARALYSIS OF VARIAHGH FOR BOPTWERH GHOUY DIFWERHBCES,
COMPLEX COURDINATION TROT STANDARD DRVIATIONS OF TRIAL SCORES (%).

¥ =30
Source Fre 5, x,
Total 0.168 §7.34]
Between lays k.31 14 <08 B.277%® 5.,15%%
Botween Grouns el z 050 - -
internction 2.024 28 072 1.220
Eesidual 23.Thly K08 059

mensures cznnot be conaldered identienl, althourh they are hishly relzteds
ec n8 stnted shbove. both were used in moset of the ananlyses described below.,
To determine whether the order in which the tasks were nrrcticed had
any effect on variabllity of verformmnce, the total stiszndard devintions of
the W~-second zcores (]g oy ) for erch individusl were anslysed. The 24
subjects used in the mi:iiem anszlyses of order of rr-ctice were used in

this snanlysis. The esummary ie¢ zhown in Table XLV.

ABALY®IS OF VARIAKCE OF CONFLEX COOBDINATION 7207 20TAL
STARDAED DEVIATIORS OF DATLY W-HECOMD SCORKS, ¥ = 28

dource Sum_of Seuares af Ysriance £
Total 25.098 24
Between Orders 3.882 5 s -
%ithin Orders ?2.716 18 1,22

The snalyesie shows thst there snre no significant differences in variability

aettributable to the order in which the tusks were practiced.
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In order to teet the mmll form of Eyvothesiec 3, that inltisl
intre~individunl verisbillity ie eignificently relnted to finel intrse-
individual variability, snd to determine the consisterncy of ench individe
urltes variability froe dsy to dsy. rroduct-moment correlstion coefficients
of the oy values wvere computed between Uny 1 snd sll other dsys, and

between consecutive days. Thewe correlantione are shown in Teble XiIVE,

TABLE XLVI

1875A-DAY CORRELATIONS OF STAKDARD DEVIATIONS OF 0-SRCOND SCORES,
COMPLEX COORDINATION TEST (arh). =10

ay
Dax 2 3 4 5 & 2z 8 @92 1 1 122 13 M 15
1 .1k 68 .20 .27 .17 16 B .0 06 18 .2h 02 W09 =22

2 07
29
.28
.22
.27
.28
«33

L- B - B B - VY A T

.27

10 .51

11 46

12 07

13 .52

14 .27

The results of the Ll test as presented in Table XLIIY showed thot

the vorisbility of the 0-second scores was sigaificantly d4ifferent ~mong
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ey
-

individuale only on some of tie practice days. From this {indine one
would not eznesct the Inter-day correlstions to be hirh or even sipgnifi-
eent. The correlstions confirm thie exveotation, for none of the
correl=tions of Iny 1 with other dnye differs mignificontly from zero.
f the consecutive dny intercorrelations, only three are gisrnificantly
different from zero. It mry be concluded thet there its no rel-tionshin
betveen initinl and finsl intrs-individusl veriabllity se mes=ured by
the standard devintions of the Wwsecond scoree, and in only three
instances nre consecutive day meagures of variadllity relsted.,

The L, ¥atios for the variability of the trisl scores (see Table
ZLIII) indicate that the intercorrelations of the standard devistions of
the trisl scores would not be exvected to be any higher than the intere
correlations of the standard devintions of the W-second wrooress. Jor
that reazon, o, intercorrelntions were commuted only for trial daye
representing inltinl, middle, snd finsl levels of trainine and for which
the ﬁl ratios were slenificant. The correletions with mesn variability
for the training veriod (;;) are also shown. The intercorrelntione =2re

ehown in Tsbhle XLVII,

TABLE XLVIX

INTERDAY CORRELATIONS OF SPANDARD DEVIATIONS OF TRIRL SCOR:S (‘"t)’
COMPLEX COORDINATION TSP, X = 30

, Days -
Pnrs 2 a 8 1s oy
}“ «01 “"‘oyﬁ- "009 o%’ ‘37‘
2 “.18 .‘!9‘ ‘13 -
3 “.93 .10 -
g .28 48%
15 72¢
E 3

Sienificsnt et the 5% level of confidence.



The teble shows tihed initisl voarisbillity 1z sienificontly correli-ied
with final verisndility between the 357 snd 17 level of confidonce, nnd
only one other inter-dzy correlation Lu cipnificant »% less then the 5%
level, becruee the relstionshin betee-n inltisl s#nd final veoriecbility
ig of doubtal significrnce, no defimite conclusion ¢ n be “rmwn, It
ey be etated, however, thaot the cotondnrd devistions of the trisl scores
are not consietent meassures of vrriability from dsy to d-~y.

The mean strndard devietlion of the trisl scoree ie Jerived from the
dsily stondard devistions so wvould Be erxpected to be correleted with
ench one of them., Only the corvelstion with Usy 15 ie hirh, hut, becsuse
it 12 connidersbly less thrn 1, the mean varisPility wes used se sn
riditionsl mensare. For lster evslustions, oy eye 1 =nd 15 snd Ty
Heys 1, By 16 and ;; ware used so representsiive mesgurre of variability
throuzhout trelning.

The consecutive dasy sorrelations indlente that the mensures of
variability are not highly reliable. An estimate of the reliandility of
the o, Sscores, derived by mesny of the Loyt technioue, nd s eumanry of
the anslyele ie shown in Yable XUVIII., The measure of variability is
more reliable thon wveuld be anticivated from the interedsy correlations,
but it iz coneiderrbly lower than the reli-hility coefficlient of the
nerformance scores ( r & ,98€ ), 7The snslysie chowe that there nre
elrnificant differences befveen d-ye and between individuals., Mfferences
petween doye would be expected in n le=rnings nltustion; but differences
between individusls misrht not be evvected from the resulte of the Ll teste,
for they szhowed theat only on & few deys vere there slrnificsnt differences
Petyacn individualae, The sienifiesnce found by the anslyels of varisnce

nay be ewrlzined by the feeht thet the anzlysie wees made over the entire
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TAELE XLVIIX

ABALYSIS OF VAKIANCEH ¥PDR BEOWENE THOIVIUWUAL DIFFEREWNCES,
COMPLEX COORDINATION T¥ST STANDARD DEVIATIONS OF 30-SECOND SCORES (o).

=130
Seurce a Jarisnce £
Potal £,168 uho
Between Individunle 2,001 29 L0600 6.161%*
Between lays 1.637 14 .1169 10.438%%
Hesidusl L,5% h06 0112

s —s0690 = L0112 . .8
i ,0690 '

practice nerind of 15 daye, wheress the Ll togt wee mmde of single days
throurhout the period. The conelusion 1g thet the standsrd devintions of
the Wegecond scorgn differentizte Detveen individunls over the entire
rractice weriod, althourh they do not differentiaste on ench dny.

To determine the reliability of the ztandard devistions af the trial

gooren, 2 sinllar anelyels woe 2ede and iz chown in Table XLIX,

TABLE ILIX

ABALYSIS Oy VARIANCE FOR BEDWERF INDIVIDUAL DIFFEHRKHURS,
CUHPLAEX COGHLIBATION TXCT STANAHD URVIATIONS OF TalIAL GOORxS (Bt) .

E =23
geurge Bm of Zgunres iz Yarionce x
Total 30,168 bhQ
between Individuals 6.125 29 .211 b 306"
Betve«n Days h,371 14 309 &, WG
Hesidual 19.742 06 LOhO

r = 'm* .%9 = .”
211
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From the zaalyeiz it nny be concluded that sbtandnrd devistione of the
trinl scores pre not 53 relinble =s the nerformrnce scores. The o,

vrluee have & lower relisbility coeffieclent then the o, veluers,. bul the

h
difference belwesn the rolisdility coefficlente 1a eulte smmll. There

are sipgnificant Aifferencees belween doye rnd sles between individusle,

The ntandard devistione of the trisl scores slse shovw sipnlficent differ-
gnces over the entire tr-ining periocd, ~lthough they do not discriminaste
ench 4ry.

‘he ~bove canclusions nre sipnilice=nt for the rrodlen under
investigetion, Henmares of verinhbility breced on the W-second ecoresg or
on the triszl scores, differentiste bebween indlvidunle over the eniire
prectice neriod, Pul do not differentiste every d=y of thet rrr-otice
vericd. Therefore, using a mensure of variability on =ny one dery would
rradably be of little volue to »redict leter voriebility or rerformance,
The low inter-dsy correlations give further suprort to thie conelueion,
for they chow thst werinhility ns meseured in thie sitantion 1g not a
sufficiently sinble charrcteristic to be ureful in describine or nree
dicting behevior. In view of the sbove conclusione = further sn-lysise
would not be expected to be profitadbla, but it wazr carried out in order
to test specifically the hypothesee selt un.

To test the mall Fform of Hyvothesls b that 2% =2ny el-ope of lenraing
intra-individusl vartasblility ie related to level of nerformrnce, inter-
correlations between rerformance nnd varlability on the ssme dny were
comyuted. CLorrelations were computed for both measures of variability,
at only on the daye on vhiech there were sirnifiesnt individuel differsnces.
The correintione ars shown in Table L. Only two of the correlatione differ

sisnific-ntly from zero between the 57 =nd 17 levels of confidenece, while
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TABLE L

CORRELATIONS OF MRASTRUS OF VARIARILITY WwITH PERFORM2NCE,
COMPLEX COORDINATION TAST. ¥ = 10

Varia~ Ferfommnnce (2 )

at 162 tls .E‘Q had - .?g n29 .'%9

#Sipnifieant st the 57 level of confidence.

the others are not eslenificent. It is doubtful that there is s relsationship
between voriabllity =nd verformesnce.

To determine the relationsbip of variability =t one stege of rrrnetice
to rerformnnce gt another strge, the correlstions chown in Trble LI were
cormuted. The standard devistione of the trinl scores were used as the

meagures of voriabllity.

TABLE 11

CORRELATIORS OF STANDARD DEVIATIONS OF TRIAL SCORBS wITH “rsW TRIAL
SERI®S SCORES, COMPLEX OOORDIZATION Tas®., H = ¥

w %s us %
Z, 02 .03 .01 a2
Zyp .00 07 .03 .23
Esl p 17 Ok .30 Jypee

From the correlsticias chown, it mry be concluded that verisbility ot one
atepe of lesrning le not relested to nerform=nce st rnother strpe, The
only relstionshin i¢ bhetween the ~<nm strndeard devirtion of tricl scores
and rerformrnce on Usy 15. This correlstion ie mositive ~nd sienificent
at the 17 level of confidence, indicsting thet individusle vho resch a

birher level of rerformsznce tend %o he more vorisbhle,



The tent of lyvotheeis 7 would involve the compudntion of the
multinle correlstion of o messure of initial nerformrmnce =nd s Dessure
of Inftisd vorisbility with finel level of verfomeonce. An demongirnied
by “uilford { 9, n.497), po purncee vould be served by commating tkis
correlstion, for the only sisnificand correlstion smong the three
vurinbles 12 between initiszl =nd fin~l wmerformence. Elthoush the obiained
correlations cunrot be consldered stoble, there in no evidence thst the
multivie correlation of o menaure of irnitisl verformance nnd 2 messure
of initirl voriabllity vith finsl level of verformrnee on the gome Laek

is higher t nan the correlstion of inltis]l and finnl verformence snloune,

Intra-Individurl Vorisblility: Inter-Dny

Inter-dny measures of intra-individusl verisbility have been
conputed for the Complex Coordination Test in the ssme mznner s¢ for the
other tzaks. These messures ere the warxleuws likelibhood estimntes of the
standard devistions of the standard sceree »nd the maximam likelihood
eatimntes of the stznderd devicsiions of the YWe-second ecores =nd $trial
scores, for ench individuvel. The stonderd scores are bonsed on devintione
of the individusl dnily memn trial series scores (2;) from the grour
measn trial series score for esch doy. The stendard devistion of the
strndard scores will be indlcented by the eymbol o the standard deviation
of the standard deviations »f the Wwsecond scores by the aymbol aah. snd
the standanrd devintion of the standsard deviations of the trinl scores by
abt. The v~lues of the betwern-dsy meseures of varlability =re zhown in
Table L1I. The intercorrelations of the three messurcs are se followe:

o ande ¢ P= 67

oy oy
o snd o P r = 09
9 ®

o ando ! r= .18,
1Y E
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Taald LIX

IFT R IAY (BT ES OF YaR¥ASILITY,
GOMPLAEE COJADIYNATION TroE,

1 2197 .10} 227 16 508 136 218
2 .398 .17 .200 17 29 106 281
2 2317 .120 L2852 18 L0010k 18R
3 2529 121 2 19 BL 005 19
5 52 273 711 20 620 1l 236
6 LB ll2 323 21 .258 ,159  .290
4 L3780 L1l L1582 22 A01 116 283
8 .268  .120  .289 21 .02 17 297
9 438111 296 2h 407 L152  .218
10 LB 008 167 25 A6 117 281
11 LSh0 L1284 .25%3 26 408  L101 .19)
12 L5852 209 178 27 WO OB 219
13 79 157 .7 28 I3 0% .21
718 L8 L1010 L1160 24 573 .127 258
15 Xh A 27 %0 612 .00 L1KO

The g, and the o, veluee are significantly releted as wonld be exrected,
h i -

becouse the o, and the oy valuee from vhich they are derived are hirbly

h
correlated, The etendeard devictions of the ctsndard scores are not releted
to the ether tue mensuvres,

To tret the mull form of Hypothesls 5, that interedsy and intrn-dny
mengures of intre-individual veriebtility on the seme tnek mre relnted, the

nroduct-noment correlations showvn in Trble LIII were computed. Uorrelations



101

with performance zre nleo 2hovn, Of the tvo menrsures of varisbility of

veriabllity, only the T, v=lnes are usned in this anclysiae,
t

TARLE LIXX

COBBLLATIONS OF MMATTEAS OF INT:ReDAY VARIABILITY WITH HuASURES OF
IWPRA-DAY VaRIABILI®TY AF) «& QUORG OF PHEEFORMAIDY,
COMFPLEX COORLIRATIOR T:00. H = 10

£ o o ; E E E .
it 3 § -8 S 71 -t -5k - 74 ~2L3
ga. -0 ll - .ﬂﬂ 03?* 017‘ . "ﬂ . 1? .’&7“’
%

sgienificont at the 5% level af confidence.
rriienificant st the li level of confidence.

With .7 ns 2 coeffleient sirnificent nt the 5% level of confidence, two
of the correlation~ of q“t vith intra-day mersuree of varis®iliiy could
be attributzble to chance mb a probshility level of leme than S7. The
o, ig not related t¢ intra-day vorindbility. It is doubtful thnt there
iz o relationahin bhetween intraedsy snd inter-day messures of intre-
individual varishility. The aat is significantly sné nocitively relsted
to finsl rerformence, bdut o, ig ot related to initinl or finzl rerforne-

HNCE o

Time of Training to Feneh a Criterion

The performznce criteriz ectzblished for the Complex Coordination

Tent srel
Z = 10
01 s ?t 1
CZ‘ za“lﬂo

These critorin were chosen becaunee they renresent the higheet rnerformance

level that wne rea~hed by ail subjecte. The mumber of trisls to resch
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each eriterion is shown in Tnbhle LIV,

TABLE LIY

HUNBER OF TRIALS 70 HEACH PHRFOHMANCE CRITHRIA OF THE
COHPLEX COORDIRATION TusT?,

Meet 4, % = T
1 62 By 16 56 6
2 L6 76 17 112 176
3 Sk 72 18 o5 116
A 128 152 19 2 751
5 50 84 20 52 76
6 by &b 21 68 £8
7 u? 2 22 63 72
8 36 iy 23 b7 52
° 96 132 24 b33 ez

10 171 176 25 82 128
11 163 184 26 L8 88
12 71 100 27 152 180
13 55 92 28 68 136
i 60 By 29 U 88
15 110 16 30 60 80

fhe correlation betweern the criterie is .92, 20 only criterion 1 is used
in farther anslyses., The anrrel&tiénu of meszsurcs of verishility =nd
mensures of rerformance with number of trisls to reech a $risl esrore of 10
are shown in Table LV, 7These correlsntions were computed to test the null
form of Byrotheelz 6 concerning the relation of nenemrees of varisbility

end time of trzining to & criterion,



TARLE LV
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COBRELATIONS OF NUMBER OF THIALS 7O KMEACH A TAIAL CCORE OF 10
178 VARIABILITY AND FERAOEANCR, CONPLEX CUORDINATION Ti87, E = W

Variability FPerformance
oax h a1 r
1 -e22 Y - Gl n
8 - -.19 - 00w
15 -e29 -.17 -, 71e®
Hean, Jnys 1-15% - - GO* -

From the sbove correlatiocns it nsy be concluded thet mensurer of
intra~individusl veriabllity ectly in vrretice ~re not relxted to time of
training to resch s performence eriterion on the s=sme toek., There is no
evidence, therefore, to suprort lypotheels 6. Hean vorisbility {st) L
related negntively to time of training, btut thie relstionshir iz of no
volue for wredictive purposes.e It indicstes, however, the? sn individurl
wvho ig more v-:risble recches the criterion level of wmerformence in fewer
trisle. This relstionchiy would not ordinerily be exrected But 1g in line
with the noesitive relstionshin between mean varisbhility =snd rerformance
shown snbove., Fumber of trizls to 2 criterion is nepntively r«lsted %o
nerform: nce ae would be expected. The rel-tionchin is hirhest on ey %,
wvhich mny be attributable to the frect that mast suhjectes re-ched the
eriterion level nt or shortly bhefore the eirhth dny.

Initinl verisbility does not correlste signifierntly with time of
treinins or with initisl rerfome-nce, so no rurpcese would he served by
attemting to determine the muliirle correlntion of merrures of initinl
veriability ~nd initial performsnce uwith time of training to rerch &

ceritoerion of verformance.



1nn

Sumnary of Conclusione for the Jommlex Coordination Tent

Tnider the conditions of thie inveatiprstion, conclusisne for the

Complex Coordinetion Yeet may be stnted as follows?

l.

2.

50

Final performance csn be vredicted from 1nitisl
rerformance., The hypothesis that initirl rerformronce
iz related to finnl rerfornc-ace on the snme tosk is
suprnorted.

There sre individus) differences in variability of
rerformonce on gome prociice deys. The hyvethesis
that there sre individusl differences in veriability
of perform:nce is peartially surported.

It 1e doubtful vhether finel) variability can be
predicted from initisl variebility. UHo conclueion con
be drawn with regard to the hypothesls that intra-
individual veriability enrly in nrectice ie related %o
intra-individusl variability later in rrectice on the
ane Lnsk,

iinal level of rerformence canmot be vredicted from
initial varisbdility. It is doubtful vhether varizbility
ie relsated to vperfarmance nt any stepee of rrsctice, but
the indicatione are thet individuzle who remch s hisher
level of nerformence tend to be more vnriadle. ¥Ho
definite conclusion may be drawn with regerd (o the
hypotheslis that intra-~individual varishility 1g¢ reolrted
to level of werformsnece on the s=ne irek.

It 1s Joudbtful thet Inter-day end intreae-doy mencures of
intra-individusl vorisbility ere relsted. Ho ronclunion
mxy be resched with repard to the hyvothesis thot inter-
day and {ntre-dery mesoures of intra-individn-l variability
an the s~me taek nre yeloted,

Hereures of intro=individasl voristility cannot be used

to prediet time of treining o rench o erfilerion., The
hyrothesis that meamares of intra-individosl verisbility
enTly in proctice sre related to time of troinins to resch
n rerformance criterion on the s=me trek 1g not euwrmorted.

There ie no evidence to supmort the hyvothesis thet the
multirle correlsation of & mereaure of initinl werfarmsnce
208 5 meseure of initisl] wariadbility with the finsl level
of nerformance on the arme tnelk i1a higsher then the correlas~
tion of initisl =nd finsl verforvmnace nlone.
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ARALYSIN OF VHYE INTHHEILATIONS ABDRG TatkD

In the rrevious threc chenters we oxrmined the relstionshire of
wenmures of verfamrnce aond voriadility withia the Hobtary Mareait Teast,
the Twowiand Coordinstion Teni, and the Complex Coordipstion Feet. The
vurpose of this chapler le to sxemine the correletlons of the nmessures
smong these tngke, rarticularly with referenca to the moet conplex $nok,
the Jomvlex Usordimetion Test., The relsilonshipes wvithlm ecch task sre of
imporirnce fn the rrellminsyy evaluniion of mesoures of wvarisbility, but
for the purposece of thies study,. the relationshirs of variarility on one
taslr to rerfom-nee and vrrisbility on another snre of grexter sirnificsnce.
The correlestions vithin ecch teak o pot indlorte thnt verisadiity cxn de
o very nsefl mensure for rrediction of nerformence or verishility ~oong
teske. Sorrelations amons tanke heve bern cvmruled in arder Lo rrovide

nore evidence with resrrd to this vossible concluszion,

Intercorrelatione af densures of Inltial snd #nel Perforoonce

In order to test the mull fowm of Hyrothesls ¥ concerning the velotien
of mensures of revrfoarmeones on one tesk 19 messurse of verfsrmernce on the
sther twe temeke, intercorrclstions were commmted between mernsures of 1nitiel
snd fim:l performsnce on the thryse tasike. “The correlrtione nre rhown in
Table L¥I. An exsmination of Teble IVI zhows thet there 1s o relstionshis
vetween initinl snd finnl rerform:nee on the Hotsyy Parsuit snd Somrlex
Conrdinntion Tests, but not on the iwvo-Hand Coordinmation Teat, Initisl
verformsnce on the lotory Pureait snd Gownlex Usordination fYeate ie not

correlated with flosl nerforannoe on the other teste. Inlticl rerfomsnce
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TARLE LVI®
INTERCOBRALETIONT O« HEASTURCS OF VHHIDMARCE AMONE TrEXE,
"= 30

2 | 4 3 &
1. Hotary Pursalt oy 1 (X,,) .50%* 16 Ok .28 .5
2, Hotary Pursuit Dny 1§ ('i'us) .08 .588e 24 Sipee
3, TwoeHrnd Jay 1 ('fﬂ) .15 L1%e  pge
B Puo-Band Uay 10 (T, .) 2h AL
g5, Cormlex Ceord. iay 1 (Eél) .GRew
6. ormlex Coord. iny 15 (E;ls) -

on the Tvwo-Hsnd Coordination Test iz related to final verformrnce on the
Cormlex Coordinstion Teot at the $% level of confidence.

Teste of the eignificnnce of the d4ifferrnoes nmong the corr-l-tions
show that finsl nerfomsonce on the Hotory Puarsult Teot s =0 much related
to Zinal perforusnee on the other treke re It in relnted to Hotrry Pursult
Pest initial)l perfomance. Munl parformence on the Two-Hand Coordination
Test is more nenrly related to final nerformance on the other $make thon
it is %o iwo=isend Uoordinotion Teet initisl verforwenee.

It ie import-nt to know whether an individurl who is highly wvorisble
on one tanek isg nloo hirhly vearisble on znother tsnk., To determine this,
the mall form of lHypothesgie O, concerning the relrtian of mereures of
veprinrbility smong tocke, wane tested by commuting product-noment correls-
tione betwesn meseures of intreedsy vorisbility on the thrae $noka used.

These sorrel-tione sre «hown in Teble LYVIY.

1Iu thir chanter, ell correlstiosne sipnifice-nt nt the 57 level of
confidence are indicc-ted by » elncle ~eteriek, A double seteriask indicstes
gignificrnce nt the 17 level of confidence.
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PABLE LVIX

DFFERSORACLATIONS OF HTACURES 07 INTHA-UAY V2 aTtRILIPY
ARDUG PATRS, ¥ = 30

2 3 L -1 8 z
1. Mesn o of .otary Purguit Trial

LOeore S, i}ﬁ:{ﬁ 1"’3! (ax ) “026 028 "035 ”'Gﬁ -.11 ‘ﬂé
t 13
Pe Mesnn o of Lobtury Purenit ¥risl
Scores, uLays 9-13, (ex ) -3 00 =18 w17 .22
t 9=17%
2, o of TwoeHrnd V-Lecond Scores
A}W lt (ar ) ""027 02‘5' .51** op
hil
h, o of Two=iliongd WwLacond Beores
Uny 7 va ) 07 w10 - 4P
h 3
5, o of Cormplex Coord. Trial Scoree
pey 1s {s, ) Jrh® o 3P
s 1
6. 3 of Complex Ceord. Trisl fcores
Tay 18, (»:,r? ) JS72%8
s 18
?. ¥pen o of Donvlex Goord. Prial
Geores, bays 1-15, (Ez ) -
)

Expmining the correlntions we note that varisbility om the Hotsry
Pursuit Test is not reluated to variablility on the other two tasks, Vourl-
abllity on Dey 1 on the Two-Hand Coordination Teet 1g correlated vith
final varisbility on the Complex Coordination Teet st the 1% level of
significnnce. Thie correlation is difficult to internret and i2 poeseibly
due to chrnee, for the Ll test showed that the variadility of the W=
gecond mcores on the Two-Hund Coordinatiom Test 4ld not differ among
individuris. Variabllity on =y 3 on the Twoelrnd Coordinatisn Test
correlates with mean varizbility on the Cowpler !lvordinstion Tezt at the
54 level of confidence. Secause the sisnificance of this correlation is

doubtfualy po conclusion is drown mg to whether the measesures are related,
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The only other significant ceorrclations showvn In the teble are within

one tmek, and in no come 12 = messure of worlahility onr one trel reloted

to » measare of v=riability on both of the other tszke.

It {1+ doubtful

that there ig a relationship unong nessurcs of intra-dsy varisbllity on

the three taels nsed.

Aeg » Turther $eat of IHypothesis 9 the intercorreistione of messures

of inter-day varisbility on the three taske were commuted.

obdained pre ahown in Todle LVIII,

1.

2«

3.

5,

5.

o

TABLE LVIIT

The coefficients

IWPEROOBRLIATIONS OF ®MASURES OF TUTHR-DAY VARIARILITY

AMONEG DTACES,

of Ltanderd Scores, Rotnry
Pursult (o )
X

of o of Trizl Gcores, Hotary
Pursuit (53

*

of Standnrd Scores, Two-Hand

I

zy
of o of W=Second Scores,
?we~ﬁbnﬁ.(ab

Yn
of Flandard Bcores, Complex
Coord. (o )
Zg
of o of Triasl Scorss, Commlay
Coord. o )
Oy

e 0
2 2 &
50 c:’?‘ ""028
-._E"C} ;1&
—-.w

-1

. 38%

e 0

"‘012

L

"‘.}-é

s

"031

The standard devintions of the standerd scores on the Hotsry Fureuit Test

are correlnted with the corresvponding mensures oz the other tneke betuveen

the 1% and 57 levels of confidence.

The standserd devistions af the atanderd
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devintions of the trizl scores on the Hotnry Purmait Test are nlso
relsted to the corresponding measures on the Comnmlex Coordinantion Test
between the 17 nnd 5% levels of confidence. Therefore it is dowbtful
thnt the measures sre relsted. Hone of the other intercorpelstions
shown in Table LVIII differ aisnificently from rers. There is little
evidence to eupport Hypethaslie . The indlestions sre thet the measures
of veriebility used in this study are of 1little vrlue for wurrosce of
description or rrediction of the deh-vior cbserved, It ir nossible to
nessure veriabllity of rerformsnce reliably snd to dlgeriminete between
individusle in most instrnces, but individusl varisbility iz not consigtent
from doy to dey on the mrame tnel and npresre teo be smecific to ench task.
The =zporoovrizte teat of Hyrothesle 10 would recuire the computetion
of the multinle correlntion of messures of variability end verformence on
the less complex tzske with Finnl level of nerformsnce on the most complex
tnsk. <‘esting this hypothezis would determine whether or not measures of
variability in =ddition to mecsures of rnerformence predict a comvlex per-
formence better then messurrs of zerfommance ~lone. 1f the finel level
of nerformsnce on the most comnlex fnsk of the three used msy be better
nrodicted fron combinations of nmacrurcs of wnrlability <nd the conventional
measureg of perforsance on the less complex taske, then one might infer
that performence on & more courlex trek, such as niloting sn alrplane,
conld de better rredicted by using mensures of varindilisty of rerfomence
in addition to measures of verformsnee. Using Initial performsonce on the
Camplex Coordination Tewt, initicl snd Tinal nerfowmrnce on the other two
tasks, snd six of the mersures of variahility showm in Teble LIX, & wultinle
corvel-tion was corvuted vith finel werform-nee on the Somnlex Coordination

Teet. Aw the snrslyeizs of this sultiple resression »nrogressed, it wse found
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TARLE LIX

COMCIATIONS OF MEASUR 8 OF YARIATILITY A¥D FYRPOBMARCE AMORG TS,

Perfomsnoce
Rotsry Pursuit Eyﬂ-gﬁpé Complex Coord.
¥
Yariability X1 *us Ti1 Thao Tgl  Zs1g
Hesn g of Trinl Scores,
inye l=3, Rotsry Pureult - - A6 Lin v o B Y
(a?
4 1=
Hean o of Trial Scoree,
days 9-193, Hotary Pursult - - =03 = 40% -l7 -3
ﬁux )
%t G5=17
g of Standsyd Scores, Rotary
Pareult (:3’) - - . L Y L 01 =18
A

e of o of Trial Scores,
Rotary Purmait (o ) - - -.08 10 -.135 o 2

X,

o of W=Second Scores, Day 3,

Two-tiand (oy ) =17 =05 - - - bR 1640
h3
o of Standard Scores, Twow
Hend (o ) -.01 «.2¢ - - - 26 - G

o of o of FW-SZecond Scores,
PwomlHend (Qﬁ ) 1% . 6&" bl - 00 . 26

LY

theat the resulte wore not interpretable Pecruee of the oripinsl inst-bility
of the zero-order correlations snd the numdber of decimal pleces necensary
to carry in the saieul&tiana.l I% wee concluded, therafore, thot = test

of Hyvotherls 10 wes not prrmcticeble wilth the dszte aveileble.

IA discuesion arplicable to the limitntion impoeed by the
inetabilisy of the zero-order correlstiens mny de found in Peters ~nd
Vam Voorhis (20, v.285). FEvidence with regard to the nwaber of decimal
vlaces recuired iz riven by Botelling (12, p.7).
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A partial substitute for Hynothesls 10 mny be s2tnted =8l there ore
relstionehing hetween the finnl level of nerformeonce on the most corplex
trnek and mezsures of varinhility on the sther taske, To teet the mull
form of thias hyovothesle, correlntions were compuled betwveen mecwnrewn of
performance on the moet complex task ~nd messures of variabliity on the
other tagke, These correlations sre shown in Table LIX. Correlations
vith meseures of verformnnce on the two less complex taske sre rleo
shown.

From this table of correl:tions 1% mny be eeen thrt one mensure of
verigbility, 1l.e,,the standerd deviation of the Wesecond scorse on the
Two-tand Coordinmtion Tent on Dny I, ie¢ correlrted with initirl =2nd finel
performence on the Complex Coordinstion Teat st the 17 level of confidence.
There nre two correlations with the e¢rlterion thot =re sirnificsnt between
the 57 »nd 17 levels. There sre two sipnificsnt correlations with per-
form-nce on the other tasks, but they csnnot be interrreted on the basis
of the evidence =vailsble. Becouse the three hirhest correlations of
vorisbility with the criterion are st, or just below, the 17 level of
eignificence 1% le difficult to drew delinitive concluslions with regnrd
to the relationshinp between finzl level of nerformence on the moet comnlex
tnelk snd messurce of veriabllity on the other two tosks., The correlstions
nare ne hirzh as the higheet correlation of me-sures of yerform nce on the
other tnske with the eriterion (see Table LVI), so the indlertion ie
thrt some nmensures of voriabllity may bde ns useful for vredicting the
erite~ion ag ure me-sures of rerformnnce.

To determine wvhether the relztisonshine of wvariabllity with the
eriterion ars inderendent of the relationshinrs of meassures of rerformance

in predictins the eriterion, one could comrute correlntione hetieen the
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eriterion and a2 mesnsure of woriadbility with weasvres of nerfomanee on
the seme toek vartislled omnt. Agr-in, bBecsuse of the relative inestebility
of the correlsotions invelved such & vrrtisl correlstion snnlyele srreared
Lo he unjustifisble, Therefore, with the dsts svailable, it ie¢ not
rossible to determine whether messures of vari-bility sre of vzlue in
adédition to mersuree of nerformanse in »rediecting fin-l level of rerforme

unce on the Complex Coordinstion Test,

Summery of Conclusione for the Annlysis of Interrelations
Among Tasks

1. #xeert for initisl perform-nce on the Notr-ry Pareuit Peast,
nergures of verfomance onh ane tsslk are relzisd to =ome
mesrures of rerformeonce on the other teeke. The hypothesis
that messures of verforsnnce 2n one $~sk are relsted to
asasures of nerfomrnce on the other two treks 1z rartinlly
gunrmorted,

2. It is doubtful that there z2re relationshine amons nensures
of variabllity on the three tnsks., Yo conclusion nny be
resched with regnrd %o the hypothesie thrt me-sures of
variability on one tnsk nre reloted to me~asurer of vord-
ability on the other tuvo %tasks.

3. 7There is no definitive evidence in this study to indicate
that there in or is nol » relstionship bBetween finnl level
of performnnce on the most complex trek and three of the
neceuren oF voriahility on the other tvo treka, It is not
nracticable to teet the hyrothesis thet unelng finsl level
of rerfomence or the moat commlex $nek ae » criterion,
the multirle correlation of wme:sures of rerformence and
nessurse of variability on the tvo less complex taske is
higher than the multinle corrslation with mesoures of pere
formance alone.



CEATEAL VIX

DISCUSCTON, SUMMARY, AXD CORCLUSIONS
The rurpoee of thie chapter 1a to dlszscues =nd comvrre the regults
ebtained for coch test ured »nd to rresent conelurions srrived 2%t en the
basle of the resnlts for the three tecte. The resulte ~re token un in

the esme arder s they nre rresented in ench chanpter,

idecnssion of Heeultse

The level of verfomrence resched with resvect

to the meximum ponnidble zcore dlffered for each Lask used, snd thie 4iffer-
ence must be token into asccount in intervreting snd comparing the rosulte.
Oa the lotsry Fursult Test, scores srororched the maximum poesivle scorve
but did not resch it. On the Two-Hend Coerdination Yeet, many subjects did
resch the maximum score. Ceeres obinined on the Uomplex Ugordinstion Test,
however, weres hot limited by the task itvelf. Llevel of performrnce on all
three tosios was highly consistent from dry to dey rid relisble throu-bout
the treining verisd. Initiszl end finel perfomnnce vere poalitively re-
inted on the Hoitsory Mareuit snd Comnlex Coordination Tests, but were not
related on the Ywo-ilbnd Ceordinziion Test.

Initinl verform=nee on the Hotloyy Purruit Test wrs not related fo
initial verformance on ithe olher tasks, bul fiunl verformance wes Pelnbed
to finzl verformance on the other tneks. This trend iz in ~preement with
& conclusion stated by Hollingworth (10), that the correlstions batween
tneks become grestor the longer the rrectice ie continued. Ue eupcestied
three mossible rensons for thie locresse. Hig Tirst suggestion wreg that

varinbillity decressed with proctice, rnd there were therefsors lzgss chhnce
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factore opernting when o degrec of o0ill hed been sttoined. This would
not Be applicedble in this siiw tion, Jov on the Lomviex Coordination Teet
variztility lacressed with prretice. The second voselble erplanation

is that the tesks themselvers chvawed as the individusl bec-me more skilled.
It 12 culte wrobable that this scrured with the three tacke used in this
inveetigntion, for the comrments of the subjects indlexted thutl it wos
aften not until they bad prescileed for seversl days thet they realized
the true nature of the tueke snd Tully understood vhat wes recuireéd for
mnptery of the tasks. For enmmple, on the Twolnnd Usordinetiaon Vest it
wvas not readily apnzrent thet the generrl movement of the torpet wase
circular; sand, derending on the guadrant of the circle, the movement
recuired for ons hand wee slways in the same direction. Thie chrnge in
the nature ¢f the task may sceount for the faet that initiasl verform:nce
on thls task wee not related to finml rerformnnce.

Hollingvorth's third sug sstion $o account for the incresse of
inter-task corrvelstions with nroetice was that ithere ie & generel shility
that become? more aprarend ns a higher level of akill ie reached and an
more messures are taken. Thig rossibllity cammot be evaluats:d in thig
inveetigation.

Yaria®ility

of the trisl acores, er of the Wegecond coores, wee hirhly dlzerininative
among individunle on both the Hotnry Pursuit ~nd Two-iland Tonrdinstion
irate, VYeriability of the Comrlex Coordination Test scores, however,
differed smong individusle om only a few dsys. It mny be stnted thet there
sre indlviduel differences in intra-ipdividu-l vorisrbiiity. ~lvhourh the
differences do not exlel orn every dry on esch {eek.

Thie reeult iz of both theoreticrl and vrectiecal signiiiconce., ¥Frior

to this investigation it wer known thad there w 8 variablility in rerformance
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from one tri-l teo rnother. The source of this verisbility wrs sttributed
Both to fzetore vithin the (ndividurl snd to fretore assscinted within

the environment and the teet itself. There hns been no evidence to
indiente which ie the mores lmport=nt aource, or that the vrrisability wes
attrivuteble te ony frctors other than chence fretove oneraiing throurh
the individusl or the enviromment. The ertabliskment of the existence of
iadividurl differences In veri=21lity shows that there nre factors
orerzting within the individusl, =nd theese fretors differ from one individe
usl to snother., There are, then, nore than juet chance f-otors involved.
Az mreviouely cited, Hull (14, p.715) mnde the stetement thet coordinsted
movement mey have nn xeny inderendent dimencions of varistion ns there

are mugclee involved in ite rroduction. If the dlmenslone of waristion
are inderendent, then individunle smed 2ifTer throurhout the renge of
nossible dimenzisms. Holllmgworth (11) concluded that there were individe
unl differences in variability; ut ke ueed only eir subjecte nnd did not
teat for the sirnificonece of the differences. voodrow (27) compared
vari=tility from one dry to snother snd found that it differed within

the individusxl, btut he dild not shov thrt there were individoerl differ-
ences in Lhot varisbility.

The results of thie investigntion show thnt » 1ort of the v riatility
observed ies ageocinted with the individual, but under the conditlons
imposed »nd with the methods used, its mesaurement givees 1i3tle pdditionnl
infometion., The reralies shirined from the messurement of verisbility
within the individusl are suwmmorized below.

The $rend of intrne

individunl variability with nrectice differed for esch tark., The menn

vnriability on the lotsry Pursult Teat incressed the firet h-1f of the
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training period sznd then drepped to 2 level slishtly below the initial
level. Cn the Jwo-Hand Joordinstion Test, varisbility showed z sharp
decresse and aprrosched rero, while on the Uompnlex Coordination ieat, it
increased with ornctles, Uf the three taske, varlablility of rerformance
on the Two-Fnnd Coordination Tent was the most consistent, slthoneh the
correlatione between coneegutive days are lower then the coneesutive

day intercorrclistions of the rerformmnce scores., Varishility on the
other tasks was not consistent, and on esch tnek was less reliszble than
verformance on the smme tesk., On the Fotery Pursuit and Two-lend Coorde
ination Terete, the relrtionships betveen wvarimbility end verformance on
the some dsy are nositive esrly in vroctice hut becore nerative, nnd
insrercinely no, wntil the fMinal dry of wrectice, It 1a doubtfl iF
vurizbility on the Commlex Coardination Test 1o relnted to level of
performenee sn the some tnelk,

£ different tvend of intro-individuel varisadility with nrrotice

vanld he evrected for tasks scored in Jdifferent weays, but the Rotsry
Tureuls ond Puo-Hond Ceordination Tests were scorez in exncily the eseme
monney. The oBbleetive of meint~inine contret vwith 2 toreet voe the same
for toth tazke but, »f conwree, the nrthodr of a2ttnining the otiective
differed. The reduction of vordshility with rreotios on the Twe-llond
Tpordinatlion Test, co differins fron the Tot-vy Turenit Teet, my be
verticlliy, tut net corpleicly, exvlroined. The most obvicus fretor is
at bhn lewsl af A17Ticulty of the TeoeFHond Dosrdination Pest vre lover,
and subjects wers nhle to rec~ch the mexinmun soore. Varie®ility wras thervee
fore vexy rwuch reatricted by $he scoring linits of the taek. Thers Vne

doubtedly wos varisdhility -reeont, Tt 14 wors not meo-oeured.
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The lower level of Aifficulty of the Two-fand Coordinatinn Tent
socounte Tor the rerult of the mend vwriabllity serroschins sera. Housver,
it does not =ccount for the difference in the shares of the vorishility
curves for the two iaslks before nerform-nce besins %o levsl off snd hefore
the trsk celline enn 1limit the scores. Om both the Hotery Purrait Yeot
snd the Puo-Hend Coordinstion Test the mest ranvid lesrnineg trkes vlsce
in the first elxz dsys. Decruse the obiective and scorine of e-ch trnek
{ie pzoentinlly the omme, even thourh the methods are different, one
wonld ernect the trend of the voriabllity $o be the seme duringes the
‘ﬁﬁr1§ﬁ§ when the most roapld lesming wre tnking place and before the
scoring linite were renched., The reeulte, howewver, do not bBear out this
esvrectation, There e no apvarent sxplanation of the different renulis
on the tzeke other thrn thot the trend of the veriabllity with nrantice
is eneclific to the methods of atialning the obiective of the Yask rriher
than to the obhiective itself. The increrse of variahility with nrretice
on the Uonmplex Uoordination Test, me differing from the trand of the
other toeke, may be erplsined on the baels of the difference in the
scoring method used.

Intro-individurl vorishility o8 meceured wes ghown not to be
coneistent or hirhly relisble., This may be atiributadle to the inadeguacy
of the method of mesrurement, tho nature 5i the condlitions of thiz study,
or both., In sny ¢veal, Lhe me sure spenrs o be of little praetienl
volue in the description or vredietion of =n individualls perfomesnce,.

Srow Halltz (18) smnlyels with vorord to 2imple learming, one would
not exnect variabllity in ome skiil to be relsted to variability ia
enotiier. dur rerulis cre not conclusive on thie volint, for 1t is doubtiul

whether there rre relationships =mong wersures of vnriabllity on the
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vifferent tasks. The unarelindility of warisbility on e-ch tnek, however,
wonlé preclude the oossibility of obtaining high correlations of messures
of vrriabllity smomg treks. The low intercorrelntions obtrined, therefore,
sre not an adeguste test of the ieplications of Hullls analysiea.

Henwures of variability were not found to bBe neeful for wredlcoting
nerformrnce or variability within the exverimentnl situstiosni dut thie
does not eliminate the voesibhility thet they mirht be of v-lue for pree
dicting nerformance or vrriability on » more, or z leses, complex $=ek in
another situstion. The poe=ibility ie unlikely; for., sgain, vnriability
was not found to be sufficlently consistent to be of vrlue for wrediction.

The resulte obimined from

the commutation of messures of inter-dny verirbility do not f211 into a
pattern th=t cnn be arsily interpreted. There sre some relmtionchips
among the mengsures of interedsy and intreeday varisbllity and rerformance,
Yat there are no relationshipe that are of rredictive volue., It may be,
however, that messures of inter-dey variability could de ugeful for pre-
dicting perfommance or varlability in some othsr sltustion, but wnder
ordiinary clrcumsisnces, they wonld not be rrrctiesble, HMansures of inter-
dey vorinbllity recuire observstions of behavior over o relstively lome
veriod rether then on only one or =2 few Jdays and, in addition, recuire
rather extensive commutation., Therefoare, the mensures would be worthwhile

only if their vpredictive value vere high.

Yop. Inditisl varisbllity wne found
to be related to time of training on the Hotery Pureult Test. On the Two-
Hend Coordination Test & relationshir was doubtf™l, and on the Complex
Coordination Pest there was no relationehip., %The relationshin of intrew

individuel wvarishility te time of trnining, then, veriesa with the teak,
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The experiment-l conditions
under which thls investigatlon vwas conducted were sstoblished in order teo
anproximsate the n@nditianﬁ of the tynpic-l testing elituntion. The resmlts,
then, chould be aprlicable Lo thase situvetion-., The indieation ir thol
tne usuel mesgures of intra-individasl varisbility «ill not be uwaeful im
vredicting performunee, varisbility, or traininy time on the ssme toalk
and probably not on taske other than those uged in the testineg situntion.
¥his does not preclude the roesidbility of vredictine rverformcnce from
verinbility under totally differont conditione,

In arday to make s move complete svalustlion under the conditions
nzed in thie study, & further investipgation should be made with the seme
experiment:l deeslegn, bul with 2 lerper number of subjects. A lerrer
mmber of subjents would stsbilize the correlations obteined snd mske
possible the ume of multivle regression technigues to eveluste the use-
fulness of messures of varisability in addition tos me-sures of rerfomnnce.
If brned on a lsrgey semple, a frctor anclysis shonld be carried out %o
deternine the factorial etruoture of nperformance snd varisbdility messures.
Thls counld be sccoanlished by an snaaslysis of the wetrix of inter-day
correlations of messures of performnnce, of messures of ¢ariability., 2nd
of the matrix composed of the best correlrtiens of nerformance vith varie
abllity. From thies annlysis should come an indicetion of the underliying
order snd differentisl factorial composition of messures of performsnce
and verisbilivy.

It may be possible to derive a better messure of intrs-individmal
variabllity than the mersurce nesed in this study. Hollimpworthts (11)
technique of correlntlon of scoves 7oy the filre$ and lset helf-hour of

erch experinent-l reriod could be rdanted 2nd uaed ns o mersure of



varisbilisy. Thie could be done by computing correlstions of the ndd-even
trizl or trinl seriece scores threuwrh & rersonsdble neriod of vractice. £in
individual vhese scores corvelated highly could be ronsidered consistent
in his performonce and lese variazble thar san iadividusl vhose odd-even
gcores showed 1itile correlation. Fellingwoerth found that the mersaure of
veriability based on correlatione of the scoree wse highly reloted to the
messnre based on the mesn devistions from the medisn zecore. ith the
experimentsl declien ueed in this investipation, hovever, odd-even correlsn-
tions would be less influenced by the smount of Improvement thon vere
measures bssed on deviostions from mesn perfomnnee,

To explore the porsibility that the charscteriestice of mensures of
variabllity nisht differ under ather exrerimentsl conditions, further
regenrch should be conducted in which the level of wmotivatinon iz vorled.
Hotivetion, of course, is = difficult warizble to comtrol in paychological
investipgstiong, but in thie study the intent wns tn meintain only =
rininel level of motivation, It may Be that the individue~l differences
in veriobility ikt were found sve stiribuleoble in Inrre vert Lo noss:idble
differenecs in level of nmotivetion. If such were the case, then efforts
$o0 eguslire the motivetion of 21l Individunls 2t sy level would tend
to reduce individunl éiffersnces. On the other hand, individusl differ-
encee within esch day may be atiributeoble to foctors other thon wotivetien,
but the inconsietency of woarlebdility from dsy to dny wey be coused by
varistions of notivation from dny Yo d=ny vithin e ch individusl., Stabili-
zation of the level of motivatlon fronm dey to drny, then, would tend to
stabilize the level of veriability from dey %o day and yield more consistent

recults for nurposes of rediction,
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There hrg been no sttemrt in thie study to deterymine the source of
voricbility of performance. The individusl éifferences found indicr-ie
that there is & factor, or feoctors, overzting other than chance. Level
of wmotlvstion mny be the most importent frctor ns volnited out bove,
but for conclistent resulte it misht be necessary to attemrmt to control
zn individuni'e physiological condition ns affected by sleop, dlet, nre-
vioue activity, etc. A control of these frotors might reduce individusl
g¢lfferences, r~né siso stsblilize those remsining differencez from dny to

A1y o

Sumsary and Conclusions

The purpose of thie investigzation vis to make rn eveluntion of
messures of intre~individunl variebllity of nerfommence =g wnredictors of
rerfornence, variadility, and training time on three psychonotor tneks.
The tasks uwasd were the S.A.M., dotary Puarsult Test, the U.A.H, Tvoe-iland
Coordination Test, and the S.A.M. Complex Coordiartion Test., Ipecifie
hyrvothenes were tested by the rersults obtsined under contrelled conditions
in which 3C imilvidunls prncticed on all three taeks for o neriod of 18
dayn.

The revults of this study indiente that, in general, =n more
extensive use of messurees of variabllity is not warrqnted in the do-
gserintion and vredietion of ~4t=inment of motor skille and proficiences,
On the basls of an~lyses of the daty for all the tsaks =nd under the
conditions of the ermeriment, the following svecific cenclwelonms with
regard to the hypotheses teeted svrezy Juntified:

1. %he relationshir betveen initial and finsl rerformsnce on
the exme tack 12 srecific to the tnsk,

2. T%here nre individuel differencee in v-riahility of
performance.,
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k.

5‘

7

g.

1z2

It e doubtful thnt intrr-individuesl wveoriebility esrly
in prectiece ig related to intra-individual varlabilily
late in rrretice.

Initinl variablility 4¢ not related to final rerformance
on the same task. The relstionchip between varlability
znd performance on the gsrme dny varles from negstive to
prositive with the smount of lesrning sad with the tesk
on which the neasures are msde.

The relstionshine between intra~dsy and inter-day
nerguree of lntra~individusl variability de not fall
into an interpretshle vattern. for thay wary with the
nessores the smount 57 lesarning. and the task.

The relstionzhlp between inltisl variablility =nd tinme
of tr=ining to reach 2 eriterion of rerformrnce vrries
with the trsk,

The relstionship of mensures of performence nmong taske
variee with the smount of lesrnins from no relstionshin
to » lov poeitive relstionehin,

It is doubtfml that me~sures of varlsbility are related
among tanks,
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APPENDIX A

WIRING DIAGRANS AND FUNCTIORAL
DRECRIPTIONS OF APPARATUS
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PUBNTIOELL DEOORIPPION OF 8,4 .M. BOTARY PURSUIP Tra?
AU COMPROL THIT

The seouence of events used in the erveriment
is »2 Tollowsd

1. The storting switch ig wmanuslly devrespsed and the cycling
nnid motor starte o rotate.

2. Three saconds loter the turmaiceble starts to rotnte, nnd
the werning burzer sounds for 0.5 seconde.

3. Une snd & helf gseconds lrnter the clremii to the timer
clutches is completed, =nd scoring is vogesidle 1 the
stylue ie in contset with the target., The scoring veriod
continues for 20 seconds,
L, 2% the end of the scoring reriod the burzer esounds for
0.5 seconds, end slmalisneonsly the circults to the teet
unit motor snd the timer cluitchee zre onened.
&. After B.§% seconds rest the woralng buzzer sounds for the
next trisl. Thic ecouence contimues automatically for
five trirle, ofter which the cycline mechrnionm stons.
Seoring. The scoring cireult ie shown in ¥eure I in fyvendix &,
For ench torret arern theve ie sn glectronic relay, the disprrm of wvhich
ig shown in Figure Il of Avpendix 4., A common 1lend from erch electronmic
relay is connected Yo the stylue, A seperate lend ie connected (o one
of the sreas from esch electranic rel-y. Oontret of the styliue with
nny one of the three tarpet aresr »1ill complete the circult through the
thrrrtron tube of the correvpondiing reley. This will i3 turn close the
afiroult to the corresronding clertric timer, sni the timer %ill contime
to ran e loang as the stylus i held in contrct with that torpet ~res snd
the zoorine cireult isg comnleled throvph the cyeling mechaniem. “coring
ig in unites of 071 min. on Tyme % 6 “t-ndard Xlectric Timers. 2 menual

switch opar-tes = T lay %0 soore on the Wimar bank of tlners on =lternste

trinls. The single clack =t the l«ft of the control unit 1s used to
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indiente the totnl time of the trinl, =nd » mroucl switeh mry b used to

time the intervel tetveoen $trisls or betwesn meriern of trislg.

spvenclz A). when the mnin vowver seitch (1) 1e turned on, a red milot
lemm {2) 1iskhte rud clock motore rre energized. At the berinning of n
serdes of trirls the five trizl niemswitch (2) rects in one o7 &3
devressione of enz (B) znd current flowe thru the flve trinl indicator
1isnt (85).  vhen the mein storting oviteh (6) 1e eclosed wmicroswitch (1)
ia by-paszed, and the cycline anit motor 4s cnersized. 28 c-m (&) turne,
microswitoh (3) closes, orvening the rirecult to the indlerier lsop rnd
closing the elirenlt to the cycling molor indevendent of the cirriing
svitch. Cam (?) metivrtes the trat unlt motor micrnswitch (B) rndé =lso
the buzser micreswiteh (9), eorueing the teet unit motor to rotete and the
busver to -ound for 0.5 seconds,

1.5 seconds nfter the unit uotor berine te rotste, com (10) sctivates
the clock clubch mlcroawiteh {11), meking scoring nocoible §Ff the elecw
tronic veley for ony scoring ~rees ie cloged. /4t end of 20 accond peoring
period com {7) completes 1ts rotation ~nd omens microswiteh (R), storping
test unit rotstion. Clsmultrnecusly crm (10) ovens microewiteh (11),
storning meoring. After B.8 ceconds rost eam (7) sgein activates test
unit motor and tmrzrzer microswitch (8}, vhile com (10) nctiveles clock
elutch microzwiteh (11) 4o berin m nrv trisl veriod, 't the ond of five
trinls coam (&) opens microeviteh (7) to end the Tirst five trinla. The
totnl time =lock rune during all fewt veriods. A mrmanl sviteh (12)
gelecte the bank of 2locke desired for ecoring snd rmet Be ovitchind nt
the end of scch trinl in order tn sltern~te clocke. Switch (12) may be

naed to demonstrmte the tert mwnit.
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FUNCTIONAL DESCRIPTION OF THE S.AM, T 0-NAFD SOORDINATION Il
AWD GOWSROL UMIT

Sgcuence of Pyents. The sequence of events used in the swveriment

s 28 followsi

l. Yhe strorting switch is manuslly derresced snd the oyeling
unlt nmotor storts to rotste.

2. Three seconds nfter the cycling motor starts, the wnraning
buzzer sounds for ons second.

3. Two ssconds zfter the burrer begine to sound the test unit
notor starts, the disc berins to rotante, and the circuit
ie completed to the timcy clutches so that scoring is
pasaible an Benk A,

e 30 meconds sfter the dise begins to rotnte, scoring is
switched {0 Beank B tireres -nd counters,

5. When the diasc hos cormleted one revolution (40 seconds)
the circuite to the test wnit motor, the timer clntchesn,
end the counteres are onensd, znd the Murzer sounds for 1
second. The diec stors ond scoring csa no longer be
sondinmed.

6. Eifter 13 seconds rest the verning burrzer sounds for the
berinning of the nert trinl =nd the =bove cvele is re-
rented Tor n totsl of Tour trizlas. At tha snd of the
fourth trizl the cyeling motor etors =nd the eircult to
the *Four Trisl Lamp® e droken.
Sacorine. The acoring circult > the TuowHHand Coordinstion Test, ne
shovm §in figure 111, Apwendix A, is the mame ns for the Hotrry Purmuait
Test scoring except that the timer honke are zlternsted rutomaticsally om

the Puo~tnnd Coordinstion Test,

{See “lrure 111,
Avpendix A). ¥hen vower switeh (1) {s cloged, red nilat lasmp (2) 1irhte,
The eycling motor mieroswiteh (&) 1is hel& oven hy & stud (5) on the cveling
eam (6). when the enring loaded start switeh (3) i3 elnsed wicrosuiten

(t:) ie shorted out, and the cycolings unit motor bepine to turn. As soon o
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the microswitch (4) moves off stud (5) the start svitch may be relersed,
and the cyeling nechontsm will continue to gorer-te until Both rmicreswitch
(#) and the four-trial =icreewitch (12) are closed »t the srme time.

Three eeconde ~Pter the com hap =t-rted turning sicroeviteh (7) closes,
end the warning buzzer soundsz for one second. %wo seconde ofter the
buzzer tegine {5 seund, microcuwiteh (f) closes. Hieroswitch (8) commletes
the 110 volt circuit to the coil of & relsy (9). vhen Telay () closes,
the center role by-pzzaes wmicroswitch (11) starting the test unit motor,
and the poles on erch end complete the clock clutch and counter clirouits
for Mank A, thus making scoring possible. Ythen relay (¢) closes, the
cirecuit to the coil of relay (10) is completed, thus closing the reley
gnd storting the itotal time clock. HMicroswitch (11) orens when the turne
table beglue to move, thus compleiing the circuit. The coil of relsy (10)
will remenin energized ss long ae microswltch (11) remsins oven. ~After
the test unit has been onernting 3 seconde microswitch (B) will oven

and in turn oren relay (9). @his will bresk the circult to Jenk A clocks
and counters and close the circult (thru relsy 10) to Lenk B clockr ond
counters,

At the end of 60 seconds microswiteh (11) will open breskine the
eircuit to the test unit moter and the coll of relay (10). vwhea relsy
{10) ovens the circults to Benk B clack clutches snd counters snd the
total time clocks ~re broken. At the sswe time the "end" buzrer sounds
for one second ss microsvitch (7) strikes the Yend® buzver stud. ZFhirteen
seconds nfter nicroswitch (11) closes, microswitch (?) ag-in closes nnd
sounde the warning buzzer for one second. The ahove cycle is then
repented. AV the end of four trinls of sixty seconds each, microswitch

{12) cleses at the seme tinme as does microswitch (1l). Az microswitch (12)
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closes, the cireult 1e breken that by=preses -inmitﬁh 8)s L.0.,

the cycling motor microswitch, and vhen ﬂemmkﬁ (1) L closed tem
seconds sfter the ond of the fourth trial, the cycling mechanism stops.
Alss as microswitch (4) cleses the green four-trial light goca out. The
aycle of four trials is now complete. The time consumed fram thes start
of the first trial to the end of the last is four minutes snd forty-five
gseconds. The totsl operating time of the cycling mechaniom ie five
nimtes.



WIRING DIACRAM KEY

SELECTOR sw,

Mm.s. 1. POWER SWITCH
COO0 R DINATOR . s 3 O i f-\TcARZLIS;?JCH
W b g 5. MCRSWI(TCH
> I 3 o < €. RELAY
q o ¢ o u 2 7. RELAY
3 3 4 9 9 4 3 1 8, WARNING LAMP
TEST UNIT TERMINAL STRIF | f,;. ﬁ:‘t;;’c cam
CONTROL UNIT TERMINAL STRIP l : o 2 = 2 ¢ z 8 2 = I‘II e ekt
——
E_ BA NK ‘@
A _
p. MAG IMRULSE SOUN ERS
CLOCK COUNT. ‘[ J
BANK
= } I ol
) S—— ) 1
P { N\~
.. ) ) J J J J Zdﬂ ] ~ tenc
L L <
)3) |
} J p.
] ! I - p] ] p)
. ﬁ Y b _J ] b 3 —_—
I ——_ GVY oc.

T

]
|
bl by E
7 | .
it CYCLING moToR
A

FIGURE IV

poo o muiL€R TAL

7eT



FUNCTIONAL DESCHRIPTION OF THT S.A.M, COMPLEL COOADINATION TEST

CONTACL UNIT

Sequence of events. The sequence of eveats in the operation of

the control unii for the Complex Coordination Test is as [ollows:

1.

2.

3.
Le

Scaring.

¥ith the power on and the cycling unit stopped the
"leady" lamp is lighted. Presging the start switch
completes the circuit to the cyeling unit motor.

After 3 seconds the "Ready" light is extinguished,
the stinulus lights of the task unit appear, the
electric timer begins to operate, and the circuit
to the counters is completed so that scoring is
possible on Bank A.

Thirty seconds later scoring is shifted to Bank B.

The operation of the cycling mechanism, Lhe scoring
mechanism, and the alternation of the eounter banks
will continue as long as the "start-step®" switch is
in the "start" position., When the switch is placed
in the "stop" position, the stimulus lights are ex-
tinguished and the circuit to the timer is opened,

80 that scoring is no longer possible. The cyeling
mechanism continues to rotate until the eireuit to

the "Hzady® light is completed, 3 seconds prior to

shifting to Bank A,

by a magnetic counter operated by a microswiich attached to the

switching mechanism of the task unit,

Functional description of the cycling mechanism. (See Figure IV,

Appendix A). Power swiich (1) lights pilot lamp (2). Pressing the

start switch (3) to "on" causes current to {low to the cycling motor

by-passing microswitch (L). Current also flows to microswitch (5).
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The number of settings or patterns completed is counted

¥hen microswitch (5) is closed relay (&) closes and locks and relay (7)

cpensd.

The closing of relay (&) completes the circuit to the stimulus

lights, the clutch of the total time clock, and to one side of the

counter circuait,.

The other side of the counter circuit is completed to
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bank A thru the open relay (7). The test will continue to operate until
the switch (3) is moved to the off position, after which the eycling
motor will run uatil microswitch (i) i closed vy the stud on the caa,

After scoring has continusd for 30 seconds, microswitch (5) w%ill
open and supply current to the coil of relay (7). When relay (7) closes,
the circuit will be broken to counter bank A and closed te bank B, He-
lay (6) will remain closed as long as switch (3) is in the "en"position.
At the end of 60 seconds relay (7) will open and scoring will again be
possible on bank A, At the end of the trial period, switch (3) is turned
to the "off" position, after which the cycling moitor will rmn mtil

microswitch (L) is closed by the stud on the cam.
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Rotery Pursnit Test:

fomple Teoring Form

138

HAME_____ Barrett DATE___2)23 150 HOUR__1300 _ TASK ORDER_ 3=2=3
S.A.M. BOTARY PULRSUIT « FIPERIMEWTER Sheyitz GROTY B TRIAL DAY #
TRIAL AREA 1 AEEA 2 ARES .3 FOTAL,
1 109 118 62 289
2 113 6 7 266
3 111 137 & 286
4 90 432 60 282
g 112 133 56 7291
Totnl 535 666 243 iy
& 106 180 L2 288
7 ing 126 28 29
8 135 13 25 255,
S 89 125 It z58
10 104 141 41 286
Totnl 579 666 180 1828
11 115 106 L8 286
iz 1136 13¢ 5 206
13 137 U0 28 205
i 158 118 23 299
15 L . 217 —d —289
Total _7113 620 152 in8%
16 290 202 —2 -0k
17 132 A6 —tZ —205
18 Jles 140 > AL .
19 239 ~a37 28 il
20 106 . b6 —286
Total _696 &49 1731 76
20 TRIAL
TOTAL 2523 2601 706 5810
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Two Y¥and Coordinstion Test! Samrle Scorinsg Form

HAWE Barrett LATE 2/21 /30 FOUR 1300 FABK ORDVE_ mZel
S.h 8. THO TAED CODRLINATOR - EXPRRIMENTFE_Shevite GROUP_B TRIAL DAY 48

LEFP  RIGHT
ISEAL BAND® Hanyt  ToRal*

la 227 29 t 170 250 k) pEn
b 373 110 U L77 BE _4713 g2l

560 199 ga oh? 1872
2a %) S Y4 - beg 307 LD 827
b 7L 17 17 Lot 28] 79 760
Bng 17k 17 aod 1357
T —7 75 27 LG LOK 478 £Es
b 253 __ 1%z z5 60 U7 nos Bh2
500 257 ¥ 609 1725
La 387 o7 L5 A A0k 4] g%
b 266 15E 21 LhE 119 LRY o00
£23 25 £6 b 17258
ToTAL  _268% g 232 3708 5710
5a 177 1 20 hes 353 _401 £56
b 314 118 = .32 ) . g LiNAY ong
201 116 g2 oge 1761

Ga SV de) 7h he Loc 2 i 70 g2
b nz8 67 a &nn 0 107 757
7e7 11 57 ooy 1404

e 510 ro - 19 Giads Los 87
» 13 1&0 b HoR un 118 ani,
Phk 2LC 4 Qo7 1665
g BGx 37 L2 R 31 L1P fap

b 279 157 61 LG7 H78 3572 £23
6g7 . _.19¢ 107 080 1463

TOTLL 019 666 216 2031 E70n
& TRIAL

POTAL 57 1521 4% 2227 13423
AN 713,38 1c7.62 sh PR cb5,RE

samount of movement
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Comrlex Coordinstion Test! Semple Scoring Form

BAAE Barrett BATE z ’/E?ljf 50 HOUR__ 1300 TATE ORIG-R Y=l
BJA M. COMPLEX COORUDIPATOR - FAOPARINEHNTTHE__ Sheylitz GROUP_E TRIAL TAY £5

FIRST PATTERRI__S

2Ial )
A1LEROH® SLEVATOR®  RUDDER® TOTALY
le e 19 15 S . L7
b 3 9 15 14 % {ad
2 28 30 27 fe
28 3 13 18 16 b7
b g 18 20 18 586
3 38 34 —303
3a 3 22 i3 . —tl
b 2 12 1s 15 —li2
K 28 28 Q0 .
La 2 13 28 A5 ......'33...60
b % g1 22 30 5
27 L7 h& 1l¢
TOTAL 23 120 143 134 307
FIRST PATTREW: 28
THIAL
Sa R S 26 19 . 15 _—
b 3 14 1?7 1k L5
[ 30 36 29 og
6a 3 16 21 16 £3
b L g 25 20 63
7 2t L6 L6 116
7a 3 21 18 s £
b S T 16 13 — —
Z 3% Iz 2y 1013
8a 3 17 25 26 68
b o 17 15 21 %
4 3 LO H'7 121
POTAL 27 127 155 153 535

LAST PATTERN:__ 1%



Complex Coordinastion Test!

Samnle Scoring Form

(Continued)

FIRST PATTYRE:___19

141

HULUER* TAL®
Ga. v . 12 - 52
b S S —. 20 A3 —_—
6 37 L2 25 Ol
10a ks 12 22 25 o
) b 16 19 2% 60
8 28 41 50 1lo
1la 3 27 10 15 61
b SR B 16 20 —22 —bf8
g 53 L) 27 ~192
i2a 2 13 27 27 67
® L 15 20 22 7
? 28 %4 ho izl
TOPAL 27 136 169 151 156
FIRST PATTERN:___ 2
TRIAL &
13s 3 18 2% 15 58
b 3 23 15 18 26
— —td 10 13 b
ha 4 15 22 20 &7
b 3 i9 17 sh
? 3 20 a8 111
15z -3 19 23 20 62
) ) 2k A8 12 5%
7 1y 34 32 . —3l
16a 3 12 21 27 60
b 3 20 15 15 —
6 32 36 k2 310
TOTAL 26 , 150 156 115 451
16 ¥Min.
POTAL 103 5173 627 p1308, 173¢

LAST PATTIRN:__ 28

*tmount of Hovement
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PPERDIX C

IESTRUCTIONS PO HXPERIMENTHERS A¥YD GUBTKCTS
Following =»re the instructions to5 exrerimenters =nd sudbiects.
Ingstructions were resd to the =ubjects in the experimental room jJumt
prior to sdminiastration of the tests snd with the demonstrstione indi-

ecnted.

Introductory Instructions

X 10 to Xxme Confirm sprointments
for nerioé of exnariment. ﬁh&ck vigurl scuilty snd color
vislon. #Hnke sure sublects hrve not had experlence on
tnelks,.

lostract Sut The experiment we s=re con-

ducting iz a l@ﬂrning exp@riment sponsored by the U.S, air
Force through the BDepnrtment of Fsychology of the Univer-
sity. The genersl sim is to investipgete verformence on
three tzake during a rether longy period of regulsar rrsetice.
These tssks were vurt of the batiery used by the Alr Force
in selecting pilots =nd other alr crew menbers during the
war. You will nreoctice on these taeks every dey for fifty
minutes. V¥hen you commnlete the sxperiment you will be n=id
at the rzte of fifty cente for ssch wmreetice veriod.

You will have seversl reet merinds between trinle =nd
tasks and these will be timed. I will give you enocugh
werning so thst you casn be ready to stort ae soon se the
reet period is over. Telking will be rermitted only during
the rest reriods.

A& continuous record of your performsnce v1ll be kevt,
end during the rest meriods I will tell you your hest
acore for Lhe vreceding series of trizls. You may eee
your own scores bul we connot rive you sny information
asbout the scores of others or how you comvsre with others.
PLEASE DO NOT DISCUSE YOUR SOORED OF THY EYPTRIMERT vITH
ABYORE nDLSE PAETICIVALING IN IT UHTIL PHE EXPRRIMENT 18
OVER. ¥hen 1t ie commleted we will discues the srveri-
ment more fully and let you know how well you did in conm-
perison with othere,

How there are two other thinse thnt sre marticulariy

important. ¥#irst, for the purpose of the exveriment it is
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absolutely necesszyy thet you nrrotice every dsy that you sare
gchednuled and =t the same Lour every day, or your scores will
be of no value. Second, since the results will devend on how
well you coonerste and how herd you try, they will be of vnlue
only if you do your best st 21l times gvery dsy. Ve ssk you
then t2 do =2¢ well zs vou ¢an on e-ch trelr througshont the
experinent.

I will explein erch trsk to vou befare vou try it. If
yvou hinve any cuestions now or later feel free to nsk them for
we want you to underetend whot you -re exvected to do. Your
firet t-ak w»ill be! - -

Instructions for RBotary Pureuit Test: Firet Day

Instructions to Zrperimenter. 15 trisls, 30 seconds
regt at end of erch five trisls. Deglin timing for rest se soon
as five-trial light comes on. Epnve subject remove coat.

Instructions to Subjeck. (Purn on demonstration switch).
This test 1is one of your ability to follow = moving target.

Your tesk will be to keep the end of this rod on the metal
terret og it poee mround. As you will notice., the torpet ie
conmposed of three separste arene, nnd the object is to keep
the rod in the center of the tarpet =z much of the time as
possible. (Vemonstrste for 10 revolutions). You will do

best 1f you relax snd use = smooth, free swinging motion of
the srm =znd shoulder. Your score will be the total nmount of
time, in thousandibs of = minute, thst you stay in apctunl con-
taet with each area of the trreet. The mzxismum poscidle acore
for soch trizl 1g 333,

Stend directly in front of the armerstue with your toes
apprroximetely on the edee of the nmsinted strive. Hold the
handle of the stylue lightly between your thumb =nd fincers
with the brck of your hand up. The stylus le made go thst
you cannot put =2ny nreesure om the rod so keen the handle
level st 51l times or you will hit the edge of the disc., Also,
keep the rod level ond perpendicular to the surface of the
digc. (Turn off demonstration switch).

Pick up the stylus =2nd nlace it on the torrget in the
correct menner, xeeping your free hand at your eide. Stend
with your toee on the edpe of the strine. There will be =
eerics of Fifteen trisls of 20 seconde esch, with 10 =zeconds
reat between ench trial. There will be 30 geconds reet =t the
end of every five trinls and during that time I will give you
your scores {or the preceding trisle.

Tou will start with the rod nbout an inch adove the
target 20 whern the buzzer sounds get on the tearget znd try to
stay on it. ¥When the buzzer sounds the second tlme ecoring
will stop znd the dise will stop g0 1ift the rod 2nd keep it
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off the te=rpet until the dliec eteartie perin., Do you have any
gueatione,

Lift the rod of{ the frreel. Got on the t-rret ae goon
an the bBurzer soundsg,

Instructions for Two-Hond Coordinntion Test: Firet Lay

: { T abey. Fleht trisle, 30 seconds
reet aiter fenr tri 1&. kcrinAt*minv for Teet np so002 ne
four-trisl lisht gees off., Have subjlect remove cost. BFHerin
instructions with contrct button aboul nn inch from the frre
get.  Illustrote movenment of turnteble =2nd tareet by hand
movements oniy,

: yblect. This g » tvo~hoand coordination
tont. ?he blwek dlesc wilil rotnte very slowly in a clockwise
direction. Thig esmall brass terret will move with the édise
and will =l2o move in =n irresulsr menner within the curved
eglot. The trreet 19 commosed of three sepnrrte srens snd your
trek vill be fo keep the contzol button ns close ns poseible
to the center. Your score will Be the totsl amount of time,
in thon=zrndths of 5 minute, thrt vou stey in cont-oct with ench
sres of the t-rrget snd the smount of movement of erch contrsl.
If vou pet off the torpet pet boek on ss guickly ne pogeible,
The mexiram poseible score for each trizl is aprroximstely
1000,

You are to move the contret Button by turning these twe
nandles st the same time. The uprer handle moves the button
towerd and swey from you. (Demonstrate). The lower handle
moves it from side to =ide.

TGeing your right hsand on the uvmer hondle only, move
the button nbout an ineh off the trorget sund then bock on
egnin, Let go of the unrer hendle. Using your left hand on
the lower handle only, nove the tution sboul sn inch off the
torpet and beel on again. Fow let go of the hendle.

You wlll have elght one-minute trials with 15 seconds
rent betwesn ench trisl. At the end of four trisls there
will be sn additionsl I seconds rest durings which I will
give you your scores Ffor the preceding itriale,

Y¥hen the burrer sounds, gsraspy the hsndles #nd when the
tarpet moves try to Yeep the button in the center. DDon't
relerge the hendles durlng the trial, When the burrer sounds
again the disc will ston for 15 geconds. Hake sure the con-
tuct button 19 on the center of the trrret and then rele-se
the hendlee until the next burzer sounde. Any cueetions.
Rendy (press stort button).



Instructions for Complex Coordinaticn Test: First Lay

sbructions 3 ent Heset for pmttern $40.
Bamanatrwte and rend instractions. Twe minute srectice, 60
seconde rest, eight minute test pericd.

Instructions to Sublect. Thig is » coordinaiion test.
Your trek will be ts line up & green light with erch of the

three red lirghte. Hoving the stick from slde to side moves
the top green light from slide to =ide. Movinge the siick
Forvnrd cnd backwrrd moves the middle preen licht upn =nd
down, n=nd moving the rudder bar moves the bottom greem light
from zide to side. ({Demonstrzte Tull movement of ~11 con-
trols. Hatch poattern #0 while siving the followlng instruoc-—
tions.) I'1ll match a mattern for you to show how it ie done.

Hove the stick eldeveys to meteh the top ereen light
with the top red light., Get 1t directly undernesth. Then
hold the ztick in positien to ¥eren the tor lirhtes metched
while vou move it Forwerd oy hockwuerd to match the ziddle
lishts. Then hold the stick stesdy while vou moich the
bottom lighte with the rudder bar. ¥hen you hove maiched
all three lights hold them. &fter =~ helf = second, a new
setting of red lishts will speeanr., Immedirtely stert mebtehe
ing the new setting of red lishits withoul bothering to cone
back to nemtrsl,

If a grecn llight goew off nliorsethar, move the control
2 1llttle snd the lisht will come on mpain. I vou move
anyone of the controls =28 fay as it will go the preen light
¥ill not sprear Hrnwe brek = 2l to find the end green
lisht. o you have any cuestiona. (Turn off liphts, sak
subject to =it in poeitien.)

vhen the test starts you may use either your right or
left bhand on the stick, but use only one hond throurhout
the test. XKeep your 2 nlg off the floor. You czm move the
seat Torward or bockwerd if you vish., The object is to
mateh as many settings of the lishte =z¢ you csn in the time
allowed., Your score will be the number of settinrs nmatched
and the amount of movement of the controls, Hemember to
mateh the top row of lighis lirast, then the niddle row, ond
finnllv the hottom row.

You will have = fwo minute prectice pericd, = one minube
rest pericd, and then =n olght sinute test period. Vhen I
sny recdys graspy the stick =nd vubl your fect on the ruider
keeming your heels off the fieor. Start metchlins the aettines
s8 goon ns the lighte covwe on. ¥hen the lighte po off, take
vour feet =nd hand off the conitrole until I psive you the next
resdy =igmsl. Do you have say cuestione. Hesdy (prees sizrt
awitch). ©tart meiching the settines 2s moon ss the lishts
come On.

146
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At the end of two minuios 8tor. Helesse the controls,
Uo you have aony cuestions. ¥We will besin the ftest in »n few
geconds and 1t will laet eirkt minutes, TYour ecore will be
the pumber of matchings you omn make in thet time., ¥ork e
rapidly e you can. Begin when the lights come on. Heady.
(Press start switch).

Instructions for Second Day

The vrocedure today will be the same 2s vesterdsy excent
for the frect that you will be given more trinls on twe of the
tsske., Ve are interested in how rapldly you cnn imnrove sno
ask you to continue to do =e well =z noassidble.

Hot Parsunit Test. You will have 20 triecle on thise
task, ﬁfﬁ&r‘fiva trisis you will huve 30 seconds rest, sfter
10 trisls 60 seconds,. snd after 15 trisls a 30 second rest.

Bemember to use & free engy motion of your srm and hsnd,
zeeping the etylus handle snd rod level.

sﬁriea.

ute tri&ls an ﬁbis tngk tﬂéﬁyn with ane w&nutﬁ ra%% hetﬁ@en

trianls. Match the settings ns cuickly as you can, beginning
when the lights come on. Hemember to keep your heels off the
floor n»né use only one hand on the stick,

Instructions Head st the Ieginning of the Second Week of Froctics

¥e are going to continue thie seme procedure for the rest
of the experiment but we wnnt to remind you that our =zim is to
find out hov high = level of silll you czn reach and maintaln
on ench task, in other wordse, *just how good you can pet®., Ve
aek you to contimue to do ze well as you can every day and to
try to lmrrowve your performsnce esch time.

Instructions Rend at the Beginning of the Third ¥Yeelk of Practice

Since your third week of nrsctice begins todsy we would
like to mention agnin $thed we wsnt to see Juet how well you
cen do on esch $nsk, A long ns there is room for lmrmrovee
ment we would like you to contimie o try to do betier erch
857
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