
.iiif

Lq I

An cxperlnental lnvcetlgstlon of
aomc agpeets of, acneory

d.leorlnlnatlon

I. D. John 8.A., m. A. (tttelU. ¡

ÐepartnenÈ of Psyohology.
tlnlverslty of Ad.elalde.

L967





ABSîBAClf

Thc polnt of ôcperüu¡c for ühls atudy wes thc
euggcaülon that thc ucthod. of, oonatEnt gtluulua .ôlf-
fcrenoss wlth cuooceslvG llr.scntat!.on oF "liruir,prov'ld.ea a parad.lgu altuatton for the atud.y of ahort
tcmr rctontlon of non vcrbaL sttnulua matcrlal.
Paet work ln ühla flcld, wsg orltloally rcvtorcd. and.

lt wee oonolud,cd. thÊt eüud.lcg of thc pgyohophyaloeL
ttnc êrror thror lltüIc Llght on thc problcu of ghort
tcrm etorcge bsç¡uss of thc oonocpÈuel oonfu¡lon
eurround.l&g ühc d.calgn and. lnùcrprcÈatlon of cuoh
güud.Icc.

1[rr¡o ¡crlc¡ of cxparlncnt¡ wcrc d,calgncd and
oarrLcd out, onc ¡crlc¡ wtüh thc eln of ola¡tfytng
thc rolo of thc lntcr¡tlur¡l-u¡ lntcrval vertablc ln
thc ncthod. of oon¡tent stluulu¡ d.tffcrËnôcs and the
othcr wtth ùhc eln of crplatnlng tho rcl¿tlonshlp
bctwcen nagnltud.c cgttnatlon and. oatcgory reütng
goalçs. In thc analyslE of thc rcsulte of thcec
crpcrlncnte, pertlorrla¡ eüücnÈlon waa dlrcoüsd towarde
d.ctornlnlr¡g ühs rcLattvo êlsorlntrr¿blllty (rceponsc
r¡noerüalnty) of Ëhc lnd,lvlðr¡e1 ncnbcrc of ühs gcts
of gtlnull ugcd.. In aL1 of thc erpcrlnont¡ svld.cnoc
weg found. of aa rurdcrlytng lanf\rl rclatlonshlp bcü¡cccn

¡locltlon of th¡ süluulus ln ühc ctlnulu¡ amay and
rotpontc unocrtelnty¡ ttrls rclatlonstrlp hed. thc
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form of ¿n es¡rnmctrloal lnvantcd. U. on thc ba¡I¡ of
thl¡ cvld.cnoc lt rac lnfc¡rcÄ that pcrfornenoc ln
6ênÊory dtaortulletlon taeks puat bc ncd,latcd by aomc

foru of Intgr¡al.[Ecd. reprcacntatlon, nod'cl or sohcna

of ühc gtlnu].us array.

An attcnpt waa ned.c to cluoldaüa thc proPcrtlee
of thc poctrrtatcd. nod.cl or sohcma and, to eeocrtaln tü¡
rolc tn d,ctcrutnlr¡g Pêfforuanoa ln tênsory {lsorlnlnetlon
t*gks. By Èaklns lnÈo oonstd.eratlon thc proPortlcr of
thc uod,cl or eoheaa and thc natr¡rc of ühc rcsfrletlone
luposed, upon g. lt wee poaslblc to ¡d.vanoc cxplenatlou¡ r

for wtrlch enplrleel support wes oþtalncd, to Eooount for
ocnüral ùcnd.cnoy cffeots ln ludgcucnt, thc tluc Grror'
thc ord,cr cffcetr thc relcülonehlp bcüwcan eatcgory
rat!.r¡g soalcc end, ncgnltud.c cstluetlon sollca anÖ thc
rolc of, anohor sülut¡It. No crldcnoc oot¡ld, bc obtalned
fot an cxplanetton of thc phcnogcnon of psyEhophyeloe¡'

Watcrcal¡ gugBcaücd by r oonsld,sratlon of thc prope¡Èlca
of thc EoûGl. Arr cxplanatton to eooount for pcrfor-
nenoc ln oholo¡ rcsotLon tlnê ü¡akr baecd. on a Go¡¡gld'cra-
tlon of thc propcrtlcs of, thc nod.cl wae ouüIlncd and,, ln
en edLdt tlorr^¿l cxperlncnt, cvld.enec oonslatcnt wlùh f hle
orpl¡n¡tlon wer ob'balncû.

An ¿ttcrapt rag uad.c to lntcgraüs thc anplrloal
flnd.lnge fþou thc atudy and. the theorcttoEl oonolwlon¡
whtoh thay eccmcd, to Ju¡tlfy, rlth othcr ou¡rcnt vlcr¡.
IË rea ar¡gEc¡tcd, that nod.cla or tohona of thc typc pocüu-
Ietcd uu¡ü ncd,lete oühcr typce of, norc oonplcx pcrformanoc
tnvolvlng lnfo¡matton crtraotlon a¡rd. etorâtcr ar¡d that
qurntlfloatlon of, thc propcrtlee of suoh aod.clg or aohena

ntehÈ lcad to e bottcr und.cratEnd.lng of ühcsc gltueülone.
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AÛKNOI,ILEÐG El-f gNT Sl

Thc rcscaroh lüportGû ln thlc ÈhcslE wa¡

oer:rlcd. ouü ln thc Pcyohology Dcparùncnü at thc lftL-
vcrr!.üy of Ad.claldc d.u¡lnr L965-7 t Lt wae sullportcdl

by tlntvcr¡lty Roscaroh Grente and. rfål ¡upcrvlscd. by

hofcscor !{. Jccvca. Scvoral of, ny oo1lcagu68
(h. K. Provlns¡ Dl!. S. Lovlbonô, enê ÞÍr. F. Lodwlth)
have rtad. lnd.lvlèr¡e1 ohaptcrs tn dreft fors and. hrvc
offcrcd, valuabLc oonucnü¡. Thc apparetut weÊ pnt-
parcd. and. nalntalned. ln ühe Dopartncntel tlorkchop¡
r¡ndcr thc d.lreotton of lilr. PerkEnyl antd, ür' 9ud,oulaE.

I\tr, P. Tor¡ng nrotc a oomputcr pro63¡EnG Èo analylo
sonc acpcota of, ühe d.ete and. l{r. B¡rrnc of ühc Couson-

wcalüh Aooustlor l¡baretory aaaleücd, ln n¡Xlttg ühc

aud.ltory neaslrronante. A dref,ü of, ühc Èhcstr res
typcd. by l{re. M. Blabo¡ ¡nd thc fln¡I vcralon by

!tra. Ð. to}ducl.l. I gretcf\nlly eohnowlcdge uy
lnd,cbtcdncsg to thc aboye pcople and. to thc cx¡rcrt-
ncntaL eubJeoüe rhogo ooopcratlon uaûe Èho rcscaroh
posslblq.

I.D.J.
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C1IAPTEB

NON VERBAL SHORT TERM }IEI{ORY

frer thc last d.eoad.e or so the topto of
lnmedlaÈe or ghort-tem memory hae bcen one of ühc nost
actlve areas of lnvestlgatlon rlthln the fleld of
experlnental psychology, It ls, neverthelcse, üruc
that the vcry large bulk of etr¡d.ies in thls area
utlllse verbeL stlrnulus naücrlar whlch le oftcn hlehly
over-lcarned. or embed.d.ed. ln exlsttng aseoolaülonal
struotu¡ee before thc oonnenoement of ühe experüaents.
varlebLes of thle klnd. undoubted.ly affeot the ouüoone
of Èhe erperlnenÈe and. at prcsent thelr operatlon ls
not fulLy understood.. 'Ihcrc le, tharcforc, rceaon
for oauÈlon ln gcnerarlalng, from sÈud,lca enproylr¡g
vcrbal stlaulus meücrlaL, to thc queetlon of ghort-
tctu Bomory ln gencral.

ft would. aocord.lngly ecen d.eeirable üo errtcnd.
ühe range of stlrnul-us natsrtal utlIrsod. ln rnmcd.late
memory stud.lEs and., ln partlouJ,ar, to gaüher d.ata
oonoernlng short Èe¡m storagc of non-vcrbal st!-nulus
materlal. rt nlght be erpectedt that süud.ies of thls
klnd. would. not onLy extend. the rangc of spcolflo
flnd.Ings about ghort-tcru storagc but, llnoe
thc cffsote pcouLlarly assooratcd. with vcrbal Etlnull
wouLd, be cIlmlnatcd., lt secue pleuelblc that thc

r
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rêsults of etudles of thls klnd. nlght be less êqul-
vooally lnterprcùed. and. provld.c flndlngs of grceùcr
gcncrallty.

In ad.dltlon to the luportance of studles of
thls klnd. ln adding to the general r¡rd.ersüa¡¡dlng of
short-üeru storqge, lt oan bc argued. that they nlght
thro¡r USht on some oüher problems. for exa.mp1e,

the problems of habltuatlon a¡¡d. arousal, and. of
vlglJ.ance.

The phenoncnon of thc aroueel or orleûtlon
rêspongc and. ltc habltuetlon ls onê üo whloh eonten-
porery theorlstg (c.9. Berl¡mc, 1960) attach e grcat
d.eal of peyohologloal stgnlfloa¡roo buü ühc problera
of tnfometløn etoragc trnôcrlylng üh1s phenomenon

has rcoelvcd. rcletlvcly llttl.c ettcntlon. In generel
the eroueal or orlcntetlon responas ooourc eÉ a reeult
cf stlmuJ.ue lnpuÈs wl¡loh are, to some extenËr dls-
crepant fron prevlous ones. Thls lnplles that at
rirrrf onê tlue r¡n organlen nugt be süorlng large amounüg

of lnfonnatlon ooncerr¡lr¡g reoent paüterrrs of etlruu-
Ietloni ùhc malnüenanoe and. ad.Jusùnent of thls store
appee¡e to represent a problem ebout whlch we havc¡
at present, vcry llttle speclflo lnforuaülon.

Thc wclght of prcscnü thlnklng oonocrarlng
the qucsülon of pcrfonnanoc d.ccrsncaÈ ln vlgllarreG
or wateh keeptng taekg aêGEs to favor¡r a nr¡nbcr of
lnter-relaücô oaugal facüore rathcr tfrar¡ one r¡nlüary
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cxpla¡ratlon (Br¡ohrcr & MoGraùh, L9631 . Orc factor
whlch d.ocs not secn Èo havc becn oonsld,ercd. le tha't
of ehort-ÈGm storagc. ft has bcen d,cnonstrated.
(cr¡ndy, t964, that the cfflolency of elgnal d,cteotton
le a fr¡noltt on of ühe anounü of lnfo¡uatlon tb¿t g
hae ebout thc oheraotcrletlos of ühe algnal. If
suoh lnfo¡uatlon rcrc eubJrot to loes In sÈoragc
thls nlght bc expcoÈcd to lcad üo a perfomanoÊ
d.sorsnent ¡ lf , ln edd.ltlon, thc orlglnal eülur¡lr¡.s
lnfometlon ras nalntalncd. or rcoonflrmcd. by a oor¡coü
d.ctcotlon, thc oond.ltlone for e¡r cv6n norc d.rastle
d.eollne ln perforn€¡aoe rould. be eet up, slnoe lncrcag-
lng tlnnc on taek wotrld. hlnd.cr the d.ctcotlon of algaale,
rhloh ln turn would prcvcnt the metntènance of ühe
tnfornetlon ncocss4ry to d.cteoü uorc slgnsle and. eo
orlr Ehl¡ tntcrprctatlon la specul.atlvc but ncvcr-
theless oonslstsnt rlth Eor¡c of thc flnd.lnga ln ühls
arca. Horcvcr, lt rorvÇÉ to lllr¡süratc thc polnt
th¡t a¡¡ wrd.cretandtug of short-üctr etoragc of non-
vcrbal netcrl¡I nlght reeson¿b1y bc cxpeoücd to have
Ycry wld.e lnplloetloae. .

An ldeal paradlgn sltuatlon for the stud.y of,
short-tcra storage of non-yêrbal sùlnuLl sccus to be
provlûed. by thc psyohophyeloal ncthod, of constent
stlnulug d.lff,crcnocs rlth ¡uoocsclvc stluurus prceenÈatlon.
In thls urcthod. one stlmuLue 1s presented. aud. then,
aftcr e flxed. lnüer-etlnulus lntcryal (fSf), ¿ sccond.
le preecn?cd. for oonparatlvc Judglcacnü. The relc-
yanoc of flnd.tngs fron ühls arGC to an r¡ndersta¡rdlne
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of shoz.b-tcrm eüorage ln gcneral hae becn acknow-
ledged by euoh rcoent ü"rtÈers ae peÈerson (tg6j)
arrd. Posner (19631 , Ilowcvcr, thc noet detallcd.
oongld.cratlon of thls erea as related. to the general
questlon of storagr or nenory ls und.oubted.ly due to
fhc Gestalt theorleÈe (e.g, Koffl¡a. Lg]jl .

Slnoe thc vlews of thc Gestalt üheorlste
havc so lnflucnoed. thlr¡klns and, rcscaroh ln thls area
they are worthy of €ome oonsld.cratlon. The Gesüalt
vlerg ls ühaü arl stlnurl are ocntrarry represenüed.
by stlnulus traoes spatlally d.lstllbuted. ln ,the
braln. Thcee traces pcrslsü beyond. thc aotuel
d.u¡atlon of thc stlnulus and a¡e subJcot to autoeh-
thonous prooessen eueh as asslnlraülon, concentraülon,
slnklng, and. so on. The opcratlon of thcsc
autochthonouÍr prooe¡rges provtdGs a pr¡rported, cxprana-
tlon of the obeerved. behavlor¡¡.

In the oase of d,aüa conoe¡rnlng loud.ness
JudgencnÈs from the nethod of oonstarit stlmr¡lus
dlfferences, lt had. been noted. by Kohler (tg}3) that
aft ISI lnoreascd., ühc proportlon of rloud,erF Jud.ge-
nents tnercased,. Thle roeult was attrlbuted. to a
al¡rklng or d,eoey of ühc traoe of the flrst stlnulus.
An eLte¡rea,ülve fomuLatlon adva¡rocd by re,ucnsüeln
aùtrlbuted. the effeot to an aselnllatlon of ühc traoc
of the flrst stlnulus to the level rcprcsËntlng thc
fSf . Subeequently a great d.cal of rcsearoh rac
d,lreoted. torra¡4e subgtantlatlng or choostng bcürecn
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thcee tro thcorlcs elühough rcYtcwers hevc ell eub-
scqucntly crlrrêsscd. d,lscatlgfaetlon nlth both (e.g.
Gullford, t954. Kocsücr, t9l+5, Osgood.. L953, Wood.-

¡qorth & Soh].osbcrg, 1955r,

A maJor weaknese ln the use of ühe noülon
of the d.ecay or slnklng of thc sÈlnu1us traoe hae

been ühe anblgulty of thege üerms, There has bcen

a fallure to make cxpllolt whether these terus mean

a loss of lnfornaüton from, or d.egeneratlon of the
traoer ox a systematlc change toward.s some lower
valuer or eütonuatlon of ühe trace. V{h^at ls alread.y
knorrn about laemory proocsses wou1d. lead. us to expect
d.egencratlon of the ürace, but there ls no prlor
reeson to expeot aütenr¡atlon,

Althoqh the Gestalt theorlEts were the flrst
fo enphaeLze ühc relevnnce of ftnülr¡gs fron the
nethod. of consÈanü stluulus d.lffercnces üo ar¡ und.er-
stand.lng of me¡rory processes, lt ls olear ln retro-
epect þ}lrat thelr theoretlcal formulatlons d.ld. noü
ad.equately conceptuallse the sltuaülon, 'Ihls la
one reason why ma^ny of the prevlous sfud.les concelved.
wlthln thls conceptuaL franework a¡rd d.eslgned. to
tllusüraÈe menory functlons are of llnlted. value.
It w111, therefore, be necessåry to revlew the whole
fleld of stud.les ln whlch the nethod of oonstant
stlnulus d.lfferences has been employed. and. ISI ls a
varlable.
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CHAHTER II

I\I.IERS'1IT'IULUS IhTTEBVAT AS ATü

INDEPEI\TDÐNT VARIA]3LE IN TTTE

]'IETTHOÐ OF COIVSTA\TT

STITIIULUS DI FFTJRENCE.S

The onlslnal ReoosnlÈlon of the Problen.

The lnportanee of temporal varlables ln sensory

d.lscrlmlnat|on tasks was aoknowledged by l¡echner ln hls
rrElements of psychophyslcs¡' (t966. flrst publlshed.

1860). fn a d.lseusslon of temporal relatlonshlps hc

mentloned ühe two factors on whloh lnterest has sub-

sequently come to be focused, rrthe t1¡ne allou-ed' to
elapse beüween the ,i:erceptlon of one ma¡5n1tud-e and- of
the othertt and. 'rtemporal ord.er, I'thether one or the
other ls flrst pe1cetved'r. .Slnce Fechner was prlmarlly
lnterested ln the measuremenÈ of sensory performallce.

he regard-ed- these varlables as souroes of constant
errors lnfluenclng hls resul.ts, and. was concerned to
ellmlnate ühen, - Ëlf Èhe errors are real1y constant
they oan be taken out by sultable means and aü the
sane tlne thelr amount can be exactly d.etermlned.r.

F'echner was not un¿ware of the posslble
:lntrlnslc slgnlflcanoe of constant errorst

-7-
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none must noÈ see a d.lsad.våntage ln these
compllcatlons of our method.s as caused. by
the presence of constant errorsr but
rather an tmporüant advantage, ln as nnuoh
es the d.eternlnatlon of eonstanü errotrnt
ltse1f becomes a part of the psychopktyslcal
measurêmenÈs that can be nad.e. Afùcr ell
thelr lnflucnoe ls typloal of ühe facüors
assootated. wlth sensatlons and. should. be
measured., At the sâme tl¡ne, however, the
opportwrlty exlsts to exclud.e then fron thc
measure of dlffcrentlal sensltlvlty wlth
whlch we are aü presen? ooncerned.. Con-
stant errors, therefore, should. not u.ereþ
be d.lscard.ed. as ldle r,qaste; they should
be oarefully sepâTated. from the measr¡re of
sensltlvlüy and. lnvesülgatec1 one after
another ln every a;tee-r accord.lng to the
oond.ltlons, Iaws, and. varlaloles Elnat. applyil,

The Conceptual Famework,

.Slnoe I¡echnerrs tlme a great d.eal of efforü ha¡
been expended. on attempts to eLucld.ate ùÌre characüerle-
tlcs of constant errors ln sensory d.lscrlnnlnaülon
tasks and Ëhese stud.les have prlinarlly been und.ertaken
r'1lËhln ühe oonceptual framework of classlcal psyoho-
physlcs. It can be shown thzt, d.esplte the enerÉçy

expend.ed ln thls aTea, the retr:rn ln terms of c1arl-
flcaülon of Èhe baslc lssues has been very meqgre and.

the t¡'hole üoplc contlnues to be beset by confuslon,
whleh to a very large extent seems to be a natural
corollary of the lnad-equacles of the basle concepüual
nodel of classlcal psychopkryslcs.

The classlcal psychophyslcal nod.el can be

eonsld.ered. aË two leveJ-s, flrstly as a oonvenülon for
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trcaü!¡¡g the data of cerüaln typcs of d.lsorlnlnaflon
crparlmcnta, and. ecooltd.Iy as e purpofted d'ccorlpülon
of ühe opcratlon of the tllgcrln1natlon lncohanlen.

Reoent developnents (e.g. Swets' Tsnner and. Blrd.sa].l
t96t) nust ralse grave d.oubts abouü thls laüter
aspect of ühe nod.cl. Iü doas s¡ecmr howeverr that
the purporüed. explanatory powers of the olasslcal
psychopÏryslcaL mod-el have lent an alr of reallty and.

ta¡¡elblllty to Êtome psychopþsloal ooncepts whlch
e^re really only sunrnery d.escrlptlons of cerüaln
aspecüs of the d.ata. Thls seeme to be partlcuLarly
ao of the notlon of ühe polnt of subJeetlve equallfy
(psti) (l'fs. II: 1.), whlch ca,n, ln the oase of d.aüa

from the nethocl of constarit stlmulus d.lfferences
uslng trro oategorles of Jud.gementr be preclscly d.eflnsd'

as the x lntercept of the response curtre or psyoho-
phystcal fr¡netlon at p = 0.5, when p ls the proportlon
of Jud.genents Ëgreaterr. The PSE can also, perhaps

mls1ead.lngì.y, be thought of as that value of the
varlable sülmulus (V) ¡rhleh ls Jt¡ûsed equal to the
sta¡¡d.ard. (St). It folLows then thet the d,lscrepanoy
between the PSE and. St oould. be regard.ed. as error and.

thls has usually been oalLed. the Feonstant etroro.

The PSE as d.eflned. ln terns of the x lnteroept
ts a fr.¡nctlon of two logloally lnd.epend.ent varlables,
the value of the y lntercept for x = $t, and. the slope
of the psychophyslcal fr¡nctlon or response curve.
lfhe slope of the response curve ls, of course, d.etcrnLncd,
by the varlablllty of Jt¡d.gencnt or the va¡labLe Glrrolf.
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Thc 'oongüantr eÍror. aE sollventlonÊIly d'eflned, ls
therefore loglcaLly etepcnd.ent upon the ve¡leble êrr,or
a¡rd. fr¡¡thamore tt has reoently bcen sho¡m (nose L96l+l

theü these two varlables are emplrlcelly re1ated..

l+or thls reason lt le urged. that the use of the fert
t'sonsüanttf error for ühe PSE - Ëü d.lscrepancy should-

be aband.oned. and. lts use shor¡ld. be conflned. solely tO
measures d.lreotly reflecülng the value of the y
lnterceptforx=St.

ilhe notlon of the Fconstantn error as oonv€n-

ülonally d.eflned. has also generated. oüher confuslons.
It has been appreolated. slnoe Feohnerts tlme ühat ühe
HconstantE error 1s lnfLuenoed. by both the lnterval
between successlve presentatlons of stlmull for com-

parlson, and ühe ord.er ln whlch the two stluul-l are
presented.. Although Èhese are logloally i.nd.epend.enf

varlables, ühe fact thaü they nay bo'bh lnfluence the
rrSE - ,Íit d.lscrepancy has led. to a tend.ency 'Þo speak of
thts d.lscrepancy as the tlne ord.er e?ror (fo¡;).
tlar from clarlfylng the sltuatlon thls usage has
geneæated. pseud.o problems. For example ln the nethod.
of absoluüe Jud.genent or s1n61e stlnull, ln whlch only
one stftnulus ls presented. per trla1, the nld.polnt of
the response scale d-oes not usuålIy colncld.e wlth the
rold.-polnt of Ëhe range of stlnull employed., BI
analogy wlth the flnd.lngs from the nethod. of consta¡¡t
stlmulus d.lfferences, thls fact lras sometlmes
(F'ernberger 1931, I,Iever and. Zener t928) been referrcd.
to as a TOE d.esplte the ob,vlous non-lnvolvemenÈ of
elther temporal or ord.er varlables.
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IÈ utght be argucd' üh¡t slnoc ln thc oagê of
thc mcthod of oonsÈanü stlmulus d.lffcronecËr the va}ue

of ühe y lnteroepü for x = St, or the oonstafiü errot't
refLeets a tend.cnoy to use onc t¡rpe of resllonee ln
Breference to aJrothex, thls meaaure EhOr¡ld be ce[ôd
respoase blag, It oan be showr¡, howevet, tlÞt c0ü-
parable oonEta.nü errorÊ are found. $hen other neühsd's

eEploylng d.lfferent typee of, reeponees are uted', foll
exa¡rple wlt,h the oomparatlve category ratlng meùhods t

and. Èhls generallty of Ùhe phenomenon lnd,epend.ent of
any psrtlcul-er response system suggeste ühât lt ls
not a slmple manlfestaülon of response blas.

In vlew of ühe above consld'eratlons much of
the prevlousty publlshed. work on ühe TOE or PSrt - St

d.lscrepancy !.s of llnlted. value 1n lIh¡mlnatlng the
behavlor¡r of conetant errorg a¡rd thelr relatlonshlp
to oüher vartablee such as I8I. Values of the
P.ÎE - 9t d.lscrepancy do not provlde satlsfactory
estlmates of the coneta¡rt error alühoqgh they d.o provlúc

oorrest lnfo¡matlon about the stgn of the constanü errotr'

An altencatlve way of meaeu.rlng the oonsüant

error ha,B sometluee been aåvooated. (e.9. by Gullford
tg54't, thls ls by means of ühe lnd.ex DS. Thla ls

d-eflned. as Dfr - ++!u*) v¡here L = number of

Judgements HLesstr, and. G = number of Jud-gements
ñ¡ç:reater'r. Slnce the nr¡mber of Judge¡nents ilgreaterr,

and. ñleest n111 d.epend on both Èhe constant error and'

the spaclng of the serles of varlable stlmull used't
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thls lnûcx ls of llntÙcd generaLlty and' pernlÈs

p¡col¡c oo4perlsons only bctwcen seta of d'ata !n *hloh
the ldenülca1 serles of varlable stlrnull havc been

uged.. The above oonsld.eratlons su8gest that the

¡4ost saülefacüory lnd.ex of ühe oongtant error ls oas

nhloh rcflcot,s the lnequallty between Fgreatcrt and'

tlcegcrË Jud.gcaente when a St ls conpared. wlth lteclf.

The effeoü of the nanlpulatlon of ord'er of
sÈlnr¡lw prceentatlon, when obeerned.r 18 to prod'Éce

-a d.lffersncc ln slopc bctueen the reeponse curres
or psyohophysloal fwroÈlona for the two ord-ers of
¡ülnu1ua prcecntatlon. Thls d,lfference lnvarlably
taEe¡ thc fom of a grcaüer slope for the St - V

funotlon and hence refleoüs greaËer d.lscrl¡llnatlon
und.cr ühese olrctustanrcas. 'Ihe questlon d'oes not
seem to havc bcen relsed. as üo whether ühe relatlve
dlffcrence ln d.lsorlnlnetlon between the two ord.ers

le, ltseÌf. a funotlon of ISI. Iü 1s propoeed üo

restrlct Èhe use of Èhe teru ord.er crror or ord'er
effec't t,o thle d.lfferencc ln d.lscrlnlnatlon between

ühe ülao orêers of stlnulus presentaülon.

A fr.r¡üher wây ln whlch lt rnlght be expeoted.

for ISI nanlpu].atlone to play & role ls ln the overall
preclslon of d.leorlulnatlon, or the slope of the
rcsponsc functlona. To the cxtenü whlch comparatlvc
Jud.geuenüs are d.epcnd.ent upon nenory factors¡ wê mlghË

erpeaü d.eoreaslng d.lsorlnlnaülon wlËh ar¡ lncrease In
rSI.
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In the llsht of the forEgolr¡.g d'lecusslon

1ü oan be seen that what has prevlously been looscly
regard.ed. as the probLem of the tlne error or 'I'oEr le
loglca11y a oomplex of assoolated' problems. A üolÜ

rlgorour analysls of the sltr¡atlon reveals three
l,nd.epend.ent aspecte of performcìnoe, the oonstanü

error, the ord.er errorr antd, overall preolslon of
d.lsorlmlnatlon¡ the rcal problen ls to d.eterulnE
and. explaln the effcets of thc na¡rlpuletlon of Èluc or
ISI on caoh of thesc aspeote of performÉùnee.

a

Ihe folÌowlng revlew of the llüerature alms

to enoompasa the flnðlngs concernlng the effect of
the ISI varlable on performanoe wlth ühe nethod. of
oonstent stlmulus d.lfferences wlth successlve ord.er
of eülmulus presentetlon. Ihls has been suggested.

es a parad.lgm for the stud.y of short Ëerm retenülon
of slmple non verbal sülmu1us materlal, although the
stud.les to be revleweÖ have noü been concelved ln
that llght. The revlew d.oes not purporf to þe an

exhausülve coverage of the very extenslve '-COTI lltera-
tr¡rer els ùhe bull( of stud.les ln ühls area have not
been prlmarlly concerned. wlth the ISI varlable.
There has, for example, been a consld.erabLe lnterest
ln the effects of lnterpolated. extraneous stlmull
on performance ln thls slÈua'tlon whlch has been 1n-
fluenced. by Lauenstelnrs üheoretlcal vlev¡s, Slnce
such stud-les d-o not cast d.lrect lleht on the problem
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thcy wlll not be oon¡ld.crcd,.

Evcn ln the oase of sÈud.lee ln nhleh Èhc

effects of ne¡rlpulatlon of ISI h¡ve þeen the prlnary
conoern, lnterpretatlon ls ofüen dlff1cult because

of the oonocptuåI oonfuslon whlch has oharaetcrlscd.
the area. For thls reeson lt ls as well to treat
estlnates of ühe nagnltud.c of consüanÈ errors wt th
reserre although the slgn of such errors oan ueually
be rcgar{l.ed. as rcllablc. An atltl.lttonal oonsld,eratlon
to bc bo¡:re ln nlnd ln aescsslng stud.lcc ln ühls 

^ree,ls thc lnfluenoc of a nrnbcr of prooeûural varlablcs
whloh have baen sÌro¡rn to proùuoc reliable effeoü3.

Proocdr¡ral Varlablce

I'iu1tlp1e oT rroh-flxed. süand.ard.s.

A flnd.lng of some generallty ln sensory
d.lscrilnlnatlon tasks ls the eentral tend.ency effect
flret descrlbed by Holl-lngworth (1909), trThe term
central tend.ency refers üo the fact ühat estlmates
of etlnull aE the extremes are shlfted toward.s the
lndlfferenoe polnt at the centerü (Johnson L955).
It ls thls phenomenon whlch appears to und.erly the
flnd.lngs from a nrrnber of stud.lee ln whloh several,
rather than one St, have been cmployed ln caeh ex¡re::l-
uental- sesslon. Typleally the regult of suoh a
procedure ls to prod.uoe a d.leplacenenË of thc con-
stant error fowartls the dtreotlon of some oentral
value of the range of Sts employed.. ThIs has been
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d.emoneËratcd wlÈh llfted. wetghts (Bart1ctt 1939,
Wood.row t933'), pLtoh (Hamls t952, Koesüer and. Schoen-
feld t9461 , a¡rd auÖltory lntenslty (Need.han 1935r,
The effeots prsd.uoed on oonstant arrors by uee of a

nunber of Süs are âccentuatcd. as ISf ls lncreascd
(Koesücr and ,schoenfeldt 1946, Needhan t935). A

fu¡thcr result of the usc of a multlple or rovlng Sf
1e, not ulexpeoted.ly, a d.ecrease ln the preolslon
of Judgenent o? lncrcasc ln the verlable emor
(l'Iood.row 1993r,

If the constanü error ls regard.ed. as a manrl-
festatlon of the lnürlnslo blas of thc pcroeptuel or
süorage meohanlsm lt seems oLear fhât the operaflon
of thls blas w111 be obscured or dlstorted" ln experl-
rnents uslnpç nultlple Sts. For thls reason the
results from suoh erperlments would. appear to be of
l.lnltect value ln elucldatlng the problem of the
oonstant error, although Gull-ford.ts (L954) sr:ggestlon
1;hat the sane prlnclple mlght eventually explaln
i,l0fiì and central tend.ency effeots could weII be borne
j-n mlnd..

.Érsynmetry of range of varlable stlnull
.¿Ue apparently related. proced.ural varlable

t¡ihlch has been shown to lnfluence ühe consþaní error
le that of the as¡nnmetry of the V stlmull arowrd. ;lt.
iilhls varlable has been lnvestlgated" by Ðor€hty (t949,
t952) wlth respect to both plüch and. loud.ness d.ls-
orlmlnatlon. Tìe showed. that as¡nnmetry of the V
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stlmull ren8è tnfluenocd. ttÞ oonstent error but not
the d.lfference llmen. Doughüy lnterpreted. hls
flnd.lngs ae prlnerlly duc to rcaponsc faotors alnd.

a tcnd.cnoy for Êg to avold. d.lsproportlonatc nt¡mberE

of clthcr rgrcater' or Hlccgo:li retpoÌrsls. 'l'hcre
seems llttle qucstlon, howover, thaü thle result
ls a fr¡rüher nanlfestatton of the eentral tend.ency
phcnornenon and. lt scêms clear thaË whcn ühere ls
asyunctry of thc V gtlnull aror¡nd. Èhe St, ühls musÈ

bc üaken tnto aooor¡nt ln asaesslng the rcsults of
f hls type of cx¡lcrlmcnt.

Effecte of practloe.
A thlrd pnoeeduraL varlable tnfluenolng the

results of stud.les uslng the ncthod of ooneta¡rt
stlmulus illfferences ls Sre prlor fanlllarlüy wlth
the task. A general ftnd.lng seems üo be a d.eollne
1n the consüant erro? wlth eontlnued. erpertnentatlon¡
thls has been observed. wlth loud.ness Jud.gc¡nents
(t'teecLhan tÐl+), pltoh Judgenrents (Koester t9t+5), an¿

temporal d.r¡ratlon Jud.gcments (ldood.¡ow 1935, iloodrow
and Stott t936), and accordlr¡g to i,Iood.row (t935')
thls effect rras also obser:ved by Kohler. Idood?ow

(t935) elso for¡nd a d.corcaee ln thc varlabls crror
asgoolated. wlüh Judgcncnts of üenporal d.ulatlon.
nhls latter flndlng ls ln aooord. vclth erpecüatlone
and. an exanpl.e of pereeptual learnlng (çtbson t953).

'ilhe relevarÌce of ühe experlence varlable
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for the oonetanü error wou].d. seem to have oertaln
lnpllcatlons for the lnter?retatlon of stud.les 1n

thts area slnce the operatlon of thle verlable seems

Illtely to obscu¡e the raanlfestatlon of any lnürln¡Ic
blas ln the sensory meehanlsm. For thls rsasort we

muet aocord a speclal elgnlflcance to süudles ln whloh
thls vartable has been controlled. by naÈlng only ono

obeezwatton per S. Beoause of the efforü lnvolvcd.
ln gatherlng data ln thle wâ¡rr eueh str¡èles a,re

unilerstand.abl-y rare, buü a scrles of Euah stud,les
uslng ühe ucthod of aåJuetment hae becn reported
by Ktns (t963a, L963þ, t963o, t965. t966a, 19ó6b).

Klng lnvesttgated. the central tend.lng of
reprod.uctlon of 5t stlnull after lnüervals of from
l.J secs. to 28 days. Jud.gements vrere mad-e of
vlsual brlghtness, loudness, vlsual fLash tate,
pltohr and. vlsual and. audltory üemporal d.uratlon.
l.n the case of temporal Judgenents a conslstent
uurd.erestlmatlon of St was observed, but there was

some questlon as to whether thls result nlght not
be an artlfact of the method of aclJustment slnce
reprod.uctlons muet all, of necesslty, be nad.e ln
ascend.lng ord.er. Iollth oüher types of stlnuÌl üh1s

varlable oan be controlLed by counter baLanelng
ad.Justments ln asoendlng and. d.escend.lng ord.ers and.

posltlve errors of reprod.uotlon werê observed. ln
the case of loud.ness, vlsu,a1 flash raüe, and pltch;
no pronounced. trend ln the slze or d"lreatlon of
ühese poeltlve ernora, over Ëhe perlod- of lJ seos,
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to 28 days. tes noücd.. No ÉysËcueülo crrors of
reprod,uctlon of brlghtnees wcre obsemed.. Klng
provld.es no d.ate about the varlence of Jud.gcnenüs.

Sflnulus VarlabLes
Thc effeote of nanlputatlng ISI ls ln many

cases to produoe changes ln performence whloh are
hlehly speclfle üo a parüloular stlnulus d.lmenslon.
Such dlfferentlal effects have oome to assune, as
shall subscquently be shorvn, a great d.eaL of
üheoretloal algnlfleanoê . r

Pltoh.
fü ls not clear whether a conslstent consüanü

error oocurs ln Judgenenüe of pltch, arühough suoh an
error hB,s been reported. (rrne t966at Tresselü tgu1).
'rhere does seem to be general agreement ühat arry
constant error for pltch ls lnd.epend.ent of IôI
(Inomata 7964, Koester 1945.- iiiortklyo t959, post-
ïnan 19&6). Âlühorrgh the naJorlreoccupaülon of stud.les
1n thls area has been wlth the constant error, 1ü
seems elear that the varlable error or preclslon of
pltch Judgements d.oes lncrease over tlrne ():achem t95h,
itarrls t952, I(oester rg45), although postman (tgu6)
falled. to conflrrn thle. Bachem, whose stud.y lvas
dlrected torard.s the quesülon of absolute plteh,
found- that some of h1s ss, who were selected. for
possesslon of absorute pltch, showed. llttle d.ecllne
1n retentlon of stlnull, farrlng wlthln the muslcal
range, for perloils of up to 1 qreek,
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Aud,lüory lntsnslty.
Kohler rs t923 süud.y of the effects of ISI

on performance ln an audltory lntenslüy d.1scrlmlna-
tlon sltuetlon has probably bcen Èhe uosù lnfluentr¡al
elngle süud.y ln the whole fle1d. äls d,ata show a
posltlve constant error wlüh ISIs of l.J and. 1.0
seca, but a negatlvê Glrror at 4.5 and,6 sec. 'Ihls
relaflonshlp bEtween ühe ooneüant orror and. the
ISI has cone to be knowa as the P fr¡notlon of ühc
tlne error and has been the subJecÈ of much lnvesül-
gatlon. Two lnvestlgatlons of thls relatlonshlp
seem to stand. ouÈ from the oùhêra on the grorrnd.s of
nethodologloal thororrghness. Theee ere Ëhoee of
Koester (t9I+5) end. Posttrafi (tg4ór. Unfortunetely
thelr resulüs are oontrad.lcüory and. ühe d.lfference
ln resulüs can not obvlously be explalned by referenoos
üo proced-ural d.lfferences between the üwo lnvesül-
gatlons. Koester conclud.ed that Fconsüant errors
are somewtÞt larger for Judgements of loud.ness Èhan
they are for p1üoh¡ but as ln ühe case of pltch,
ühese d.o noü show any sysüematlo change ln d.lrectlon
or slze as a fwrctlon of lncreaslng tlme lntervalo',
Postmanrs resuLts were largely conslstent wlth /iohlerlg
ln showlng a posltlve error for ühe t and, 2 sec. ISI
and a negatlve emor for the 4 and.6 sec. ISI.
iìeference to other. stud.les of thls problem reveal
more contrad.lctlons¡ for example peak (t939) found"
a poslülve constanü error lot LZ| ms and. ZB5 ms ISI
whlle .t,arrls (t9l+9) fo¡nd. a negatlve constanü egor
wlth a, zero ISf a¡rd. for larger lntervaLs no conslstent
eonstant error at all.



-29-

The relatlonshlp beü¡çccn ühc vcrlablc error
of lntenelty Judgcucnte and. I8I ePpears to havc

reoelveû lltùIc sysüeuaülo aüüenülon. The stud.lee

of Ha¡rla (t949) end Posüman (19l+6) show no syste-
matlc trend., the former süudy for ISIg of up to
1 seo. and. ühe lettcr for lnte¡veIs of up to 6 8êoo

Temporal d.uratlon,
The natr.rre of the erll:ors assoolated. wlüh

Jud.genenüs of temporal d.r¡ratlon ls conpllcaüed. by an

apparentLy unlque feaÙure of thls stlnulus d.lmenslont
i-l:lât ls the well establlshed relatlonshlp between

the slgn of the constent ernor to the polnt on the
scale at whloh ühe measurements are belng med.e.

Suoh a relatlonshlp ha¡ been auggesücd. for other
stluuh¡s d,lmcnelons buü not rellebly d,cmonsfrateê.
Thc polnü et rhloh thc algn of the oonstanü error
otr^engce tg epoken of at thc ücnporal lndlfferoncc
polnt and. thc nost aoocptablc cetlmaüc of thls polnt
lns bcen provld.ed by Wod¡ow (1931¡) ln e stud.y

rrülllsing only onc Jud.gcnent par Q. ldoodrow rs

eatlmaüe of thc tcnporal lnd.lfference polnt was

.6 aco ¡ lnteÌ'qals of l-ess than thls value glve
r.lse to poeltlve oongtanü errors a¡rd. lntcrvals
greater üo ncgatlve onea.

Án lnterest ln the d.etermlnatlon of the
lndlfference polnt and. faotors lnfluenclng lt has

d.omlnated research ln thts area and few stud.les
have been concerned- vrlth the lnfluenoe of fSI on

constant errors, ìrlalcaJlma (t958) tras reporÈed.

negatlve constant errors d.eoreaslng ln slze wlth
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lncrcage ln I8I ln a tcuporal d,l¡orlnlnetlon tagk.
8na11 and. L-ampbell (1962) have also reporÙed. a

relatlonshlp between slze and d.lrectlon of constant
crrors and. ISI ln a stud.y of aud.ltory üenporal- d.ls-
crlmlnatlon. Beoause of the extreme shortness of
the stlnult (4-l+0On sec.) and. some of the f,Sfs
(,O5 sêcr) used. ln ühls experlment. there ls reason
to suppose that the reported. effects are d.ue to specl-
flc aud,lüory mechanlcme aü the receptor level raüher
thån to more oenfrel factors.

ûne stud.y (i'icGavren t965) provtd.es qulte
detalled. evld.ence of the relatlonshlp beüween ISf
and. varlable errors ln an aud.ltory temporal d.uratlon
üask. t4cGavren showecl an optfuna] ISI of 1.J sec.;
1nÈervals shorter and larger than thls prod.uced.

poorer performanoe.

Llftecl I'.Ielshts.
a1though the slgnlflcance of temporal factors

ln d.lscrl¡olnatlon üasks flrst oanne to attentlon llllthtn
the context of experlments on llfted. vrelghts, sur-
prlslngly llttle sysüematlc evldence about the effects
of ISI on performance ln thls sltuatlon ls avallable,
It seems Èo be generally conced.ed. that a conslsÈent
negatlve constant error ls found. ln Judsements of
Ilfted. welghts (e.g. Gul1ford. and. Park t93tr l'Jeln-

steln t955a). Ilowever, even thls generaltsatlon
ls conürad-lcted.; Il.oss (!9611), for exanple, found.

boùh poslülve and- negatlve constant errors ln a

varlety of vrelght ]-lftlne tasks and. wae unable to
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Gxpleln thc d.lrcotlon of ühe crror, Thcre secna
to ba no systcnatlc d.ata ln the lltereür.¡re 111ue-
traülng ühe effects of ISI on varlable and. constant
crrors ln llfted. welghü sltuatlons.

Vlsual s1ze.
Moet experilncnts uslng vlsì¡a1 stlmulus materlel

have been concernad t,o test speclflc hypothesês rê-
latlng to the conterü ln wÌ¡lch the Etlnulus ls pre-
sented., and. these provld.e only lncld.ental. lnforuaülon
about the opereülon of ühc ISI varlable. The ln-
flucnoe of guch conte:ctual varlables has generally
been lnterpreücd ln üems of coatrast and. asslmllatlon
affects (e.9. Inomeüa L959, Iviarohcütl L9l+2.

MoClelland. L9ll1, l,vatson 1957) . '1'wo stud.les
(Inomata t96ll'and. KarILn t953) are concerned. prl-
narlly wlùh the ISI varlable on Jud.gements of vlsual
magnltud.e, althongh Inomaüa employed. a comparatlve
ratlng method. rather than the neùhod. of constant
sülmulus d.lfferences. Both stud.les are ln agree-
menü ln reportlng negatlve constant errors, but
whereas fnomgta found. an lncrease ln the el'ze of
the consüant error wlth lncreaslrr.g ISI r Karlln
found. a d.ecrease ln the constant error when ln-
creaslng f ,SI from 1 þo 3 sêc e

Other sülmulus d.lmenslons a

Prevlous revlews of thls area (e.g. GulI-
ford. t95l+) have d.rawn attentlon to T0jts ln affectlve
Jud-gements and. Jud.genents of od.or and. taste. fhe
range of sltuatlons ln whlch the phenomenon has been
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found has been st1Il further exùend.ed. by recent
research. GeeÏüsma (1958) found. a posltlve con-
stanü error ln Judgenents of hr¡¡üfulness of electrlc
stlmulatlon wlth a 2,5 sec. ISf but a negatlve one

for a !l+.5 s€cr ISL

SubJect Varlables

,4. nuuber of reoent stud.les have been colt-
cerned. Èo elucldate the operatlon of subJect
varlables on conetant errors ln sensory d.lscrlmlna-
tlon tasks.

Blroh, Belmont and Ka¡p (L965al have oompercd,

the constant errors of a braln d.a.naged. and lntaoü
group ln an aud.ltory lntenslty d.leorlnlnaülon task.
For ISfs of up to 5 sec. ühe lntaoü group d.emoneüraücd,

a negatlve constant error, whereas the braln d.a:naged.

Sis showed. a poeLtlve constant error, d.lmlnlshlr¡e wlth
lncreaslng fSI. In a second. stud.y (f¡lrch, et al.
1965b), ühts group showed. t|nab a whlùe mld.d.le class
group performed. s1nllarly üo the normal group ln the
prevlous experlment buË a lower class negro group
performed. slnllarly üo the braln d.anaged. group.

Axelrod. and. Elsd.orfer (L962) used. age as a
varlable 1n an aud.ltory lntenslty d.lsorlmlnatlon
task. They found. negatlve constant errors 1n both
a young and. eld.erLy group; ln the case of a young
group there was an lncrease ln negatlvlty from 1 to
2 sec., but a subeequent levelllng off for fSIs of
up to 6 sêo. In the eld.erly group there was a
unlforn lncrease ln negatlvlty wlth lnoreaslr¡g ISI.
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tlclneteln (1955¿'. t955c*') ha¡ lnvcsülgaücd
oonstent errorÊt t n tacÈlle alze and. welghü d.leerlnl-
natlon sltuaülons for both nornal and. braln d.anaged.

E. He found. a slgnlfloant ralatlonshlp between
elte of lcston end. ¡lze of ühc oonstant crror ln
Jufuanents of welght.

Theorles

Mentlon hes alreed.y been mad"e of fhe tn¿d.c-
guacles of theorles 1n thls area whlch are based. on
overelmpllfled. vleus of ühe stlmrrh¡s trece, and.

whloh, ln partloular, fall- to d.Istlr¡€;ulsh between
d.egeneratlon and atÈenuetlon of the trace. Â¡lart
from thls type of approach cunent theoretlcal
fornulatlons are Ilnlted. to those of t,llchels and.

Ilelson (t951+, and. Stevens (L957, . Boùh of these
share the vlew that the so-caIIed. tlne error or r'OE

ls lndepend.enü of the effects of ülme, d.esplte a

large volune of evld.ence to the conürary. iielson
(t96l|) has sald-, ln the absence of any supportlng
evldence, that trlü ls now agreed. Eha:Þ effects of
tlme requlre an lnüerval of greater ühan 3 sêc.
between stand.ard. and. varlable whereas TOE appears
1n nuch shorter lntervalsñ and. FTOE must be regard.ed.

as a manlfestatlon of d.ecentned. posltlon of ad.ap-

üatlon IevelÎt. Stevens I vlevü ls that finot only ls
ühe tlme ord.er error prod.uced. by other factors than
tlme, but lt also has notìrlng to d.o wlth ord.erH.



l,Ilahels end iïc1eon

t4lchels and. lielson eae the oause of Èhe

St - PSll d.lsorepancy as belng d.uc to the d.etermlna-
tlon of the PSE by the ad.apÈatlon leve1, whloh Is
a welghted. 1og mean of stlnull usêd. and. wlllr üherc-
fore, rarely oolncld.e wlth the value of St. fn a

comparatlve Jud.genent sltuaülon, Jud.genents ârê rê-
ferred. to a comparatlve ad.aptatlon lsvel ln ühe

d.etermlnatlon of whlch, the flrsü stlnulus on eaoh
trlal recelves a spcolal welghttng. Therefore
comparatlve ad.aptatlon leve1 wlII be largeÌy d.eteru,lncd.
by the value of St ln SÈ-V trlals, and. by the ln-
dlvld.ual values of V ln V-St trlals. Ae & oorrSê-
quence the slopes of the psychophryslcal functlons
prod.uced. by the two ord.ers of prescntatlon w111 d.lffcr
and. the St-V functlon wlII be steeper than the V-,St
functlon,

Helson and SIlcheïs theory has the ad.vanüage

of d.eallng expllcltly wlth the ord"er varlable and.

recognlslng lts und.oubted. lnportance¡ the theory
also clalnrs to make pred.lctlons provld.lng a good. flü
to sets of emplrleal d.ata¡ however lt takes no acoount
of fhe ISf varlable whlch ls, accord.lng to the welghü
of evld.ence, a varlabLe of lmportance. For üh1s
latüer reason 1ü ls d.lfflcu1t to regard lvilche1s
and. I.ielsonts fornulatlon as belng at all satlsfactory.
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Stevens

Stevens beLleves ElnEt ühe ToE ls the fallr¡re
of the nld.d.Ie of the sülmu1us range to oolnold.c rlth
the mld.d.lc of the rcsponse raÌrge ln oaÈegory Judgc-
ncnt elüuatlons and ls otraraoücrlstlc of Class I or
proühetlc stlmulus conülnua. It le, ln hls vlcwt
a result of the asymneüry of senettlvlüy or eubJeo-

tlve lnequallty of J.r,d.s on prothetlc conÙlnua.

lhe resu1Ë of thls ls, aocord.lng to Stevens' that
category raËlng soales are typlcally non llnear
slnce the oaÈegorles tend. to be narrower at the
botton end. and. broad.er near the top enc1, 'r'he :LnOiJ

ls a second.ary consequence of thts non llnearl'Ey.

5üevenst vlew of the llo.Ll ls â very restrlcüed'
one and prlmarlLy based. on a oonsld.eratlon of ühe

data from category ratlng tasks rather Ehan from the
meühod of consüant stlmuLus d.lfferences. iils d.ls-
tlnctlon between proühetlc and. rnetaühetlc stlmulus
contlnua and- the vler¡ that the l,oit 1s characterlstlc
of only ühe former, seems to be potentlally valuable
but has been severly crlülclsed. (./arren and. i.larren
L963) , f ror,rever Stevens r reJectlon of the relevance
o:fl 'ootir the Ii:jI and- ord.er varlabLes llmlts the scope

and appllca"blllty of h1s fonnulaülon to ühe ,oroblem
of performance ln the method. of constanü stlmulus
d.lfferences.



_27_

tlonoluslons

DesplÈe the very early recognltlon of ùhe

lnportance of ühe ISI vartable ln d.etermlnlng per-
fornance ln the ¡nethod. of oonetant stlnulus illf-
ferences, Ìlttle ad.vance has been mad.e ln und.erstand.-
lne the nod,e of operatlon of ühls varlable. ifhls
seeus largely üo be due fo ühe lnfluence of two coto-

irlementary factors ¡ flrstly, the utlllsatlon of a¡¡

lnad.equaÈe conoepüual basls for the plarmlng and.

lnterpreüaülon of emplrloal work, and, seoondly,
the Ìarge volrrme of euplrlcal flnùlngs, iaan¡r of
whlch are elther contrad.lctory or not easlly lnte-
grated. wlth each other. Attempts by theorlsts to
lmpose some d.egree of ord.er on thls chaotlc sltuatlon
have, of necessl byn fallecì..

Iü would. seem thlaE an und-erstand.lra¿* of thls
atea can only ad.vance when ühe baslc problem has
recelved an adequate emplrlcal deflnltlon as a resulü
of stud.les coneelved. and. lnterpreted. v¡lthln a soirnd_

coneelrtual framework.

Summary

i'he llterature d-eallne wlüh ühe operatlon of
the IijI (lnter-stlmulus lnterval) varlabLe 1n ùhe
mefhod_ of constant sülmulus ciifference 1s revlewed,
i,'echnerrs or1glna1 acknowLedgemenü of the problem
ls mentloned. and. the Lnad,equacles of the oonceptual
flamework on whlch subsequent reeearch ln thls ar.ea.

has been based., are potnted. out. An ettempü ls
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E¡d.Ê to euumarlse thc sallent enplrle¡l flnôlngs
oonoernlng the operaülon of prooed.uralf stlmulus,
and. subJect varlables ln thls arear The lnad.e-
quacles of two contempora¡y theorettcal fonrrulaÈlons
whloh purport to encompass thls area alre polnted.
out,



CHAPTIER ITI

TIü II\ITIAL APPROACH fO
THE PROBLEI'î

In the llght of the conelderatlons ralsed.
by the revlew of paet stud.lee of the ISf varlable
1n the neÈhod. of oonetanü stlnulus d.lffercnces' lt
would. appear ühat one pre-reqr$lÈe for an und.erstan-
dlng ln thls s;rea ls an ad.equate emplrloal d.escrlp-
tlon of the phenomena whlch have to be exp1alned..
Aü the sene tlme i.ü appearg plauslble Ehat, alÈhough
Süevenst (t957) and I'llehels & Helsonrs (L9541 vlews
about the 'rlOE are both cLeerLy lnad.equate and con-
trad.lctory, some furüher r¡nd.erstand.lng of the
dlfferences between oategory ratlng scales and. ratlo
scales nlghù well throw some lncld.ental llehü on ühe

operaülon of the ISI varlable. iiach of these
separate proposals wllL now be consld.ered. ln greater
d.etall.

Developmenüs of the i'lethod. of
Constanü Stlnulus Dlfferences.

The rneühod- of consüant stlmulus d.lfferences
appÊars to provld.e an exoellent parad.lgm sltuetlon
for the study of short term sÈorage of non-verbal
materlal. The conventlonal form of thls proced.ure,
however, ls d.lctated. by the conceptual framework of
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classical psychophys!.cs whlch tend.sr âs has been shorn,

to obscr.¡re rather than eluold.aüe Èhê role of the ISI
varlabl-e, Al.though lt would. Êteem neceasary for our
purpoee to malntaln the essentlals of thls method.,

1.e. the oomparatlve Jud.gement of sucoesslve stlmullt
there seems to be no good. r€ason for belng strlctly
bound. to the seoond.ary oonvenÈlona1 features of thls
meühod- and., lnd-eed., there seen to be good. arguments

for d.lscardlng some of these features. For thls
reason ttuo procedural vrrlatlons whloh seenned- to
represent an lmprovement of the conventlonal method.

of consta¡rt eülmulus d.lfferenoes were d'eveloped. and.

glven some prellnlnary testlr:g.

Tlhe i'Îeühod. of Dlfferenoe Ðstlnatlon
A sallenü featrre of the constant method's ls

thelr ted.lousness for S and $, prl-marlly because of
ühe Ìarge number of trla1s requlred- for d-aüa analysle.
'ilhe necesslty for so many tr1als seems to be d"ue, at
least J-n part, to the llnlted- arnorrnü of lnformaülon
l.rhlch -i ls able üo üransmlt on each trlal. Con-

ventlonally q ls resürlcüed- to elther tv¡o or ühree

categorles of responser allowlng ln the former case

a maxlmum lnfornatlon transmlsslon of 1 blt per trlal.
i{owever, the average amor¡nt of lnfonoatlon transnltü¡d.
per tr1al wlII usually be appreelably less than thls
because most of the couparlson stlmuIl wllL be con-
slstenüLy Judged ln one category or the other.
llhere ls good. reason to suppose that' everl wlth
olearly spaoed. comparlson stlmull, å nay be able to
transn¡lt appreclably norc Èhan 1 blt of stlmulus
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lnformatlon pcr trlal and., lf thls ls sor restrtetlon¡
placed. on * freed.om to respond represent âJr rfn-
necessaTy ourtallnenü of lnfor.matlon.

In ord.er to overcome these illfflcultles somc
preLlnlnary lnvestlgattons r{erè nad.e to see whether
Ss could. report Èhelr oonparlson Jud.gcments of two
suecesslve stlnull by means of a scale and. oursor,
stnce thls form of response wou1d., ln prlnclple,
seeTn to pernlt the transmlsslon of large anounts of
lnfornatlon pcr trlel. A horlzontal- scaler cortsls-
til,tg of a row of J0 1 ctsr squares aLternately
coloured. red. and. black, DJas ueed., over whlch S

oould. move a cursor, the ercact posltlon of v¡hlch
could. be read. off at the back by g. Instruotlons
to å sald- that the ratd.d.Ie posltlon of the cursor
always represented. the magnlÈud.e of the flrst stlmulus
and- the cì.rsor vÍas set at thls posltlon at the be-
glruelr¡,9 of each ürlal; S was lnstructed" to report
about the second. stlnulus by shlfülng the cursor
to that square on the soale whlch he felü besü êx-
pressed ühe nagnltud.e of ühe second. stlmulus coln-

Trared. r,ilth the flrst.
lllhls neühod. of reportlns appeared. to provld.e

S '¡rlüh .: stable frane of reference wlt,hln whlch to
make h1s report and, at the same tlme, to provld_e
few restralnüs on performânce" It ls true that
only twent,y-fl'y6 Jud.gement categorles ïrere provlded,
for the Ë ln saoh d.lreotlon butr slrìcre we know ùkrgü
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et bêEt E oan only rcllably enploy ¡bout scven to
clghü oategorles (mlIler tg56) and., slnce thå rar¡sc
of sülnull enployed. was snallr the llnltatlons Ln

number of categorles d.ld. not appear to effectlvely
oonstraln Srs performah.cêo 'Ihe nethod. appeared.t

on the basls of prellmlnary lnvestlgatlonr üo

Justlfy fr¡rther use.

Eha d.ata were analysed. by d.rawlng up

lnd.lvld.r¡a1. oonfuslon ma'brloes and. oaloulattng the
average lnformaülon transmltÈed- per Jud.genent
(1.e. conülngenü uncertalnty; Garnet t962\ . r'hls
form of daüa analysls makce no &saumpÈlons about
the undcrlylng metrlc of üha scale cnployed by S

er¿d. ls unaffeoted. by the modulus used. by S.

The i.iethod of Dlfference Detectlon
clne of the maJor problems assocLaüed' wlth

the use of the conventlonal rneühod. of constanü stlmu-
Ìus d"lfferences ts the selecülon of the range and.

spaolng of ühe V sttmullr. If a V sülnulus ls corl-
elsüent1y Jud.ged. as belng ln one category or the
oüher 1ü realLy provld.es no lnfornatlon about Sts
acultyr so an attempt musü be mad.e to select a

range of sülnult about whlch S 1qI111 always be ln
some doubt. 'Ihls can only be done wlth prlor
knowled.ge of ,S rs aculüy whlch lnvolves us ln a

vlclous elrcle. In practtce lt ls usually found"

that the range of 1nd-lvld.ual dlfferences of aeulty
ls so great that no matter how carefully selected
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ühe V stlmull mlgihü be, ühey are always r¡nsatls-
facüory for at leasü a proportlon of gg,

'-[hle d.lfflcu1ty oan largely be overcome by

uslng only two values of V stlnull, both of whlch
are well wlthln the range of unoertalnty and.

sllshtly restructurlng ühe natu¡e of Sfs task by

lnformlr¡g hln of thc obJcctlvê proportlon of ürlaIs
on whlch the second. stlnulus wlll be trgreatê:lr,
rl6eserÉ, or 'têq.ualrt to the flrst. Thle arrange-
ment has the ad.d.ltlon.aL ad.vantago ühat the proportlon
of I'eqrralt (St-St) trtals oan eaglly be lnoreased.
beyond. the proportlon norm,ally used. for ñoatchË

trlals and., a's has been polnted out, performance
on such trlals ls partlcularly lnforrnatlve con-
cernlng constant errors. A sllght d.lsad.vantage
of thls inethod. ls that the scorlng of performance
ls ln Lerms of numbers of correcü trlals of each
klnd., lvhlch restrlcts comparlson of performa"ice to
sltuatlons ln vrhlch d.ata has been gathered. rrnd.er

strlctly comparable cond.lÈlons. .L,rellmlnary
lnvestlgaülons v'rlth thls method. seemed. to Justlfy
lts further, more systematlc, use,

Category .ìatlng Scales and.

t tude tlstlmatlon Scal-es

It ls Stevens t (t957 ) contenülon ElnaÞ for
proühetlc or CJass I contlnua caüegory ratlng scales
are non llnear (concave d.ownward.s) relatlve to
nagnltud.e estlnatlon or ratlo scales,
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"The ohlef faotor that prod'uoee ÍIorI-
llnearlty ln ühe categorY scale of
Class I ls varlatlon tn ühe subJeotts
senslülvlty to d.lfferenobg. Near tho
Lower end. of the soaLe where dlsorlmlna-
tlon 1s good. the oaüegorles üend to be
narror'r, and, by oonsequence the slope of
the fr¡notlon 1s sÈeep. Near the upper
cnd., whcrE a glvcn stltnulus d.lfferênoe
Is less easy üo d.eteot r the categorles
broad.en end Èhe slope d.ecllnes.n

By contract goalcs prod.uoad by iraülo nethoðgt
¡uoh eB magnltuåe eatlmatf.onr dlrcctly refleot sub-

Jectlve ¡aagnltuðe ancl arcr aosord.k¡g üo Stevens,
r¡nlnfluenoed. by ühc relrtlvlty of d.i.ecrlnrtnatlon.

To date Süevens seems to have been prepared.

to support hls argr-ments concemlng the relaülonshlp
between stlmulus magnltud.e and. d.lscrlmlnablllty ln
the eategory sca1lng sltuatlon. and. the lnd.epend-ence

of these two varlables ln the ratlo scallng sltua-
tlon, by an appeal to lnd.lrect evld.enoer ê.8, i;lie

non-1ln.ear relatlonshlp between ühe two types of
scales (Stevens & Ga1anter, 79571, i:loweverr 1t
would. appear posslble to ma.ke a d.lrect test of
Stevensr assertlons lf a satlsfactory lnd.ex of
d.lscrlmlnablllty were avallable.

lhe conventlonal lnd.ex of d.lscrlmlnablllüyt
the varlarrce of Judgements or estlmatesr ls not
approprlate for use wtth d.aÈa from nagnltud.e
estl¡ratlon tasks for Èwo maln reasons. Slnce
wlth thls nethod. no nod.ulus ls presorlbed. and each

! ad.opts hls own mod.uJ.us. the san€ stluulus may be
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esttuated as eay tZ unlüs of lntenslüy by oae !
anô 200 by another. Thls preventa meanlngful
conparlson or oonbtnetlon of va¡lencce betrqeen Ss.
The gecond lnad.equaoy of the vartanoe as a neaeure
of d.lscr1m1nabll1ty ln thts sltuatlon 1e lts
relatlonshlp to the stlmulue rnagnltud.e i ühe

varlance of nagnltude estlüates of a etlnulus wlth
a mean estlmate of say 200 w11"1, of oourse, be vary
muoh greaùer than that of e sülnulus wlth a mean of
5, The varlanoe 1s only really a eetlefaeüory
lnd.ex of d.lscrlnlnablllty when the means and.

varlances are lnd.epend.ent.

F'ortunately ühese obJeotlons cannot be
ralsed. at another meesure of d.teperelon, the use
of whloh lnvolves no prlor assumptlons about the
und.erlylng netrlo. Thls measure ls the eondltlonal
uncertalnty (Garner L96Z), fhls ls d.eflned as
rthe average arnounü of unoerüalnty 1n one varlable
l¡hen the oüher varlable ls held. constanttr. In
the magnltud.e estlmatlon task, hold.lng the sülmulus
varlable constanü and. d.eterrnlnlng the response
unoertalnty for each stlmuLus should. provld.e us wlth
satlsfactory comparable lnd.lces of d.lscrlnlnablllüy
(resporse uncertalnty) over the whole sÈlmuLus range,

illhe use of thls measure, therefore, seems to
provld.e a means of d.lreotly testlng Stevens I vlews
ebout relatlve d.lscrlmlnablllüy of stlmuIl ln both
ortcgory ratlr¡g and. magnltudc esülnatlon taskg.
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'@EE
Srr måtmÊ c¡Ftr rû Êtn psrblæ¡ d'l¡-

oærclt la ühc prcytw ebcptrr lr¡ ctX*¡üui' fæ
rrpcuû,uæû¡l rÈtrahr n¡an1t æ dceurùr wnl'¡¡'toal
seoewrt af Ëh¡ off¡str ef tb ISf ur¡lrbfr t'n Ëhr

nrthdt cf o*u*tr¿t ¡t!,naln¡ ¡llffmær, mÉ! a
olßtfte¡ttm cf th¡ rrl¡3luhi,B ffirln mËtü
rd' o¡trgpry rrÊlnt ro*Lu. Elro pm¡4t¡¡çef
yaælaÈLem lf übc uû.M, af o¡qiltt$ rt[¡ulu*
ûtffcnçmcæ rhtoh .Ðræa t* æt*çor æ¡g tf ülÈl

Ë¡arbrel sf ËId,¡ mthtô r¡r l!,¡swld'. Â K¡¡l
of, pahlng ¿ d,lrcet trrt cf St¡rw t Þ¡¡ctl*rrr
wloæcriq pccffiewc fq ¡¡6æltuÊr ffi18¡Ê1æ
enû, osücgæy raÈla$ Ër¡kl tr ¡lcc d,l¡qrlr*cô '
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TEI'ÍFOR.åL DIFFERENCE EÉ¡TII{ATION

The folltrlng ÊrporlnGnt h¡tt üwo aaJor alme ¡

üo nakc e norc rlgo¡or¡s cxanlnatlon of thc uctltort of
d.lffcrcnoc catlnatloa rhloh had, ln a prallnln^ely
üry out, provld.cd. lnttloatlone of potentlal useful-
ncas, anrd. to lnvcetlgate sho¡t tem (1-6 ecc.)
atoragc of lnforuretlon oonocrnlrg thc d,u¡etlon of
bnlcf (.6-1.2 goo.) aud.ltory sÈLnull.

Mefhod.

For¡r eeparaüe atlnuh¡s sohed.ules were pre-
rcaord.ed. on tape uslng a flxcd. lntenglty (80 d..þ.,
4.p.1.) 300.., tone; one sohed.ule for each of ühe

IsIs t. 2. & ar¡d. 6 Bêor Eech sohad.ule oonslEÈcô
of 112 ürlele a¡rantcd, In clght oonseoutlve bloolrs
of 1lr ürlelg.

A St stlnulus of 0.9 sec. Ìü€ts uül1lsed.¡
thts wae choeen so aE to be well outsld.e the
lndtfference lntcrval but short enough to prevent
thc usc of esr¡nülng. The value of 1 Í¡eo. as e St
was avold.ed. slncc lt wae fclt that ühls value nlsht
have been prcvlously leernt by eome Se. Slx V
stlmull ananged. fron 0 .6 Eeo. to 1 .2 sec. ln 0 . 1

seo. steps w;re uülllsed,. Eeoh blook of 14 trlals
conslgted of 2 prescntaülons of St-St. 6 preaen-
tetlons of St-V (onc for eaoh lnd.lvld,ual value of V)
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fånd. 6 presentatlons of V-St (one for each lnd-1vld-ua-l

value of V). A separate rand-om ord.er of ürla1s
was used. for each blook.

.Psyoho}ogy I stud.ents (n - 24), fu1fllLlns
a course requlrement, were utlilseÖ aB ¡þ. ilhey
were tested. lnd.lvlduat]-y and. completed. each sched-u].c

1n a pred.etemlned. cor¡nüerbaLanoed. ord.er wlth an

lnterval of aü least one d.ay between sesslons.

Eaoh experlnental Ecsston was oonmenoed.

wlth s1x or seven hebltuatlon trlels to snable 8l
Èo become fanlllar wlth the Èask¡ the results sf
these trla1s were exclud.ed. from the analysls.

llhe task was self-paced. wlth p Þresentlne
a new trlal as soon as the prevlous orle had been

completecL; a shorÈ rest perlod. was lnürod.uced.
halfway ükrrough each sesslon. '.lhe duratlon of each

sesslon was between 25-I+O mlnutes. Stlmull '.',?re
presenterL to ! tlæough rnuffed. ear phones, The

muffs, together rv1üh a contlnuously operatlng
exhaust fan, served. üo sh1eld. ,S from exüraneous
nolse.

,5 iltas requlred. to respond. on each trlal by

shlfülng â cursor on a scale ln the followlng wâ.f.

fhe soal-e, whloh was plaoed opposlte å ln a horl-
zontal posltlon, oonslsted. of 50 1 en squåres
alternately coloured red. and. black; the cursor
eould. be moved. along thls soale by S and. lts exaot
posltlon rcad. off on the revêrso slde by E.
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S was lnstructed. thaü fhe nldd.Ie poslülon of ühe

scale, at whlch the eursor I¡IaE¡ always set at the
commencement of each trlal, reprec ented. the
rnagnltud.e of ühe flrsÈ stlmulus, and. ühat he was

to report about the eecond. stlmulus by shlftlng the
cÌLrsor to that square on ühe sca1e, whlch he felt
best expressed. the magnltud.e of the second. stlnulus
compared. wlth the flrst. The ends of the scale
lrere Iabelled. rlongerÉ and. nshorters to prevenü
confuslon.

The S was tneürucÈed. by means of a card. on

whlch the lnstruoülons ItIeTe üyped. ({ppencllx A) and.

whlch ÏIaE read alourL by 9,. It ls lmportant to note
that the lnstructlons dld. not malre expllclt whether
,5 was to nake ratlo Jud.genents or lnterval Jud.gemenfs.
The exacü lnstructlons vlere tton eaoh trlal you are
üo shlfü the cursor to the square whlch you feel
best expresses the lengÈh of ühe second. sound as

compared- wlt,h the flrsttr, I'hls consld.eration ls
of seme lmportance tn vlevr of the contlnulng contro-
versy over the ablllty of gg to make elther lnterval
or raÈlo Jud.gements and. the preclse propertles of
the und.erlylng metrlc uË1llsed by E. Tn thls case
thls controversy has been suceessfully slde stepped
by analyslng the data ln lnforuratlon theory terrns
whlch make no prlor assrrnptlons about the r¡nd.er-

ly1ne metrlc.

îhe d"ata from the St-V and. V-Sü trlals l^Iere

treated. by d.rawlrg up separate confuslon matrlces
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for each S for each ord.er and. IsI. Jstlmates of
the mean amount of lnfomatlon transmltüed. per
trlaI (conük¡genü uncertalnty; Garner t962) were
caLculated for each matrlx.

rìesults

'Ihe contl¡rgenf r¡reertalnty estlmates wcre
subJectcd. to a three way analysls of varlance
(SubJeots, Ord.ere 1.ê. St-V v V-Sü, a¡rd. fsfg) w1üh

sub-classlflcatlon of the SubJeotE varleble lnto
Groups and. Ind.lvlduel d,lffercnoes. The Groups w€re
d.tfferentlated. on the basls of the Éequenoe ln whloh
fhey eompleted. the sched.ules employlng the d.lfferent
ISfs.

'Ihe summary of thls anaì-yslsei ('table IV:1)
shows thaü the only maln effecü to reach slgnlflcancê
1s that of Ord.er (p <
transnltüed per trlal ln the i-ìt-V ord.er v¡as t.4? b1t,s
vrhereas only t.22 blts vras transmltüed. ln the V-St
ord.er, Qulte surprlslngly ühe manlpulaülon of ühe

{r
'rìhroughout thls study the followlng êonvênr-

tlons have been observed. 1n the eeÌeetlon of error
üerms agalnst whlch to test Lnd.lvldual sources of
varlanoe for slgnlfleancei souroes of varLance
other than those lnvolvlng subJects have always
been tesüed. agalnst ühe next hlghest ord.er lnüer-
actlon wlth fnd.lvld.ua1 d.lffererrces. In cases
when the souroe of varlance lnvolves Groups of
subJects, such sources have been tested. agalnst
ühe correspond.lng wlthln Groups or Ind.lvldua1
d,lfferences varlarroe.
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fAËlL,E fiI¡ I

SI'MI'ÍART OF ANATTSIS OF VABIAI{CE OF
CO}TTTNCENT I'NCERTAITüTÏ IN

TEMPOBA¡ DIFFERENCE
ESTIMJIffiON T¿fIK

Sor¡rce

SubJcots (3)
Grorr¡rs (c)
Ind.lv. Dlf . (ID)

ISIe

ord.ers (o)

SxT
Gxf
IDxT

STD
GxO
fDxo

ISIXO
SxISIxo

GxïSIxO
IDxISIxO

Total

d..f.

23

3

20

9

t
6g

9

6o

23

3

20

3

6g

9

6o

t9t

s.s.

L5.3t+85

3,2093
1,2.t392

.o252

3,O795

3.t247
J7t+2

2.7505

1,8lrtl+
.2O5t

t,6363

.077 5

L'¡5d5
.Lt? 5

1 .2330

24.9t+73

37,6

r¡¡

.001

nt

PÎ.S.

1.070
,60zo

.008400

3.080

F

t,76 !a

.0&158 (r

.0458t+

,0683? (r
.08182

,02583 .1,26

.01306 <

.02055

ll|

Þt

at
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I|SI varlabLe had no cffeot (fab].e IVrZ).

TABT/E IV¡ 2

MEAN CO}üIINGENT T'NCEts.TAINTT
PER TRIAL (rN BIrÉ) er

V.ABIOUS ISIS

ISI (secs. )

I conülngent r¡noerÈalnty

1

t,gl+

2

1.34

lt

t,36

6

t,3)

A further enalyels of the d.eta wae r.¡nd.erüakcn
by d.eterulnlrag the nrruber of ürlels ln cach saeElon
ln whloh pg lndloated. Èheü the eeoond. stlnu1us was
ehorter than the flret. Tl¡1s analysle was d.lreoted.
at cluold-etlr¡e the ehsrsctcrtsülce of thc oonsüant
error ar¡d Èhe d.ata wero trcatsd. by a two way anelysla
of va¡lanoe (SubJects and. ISIs) wlth a sub-
olasetflcatlon of tho SubJeots varlable lnto Groupe
a,nd. Ind.lvldual d.lffercnoês ¡ Thls an^alysls
(table IV¡3) tndleates th¿ü borh ISI (p <
and. the lnteractlon Groups x ISI arc slgnlfloent
(p ( .001) souroca of varlanoe.
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TABLE IV¡ 3

SW1MANT OF AIÙATTSIS OF VARtrAI\TCE OF
TOTAL JTTDGEME}fIS 'SHORTERT IN

TEMPOBAI, DIFFERENCE
ESTIMATTON TA,SK

Source

SubJacte (S)

Groupe (c )
Ir¡dlv. Dlf.

ISTI

SrISI
G¡TSI
ID x ISI

Total

d..f.

23

3
(ro¡ 20

3

69

9

6o

95

s.s.

'rat+9.24g9t+,Sj

t+fi64.?t

323,28

3 
'377 

,97
1.2136. 51
2.09t.1+6

81950.l+9

F

L.35 na

3.Og .01

.oo1

6

57,2

Ll+z,g l+.10

3l+,86

l+

56.1

ÏI.S .

2911.8

218.2

107,8

Thc lnterprctatlon of thc I8I effeoü ls alde{
by tnspeotlon of (Tablc IV rlt) .

îABLE IV ¡ I}

ÞIEAN NÏ'MBEB OF TRIALS PRODUCING
IISHOBTETII JI'DGET'TEI\TTS AT VARIOUS

rsrs ( 112 rBI^f,Ls,/sEgsIoN)

fSI (seos. ) 1

1 tchorterü JudgcucnÈs 52.9

2

5?.5

Thls lndloetce that thc naJor d.lffcrcnoc is botwccn
ühe 1 and, 2 BGor ISI. Slnoe at the 1 eeoo fSI thero
arê norc rlongcrÉ Jud.gæcnte then tehortero, wo nay
epea,k of a ncgaülvc ttno atsror at thls lntarval,
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Aü ühc othcr ISI¡ ühcrc ls a sllghü prspond.êrenot

of rshortcrñ Jrrdgencnüs but hard.J-y sufflolently
great to be regar''ilcd as of any consequence, Apart
fron notlng the elra^rnge ln oonstanü error bctween

1 a¡rd 2 secg., lt lc noü poeslble üo be uore crpllolf
abouü ühe iPr frurotlon of ühc oonstarit Grnor.

Slnoe thc cxpcrlncnüel treetncnt of thc
Groupa of ås_ cllffercd only ln reapoot üo the se-
quenoe 1n whLoh thc ctùBt¡lr¡s eohcd.t¡].ce werG c@-
pletcd.. üho slgnlfloant ctoups ¡ IgIs Lnüeraoülon
cleerly reflccüe thc cffeote of gaquGnoê. llhl.e
lnterastlon ls olarlflcd by rcference t,o 'Iable IV:J.

TABI,E IV: 5

þrE^$ü NlrI'rBER OF TRIA],S PBODUCIhIG rgHOBÍERrl
JI'DGEMEA¡ITS AT V"ABIOUS E](PERIMENTA.L' sEgsroNs (Itz TRrAr,s,/sEssroN)

ûrd.er of sesslon
1 rshorter" Jud.gements

t
52,L

2

5Il,t
3

59,7

l+

57.8

It can be Eeen þIlat ühere ls a tend.eney for the oorl-
sùant error to be negatlve aü flrsü but to d.lsappear
or even to beoome poslülve ln subsequcnt experlmental
gesslong.

Dlsousslon

rlhe nost sì¡rprlslng featr.¡re of the resultE
of thls erperlment ls the d.emonetratcd. lnd.ependancc
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of thc varlablc cnror, or preelslon of Jt¡dgeuanü.
and ISL Thls flndtng ls substa.ntlally In Ilnc
r1ûh ÞloGavrcnre (1965\ flnd.lng, although ln ühåt
aüuûy there wes s@e evld.enoe of optlnal perfornanoo
et an ISI of 1.5 sco. Stnoe a dcollno ln prcolalon
of Judgc¡renü wlth Lnore¡elng fSI ls ao generaLly
for¡nd. tulth othcr ¡tlnr¡Iw oonülnr¡ar thls flndlng
srrg:geeüs a qualltatlvely dlffcrenü nechenlsu mt¡st

und,crly Ëcn¡roraL dlsorlmlnatlon.

The experlment hee sÌrcwn an cffeoü of ISf
on constant emora alühorrgh the d.ata d.o noü peralt
any preclslon of lnüerpreüatlon of thls effect.
Thls flnd.lng d.ocs EÊsm conslsüent wlth NakaJlmars
(1958) oonoluslon that, ln tasks of thls klnd., e

ncgetlve constant error assoclated. wlth very short
ISIe d.ec:reaees ln elze wlth lncreased. l"ength of ISI.

Althowh Lt lras been d.emonstrated. that aori-
ülnued. practlce affeots the aonstant error buÈ not
the preclslon of Jud.genent, the resuLts Oo not
pennlt a hlgh].y speclflc lnterpretatlon of ühls
effect. The results are oonslstent wlth the vl,ew

that there Is an lnltlaL negatlve constant errol
whlch d.lsappears eûlth oontlnued. practlce. If thls
lnterprctatlon ls corrcot 1ü wouLd. aeem to reprcsenf
an lnterestlng case of an lnoreaeo ln verld.loallüy
of peroeptlon or Jufuement as a rceult of praotloe
but wtthout knowlefue of the resulte.
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Another feaËr¡rc of ühc oonülngcnt r¡nccrtalnüy
relults. worthy of qcntlon, ls the htsh proportlon
of the totaL varlanoe aooor¡nÈod' for by thc Orl:lcr

varleblc. Thls ls oonslstonü wlth oüher ctuðlcs
but the rcsultc pTqçlðè no oluc ae to wÌ¡"y thls
should be so.

Slnce one of thc alns of thls cxperlment
wag Èo provlde a trlal of the nethod. of d'lfferencG
esülmatlon, some assessment of the nethod. le call-eð
for. Inpresslonlstlcally the method. secmed- to be

aooepted. by -Ê,9 and. cal-led. out wltkrout dlfftculty.
Durln8 analysls of ühe öata 1t appeared. es 1f a

relatlonghlp exlsüed. bctwecn the a¡norrnt of output
lnfor'natlon and. transnltÈed. lnformatlon (oond.ltlonal
stlmulus r¡ncerüalnty and oontlngent r¡ncerüalnfy,
Garner t962). Thls wss subsequently oonfl:med hy

oloser anatysls; for exampler wlüh a 1 sêco ISI
and for ürlals 1n the St-V ord.er ùhese two varlables
provtd.e a product moment oorrelaüton of 0.52 (t=2.8J,
p<
secÌÊ posslble although on ühe avallab1e evld.ence 1ü

ls not posslble üo ohoosc between ühcm. i.'lrstlyt
Ss who choose to utlllse only a very small portlon
of the response soale nay have sel-ected. a soale üoo

o¡0a11 to alIow ühen to exhaust the lnforrnatlon at
thelr d.lsposal orrr scoond.ly, Ë9, wlth low preclslon
of Jud.gemenü, and therefore aapable of less ln-
formatlon Èransnleslon, automaüloally chose üo work
wlth a süalI portlon of the response scale.
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Havlng In mtnÄ thaÈ tha foracr lnterprctetlon osr¡ld,
be ooreot. lt would. scou wortlrwhlle tf the mctlpd,
wêre subsequoatly uscd Ëo glve epeolflo lnsÈruotloar
fo Eg to utllllc as largs a portlon of the respomc
¡oaLe ¡s 18 poselbb.

Sunnary

An c4rcrlnrnt æÞIoylng AIf ¡þ ln e tcnporol
d.lffaronoc csüInaÈlon ùa"ek ls d,caorlbcd ¡nd. dls-
ou¡acd.. Ths rcsults shon that a naJor portlon of
ühe varl4noc 1g acoor¡ntcd. for by thc Ord.cr verlablo,
1.Ê'. whethcr thc St la prcecnücê fLrgü or ecoonÖ on
eJrJr one trlal. A negatlve oongüant €rror was for¡nd,
at an fSI of 1 eco. but not for largcr ISIs.
Illelther lengüh of ISI nor praotloe affccted. the
varlable error. ,IhGro êplrccrred to be a d.eo1lne
ln oonstant emors wlth pracüloe. rt ls coaslud.ed,
Ëhat the d.lfferenoe eetlraatlqr Èeohnlque 1s worttly
of further u.sê.



CHAPTER V

TEMPORAT, DIFFEBENCE DbITECTION

'Ihe two meln alme of thls crperlment werc to
provlde a more rlgorous trla1 of ühe method. of d,lf-
ference ClcÈeoülon whloh hae been provlouely ncnüloncd,
(Ct¡apter III), and to lnvcatlgatc thc short te:nr
sforage of lnforuatlon oonoerralng aud.lüory üenporal
C-uraÈlons.

l4ethoel

The etlmulue materlal for eaoh of for¡r seeslon¡
lfâa pre-record.ed. on magnetlc tape. Four stlmulus
sohed.ulee, one for ISIg of 1, 2, l+ and,6 seeond.s and.

each eonslsülng of 144 trtals were prepared-. The

sa^me St as ueed. ln the prevlous experlment nas êrtr-

ployed., nanely 0.9 seo.; onLy trso V stlnull 0.7 and.

1.1 sêcr were ueed.. Each stlnuLue sched.ule conslsü¡d.
of ¿lB trlals of two etlnuIl ln eaoh of the fo1lowlng
ord.ers St - St, St - Vr and. V - St. 'lhere were
equal nr¡mbers of both valuee of V ln the St - V and.

V - St trlale. 'ilhe order of trtals waa rand.omlsed.
wlthln l¡loclcs of 24 trlals, eaoh block contalnlng
elght trlals ln eaoh old.er.

48
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Slnce only two valucs of V wcre used. lt wae

lnportant to seleet values wt¡lch wouLd presenÈ a
reasonable amount of ðlfflouf'ty ln þelru; d.lserlmln¡Ëcd
from Sü. The va]-ucs chosen wêre selected. after
prellnlna¡y expcrlmentaülon had. lnd.leated. that thcy
?iiere satlsfacüory tn thlg rccpcct.

The stlmuLus gched.uLes wcre rccorded. uslng a
flxeù lntenslËy (80 d.b., s.p.l. ) 300 .^, tone and,

playeå baclt to E through muffeil eal phones ln an

experlmental room ln whlch a¡r exhsr¡st fan wae oontln-
uously operatlng,

Twenty for¡r Psyohology I stud.ents r fulfllilng
a oourse requlrement, selrt¡ed. as E. Each S compleücd-

eaoh sülmu1us sched.uLe ln a pred.etenrlned. cowrüer
balanoed. order wlüh ar¡ lnterval of aü least one day

between seeslons. Slx o:n seven habltuatlon trlalst
the results of vrhlch were not lnolud.ed. ln the analyslet
were glven at ühe commencement of each sesslon. The

taslt was self paoed. wlüh E presentlr¡e a neI¡I ürlal as

soon as the old one had. been eompleted.. A shorÈ

rest lntervaÌ was lntroduced. half way ükrrough the
experlmental sesslon whlch lasted. between 25'4Q

mlnutes.

dxcept for eesenttal d.lfferences ln the stlmult¡g
sched.ules and. lnstructlons, the cond-Iülons of thls
experlment were ld.entlcal and. üherefore 1n all ways

comparable wlth the prevlous experlment. In the
lnstructlons (Rppend.lx B) Ss werc tol-d that they oot¡Ið
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respond. ttlongero, FahortêTËr or Éequal-E to eaoh ürlal-
antl that there were eqrral proportlons of trlals ln
whlch ühe two st1nul.l l,qere longar, shorter, and. equal,.

iìesults

Inilepend.ent anelyses of the reeults of ürlals
ln whloh there wee a d.lfferenoc betwe¿n ühc two
stln¡uJ.l presentcd (d.tffarence trlels), 1.e. ,3ü - V

and. V - St trlaLs, and, trlalc ln whlch there vras no

d.!.fferenoc bEtween the two stlnull presenüed, (no-
d.lfferenoe trlaì.a), 1.c. St - St trlals, have bEcn

oarrlêd. out. Ârîelysls of ühe reeul.te of no-dlf-
ferenoe trlals oan be expcoted, üo be partloularly
lnfornaatlve about the oonstant errorr wh1le analysls
of the d.lfferenae trlals should. provlde lnfornnatlon
about the varlable ernor or preolelon of Jud.gement,

'Ihe nunber of correcü responses on d.lfferenoe
trlals was determlned. and. analysed. by forrr r^tay analy-
sls of varlance. The maln effects I¡Iere íiubJecüs,
Dlfferenoes, Orders and. ISIs and. the SubJeots
varlebl-e was further brolçen d.own 1nüo tlroups and.

fnd.lvlduaI d.lfferences components, It wlll be

recalled- that Groups are dlstlngulshed. solely on thc
basls of the sequence ln whlch they completed. ühe

sülmu1us schedules. The Dlfferences varlable refers
to the nagnltud.e of the Ölfference to 'be d.etected. on

a partlcular trtal, l.e. 0.2 seer ln elther 0./ sec.
or 0.9 sec. ¡ the ord.ers varlable refers üo ühe

dlsÈlnctlon beüween St - V and- V - Sü trlals.
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A sutrmary of thls anelysls of vartanoc 1¡
found. ln Teble V¡l.

TABLE V ¡ 1

SUYIMÁRT OF ANALTSIS OF VARÎANCE OF
COBRECT RESPONSES ON DIFFERENCE
IRIA],S IN TEIIPORA¡ DIFFERENCE

DEßECTION T.ASK.

Source d.,f . S.S. M.S.

subJects (s) 23 21129.560
Groups (c) 3 3)L.7L6 ,.L0,6
Indtv. Dlf. (fo¡ 20 tr797.81+¿t 89.89

F

t,23 ao ! .

P

Dlfferences
@d.ere (o)

ISIs

SxD
GxD
fDxD

SxO
GxO
IDxO

SxïSI
GxISI
ID x ISI

DxO
ÐxISï
OxISf

739.8L5
t rgT 5.628

6t+.59t

279.t+97

3t.945
246.552

393.935
L3,383

380,552

þtt,096
g.ggz

401 .11,|+

56.273

21,,L95

35.300

799.8
t,976,

2t,53

60.o
to4

3.22

(Ð) t
1

3

1

3

3

.001

.001

.05

23

3

20

23

3

L0.65
t2.33

<1

20

4.t+6t <1

t9.03

1.109
6,685

56,27

? ,065

tt,77

69

9

60

<1

1.34

t,2l+

t,5g

tllo ! ,

ll. !.

llr3.
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TABLE

Sor.¡rce d.. f .
SxDxO 23

GxDro 3

IDxDxO 20

sxDxISI 69

GXDXISI 9

IDxDxTSI 60

,SxOxISI 69

Gx0xISX 9

fDxoxISI 6o

ÐxO¡ISI 3

SxDxOxISI 69

Totat j9j

V: 1 --GËnülnucå

s.s.
tlo20 .539

t78.279
9tl,¡z,260

365.7t+2
2t+,669

3t+L.O73

49t+,389

49.gL'
UEt+.573

?0,362

trt36.0?6

g.tt+z,997

M.S. FP

59.t+3
LTz,t.L

7..4t n.!¡

2.7t+t <1
5.685

5,5)5 (r
7 ,4LO

6,787 <1

t6.t+6

It oan be seen that the only slgnlfloant soì.trces of
varlance ,ere ühe threc maln effeoüs, Dlfferenoes
(p <
'Ihe operatlon of these varlablee can be more olearly
wrôerstood by referenoe üo Tables V: 2. V¡ 3, and.

V¡ 4. The effect of the Dlfferenecs vartable ls es

we mlght expeet and. rcflecüs thc relaülvlty of Jud.ge-
nent, that le Ss are oonslstently better at d.ctecttrg
e rllfferencc of 227 tlle;n one of 229. 'Ihe Orders
varlable whlch, gnce agaln, aooor¡nts for a maJor
portlon of the varlance le d.uc to bctter perforrnancc
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TABLE Vs 2

¡{EAN NII{BER OF CSBRECT BESPOIÙSEÉ, ON DIFFEBSNSE
rRIAIÉ IN TEMPOBAL DIF¡EBENCE DEEECTION TA,sK 'A,S NELAIED TO SIZE OF DIFPEBE]NCE.

I oorreet

81zc of ôlffc¡¡cnoc

ztl 2t9
36 .8 3t.2

T.ABLE V ¡ 3

¡{EAN NIrMBffi, OF CORBESI RESPOIüSES, ON DIFFERENCE
lRIrif-S IN TEMPOBAL DIFFEBENOE DEßECTION TA8K,

A,S BELATED TO OBDEB OF STTMI'LUS
PRESE}üTÀTION.

Ord.er of sttmulÌ¡a pr"esentaflon

St-V V-Sü
38.5 29,51 correot

TABI,E V T 4

MEAN NI'MBER OF CORRECT RESPONSES, ON DIFFE1ìENCE
TRI,A.LS IN TEMPORAL DIFFERENCE DETECTIOI\I TAÉK.

&S RELATED TO ISI.

1

66.7

2

70.8

I8I (Seog. )

Lt6
67.7 62,0T correct
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on St - V trlel¡ th¿n on V - St trlels. The slg-
nlfloanoe of the I8I¡ verleblc BGCEc üo rcfloot en
optluel performanoe et the 2 seo. ISI.

îhe d.ata from no-d,tfferonoc ürla1s hsve been
analysed. ln üerms of ühc nunbe¡ of trshorüeri and.
frlongepn retrponsca on trle1s of thls Èype. Iheae
daüa havo becn analysed. by a three way enâlyele of
varlanee wlüh SubJeoù¡, Relponeoe (ilehorterrr V
ñlongerrr ) , and ISIg ae naln cf fcote. The $ubJeots
varleblc hae âgaln been brolten d.own lnto a Groupe
and. Indlvldual d.lfferences oomponent. Ihle
analysle ls sr¡nmarlscd. ln.Tab1e V: 5. It nay be
seen that fSIs (p <
(p<
&re slgnlflcant sources of varlanoe.

fnterpretatlon of the slgnlflo&noe of the
f,SI varlable ls faolLltated. by reference üo Table
V¡ 6. ft woul-d. appear that rather fewer ,tequs.1,t

rêsponses occrtr on no-dlfferenoe trlals at the 4
and. 6 seo. ISfs. [hls flnd.lng rnay be lnterpreted.
as lnd.lcatlng some greaüer preolslon of Judgenenü
at L and. 2 seo. ISIs as oompared. wlth the 4 and
/ - --o gec. luls.

The Responses x ISIs lnteractlon ls also
lllustrated. 1n Tab1e V: 6. There ls a prepon-
d.erance of ill-or:gern Jud-genents aË 1, l+ and- 6 secs.,
but of rfshorÈertr Judgenents at Z sece.
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TABLE Vr 5

SUIIT.ÍåNT OF âNALTE¡Tg OF VARIANOE OF NT'MBERÍ'
OF IISHQFTERT .AND TLO¡K}EBX BESFONS$I
ON NO-DIFÍEBENCE TRIåIÉ IN TEUFOBAL

DIFFMEÀICE ÐEIIIECîTON TAF'K

*9ouroe d.. f .

SubJeots (S) 23

ciroups (c) 3

Indlv. D1f . (ro¡ 20

-rTeeponses (B) t
ISIs 3

SxR 23

GxR 3

IDxR 20

sxISI 6g

Gxf,Sf 9

ID X I,SI 6O

BxISI J

SxRxfSI 69

GxllxISI 9

IDxRxISI 6O

S.S.

875.995
tg).5L6
682.479

?6.255

gB,5gg

839,870
L02.)gt
737,1t79

6? 5,2?6
!35.672
539 '6ot+

L54.tqt

1,2Bo .234
t+97.96t-v

782,270

M.S. F

64,51

3l+.1.2

?6.26

32.87

3tt,t3 < 1

36.87

15,07
B,gg3

5t.38

55.33
t3,01+

1,89 rrrrr

2,07

3,66

D

tl¡!.

.05

t .68 Do !.

3,91+ ,O5

l+.zl+ ,001

'r'otal t9t ll,000 .370
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TABLE V ¡ 6

HEÂN NTFIBER OF EACH EIND OF 8E8PONSE,
Ofi I{O-DXFFERENCE TBIÂLE IS TEI{Pffi.âL

DIFFEBENCE DEEE TtrON TAÍIT,
AÉ¡ RELCÍED TO TSI

Besponse

rlongerr
rshortern
oequelr

Response

É1onger0

FFhorterot
Fequaltf

The slgnlfloanü Groups x ll.es¡roneÇÉ¡ x ISIa
lnteraotlon ls olarlfled by referenoe to 'Iab1e V ¡ ? .

It ¡rrould. appear that an lnltlal negatlve oonstant
error Èend.s to d.lsappea¡ wlth lnoreased. praotloe wlüh
the üaslr.

TABTE Vr 7

llfEA¡ü TIT'MBEB OF EACH KIND OF RESPONSE,
ON NO-DIFFERENCE TBIALg IN TEMPORAI,

ÐIFFffiEbICE DEEESTION TRIAI.S I AfI
BELCTED TO OBDffi OF SFSION

1

9,t
6.9

12.L

1

11 .8
2,5

28.7

ISI (scos. )

2Tþ6
8.2 tt'.6 9 .l+

9,2 8.1 9,3
30 ,6 28,3 29 .3

Ord.er of sesslon
23t+

1o.o 8.3 8.2
8.1 8.6 g.a

29 ,g 3t.L 30.8
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D[sousslon

'Ihe results of thls experlmenü agaln oonfl¡u
the conststent flndlng ühaË the operatlon of the
ord.er varlable aoeounts for a large proportlon of
thc verlance ln expcrlmente of thls type. 'Ihe
reeuLte fatÌ to supply er\y cvld.caoe of a perslltcnf
d.ccLlnc ln the preclslon of Judgenent w1Èh lnorcaslng
ISI but they d.o oonftm Mcçavrenrs (t965) flrrdlne of
an optlnal ISI¡ ln thls oegc 2 ecoeo €tB oppocod' to
t'loGavrenrs flncllng of 1.5 eecs. Thls ls an lnte¡es-
tlne featr¡re of the resuLts whlch, on the basls of
the presenü lnfortetLon, remalns r.mexplalned. but,
neverÈheless, ralses some lntrlguln€; quesËlot¡,s.

Is thls effeot peoullsr to temporal Jud.gements, or
ls lt a general featr¡re of peyohophyslcal Judgements
rshlch ls usually obscured. by the confound.lng of
,ludgement tlne wlth ISI and. duratlon of stlmulus
lrresenüatton? In a temporal d.lsorlmlnaül-on sltua-
tlon ,J must_vralt untll the stlmul,r¡s ls completed
before he can comnence the Jud.gemental process
whereas i,¡lth other stlnulus contlnua üh1s ls pre-
sìmably not necessary. Thls nearÌs that the no¡nlnal
I,5I, ln experlments uslng other than tenporal stlnullr
oonslstently und.erestlmates the Jufuement ülme.
The sr.ggestlon belng ad.vanoed. here 1s that the
aecurate perceptlon or Judgemenü of the flrsü stfunu-
Lus ls a process extend.ed. ln tlner whloh may be lnter-
fered. wlth lf lnsufflolenü ülme ls allowed.. The

flnd.lngs of thls and. I'loGavrenrs erpcTlment suggest
thst the d.uratlon of such a procese mlght be between

L and. 2 secs.
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îhls ex¡perlment agaln provld.es evld.encc of
the effeots of both ISI ar¡d. practlce on oonstant
errors. fn thls experlment a negatlve oonsta^nt
error was found. at aLl ISIs exoept 2 secs.,
whereas ln the prevlous erperlment a negaülve corr-
stanü error ocoured. onLy at 'bhe 1 s€or ISf . 'Ihe
evld.enoe conoernlng the pracüloe varlable ls more
eonslstenÈ¡ ln þoth oases lt can be seen thaü an
1n1ü1a1 negatlve oonstant error d.lsappears wlÈh

'practlce.

By way of esseesmenü of the nethod. of d,lf-
ference detectlon lt oan be sald. ühât¡ lmpresslonls-
tlcalIy, the üask appeared. to be one whlch was

read.lly acoepted. and. oarrled. ouü by gs. A partl-
cular ad.vantage of thls nethod- would. seem to be that
1t would. easlly lend. ltself üo self ad.mlnlstratlon
by Ë,, thus savlng tlme for E. It would., ln prln-
clple, appear posslble Èo place the whole experlmental
proced.ure, 1nc1,ud.lng lnstructlonsr on tape and. to
allow Ê üo complete hls own record. sheet.

ComparLson of the Dlfference
Llstlnatlon and. Dlfference

Detectlon 'Iasks.

ïIavlng regard. to the d.egree of experlmental
preclslon aüüalned- ln these üwo experlments, the
results appear to be very conslstent, The maJor
d.lscrepancy ln the results of the üwo experlments
ls the d.emonsüratlon of an optlmal ISI wlüh the
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d,tffcrsnoc d.otcotlon task buÈ not rlth tht d'lffcrcnoc
ceülnatlon task. fhe possLblllty 1g thereforc
ralsed ühaü thls d.lsercpanoy ls ln some way systeaê-
tlcalIy relaüed. to the d.lfference between the two

method.s.

Ðurlng the oouree of the exI¡erlment, and. after
d.lsor¡sgln{ç lt wlth eomc fls. lt beoa.ue clear to E thaü.
althorrgh the sülmulw lnteryals had been selected fo
be so shorü as to prevenü oor¡ntlr¡gr some Ss were, ln
faot, oountlng or uslng varlous other strategles to
estlmaùe and reLaln ühe length of the stlmul.l.
Therefore the last 12 $s to complete eaoh experlnent
Íùere speclflcalIy questlonedr about ühelr teckunlque

ln oarrylng out ühe task¡ at the conpletlon of the
experlment. As a resul-t of thls quesülonlng gs
ï'ere d.lvld.ed. lnto those who used. a pr.trely passlve
erpproach to memorlslng the flrst stlmulus of each

trlal as agalnst those l,rho used. some form of actlve
€rpproach characterlsed- by recod.k¡g the essentlal
lnforrnaülon 1n the flrsü stlmulus as soon as lt t¡¡as

recelved.. '.lhe nature of some of the actlve
approaches Ìras hlghly ld.losyncratlc, for example,
thlrtklns of the d.uraülon of ttre flrsü stlmulus lrr
terrns of a dlstance moved. by the anÌn. 'I'he bulk of
Ss uslng an actlve approach reported. cod.lr¡g the
length of the flrst sülmulus by cor.mtlng, by cate-
gorlslng lnto one of a sna1l number of oategorles,
or ln terms of the length of a Ilne. 'Ihls last
posslblllty seemed. to be frequenüIy srrggested. by the
presence of the scale ln the d.lfferenoe estlnatlon t¡¡k.
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The nnmber of Ss uslng eaoh klnd. of approach

ln each ext¡erlmenü ls tabulated. 1n 'fable V¡ 8,

TABI,E IT: B

lüUiiBETt OF Ss llit.PLOIIr\G I'ACTIV.E'I

ANID IIPASEIVEN APPROA,CTIDS TO
TËJÛIPORAT DIFFE]RENCE DËIEC ION

ANÐ ÐS'TIì'TA-TIOi\l TASKS

dAetLverr lr.Passlve rt

Dlfference esttmatlon
Dlfference detecülon

llhe hypothesls of lnd.epend.enoe of ühe two varlablce
may be reJected at the .05 level (* = þ.20),
It nay be eonclud"ed, therefore, þ}:.aü ühe d.emand-

characterlstles of the two Èasks are somewhaÈ

d-lfferent and. each task systenatlcally encourages

one approach rather than the ofher.

'r-'hls flnd.lng ln turn raLses the ctruesflon as

to whether or not there ls a slgnlflcanù d.lfference
ln the performance of .Ss uslng the tv¡o d.lfferenf
approaches. tlnfortr:¡ately ühe smalI num'bers ln
both groups, plus the fa.cl that the ord.er ln l'¡krlch

the s'!:.1-,nu.1us sched-uLes Ì¡rere com-pleüed. was not con-
troll-ed. heür,¡een groÌrþs, þrevents a preclse süafls-
tlcaI analysls, i,levertheless the perfornance of Ss;

usln¿ç both approaches on each task have been graphl-
calLy represented. ln I.'19s. V: t & 2. and- the results;
are suggestlve. Flrstly the d.lfference between the
two approaches d.oes not appear to account for optlmal

9
l+

3
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perfornance at t.h:e 2 seo. IgI ln ths d.lfferenoo ê€tGo-
tlon task¡ ln Èhe case of both üasks there d.oes seen
to be an acilve decLlne ln performanoer 4s ISI lncrealol,
for Ss uslr¡g the trpaeslverf approaoh, whlch ls not
matched. by Es uslng the tractlveÉ approaoh.

In the absence of more syetematlo evld.ence
thls lnterpretaülon ls at best specul-atlve but lt
d-oes ralse the polnt that perfor'nrance ln tasks of
thls klnd. may be raed.lated. by consclous use of schenatle
reÞresentatlons of the stlmulus sltuatlon, ,[.'urther-
more lt seems to follow thaü lnfolrratlon cod.ed, ln ühls
r.iay vrould- be relaflvely tnmune to deüerloratlon ln
storage. For thls reason tkrere nlghÈ be reason to
favour the cllfference d-eteotlon, re.ther Èhan the
d.lfference estlmatlon task, Ln a study of short term
s:tora.ge. fLlhls tasl< vrouLd appear to mlyllmlse the
F,ossJ.hlllty of -oerformance belng d.eüerrnlnecl by use
of sucÌi medlatlne; processes, although lt ls acknoru-
led-ged, üha,t an und-erstand-lng of such llrocesses tnay

be lmportant ln lts own right.

Íjul-nmary

'L'he performance of 24 Z= 1n a temporal d.lf-
ference deüectlon üask ls analysed and d.lscussed.
ilhe Ord.er varlable ls shown to accounü for a large
prooortlon of the experlmental varlance. tl,here ls
evkLence of optlmal preclslon of Jr.ld.gement wlth an
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ISI of 2 seo. A pred-omlnantly negatlvc constant
error Le shown to ooour. An lnlflel negatlve
constant error ls shown to d.ecllne wlth experlence
wlth the task. Some comparlson ls mad.e of Èhe

d.lfference d-eteotlon and. estlmatlon tasks anô 1ü 1¡
argued. ühat the forucr task nay bq ln some respeotst
more satlsfactory.



CEASIER VI

AT,'DITOBT TNTENSITT DIFFEBEIICE ÐETECÍIO}I

The eln of thla e¡perlacnü wae üo obüah prè-
clse lnforuaülon Eonccrtrlng thc opcreÈlon of the ISI
verlable on pcrfomanoc ln a sltuatlon lnvolvlng
d.lsorlnlnatlon ef aud.ltory lntenslüIes. A d.eclsLon
was mad.c to enploy the dlfferenoe d.eteetlon nethod.

because thls nethod. lEnd.e ltself to EeLf ad¡nlnls-
tratlon by g and. prlor use of the uethod. had lnd.l-
oated- that lt mlght be more satlsfaotory than the
d.lfferenoe esül¡ratlon method-.

Irleühod

il'he method. and. proced-rrre utlIlsed. ln thls
experhnent were essentlally the sane as d.escrlbed.

for the temporal d.lfference d.etectlon üask (Çhapter

fV) , wlth ühe follow1ng exceptlons. il 300 e¡ üone

of flxed. lnüenslty (80d..b., s.p,l.) was enployed. ae

the St and. the two values of the V stlmulus vrere

3.75 d.b, plus and. mlnus the value of Stt pre-
Ilnlnary pllot experlnents had. lncLlcated. that these
values would. provld-e a saülsfaotory level of
dlffleulty. All sËlnull werìe of t seoond. d.uratlon.

A fr¡rther group of 24 Psychology I stud.ents,
f'ul-fllllng a course requlrement, acted. as Ss but ln

-o)_
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thle caae the task was seLf-aönrf-nlstered. The

lnstrucülons for the experlmenÈ were pre-record.ed.

and. played at the beglnnlng of each stlmulus
sched.ule; g was also provld-ed- wlth a card.
(Append.lx C) on whlch the lnsüructlons vlere prlnted.
The lnter-ürla1 lnterval was 5 s€cr and. each trlal
was prefaced. by a spoken nnowrr 1 sec. before lt
eommeneed., Responses for each trlal were record.ed.

by å on a pro-forcma reeord sheet.

Il,esulüs
The form of analysls of the results was

ld"enülcal wlth that ueed. for Ëhe temporal d.lfference
d.eüectlon experlnentr 1.e. geparate analyses of
varlance of nulbers of coneoü responses on d.lf-
ferenoe trlals, and. nrrnbers of Éloudero and. Ésofter'f

responses on no-dlfference trlals. a summary of
the fortner analysls of varlance 1s to be seen 1n

Tab1e VI: 1¡ there are slx sources of varlance slg-
nlfleant at better than ühe .001 level, namely

Dlfferences, Orderer I-SIs, Dlfferences x ord.erst
Dlfferences x ISI and. Ord.ers x ISï.

The flnd.lng of a slgnlflcant effecü due to
Dlfferences ln thls experlment almost oertatnly re-
flects the 'poor callbraülon of the attenuators used-

to control stlmulus lntenslty. :fhese attenuators
(L. 14. flrlcsson AIL) were oallbrated. ln 5 ci..b, steps
and. suoh a large step was shown tn prellmlnary trlale
to be rather too great for the requlred. purposeso
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TABLE VI ¡ 1'

ST'U}IA}ìT OF AhIAIYSIS OF VABIANCE OF
NUMBETìS OF CORREqT RESPONSES ON

DIFFMENCE TRIAI'S TIü AUDITOBY
I\TTENSITY DIFFERENCE

DETECTION TA,SK

Soufoe d..f. S,g, M.S.

SubJects (S) 23 t+61'.?OB

Groups (c ) 3 B3.2OB 27 ,?4
rndlv. Ðlf. (ro¡ 20 378,5oo t8'93

DlfferenoeE (Ð) 1 3rt1.6,760 3rLL7.

ord.ere (o) 1 1,r5}4.t6? 7,r5ol+.

fsfs 3 75,27t 25,09

SxD 23 t98,tt5
GxÐ 3 113.032 1.t+,3t+

ID x D 20 t55.083 7.754

Sxo 23 1L5.208
Gxo 3 L7,875 5.958
ID x o 20 9? .333 L}.B6?

s x rsr 6g 287.354
G x rsr 9 52.354 5.8t7
ID x rSI 6O 235,000 3.9L7

Dxo 1 tr046.?6tLret+?,

D x ISI 3 6!.2tg 2O.O?

o x ISf 3 83.604 2?,87

fixDxo 23 !3?,6tt+
GxDxo 3 tz,tt4. 4,038
IDxDxo 20 LZS.SQO 6,225

F

t.47

t+oz,

309'.

6,1+t

L67.

6,39

7.gQ

9

.001

.001

.001

.001

.001

.001

t.85 rtr r .

t.zz n. s.

t.l+9 [,¡t.

<1
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T.ABLE VI : t--ConÈlnued.

Source
SxDXISI

GxDXISI
IDxDXIST

STOXISI
GxOxISf
IDXOXISI

DxOxISI
SxDx0xïSI

d..f,
69

9

60

3

6g

g.s.
?,28.906
t+o.jzj

t88.583

256.52L
l+l+.851t

21t,667

11.218

282.407

l+.I+80

3.Lt+3

4,981+ 1.41

3.5?8

3,739 <1

l+,o93

F' Þ

t.l+3 tÈot o

ll.l .

l,l.S .

6g

9

6o

Total 383 7,865.833

Aooord.lngly an attempt was mad.e to mark off t of the

5 d..b. steps by vlsua1 means' The results of ühe

experlment lnd.lcaùe that ln clolng thls, equal sfeps
above and. below St have not been aohleved.. :lhe

Ond.er effect ls d.ue to slgnlflcantly more correot
trlals ln the St-V ord-er than ln the V-St ord.er
(44,7 per sesslon as agalnst 36.8).

lleferenoe Èo îab1e VI: 2 lllustrates the
operaülon of the ISI varlable. It may be seen thaü
not only ls thls a slgnlflcant source of varlanoe
but there ls an apparently regular deollne ln
accuraoy of Jufuement wlth lncreaslng ISI.
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ITBT,E VI: 2

i'lnAN IJUI4BER OF COrìtRECl illl,SPOi{Sl1S, O}l
DIFFEiìTJ)ICE T}IIA¡S IN AUDTTORY
TI.TTENSITT DIFFERENCE ÐETECTION

TASK. A,S }ìEILATED TO ISr

ISI (seeg. )
2 Lt'1

T correot responscs 83,5 82.8 79.9

6

79.1+

the ¡nod.e of operaÈlon of the two lnteraotlone,
Dlfferenoes x ISI and. Orders x ISI, ls lllusfrated. ln
Tables VI ¡ 4 g 5. IrIo obvlous lnterpretatlon of thcsc
fwo effects oan be suggesüed. but lt can be seen that
ln both. cases the d.ecllne ln perfornance 'wlth lncrea-
slng ISI 1s greatest for the mosü d.lfflcult stlmulus
oond.ltlons. r-haü ls lt appears as lf ühe poorer the
level of perfornarree, ühe more easlly 1t ls d.Lsrupüed.

by lncrease ln I,SI.

'Ilhls conslderatlon also appears to a.oply wlth
fespecü to the Dlfferences x trd.ers lnteracùlon,
lllustrated- ln '.llable VT: 3. À d.lfference of -3.75 d.,b,
produces a louter level of performance than a d.lfferenoe
of + 3.75 rl-.b.; performerrce ln the V-,St order Is uorsc
than performance ln the .St-V ord.er, buü when both of
these cond.ltlons apply slmulüaneously 1n ühe case of
-3,75 d,b. d.lfferences on V-St trlaLs, there ls a more

than proporÈlonate d.rop off ln performance. On suoh
trl.als the oorrect rêsponse would. be ttloud.erF, and. lt
worrld. âppear that the preponcLerance of ¡'softerrl
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TAtrf"E VI ¡ 3

MEAN NU{BEB OF CORBECI BESPONSES, pEB SESSION,
ON DIFTEIIENCE TRIALS IN AIJDITORT INTENSITT

DIFFERENCE DUTESTION TA,SK, å,S RELATEÐ
TO OBDM AND DIFFERENCE

Dlfferenoe
to be
d.cücoted.

Qrd,cr of eËlnulus preasnÈatlon
Sü-V V-St

sü & + 3,75 d.,b, 23.5 22.9
Sü & - 3,75 ð.,b. 27.,t I3.9

r^åBtE VI ¡ I+

ÌfiE.AN NUPIBEN OF COTìRESI RESPONSF,S, ON
DIFFEBENCE IBIAI,S IN AUDITORY

I}I'TENSITT DIFFERENCE DFNECTTA{
TASK, A,S RELATED TO ISI

AND DTFFERENCE

Dlfferenoe ( st e+3.75d.b.
toþe (,
d'eteoüed i st e - 3'?5 d"b'

t
46.3
l+L+.2

6

+6.2
33.2

fSI (seos. )

24
46,8 Lþ6.3

36,t 33.6

r AELII VI I 5

i"liJAlT l{Ui'lBER OF CORIìE9Ì' rìESpONSES, OÀl
DIþ'FERENCE TRTAIS TN AUDT'TORY
I}SIENSITT DIFFEBENCE DETESIIONI

'IASKT À5 ItELATED TO ISr
AND O}ìDEIì

'St-V

V-St

1

l+Ir,.z

39,.3

6

4S.3

35.t

ISf (secs. )

24
45,3 l+4.8

37.6 35.t
Ord.er
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re¡rponsec¡ or posltlve oonstant crror observed l.n

d.lfferenoe ürlals ln thle er¡rerlment 1s largely d.uc

to the poorer leve1 of performance on these partl-
cular trlals. The posltlve constant ernotr obscncô
ln thle experlment would., thereforê, appear to be

largely d.ete¡ulned. by the parflouLar spaolng of Ëhe

V stlnull used.

A sunmary of the analysls of varlance of ühc
results of no-d.lfferenoc trlals ls presented ln
Table Vf ¡ 6¡ lt w111 be seen that Responses end.

ISIs are ühe only stgnlflcant souroêa of varlanee
(p<
lllustrated. ln Iable VI: 7, The slgnlflcanoe of
the lìesponses varlable oan be acoounted. for by the
larger overall number of nsofüerñ responses; ühls
means that the oonstant error ln thls experlment
has been poslülve and thls ls also so for each

lnd-lvld.ual I,5I. It w111 be observed" thaü as the
ISI lncreases, the nu¡rber of 'requalÚ and. therefore
comect responses on no-d.lfference trlals d.ecreases ¡

thls feature, whlch reflects the d.ecllne ln preclslon
of Jud.gement wlüh lncreaslng ISI, accounüs for lbhe

elgnlflcance of ühe I,SI varlable.

ilnalysls of varlance ls lnsensltlve to trend.
effects and, although the iìesponses x ISIs lnteracflon
ls not slgnlflcant, lnspecülon of rlable VIs 7 swgests
that as fSI lncreases, the relatlve d.lscrepancy be-
tween ühe numbers of trsofüerrt and ttlouderrr responses
d.eoreases, or 1n other word.s, the sl-ze of the constanË
error d-ecreaseg.
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ÎABLÞ VI ¡ 6

STTT'IMABT OF ÁNåI,TSIS OF V4BI.ANCE OF NT'}IBEBS
OF TSOfiIEBT AND III,QT'ÐERT RESPONSEÉI ON N(Þ

DIFFERE}$CE TBIALS IN .AUDXTORT
IlilrEHSXTT ÐTFFENHVCE

DENECTION T.OsK

6ouroe

SubJoote (s)
Groups (C)

Indlv. Ðlf. (fU¡

Responsea (n)

ISIs

SxR
GxR
IÐxB

SxIST
GXIST
ID x IST

RxTÐI
SxRxfSI

G]EBxTSI
IDxRxTST

s.s.
l.136l+,4L?

283.792
1,080 .625

192.000

400.833

245.25o
L.37 5

2tÐ.9? 5

379.t+!7
26,8? 5

352,542

23,L67

688.583

97.625
59O.958

ltll. g . F P

t.75 ttri¡

d.. f

23

9

20

1

3

23

3

20

6g

9

6o

3

69

9

6a

94,60
5t+.O3

t9?,0

L33,6

15. I
22.7

.001

.001

.4583 < 1

t2.rg

2.986 <t
5.8?6

7.722 <t

10.85

9.8119

1.10 ütr! ¡

Total- 191 3,293.66?
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TAEüB Vf: 7

ME.åN NTTMEEB OF EACH TYPE OF RESPONSE.
ON NO-DIFFERENCE TRIALS IN AIJDTTORT

IImETüSITT DIFFERENCE DETECTION
ÎASK, A9 RELATED TO ISI

iìesponse ISI (seos, )

t+6
5,O 7.9
7,7 8,2

35.-3 32.5

rloud-errl
Fsofüern
rf equalr

1

2,?
5.0

Ll'o ,3

2

l+.1

6,3
3?.6

Dlsougelon

,Several observatlons on the general nature of
the experlment seem to be Justlfled.. I¡lrst1y the
d.lfferenoe to be d.etected. of 3,75 ð..b. r+hlch had.

appeared to be satlsfactory 1n preltrnlnary experl-
, nents hlasr ln fact, raüher too Iarge, slnce ühe nr.¡m-

ber of errors mad.e was ln some clrcr¡¡nstances qulte
emalI. îhe preclslon of the experlmenü would. have
been lmproved. lf the dlff1cu1Èy of the d.etectlon üask
hâd been tncreased.. Ihe results of the experlment
and. obserr¡atlon by U durlng the course of the experl-
uenù d-euronstrate thaü lt ls qulte feaslble to d.eslgn
psychophystcal experlments of ühls klnd. to be self
admlnlstered. by Ê wlüh e consequent economy of effort,

fhe maJor flndlngs of the experlment conceTn
ùhe effects of the ISI varlable on boüh varlable and.

oonstant errors. ft seems olear that as ISI lncreasc¡
there ls both a d.eollne ln the preolslon of Jufueraent
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and the etze of the oonstant error, The constant
Grror observed. ln thls experfunent was posltlve wherca¡
prevlous süud.les lnvo1vlng comparlsons of audltory
lntensltles have usually reported. negatlve constanü
G?rors. The reeson for thls d.lscrepanoy cannot be

expLalned. on the baels of the avallablc lnfornatlon
buü the most llkely explanatlon would. seem üo be

bound. up wlüh the facü thåt the V atlnull have noü

been plaoed syrnmetrlcally ebout Sü, èvèn on a log
aoale. fnad.vertently the V sülnull have been chosen
eo that there ls a very much larger d.lfferenoe be-
tween ÍJü and. the more lnfense V stlnulus than be-
tween St and. the less lntense V stlmulus.

Ì''lo evld.enoe uras obtalned. d.urlr¡g thls experlment
of any effects on elther constant or varlable errors
attrlbuüable to pracülce, Ihls ls ln marked. contrast
üo the results from ühe temporal d.lscrlmlnatlon tasks
where lt nas shown that consüant errors tend- to be

dlmlnlshed. vrlth practlce. '.1'h1s flndlng, to¡çether
wlüh the d.lfferent effects of ISI on d.lsorlmlnatlon
performance on the tr^ro stlmulus conttnua, suppor.ùs

the vlet^r t}.rat there are oualltaülve d.lfferences ln
the processes und.erlyLng d.lscrlmlnatlon on the tiuo

conülnua. An ad.d.lülonal- obsenraülon also supporÈs
thls v1ew. At ühe conpleülon of the experlment Q.s

were agaln classlfled. on the basls of lnüer¡¡Ier¡
resporlses lnto those rvho ad.opùed- rractlve" and troasslvctr

approaches to the task. Slx of the 24 Ss reporüed.
uslng some fono of Faotlveh approaoh. ll oomparlson
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of the ntxabe?s uslng thc two approaohes ln thls êx-
perlnent end. both of the ten¡roral d.lscrlmlnatlon
cxperlments ls presented, ln Teble Vf ¡ B.

TABTB VI ¡ I
I{II}TBffi OF SUBJECTS IFIITUç trACTIVE; åND

IP.&8gTUEH TECHTüIQT'FfI IN TH4POB^å¡,
Dr,rB.{fIo¡[, AND AUDTTOBT I$TENSITT

DISCAIMII*IAIION ÐPMIUETTTS

Aud.ltory lntenslty
llemporal d.r¡ratton

iAotlvet
6

t3

tPaeslveil

18

11

],L2-4.269 p <

The table yleld.s 
^ XZ - l+,26g (n ( .05¡ tnd.tcatlng

a slgnlfleantly greater number of Qs uelng an rtactlvctr
approach ln the temporal d.lscrlmlnatlon task. It
wou.l-d., üherefore. appear Elnat there 1s somethlng ln
the natr¡re of thls stlmulus oonttnuum whlch lnfluence¡
ss to use some forn of consclous ood.lng of the stlnulu¡
materlal. Unllke the tenporal d.lscrlnlnatlon tasks
tnspectlon of Èhe d.aÈa conparlng performance of ractlyer
end Fþasslvet ës 1n the audlüory lntenslty task glves
no suggestlon of any essentlal d.lfferences ln per-
fonnance.
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ffil*r
å. ê!,úÌfærmEo êSeEÈlæ Èr* qrtg rsll,lüor?

ünÈrrs!,ËL*s æ rttüulå r¡r¡!, eeæt,od, ü*t bg ?.s lL¡ t¡
Êa¡ætÞpd, r¡¡6 tÌ¡r il,rÈa flÐìJtqû' Iü ra¡ ;hma
ülnt IgI haü, *ffæùr *t Wh vd,rbùr ¡nd ænrt¡¿ü
rilDÉ*rr¡ t}u çrr!,rÞIÊ eW fnoæææt rlth læ
ll,rg fStr r Ètu æuteuÈ etæ.. wlrloh n¡¡ cor¡tctrotl.y
Wlùlra¡ ûtaXni,chcd, rtÈh lnææcl,ug, fBI. Bcüh
aorætant snû çarlabh üHnmü ¡rær ctrm È.a br¡ rmr
rffcsÈc{ by p¡ect!,æ.



CHAHTEB VII
REL^{TIVE DISCRIMINASILITT OF AIIDITORY

INTENSITIES TN A MAGNTTTJDE

ESTI}TASION TASK

The faot that oat,cgory ratlng scales of pro-
thetlo stlmulus oontlnua ere non lincar as eonparcd.
wlth ratlo soales hec bçen atürlbuücd by Stcvens
(195?) to thc rclaülvlty of d.lsorlnlnatlon and. the
oonsequent lnequalltlcs ln d.lsor1mtnabtllüy, for
equal stlnulue d.lffercnoec. over d.lffcrent parts
of the stLmulus range, Slnce magnltude estlmates
e?e purported. fo be unlnfluenoed. by the relatlvlüy
of dlscrlmlnatlon, 1ü nay be lnferred. that the con-
slstency of magnltude eetlmatee of sttnul-l and. hence
d1scrlnlnab1llty of thoee stlnul-l, wou1d. be lnd.epen-
d.ent of thelr posltlon on the stlmulus scale. 'Ihe
alm of thls experlment wae to d.eterrnlne lf thls 1s
lndeed. so.

Experlment One

Iiethod-

The d-ata for thls experlment were gaühered.
from a group of Psychology IIA stud.ents (n = 35) at
the oorunencement of a rouÈtnE laboratory perlod..
The Ss Ïrere nalve wlth respect to the purpose of the
experlnent. The stlnull were prod.uoed. by a¡rpllfl-

- 75 -
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catlon of the slgnal from an aud"lo slgnal generaüor.
lhe generaùor produced. a 11000 n¡ slgnal of flxed.
a,mplltud.e ¡ lnÈenslty of the slgnal was manlpulaüed.
by an attenuaüor lnoorporated. ln the clrcult and. ten
dlfferent stlmulus lntenslüles each spaced. 5 d..b.
apart ÏIere used. 1n thls experlment. -L'he lnüenslty
of the softest stlnulus was such that lt could. Just
be clearly heard. ln all parts of the laboratory;
an auüomatlc tlmer enabled. sülnull to be prese¡rted.

for a stand.ard. duratlon of 2 sêce

The followlng lnetructlone were read. to Ss:
fyour alm In üh1s experlment ls to estlmate the loud.-
nesÉt of sou.nds, I'Ie are golng to calL the loud.ness
of thls sound- tenn. 'Ihe 20 d..b. attenuated. stlmulus
was Èhen presented onoe. frYou should. descrlbe the
loud-ness of ühe other sound.s whlch occur d.urlrrg the
cxperlment by asslgnlr\E üo Ëhem an approprlate number.
fhus lf they are loud.er 'Þhan the sound. you Just heard.
you glve a number greater Elnan ten; lf they are
eofter you glve a nr¡mber smaller than ten. you have
got to glve the loudness of each sound. ühe number
$hlch you thlnk ls most approprlate. Use l.rhatever
numbers seem best to you - fractlons, d.eclmals or
whole numbers. îry not to worry about belng consls-
üent; try to glve each sound. the approprlate nr¡mber

regard.less of rnrhat you dld on the prevlous ürlal'r.
At the completlon of the lnstructlons there v¡as one

acld,ltlonal presentatlon of the ?O d.b. stlmulus,
togcther vrlth the lnstrucülon that 1ü be called nten,r.
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lBhe cxpcrlnenü conslsted. of 110 trlals nad,c

up of ¿lcven blocke of ten trlalsi ln each blook
cach stlmulus wes presented. once and. a d.lfferent
rand.om ord.er of stlnull was used. for each blook.
Only the results of the flnal 100 Ërla1s ïIere ut111-
eed. ln fhe naJor analyglg. Responeca were rcoord.ed.

on pro-forma record, shecte by lnd.lvld.ual És.

Results

,'jcale values lsere computed. for each stlmuÌuE
value by d.etermlnlng thc nean scale values for each S.
The nedlans of these scale vaLues were then dete:¡rnlnod.
and. are presented. ln Table VII : 1. T le use of thc

fAIJLE VII: 1

tiJEDI AI'l OF,SUliJ!.lgIS I rlTlAìV itlrtGÌJIitUDú
.dS,TÏIiAITiJ,S OF 1\UDT'I'UItY IJIi'-CrJIr],SITT,iS

( l¡trst tJxperfunenü )

45

1.1

,Stlnrulus Intenslty (d.b. of attenuatlon)
t+o 35 30 25 zo tS 10 s

2.O 3.2 4.9 ? ,o g .3 12.t 14. B tg,5
0

22.L

med.lan as a measure of cenüral tend.ency ls the procedu¡c
reoommend.ed by ,stevens (t96t) and" lt ls Justlfled. on
ühe ground.s ùhat lt produces a more süable measure
of central üend.eney than the mean. The obtalned
acale values from thls experlment have been plotted
on log log coord.lnates ln Fle. VII: 1. Inspectlon
of thls functlon suggests that lt ls regularly curvl-
llncar, althor,rgh Stevens has pred.loüed. that suoh
funcülons çhould. be llnear.
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Conelsüenoy of nagnlüud.e esülnates was d.eÛcr-
urlned, by drawlng up lnd.lvld.ual confuslon matrlces fo¡
each S and. conputlng the oond.ltlonal (response) unc€T-
talnty assoclated. wlth each stlnuIus. 'Ihe means of
these values, togeüher wlth the assoclated. stand.ard.

o:rrors, are prescnüed. ln fable VII¡ 23 the semc d,ata

TABLE VTI: 2

i4EAi'T ßESPONSE T]T{CERTAISMT IN I]ITS ASSOCT{IEÐ
ldIITH EACE VAI,TIE OF S:TIMULUS TOGETI1ITII
I^/ITH STAND.AIìD ERRORS o¡' TIIOSE I[]!:AÌVS

(Flrst rlxperlmenü)

Stlmulus Intenslty (d..b. of attenuaülon)
Ll,S 4o 35 30 zS 20 L5

-X !.Og !.69:t 2,06 2.21+ 2.25 2.0? 2.2?
s.il.i,î..t2 .088,080 .074.095.11 .088

1050
2,tB 2.05 1.76
.o88 .ogg .I3

are represented graphlcally ln Flg. VfI ¡ 2, It ean
be seen ühat the functlon ls not a stralght llne
parall-e1 üo the X axlsr âs mlght be predlcted from
Stevensf vlews, but rather ls lt curvlllnear wlüh
Eome perturbatlon assoclaÈed wlth ühe stlnulus utlllsed.
as ühe reference value (1.e, 20 d..b. ).

A further analysls vras carrled. out ùo obtaln
a plcture of the cond.ltlonal uncertalnty assoclated.
wlth ühe response scale. Slnce eaeh S utlllsed- hls
own mod.ulus, thls analysls was rather more complex
fhan the prevlous one. The stlmulus uneertalnty was

oonputed. for each response used. by each fi. The res-
ponae scale above and. below the value ten was then
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dlvtded. lnto flve eqr:al parts for each fl anû the mean

¡tlmrrJus uncertalnty for responses wlthln each of
these parüs was conputed.. A grand. mean üras ühen

d.ete¡mlned. showlng the mean stlmulus uncertalnty
rssoclated, wlth responses ln each flfth of both halves
of the reeponse soale, Thls lnforrnatlon ts tabulatcd
ln'-tab1e VII¡ 3, and. graphlcally represented. ln Hlg.VII¡ 3.

TABLE \TII: 3

i'lÉiAiù STIÌ'IULUS UNCE-RT.q"IÄ¡'IT PER RESPONSIj IÌi rlli.S
ASSOCI.AI'ED }IITI'I ITACii FIHIH OF Tii}i J.íESPONSE

SCAI,T ABOVE AI\TD BELOI.I TÎIE IìESPOI{SE Ë1OtI

TOG]JTT-IEII I{ITII STAbiDAIID EBRORS
OF TI1ESÉ] I.'IÐ/\}JS

(F1rst Experlnent)

Part of response scale
Below tr10t' Above rtlorr

1 l.ol¡
s.!i.M. .087

t,3o t.3o
.097 .10

t,t3
.OBB

.87

.11
.65
.10

.70
,076

t+7

076
.82 .73
.091 .o77

a

a

The graph suggests tkrat there ls a curvlllnesr rela-
flonshlp between these two varlables for each half of
the response scale and. d.emonstrates qulte narked.ly that
there ls a conslstenüly hlgher r¡ncerüalnty assoclated.
wlth the use of the bottom half of the response scale.

Dlscusslon

,31nce ühe maJor a1m of ühls experlment has beca
to stud.y the varlanoe or unoertalnty of Judgements, ,^

rcLatlvely large number of repetltlons of each lnd.lvldr¡al.
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stlnulus have been enployed.. Stevens has üyplcally
utll.leed data from only two repetltlons of each

lndlvldual stluuLus and. 1ü mlght reasonably be ob-

Jected- that the flnd.lngs obtalned. ln thls experlment
merely refleot prolor¡ged. repetltlon of lndlvld.ual
sülnull. In antlctpatlon of thls obJecülon the d.ata

flon the flrsÈ two repeültlone of each stlmulus have

been analyeed ln order to d.eterzrlne the nr¡mber of !s
glvlne the saÐe response to eaoh lncllvld.ual stlmulue
on these flrst t¡uo trlalE. Thls lnfomatlon 1s

tabulated. ln Table VfI: 4, and. lt can be seen that
ühe general plcture d.erlved. from a oonsld.eratlon of
the flrst two repetltlons ls conslstent wlth the
ploture d.er1ved. from the experlment as a trthoLe.

TAiJLIJ VII: t+

irlti'rtlEllji Oii Ss GIVIiiG iilìiij ,SIìi'îU lL.EliirCliS-Li 'IC
vA,rIou,'j.S'rlIi'luLI oiìl lijir i¡Iri,jil r.'l.j,.)

iìiJ l?ìlt-'IlLlTÐi:lS Il'l il AGllI'i'UDil
ilS r- ï i.L AIf Oiii' li.\Slr

( ¡'lrst ìixperlment n = 35)

i$o.

45

22

þ0

IT
10

6

0

16

Stlmulus (d.b. atüenuatlon)
35 30 25 20 15

6zLzB6
5

I

:.:jlnce the stlmulus wicerüalnüy and. response
uncerüalnty measures are merely two aspects of ühe

same d"ata and. are not loglcally lnd-epend.ent (Dal,res

7963), no unequlvocal lnterpretatlon of these flnd.lngs
can be mad-e. ft could be suggested., for example,
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ühat ühe marked.ly hlgher stlnulus qncertalnty values
as¡soclated. vrlth responses below the sÙand.ard' of 10

reflect less faelllty tn the use of the smal1 nunbers,
partlcul-arly d.eclnals and. fraoùlons, r.rhlch most Ss

chose to employ. ûn the other hand. 1ü nlght cqually
weJ.I be rnalntatned. that the prlnary phenomenon 1s

that of relatlvely small- response uncertalnty valuee
belng assoclated wlth stlnull at the botüom end of
ühe stlmu-Lus a;eîay. Ïlhls questlon can only be answered

by lnd.epend.enùly manlpulatlng elüher stlmulus olt rês-
ponse faetors rnrhlle nalntalnlngl thc other congtant.
The second- magnlÈud.e estünatlon experlmenù almed. to
resolve thls equlvocallùy and. 1ü was d.eeld.ed. to do fhl¡
by manlnuJ.atlon of the response sysüem whlle malntaln-
lng sülmulus factors cons'bant.

Experlment 'lwo

i.iethod

the roethod employed. was essenülally bhe sarne &g

that used In the flrsü experlnent but wlth the provl-
slon thåt ln the lnlttal- lnsüructlons Ss rvere üold" to
call the 20 d.b, or stand.ard. sülnulus r100n.

I'orüy 'Ss completed- the experlment ln tv¡o lnd.e-
pendent groups of twenüy. '-these ,Ss were d.rawn from
the same populaülon as ühose used ln the prevlous êx-
perlment but had. had no prevlous class contact wlth E.
For thls reason lt nlght be expeoted. that ühe level of
rapport achleved- by E wlth thls group was rather less
ùhan that aohleved. wlth the prevlous groupo



O E2 -

Ilcst¡Its

stlnulue r¡nocrüa!.nty and. reaponsê r¡nserüalnËy

values !Íetrê oalOr¡latod. for thle d.ate ln the cene ray
âs prcylously d.esor!.bed". These d.aüa arc prcsentcd.

tn Tablse VIf t 5 & 6 and Flgs. VII t 4 & 5,

TABTE VII ¡ 5

I'TJIAN RESPONSE UNCEBTAINTY IN BITS ASSOCTATED
I..TTT{ EACH VALT'E OF STII{ITLTJS

(Seoo¡rd Experlncnt)

,Stlnulue (d..b, of aütenrretlon)
454035Jo2520L5 105o

t ,?? 2 .!o 2,3O 2 .38 2.3? 2.3? 2.1+O 2 Jl+ 2 ,tt 2 .ot

'I-ABLE VII: 6

I'TEAI\I SIII4ULUS UNCERTAI'NTY P]trB 1ìES.PObISJI IN tJI,IiJ
ASSOCTATED i{ITH EAC]T FTFIH OF T}IE RESPOI\iSE

SCALE ABOVE AND BETOI,I TLII' TìES.PONSE
r10Or (second. trxperlnent)

Part of response scale
ilqelow 100 Àbove 100

1.11 t.3? L.22 1.10 ,g! ,?B .?3 ,85 .6t

It oan be seen that, althoryh the response uncerüalnüy
ueasures are hlgher and. the stlntrlus uncertalnüy measunl!
ere lower than those from the prevtous experlmenÈr a

faot rvhlch may perhape be attrlbuüed. üo notlvatlonal
dlfferenoesf the gcneral forn of the two fwtstlons 1s

the snme, 'Ihat ls, ühere ls relaülvely less response

r¡noertalnty abouü stlnull at the boütom of the stlmulu¡

.32
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array and. relaülveLy more stlnulus uncertatnty about
responses belort the standard. of 100. ft would.r therc-
fore, seem that Ïre are Justlfled ln conclutllng t,hat tlæ

' as¡rmmetry of the responste r¡r¡certalnty fr¡nctton refleoü¡
genulne sülmulus factors. In lab1e Vf I : 7 d.etalls
have been provld.ed. of the number of Ss glvlng the s€ure

response to the varlous lnd.lvld.ua1 stlnull on thelr
flrst tvro repetltlons ln thls experlment.

TAÌ3LE \TII: 7

NUI'IBEI{ OF ps GIVING llI{E Sf\l'iE IIL)SPOi\jiJ.g 1l'O

VIUìTOUS STIIUULI ON TJ1E FIRST ,,I]I,.iO

NEPIJTITIO¡IS TN I.I.,1GNITUDtr
FJ,STII'TATIO}J TASK

( second" rrlperlment n = þ0 )

t+5

I5
0

10

5
l+

40

3

Stlmulus (d.b. atüenuatlon)
35 30 25 20 t5 10

4-7222

The pattern ls clearly sl¡allar to thaü shown ln the
results of the flrst experlment altholgh once agaln
the overall level of perfomänce ls not as good.,

Dlscusslon

The results of thls experlment are ln many

respects surprlslng slnce Èhey are clearly lnconsls-
tent wlth ,stevens I analysls of the magnltude estlma-
tlon task. 'fhe flnd.lng that the relaülonshlp
betvqeen scale values and. stlmulus values ls apparentl.y
not llnear ln thls case can only be noted. and. no obvlor¡s
explanatlon of thls apparent d.lsorepancy st¡ggests ltelelf.
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l,Ihat d.oes appear to be of oonsld.erable slg-
nlfloance ls the flnd.lng that Èhe functlon llnltlng
response uncerÈalnty and. stfunulus value has Èhe

shape of an lnverted. U. ,Slnce at the commenoe¡oent

of the erperlment all stlnuil, wlth the exoeptlon of
St, were equalLy unfamlllar to Ss, 1ü oan only be

conelud.ed. that over the course of the experlmcnt $s
have d.lfferentlated. out some etlmull rather better
than otherar or ln other word.s thaü some sorü of
lea¡nlnE hae talten place. A consld-eratlon of -the

flnd.lngs from the flrsü two repetltlons of eaoh stlmu-
lus lnd.lcates that thls learnlng or d.lfferenülatlon
nrrst take place very rapld.ly slnoe 1ü ls alread.y ln
ev!.d.ence at ühls stage of the experlmenü.

'llo the extenü that the d.lfferent sülmull ln
the stlmulus aTray have assoclated. wlth thein d-lfferent
resoonse uncertalnty values, lt l¡ould- seem that 5

must have bu1lt up some lnternallsed. schemaülc
representatlon or model of the stlmul-us aTTay. i-'h.e

funcÈlon deserlblng the relatlonshlp betneen stlmulus
value and response uncertalnty can be tl,rought of as
represenùlng the ;oropertles or süructure of thls
sche¡na or mod.eI,

'I'he most obvlous feature of ühe scher¿a or
mod-el ls lts aspnmetry¡ ühat ls there ls relaütvely
less uncerüalnty assoclated- wlth sülmull at the bottom
end. of the stlmulus aîray than ühose at the top;
fhe questlon mlghü wel-l be asked. as to why thls should.
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be, rhe sülur¡.Ll ln thls stlmulus array are cqually
epaced on a d,b. scale and. are all, therefore, at thc
spme relatlve d.lstance from those stlruull ad.Jolnlng
ühem, however the sülnuÌl aü ühe botüon end of the
array are at relaflvely greater d.lsüances from ühe

botbom mosü stlmulus and. should., thereforet be re-
Iaülvely beüter d.lfferentlated from lt, ühan the
sülnul-l at the top end. of the array are from the
top noet stlnulus. If the boütonr most and- top mosf
sül¡null of ühe ar:ra.y Trere ln some. way servlng as

reference polnts by means of v¡hlch the remalnlng
stlmull were looated. we would- expect a relatlonshlp
beüween response uncertalnty and. posltlon ln the
stlmulus attay such as has been obtalned..

At the commencement of the task lt ls clear
ültat 3 nust use the süandard" or 20 d..b. s'blnulus as

a reference polnü and. the d1p ln the response üncor-
ialnty curve assoclated. wlth thls va1ue (rather more

marked ln the oase of the flrst experlmenü than bhe

seconrL) would seem to lnd-lcate that at leasÈ to some

extent he conftnues to do so over Èhe course of the
experlmenü. iior^rêvêI the evldence woul-d- see,n to
suggest that thls stlmulus Is qulckly replaeed. as the
pr.lnary reference polnt by ühe trnro extreme stlmull of
the arre-y and q-ulte probably contlnues to l-ose lts
slgnlflcance as a reference polnt over the course of
the experlment. i\evertheless some better dlfferen-
tlaÈlon of thls stlmulus than lts nelghborrrs ap.oears
to perslsÈ over the eourse of the experlment an{ lf
thls ls thorlght of as an exanpÌe of retenËlon, lt ls
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gutte remarkable ln vlew of the lnterferenoe whlch

one utght expect to result from the many presentatlone
of the other sülnull.

Iü may be noted. ln :tables VII 4 e 7 that over
the flrst two trtals there 1s less regponse unoerüalnfy
¡bout the 25 d..b. stlmulus than the 20 d..b. etlmulus
wlrleh served. as a süand.ard.. trÏo rrnequlvooal lnüer-
pretatlon of thls flnd.lne; oan be mad-e but 1ü d.oee

gcem to suggest that the stand.arô ls belng confused-

rlth a stlnulus whlch llee nearer to ühe subJeotlve
nld-polnt of the stlmulus årray; that ls a polnü

v¡h1oh 1s at the sane relatlve d.lfferenoe from the
botton mosü stlmulus as lt ls from Ëhe top most sülnu-
lus. If thls lnterpretatlon were correct we t^iouÌd-

not expeet to flnd. such a constant error ln a.n experl-
ment 1n r¡rhlch the subJectlve nld.-polnt of ükte response

affay was chosen as the stand.ard-.

tlhe flnd.lirgs of thls experlment seem to Ïiave
gome relevance for a numT¡er of curuenù psychologlcal
lssues. i¡lrsüIy ühey seem to support ühe vlet¡r

recently arlvanced. by -r,rorkers such as iibenholz (t965) ,

Jensen (tg6z) and. liiurd-oek (tg6O) tteat ln all tasks
lnvolv1ng learnlng of ltems d.lfferentla"ted 1r terms
of a slnele d-lmenslon, ltens are d.lfferentlally
Learned. accord.ln4 to thelr posltlon on the dltnenslon.
Items aü the erbrene end-s are rather better learned.
than the oühers; thls glves rlse üo an lnverted. U

shaped. relatlonshlp between amounü of learnlng and.



_97-

posltlon on the stlmulus d-lmenslon. In the contexü
of serlal rote learnlng the effect ls the well known

serlal posltlon effect.

'-[he second. lnpllcatton of the flnd.lr¡gs bears
on ùhe Glbeon-tlruner oontroversy about the nett¡re of
perceptual leartrlng; the Glbsons (Glbson' J.J. and.

8.J., L955) have favor¡red. e I'd.lfferenülatlont' vlew
rEhlle Bruner (t957) has favoured. ar¡. "enrtchmentt' vlew.
These results seem to lnd.loate qulüe flnn1y that some

of the stlnull have been dlfferentlaüed. from each

other purely as a result of repeültlon. fhls ls not
to say t,hat some form of assoclatlonal learnlng be-
tween stlnull and. responÉes mlght not also have talcen
place but the fona of d.aüa analysts does not lend.

ltself to answerlng thls questlon,

One lnpllcatlon of ühe response uncerüalnty-
stlmulus magnlÈud.e funoËlon concerns the propertles
of the dlstrlbutlon of Judgements r¡hlch wlL1 be mad.e

about the lndlvld.ual stlnrull. If three stlmulf i\t

E and. C, are consld-ered. and. the stlmul-us ì.ìncertalnty
of A ) B ) Cr lt musü follow tirat ln maklr¡"g Judge-
ments of l:; 1t vrlII be confrlsecL more ofüen vrlüh A than
wlth C. In other word.s Jud-gements of ¡; w111 not be

s¡nnneür1ca.Ily d.lstrlbuted but w111 be skevred ln the
d.lrectlon of A. i,/hen dlstrlbutlons are appreclably
skewed the use of the mean or the ned.lan as a measì.tre

of central tendency lntroduces a sysüematlc blas.
An effect of thls klnd. seems to und.erly one festure
of magnltude estlmatlon fr.mctlons. It has been
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polnted out by B,oss and. DlLollo (t966) thatr otl elosc¡l
lnspeotlon, many nagnltud.e estlmaülon funotlons are
noü llnear on log log ooord.lnates but shol{ deflnlte
evldenoe of two d.lsoontlnultles, one below and. one

above ühe mld.-polnt. ,.[ hat ls ths funot'lon 1e a
conposlte one, mad.e up of three separafe llnear
fi¡rctlons ¡ the results of ühls experlment sr.rggesü

how these d.lscontlnultlee oome about, The three
' eeparaüe frrnctlons are each assoclated. wlth Èhree
d.lfferent referenoe polnts, the tro cnd. stlnull of
the array and. the orlglnal referenoe sËlmulus.
The systematlc blas lnvolved. ln the use of ühe med.lan
as a measure of central tend.enoy wlll operate ln
opposlte dlrectlons for each of ühese ad.Jolnlng func-
tlons and. consequently at the polnt at v,rhlch the
functlons Joln, a d.lscontlnulty w111 be observed..

ijununarj/

'iWo experlments lnvolvlng magnltud.e estlmatlona
of aud.ltory lntensltles are d.esorlbed. and the results
analysed., the results lend. no support to ljtevensf
vlevrs ülrat the conslstency of magnlÈud.e esülmates of
stlmull ls lndepend.ent of thelr posltlon ln ùhe sülmulr¡c
range. ll'he resulüs are lnterpreted. as suoportlng ühe
vlev¡ thaÈ ln tasks of ühls klnd. perforrnance ls med.lated.
by an lnternal-lsed. schenatlc representatlon or mod.el of
ühe sülmulus amay. J-'he propertles of thls mod.eL or
sohema are d.escrlbecì.,



CHAPTER VIII
REI,ATIVE DISCRIMINABILITT OF AI}DITORY

IIfTENSITIES IN A CATEGORÏ

R.{TING TAf¡K

Slnce a close analysls of the conslstency of
aagnltud.e estlnatee of aud.ltory lntenslùles sholted.

(ctrapter VII) that thle varlable was lawfu].ly relaücd.
ùo the poeltlon of Èhe stlnuLus on ühe stlnuÌus soale
and not lnd.epend.ent of ltr âs Stevens has srrggested.,

ühe questlon ls ralsed. as to Èhe relatlonshJ-p between

oonslstency of oaüegory raùlngs and. scale posltlon.
Eetabllshed. theoretloal posltlons nlght lead. üo two
d.lfferent pred.lctlons belne mad.e about the relatlon-
ahlp between these two varlables.

iielson (t964) has employed the oonsüruct of
ad.aptaülon level as the basls of a üheoretlcal formu-
Ìatlon, the generallüy of whlch ls purported.ly r¡rlde.

As operatlonally deflned., ln quanültaülve termns, the
construct has had. some measìlre of success 1n pred-lctlng
the outcome of certaln types of psyohophyslcal experl-
nents but lt may be noted that even 1n thls respecf
the construct has been crltlclsed. (e.g. Pard.uccl, t9651 .
It would. appear that for ïielson the status of the corr-
cept of the ad-aptatlon Ieve1 goes far beyond that of
üere operatlonal d-eflnLtlon and. lt ls to be strongly

89
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lnferred. from hls wrttlngs that he attrlbuües to ühla
construot some pelpable psychologloal reallty, and.

sees lt es ned.latlng all behavlor¡r. Slnce the ad.ap-

tatlon level ls regard.ed, as havlng such sl8na1 lnpor-
tanoe and ls repreBenüed. as senrlng as a klnd. of
star¡d.ard or referênce polnt agalnsü whloh alÌ ofher
etlnulue lnpuüs are assessed., lt rsould. seem reasonable
to expeet that the conslstency or preolslon of Judee-
ment would. be greatest for sülmull at the ad.apfatlon
Level and- tncreaae as the value of the stlnulus
departed" from thls level.

An alternatlve pred.lcülon has been mad.e by

stevens (L957): category Jufuemenüs ate) aocord.lng to
hlm, lnfluenced. by ühe relatlvlüy of Jud.gemenü and. a

glven d.lfferenoe ls more notlceable or dlscrlnlnable
at the botüom end. of ühe soale than at the top. If
nlght be expected, üherefore, that ln a category ratlng
task ühe maxlmuü conslstenoy of Judgement v¡ouId. be

assoolated wlth the smallest stlmulus values and ühat
preelslon of Jud.gement would. d.ecrease as stlmulus
value lncreases.

'Ihe alm of the followlng experlment was 1-"o

obüaln a set of d.ata whlch could. be analysed- to reveal
whlch, lf elüher, of these two pred.lctlons t'rould be

eubstantlaüed..

Method.

'llhe. cond.ltlons and. proced.r.re of thls experlment
hrere, wlth the exceptlon of the lnstructlonsr ln all
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rays ld.entlcal wlth those enployed. ln the flrsü repc-
tltlon of the prevlotrc experlment; Ës (n = J6) were

d.rawn from the sane populatlon.

The lnstructlons were read- aloud. and. were ag

follows: ñYour a1m ln thle experlmenü ls üo malçe

Judgenents about the lntenslüles of soundg. You are
to ¡lalre yoì¡r Jud.gemente abouù each eound by asslgnlng
It üo one of seven caüegorles from rronert for ùhe

aofüest or falntest sou¡xd.s, to nsevenrf for the loud.esù
or most lntense sound.s. On each trlal asslgn to thc
aound. that nr¡mber between one and. Íreven whloh you

thlnk 1s most approprlaüe. 'Io help you 1n the task
and üo e;lve you some ld.ea of ühc range of stlnull to
be enplo¡redr I w111 clemonsürate the loud.est and. softest
¡ound.s to be used..n A demonstratlon of the loud.est
and softest sound.e then followed..

iìesults

t{esulüs frorn 1nd.lvld-ual Ss }Iere summed. and are
tabulated. 1n iilable VIII : 1. ',lhls table also contalns
the o'btalned. mean stlnul-us uncertalnüy and. response
uncertalnty per trlal, and" scale values derived. from
the group d.ata; no analyses of the d.ata from lndlvl-
d.ual Ês has been carrled. out bub there are no reasons
for expecülng that a purely group analysls obscr¡res
any lnportanü relatlonshlps.

In Fle. VfII: 1 the relatlonshtp between ühe

¡cale values, for Èhe same set of stlnulI, arrlved. aü

by nagnltud.e estlmatlon (Chapter VII) and. category
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TABLE VIIIs 1

NT'MBERS OF PARTICULAB CATEßORT RESPONSES OF
AIJDITORY LOUDNESS ARRANGED ACCOBDING TO

STIMULUS NilTENSITT
(n - J6r 10 rcrponaor pcr rÈlnr¡lu¡ pcr g)

Bceponse Sùlnulug lntcn¡lty (d.b. attcnuaülon)
T gttnuluc

n unocrtelnty
pcr trtaL

45

3tt7
tg

t$0

235
tt5

10

)5
72

zþt+

36

7

1

3o

tg
L9t
137

t5
l+

25
lÞ

64
202

75
tt+
t

20

1

20

t5t
t55
3t

2

672
6t+z

575
,+41

399
t+28

t+38

t .53
2.O9
2.1,6
2.OI+

t,7g
1.6It
.9t

t5 105o
1

2

3

4

5

6

?

l1

372
158 30
tt+? 184
18 ttrz

2

j6o 360

18

2t5
t27
360

1

50

309

360
Soalc
yaluo

36o 360 360 36o 360 360

1.0& 1.38 t,g5 2.116 3.Og 3.58 4.4t s.Jt 6.30 6.85

E Rc¡-
POA!a
[noQr- .22 t.O? 1.31 t.45 t,66 t.66 1,60 1.&1 t.tg .6t
lalnty
pcr
brl¡1



C
A

T
E

G
 O

R
Y

 S
C

A
 L

E
 

V
A

 L
 U

I
¡\

ltr
cD

r¡ o U
rr

G
¡) z. { C cf m m LT
]

--
{

--
{

rr
l

ñ.
) o



R
E

S
P

O
 N

 S
E

P t¡

U
N

C
E

R
T

A
IN

 T
Y

 (
bi

t 
s.

)

c,
J (¡

U
)

--
{ c t- c tJ
)

z. -.
1 m z. (n --
{

a_ F
r

N è è tù = c A
J o J

5' (t
l

N o (, Itl t, o f\, (t
l

l\) o (t
l - Itr o



'93 -

retf.ng have bsen shown. It wiIL bo geen that tho

obtalnecl ourye 1s oonoavo d.owwyardts as pretu-oted. by

Steveng.

In F1g. VIII ¡ ? tho relatlonrhip between ¡noan

rosponsê uncerteinty per trlal and stl-nu-Lus val-ue have

been plottetLl It w111 be seen that thls frr¡rctlon hac

an lnverted U shapc. It le not e oontlnuously 1n-

oreasfng functlon of stLdrlus ralue as prcrlloterl. by

Steverrs, nor tloes the ft¡rtotlon erhiblt a nlnJm¡ll value

at the aclaptatlon level as woul¿L be preclS.otecl by Helaon.

Inspeotion of, Tab1e VlfI : 1 shows that the

relatLonshlp between value of :respongo and nean

sti.rnulue unoertainty per trial is of the Ea¡ne lnve¡*ett

U shaped. ldndl.

Dåsoussion

The :¡esults ol¡talnoö f,ron thLs experinonù appear

to repllcate ln oertaln roapects those for¡ntl by Garnor

(U¡¡) ln an analyela of absolute Juctgenents of louclness

ancl by ]lrlksen & ]Iake (fffS) in an aneJyota of absolute

and category Jud.gements of tlre lize of Bqr¡ares. In all
thrte of these ex¡lerlnents', the one desoribect above ancl

those of Garrrer and of Eriksen and Halce the sase lnvortedl
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U shapecL ft¡lotLon llnldng response r.urcertainty end stlnnJ.w

value has omerged..

lhls ¡roulcL seem to inùloate that a.lthough the absoJ.ute

Juclgenent antL ratfng nettrocls have sometl¡nes been regarcled. as

belng onl¡r superflotalþ stnilar (Carner 1962) they are ln

fact essentia,Lly the Eame. Ir¡rthermore thLs aJrnilarity

s.ppearo to exist between those nethocls 1n whioh the response

syatern of S 1s restrlcted as fn category ratlng antL abeolute

Jufuenent and those in whloh S 1s free to ohoose his own

response system (".g. rnagnitucle est1roatlon). It rrilt be re-

oa.llecl that 1n the prevlou$ experl-ment on nagnltucle estl¡atlon

d loutl¡¡egs the se¡oe invertecl. U ahaped. fr¡notlon wag obserltred.

tlh1s r€Letlonshlp E)pea¡s to be inoonsistent wlth the aooot¡nts

of the Jutlgomenta-l slt\ration ofYered by elther Steven¡ or

Helson slnce the cllscrlninabltity of lnùivldr¡al stlnuJ.l ts

cl-ear1y relatecl to thelr position Trlthtn the stfu0u1u6 array

antl Ls least rather than greatest at the oentre of the a¡rra¡r

(tfre øaptatLon J-evel).

The questLon arises as to what type of psyohological.

neoÌ¡a.nÍsm nlf$t produoe the reLatlve tllffe?ences ln the

cl*fferentl¿tlon of the st1mul1 whloh ls refleotecl. in the

obsern¡od. relatlonshLp between stl¡nulus va-lu€ and. response

uncerbalnty. It w{11 be reoallecl th¿t dt¡rlng the 1n-

struotlons Ss rrer€ provided. rlth exaupleo of both the
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softest and. loud-est stlmull üo be used. and. lt oou1d.

be argued thåt lt was.thls experlence alone whlch

accounts for thls d.lfferentlaülon. ifavlr¡8 regard.

to ühe resulüs of the prevlous experlment lt would.

seem nore reasonable to attrlbute thls d.lfferentlatlon
prlmarlly to S rs experlence of the stlnuLl tlurlng the

oourse of the experlment, whlle stllI aoknowledglns

that the lnltlal lnstructlons may also have had some

slmllar effect,

lÏelson has sr.6gested. that $s uae some nlddle
value of the sülnu1ue range (the ad-aptatlon level)
as a form of reference polnt on whlch Èo base thelr
Jud.gements. These results srrggest thaÈ' lf lnd'eed'

S does use reference polnts on whloh to base hls

Judgenenüs, he must use the two end. values of the
stlmulus range. If lt ls assumed- þhat I d-oes use

some lnternallsed- representaülon of ühe values of
the two end. stlmulI on whlch to base hls Jud-genents

Lt would. follol.rr that there ls not one funcülon llnkl-qe
stlmulus value and. scaÌe value buü twOr one functlon
assoctated wlth stlmull ln the bottom part of ühe

stfuuulus range Jud.Sed. wlth reference üo ühe smallest
stlnulus and- one assoclated- wlüh sülmuIl ln ühe top
part of the stlmulus range and Judged. wlth reference
to Èhe greaüest stlnulus. It urould- appear that when

g 1s requlred. to d.lvld.e up hls response scale ln thls
sltuatton, he d.oes so by allocatlng equal scale d.lstan-
ôes to the tv¡o seml-scales whlch make up the oomposlte

eoale. '-lhls means thaü the ¡lld.d-Ie of the response
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scelê $111 be aeelgncd. to a etluulue rhloh lE the
sârnc relatlve d.lstanoe fro¡¡ thc two end sÈlmull.
thls oond.ltlon wllL be met lf the nld.d.Ic seale value
ls ssslgned. to a stlnul.ue eqrrel to the log mcan of
ühr two cnd. sülnull, AÉ e conaequenoe of thls
d.lvlslon of the response scale¡ onê seale unlt aü the
to'o of ühe rcsponse soale w111 be equlvalent fo a

groater d.lstance on thc stlnulus gealc than one eoelc
wrlü at the botton of the responae eoale¡ that ls
the üop part of the response soale le conpreascd re-
latlve to the bottq,

Án ad.d.ltlonsl ooneld.eratlon would seen to
fr¡rther compllcate the netr¡re of ühe soale value -
sttmulue value fr.¡noülon. Because the response soale
ls flxed ln a oategory ratlng task, ùhe dlstrlbutlon
of rccponsca le ln effect trr¡ncated. at boÈh end.s of
thc soale¡ thcre oan, for exanpler be no rêsponse
snaller than toner¡ or greater than ttgevenfrc even
ühough on oooaslonsr $ may wlsh to employ ühen. It
frequently lrappens cturlr:g ühe oonduot of experlmcnts
of thls klnd. thaü Ss wlll facettously glve a resPonse
Llkc *mlnus one' or relghtñ and. r¡nd.erLylng the use of
suoh respons¡es would. appeaÌ to be Etg appreclatlon of
the llnltatlons on hls perforranoe whloh are lmpoeed
by the fonn of the resporurG soa1c.

thc effect of such a Èrr¡noeüed. rccponse seele
wlll be to glvc rlsc Èo rclatlvcly helghtened. scale
vaLueE at the btton end. of the stlmulus scale and.

relaülvely d.epreeeed. gcale values at thc Èop end..
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I'{hen boüh of thcee factors arc talren lnto account lt
ean bc Been thêt the e¡oplrlca]- fr¡ncülon 1lnklns stlmu.].us

values and. soele values nlght be expected. to have the
forn of a rather lrregrrl.a¡ cì¡rve whlch, at least to a

flreü approrlnatlon, mlght be d.esorlbed. as belr¡g colt-
oavc d.ownward.s, but wlth some evldqnee of lrregularltles
assoelated. wlth stluulus value at the erùrene end. of
the range. Inspectlon of a large number of such
emplrlcal curves conflms thaü they d.o seem üo have

such a general ehape.

An addltlonal way ln whlch ühe effects of the
Ën¡noatlon of ühc reeponse d.tsürlbutlone at boüh end.s

of the oategory scale rcveale ltself le ln the relatlvely
greater slope of the two erms of the response uncer-
talnty-stlnulus lnücnslty frurcülon ln the category
raülng üask as oompared. wtth the nagnltud.e esülmatlon
taek. Thls oan be cheoked. by coroparlng b-lgs. VII z2 &
VIII: 2, Slnoe q 18, ln thle task, more restrlcted.
ln the responseE tchloh can be uscd. üo stlnull aÈ thc cnd,

of thc etlnuLua emay, üharc ls a eorreepond.lng red.uc-
tlon ln ühc r"sponsG uneertalnùy aeroolated wlüh fhese
stlnuü es oonpared. üo a sltuåËlon ln whloh no guoh

reetrlctlone operate.

The results of ühls experlncnt a¡rd. thc prevlous
magnltude estlnetlon experlncnÈs are substantlally fhe
Ealre wlth respcot to the reapongê unoertalnty - eülnulug
nagnttud.e relatlonehlp and lt would., thcrcfore. appêar
thaü thc prooces or ueohanlem of d.lsorlnln^atlon employed.
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ln thcse ü¡ro sltr¡atlons le elso substenütally thc senc.

Iü !s, therefore, to be lnferred th¡t tha dlfferenocs
beüween uragnltud.e esülmaülon soaLes a¡rd. category ratlr¡g
scales d.o not reflectr âs stsvene has suSgested.r any

fr¡nd.a^menüal dlffercncê ln ühe r:eür¡¡c of the d'lscrlmlna-
tlons whleh q ls oallcd. upon üo make ln Èhe two sltuâ-
tlone buü rather d.o they refLeot d.lfferencee ln the

propertles of the response systens rÛhleh ! utlllscs
ln the two sltuatlons.

Thefacüorswttlchgeemtod.eteralnethePro-
perüles of the resPonse sysÈeú ln catcgory ratlnt
tasks have alread.y been montloned. In the nagnltud.c

ceülmatlon task, althor.lgh Ë ls glven an lnltlal refercnoe
stlmulus near the nldldle of Èhe etlnufu¡s renge, the two

end stlnt¡.tl of ühe array soon oanne to act as the maJor

rêferenoe polnte and. ln thls sltustlon too the aoale

obtalned. 1s really a oomposlte one. The lmporüanü

d.tffcrcnac beüween thle eltr¡atlon and. the category

retlr¡g sltu.aülon !s that no restrtoülons are plaoed-

on gts response system and. the response sgale appears

to be chosên so that lt has oonslstent propertles over

thc whole range, whereas 1n the oategory ratlr¡g sltu.a-
tton ühe top seml-sca]e ls compressed. relaülve to the
boüton senl-scale. A,s a consequence of ühlsr when the

category scale valuos are plotbed. agalnsü ühe retlo
scale values, the fr¡nctlon ls conoave d.ownward.s.
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Stnnary

A¡ crlpcrlncnt tnvolvlng thc oetGgory ratlng
of ar¡dlÈory stlaul.w lnËcnaltlca Ie deaerlbcê a¡¡tt the
resuLt¡ arc anslyccd.. It ls ¡hæn Ëhet thc ft¡notlon
Ur¡ktr¡S stlntrh¡s valuc and. rca¡ronss unêertalnty has

the ehapc of an lnvcrtcd. II end lt le suggeeüed. thef
Êts usc lnterrnal-lacd. rcpreecntaütone of the ü¡ro end

valuea of the ¡tlnu1us rangG eg rof,crcnoe pslnts on

rohJ.eh to ba¡e thclr Judgcnonta. Iü ls argued. that
tt ls thl¡ faot, togethcr wlth ühe r¡se of a truooatad.
re$ponsG ecalo, wÌrloh g:lvas rlso Èo the slopo sf ühe

oharaotcrlstlo fr¡¡rotlon llnklne soaLc value anð gülmu-

lus valuc ln oatsgory r*tlng taska. Arr atte¡qPÈ 1s

aad,c to crplaln ühc elrcr¡otcrlqÈlc rclatlonshlp be-
twocn soalc velus¡ d.crlvcd. by negnlüuûc cgtlnaülon
ncthod.¡ and. eeücgory raülrg nethod.s ln terms of the
rc¡trlotlon¡ pleocd, on the trcsponae eyetcn ln the
lettcr ncthod..



CHAPTER TX

THE EFFSCTS OF ANCIIOB gTIIYIULI

In the prevlous ohapter a suggesüed explâllå-
tlon wae aôvenoed. to acoount f,or performance ln cate-
gory reÈf¡g taEks, alnoc the results of, ar¡ experlment
had, ¡horn scrüeln espcots of perfomanoe whlch

apprarcd. to be lnconelstent wlÈh T'Ihåt utlght be pre-
dloted. on the baEts of ed^aptetlon 1evel üheory. ¡\

üypc of experlment whloh has vcry frequenÈly been

used. Þy the protagonlets of e.d.apüetlon leve1 theory
ls one lnvolvlng the ueo of eo selled. a¡¡chor stlnuJ'l.
An anohor ls a stlmulus whlch ls l:rrelevant üo the
d.lscrlnlnatlon üas]< ln har¡d. and. whose value Iles well
outstd"e the range of relcvarrt etlnull ¡ the a¡rchor

ls lntrod.uoed, elther sequentlalÌy, Bs for example ln
a l1füed welghts experlnent, or !¡a par"ù of the baolr-
grormd., as for example ln an erperlnent on vlsuål
perceptlon. Anohors have pronounced. effeoüs on ühe

central tend.ency of oategory ratlngs; anohors of low
value tend to lead. to lnoreesed eategory ratlngE of
the sane stlnulus, whlle anohors of hlgh valuc üend, to
lead. to cleoreased. caùegory ratlngs. In ad.aptaülon
level theory these reeults are explalneð ln tenns of
the effects of the anehor on ühe aèaptatlon level and.

lt rnust be coneed.ed. that the outcorne of cxpertmente of
ühls type are predlcüed. qultc well by the thcory.
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Slnce lt has been ergued tn Èhe prevlous

chapüer that the notlon of an ad'aptatlon l-evel 1s

w!ühout enplrlcal supporür an alternatlve explanatlon
must be advanoed. to aocor.¡nt for the operatlon of
artchorg.

The moat obrvlous erl¡Ìanatlon to suggest lt-
self ls thaü the anchor operates by hlnderlng the
d.lfferenülatlon of thc sülnuil at ühe end of the re-
lcvanü stlmulus rar¡ge nearest üo the anchor. Poor

d.lfferentlatlon wor¡Ld, Iead. üo a rld.er spread- of
rosponges bub slnoe the d.lstrlbutlon of responses ls
ürunoaüed, thls woul,d. have the effeot of dleplaolr¡gl
the nean respot¡rie value upward.s ln the case of a lou¡

anchor end. d.ownwa¡d.s ln the case of a hlgh anchor.

The followlng expertmênt had. as lts a1m fhe
testlng of thle alüernatlve explanatlon.

ÂudltorY InteneltY ExPerlment

l[ethod.

Slxüeen Psyohology IA etudents served. ae Ss
ln thls experlment Ìqhleh was canled out at the
oornnencemenü of tr¡o norual leboratory perlod.s spaeed.

one week apart. The apperatus for d.ellverlng the
Eud.ltory etlnull vtas as has prevlously been d.escrlbed.
(Cttapter VII), but ln the second experlmenüal sesslon
the apparatus was mod.lfled Èo pemlt preeentatlon of
en anohor of two eccond.a d.r¡ratlon, followcd. after a

or¡e seoond sllent lnterval by the stlmulus to be Judged.'



1
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In the ftrst êrpcrlnentel aceslon Ëen sttnulua
valucs wcre uscd speocd 2.5 ù,b. epert ovcr e rangê of
-t2.5 d..b. to -35 d.b. Thc lnstrucülons were ld.entloe1
wlth those used. ln ühe prevlous experlnent (Cf¡apter VIII).
fn the eecond. experlnÊnta1 sesston the aq¡n€ tcn sülut¡Lt¡¡
values ÌÍerc used- buÈ on eech oeoaslon the stlnulus wag

prefaced. by a 2 sec. anohor terttnatlng 1 seo. beforc
the onEet of ühe stlnulus to be Jud.eed,. The anchor
was not attenusted. and. the lnstruotlons for the ex¡rcrl-
nent were nod.lfled. by teLLlng Ës to lgaore the flrst
or anchor stlnuLus and. üo neke JudgenEntg onLy about
the seoond. stlnulus. All rGsponsao wero reoord.ed. by

$s on pro-forma rsoord gheetg.

Results

Èlean scale vaLues for each sÈlmulus have becn
detcrulned. for both oond.lÈlons (1.e. wlth and. wlthsuü
thc anchor); these are presented. ln îable IX¡ 1.
i{ean response uncertalnfy per ürla\ for both cond.1t1ons,
hae been celculated. from the group d.ata a¡rd. these are
presented. ln lable IX: 2. It ls clear thaü the
effects of the anohor lrave been negllglble on both
measures.
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TAEILE IX¡ 1

I{EAN CA1EGORT SCALE VAI,IIF"S FOR AUDITOIIT STIMITLI
ÐIFFERTNG II{ IOI'DNESS T{ItsH A¡üD

lCITTlOT'f AN TNCHOR

11ühout
anoho?

rlth
rnohor

35
L.?

Stlnr¡}¡s lntcnslty (d..b. aütenuatlon)
32.5 3o 2?.5 25 22,5 20 t7.5
!.5 7..9 2.6 2,9 3.6 ¿1.1 4. B

t5
5.3

t2,5
6.6

!.,2 L.? 2.o 2.1þ 3,0 3.6 3.8 ll.8 5,2 6.5

rlthout
anohor
rlfh
anohor

ÎABUE IXr 2

}ÍEAN BESPONSE T'NCEtsTAINTT PEB TBIAL IN BITS FOB
CATEGORY RATINGS OF AI.'DITORY STIHT'II

DTFFEBING IN LOT'ÐNESS hIITH AI\]D
¡ûITHOTIî Ar^l ANCHOR

Stlnr¡lus lntenslty (d,,b. aütenuatlon)
35 32.5 30 27.5 25 22.5 20 L7.5

,64 L .t? I .1o L .5t+ L.65 L ,87 t .99 t .9L

,6lt, t.2L 1.68 L.38 t.6l+ 1.Bg 1.86 1,.90

1,5

t.78

L,78

L2.5

L.23

1.30
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Dleoueslon

lhe resul,ts of thls enpartment lndloate ùhat

ühe presentaülon of an anchor ln these clrcumsüenses

hae had. no effeot on Jud.genent. Thls cannot be tal¡cn
as d.lsoonflnalng the ad.aptetton Level üheory slnce the
welghtlng of the anohor ls, ln üerrne of thl,s theory,
a matter of ernplrtoal d.eÈermlnatlon¡ tn thls oeso lt
must be aooorded. a welghtlr¡g of zero. Slnoe ühe

anchor was 35 d.,b. d"tfferent fron the softest stlut¡].t¡¡
used,, thls ls a surprlelng result as lmpresslonlstlctlly
one mlght have felt that the anchor Yras bot¡¡td. üo havc en

effect. It oan onl.y be oonolud.ed. ühat anchor effeoür
ln category ratlng üasks are raÈher less Seneral thaJx

nlsht be supposed..

Slnoe tt had not bEen posslble to demonstraüe

the effects of e¡chorlng ln an aud.lüory task, thc
follor^rlng experlment lnvo].vlng Juclge¡nenü of llfüed'
rvelghts was set up ¡ anchor ef fects can be rellaì:ly
prod.uced. ln such taskg.

Llfüed. Uelshùs ilxperlnent

Iviethod.

f¡reLve people assoclateil wlüh the Peyohology
Departrnenù served as $s for the experluent I they rüere

nalve wlth rcspeat to the purpose of the experlnent.
Eaoh S oonpleted. the task und.er ttrree oond.ltlons, each

on a separatc oooaelon. 'Ihe thrEe oond.ltlons were

wlthout anohor, wlth heavy anchor and. wtth llght qnchor¡

two S¡ oomplcücd. the cxperlmcnt ln caoh of the slx
poaclblc ord.cr¡ of oondlütons.



-104-

The Etlmu].l conslsÈêd. of a stande¡d. set of
Iaboratory melghta oncased ln r¡nlfo:m bÌaok bakellte
oescs, therc werG elght stlnuü ranglr¡g fron 50 to
64 grme. ln 2 gt.ln. rÈcps. Thc hcavy anohor wae 121

grna. and üha llshü anohor 16 Erur . ; thc anohore
rcrc ldentloal, erccpt for ühql:r wclghü, wlth thc
stlnul.l. Durlng thc oourtc of ?hc erpcrlmcnt ps

mad.c 10 Judgencnüs abouù aaoh of thc clElhü sülnuL!. ¡

atlnrrll ï¡Grê prcaenteô ln blools of t0 trlals and caoh
stfunulua oocurred. onoc ln rend.on ord.cr ln eaoh bIook.

Ð¡rIngl ühc cxpcrlucnt Sfe h¡nd.g wèrc sorccncd,
from hla vlcw. Süand,e¡d. ln¡truetlons (nppend.lx Ð)

tGrc presentecl ùo Ê on a card and. read. out aloud bV g
before the connenoement of cach seselon.

Eesulüs

l-or each S the followlng measures ïIere connputed.

fro¡¡ Èhc rav¡ d.a^üa. meen oategory value for each stlmu-
It¡¡. xÊêen reEponse r¡nsertelnty pcr trlal for each
sülnulusr &nd. uean sflnulus uncertalnty per trlal
for each responac. The group mean of eaoh of these
rûeeaures, together wlth ühel,r assoolated. stand.ard.

c:rro:rs, arc tabulated. 1n Tab1es IX¡ 3, IX: 4 and IX: 5t
the sâme d.ata are grephlcally presented ln I¡tgs. IX: 1.
IX¡ 2 and. IX¡ 3, Separate analyses of varlance for
each of these measures have been carrled. out and

eunmarles of these appear ln Tables IX: 6, IX: 7 and

IX¡ B.
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TASLE IXT I+

MEåI\T BESPONSE TTNCEBîAII{TY PER TRIAI, IN BITS
AND å,SSOSIÀTED STANDABD EBRORS FOA
CATEGOET RATINGS OF LIFTED ITEIGHÎS

!ürr*out 
f-ü8fitÏ,itlåfr* 

nEAvY

no
lll-
oho"

(T

I 
seu

5o

l.7g
.o8l+

5z

1.84
.t)

6o

1.50
.t3

6z

1.68
.tt

L,94
,tz

6l+

L.56
.Lj

L,9J
.L2

StlnrrLus (gms. )

54 56 58

L,87 t ,95 L.g5
.o93 .088 .09¡*

hoavy(1

:il" [se,n

usht (l
:i;" fsuru

1.67
.11

1.90
.11

1

t.23
.t3

1.88
.16

.57

.O?6

t.72
.079

2.O4
.11

2¿OJ

.Lz

L.4g
,tz

t,g5
.11

2.00
.053

2,O9

.065
L.85
,tZ

Rerponee

3 ,4
1 .81 2.41,
.t6 .20

2.67 2.63
.22 .22

t.g8 2.27
.17 .19

t,gt+
.o70

L.66
.094

l,2g
,17

TABTE IX¡ 5

I,IEAN STTI,TULUS UNCffiTAI¡IIT PEB TBIAI IN BT'TS
A}ID ASSOCI^åTED STANÐARD ERROBS F€R
CATEGOBT RATINGS OF LTFTED WEIGII.TS

I,Irui ouriNcHonrffi 
,låH* 

liEAvY

L.g2
.11

2

.89

.10

2.35
.20

1.06
.t2

5

2.4t
.20

2.2?
.t9

2.1þ5

.27.

6

2.33
.20

t .u6
.14

2.57
.22

7

1.88
.t6

,93
.096

2.20
.L9

tto
¡tl-
ohor
hcavy
lll-
ohor
I1sht
tll-
shot

(1

Isnnt
(1

Isu*
(r
Ír*
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EÁE&E txr 6

$Tru*ET OF ¡H¡I" 8tr8 OF V¡ts,I¡F{B ÊF ME*F
eÆfr]@T &Hrrffis æ f"EEfSD 8tr0H1[S

ûrf rflgm
suÞtætr (tl

0!eË!Ð (€ 

''Þtlr. Dlf. (ID)

sËfuul!, (sg)

Gsed,lËt sn¡ (0)

8rS
CIEË
lÐ ¡ llt

8rC
t¡C
TÐ¡C

ÉtxC
E¡æ8C T

GrStrC
IÐ¡8ÈXC

11

5
6

T

2

n
35
*2

22

t0
tt
1s

5þ

?0
8*

g.g"

Srry8.9

'.16*g.gtr6gt"?
8it'¡12,5

Lt,99r".9

3r2û4.?
1r258,2

9tÐ''5

3.965,9
1rg69.5
2rt$5.*

216.8

3r08o.o
lrlls.e
9r583.8

ä'8r

5t9.å
flø,_3

}tOS"
6 1796.

3r.?5
22,"63

196.0
t6?.1

15.¡lg

2r'.r7
tB"8ó

? I

l,tó !ûrtc

r3*
*,0.?

<1

.Wt

.ae1

t.59 Ertr

1.1? tlrtr

8"lr

tr.13 B.te

Tst+l etr/ ll8, #+6.7
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IABI'.E XXI ?

SU&üiÍART OF .âNATTSIS OF VåRIANCE }[E^åN
NESPONSE UI{CEIITAINÎIES OF LIFTED

wErcHTs rN c^{rtrioRr
RATING TA9K

Sorroç

subJcoür (s)
Grolrps (C )

Ind,lv,Dlf . (ID)

Stlnull (st)

Cond.lülone (C)

SxST
GXSf
IDxSt

8xC
GxC
IDxC

St;xC
SxSTxC

GxStxC
IDxSfxC

d. f.

11

5
6

7

2

77

35
t+z

22

10

t2

t4

L5t+

7o

8¿Í

B.S.

5.6898
1.1150
4.57t+8

,+.9oo9

1,,2602

9.72t+g

5.L216
,+.603i

5.3t+35
2.2886
3.O549

5,t222

20.5761,

8.¿1086

L2.1675

.2230

.7625

.7OOt

.63oL

.L463
,t096

.2289

.25t1ó

.3659

.1201

.Ll+49

H.S. FP

<1 nrt r

6.39 .oo1

2.1+7 ft.3,

L.33 n.r.

(f t!.t e

2,53 .01

<1 no¡¡

Totel 287 52.6t76
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fABtE IX¡ I

STJPIMABT OF .ANALYSIS OF VABIAIICE OF i'iEAJ,I
gTTT{UIUS ITNCffiTAIÞÛTIES OF BE8PONSES

FOB CATMORY 1IAIIINGS OF
LTEIED WETGHTS

Souroc
SubJaots (s)

Groups (G)

Incllv. Dlf.
Beeponeee (R)

ConðlÈlon¡ (C)

srn
GXR
IDTR

SxC
GTC
IDxC

RxC
SxBTC

GxlIxC
IÐxRxC

s.s.
8.6685
t,9lß6
6.?ztg

l+B,l+?34

t - 5ß26

23.þ798
tt ,329 5
12.1,503

6.t+oiî
2,4t42
3,9893

t+8.2433

tn.97z6
?6,8353
tl+.1,i?3

Fp

<1 n.t.

2l .4 ,o01

2.35 llr ! .

1.@ ttrlr

(r lt¡tr

20.7 .001

2.28 .01

d..f.
11

5
(ro¡ 6

6

2

66

3o

36

22

10

t2

L2

132
60

72

i'Í. S .

.3893
t.120

8.o79

.78!g

.37?7
,37?5

.21+1II

.332tþ

l+,o62

,lll+23

.t961+

Toüal 25t t?8.3O3?
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It ney bc sccn ühât ühc anohore havo had. thr
crprotcd. cffcoü on mcen soalc valuGs (Hlg. IXI 1).
'fhg funotlon for e llght ¿nohor llc¡ ebovc end. that
for a lrcery amchor below, thc fr¡noülo,n obtelncd. rlthout
ant¡r ilnohor, Thls Eâmc effcot le rcfleoüed. ln Èhc
analysle of varlanoc (naUtc IX¡ 3l whcn thc Cond.ltlong
variabla le shown to bc hlgh1y stgnlfloant (p <

t'he effeots of the anohorg on respotrsâ tüloc!-
talnty a¡e clca¡ly ehown ln Flg. IX¡ Z. IÈ ls ¡ppa¡ont
ühet e hcavy enehor glvor rlec to a rclatlvc lnor.casc
ln responae unoertalnty for stlnull ln the top porüIon
of the range aad e relatlve d,ccrcase for stl¡null 1n
the botton portlon. Slmllarly a llghË anchor produces
lnoreased. response uncertalnty for the botton of the
range and. a d.ecrease at the top of the range. ,thls
lnterpretatlon ls borne ouù by the slgnlflcant lnter-
aotlon of Stlnull x Cond.lülons (p <
Tablc IX: ?.

Â feature of Flg. I,{: 2 ls ühe apparent lrregu-
larlty of tr,,ro of the func.tlons assoclated. wlth the
6O gnr. stlnulus. The red.uoed. resporxe r¡ncerüa1nüles
assoclated. wlüh thls stlnulus suggest thet 1ü may have
been dlfferentlated. fron ühe renalnlrg sülnuJ.l on the
basls of some cuee other tha,n welghü. A very olose
lnepectlon of the etlmull oould not oonfXrm thls
þpothesls buü lt, nevertheless, remalna es the mosü

llkely explanatlon of thls aspect of the results.
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The nanlpr¡Iaüton of thc anchor varlablc hae

aLso haô an effect on the stlnulus uncCxrtalnty meesures.

In ühc analysle of varlanoe (Table IX¡ 8). the lnter-
acülon of Reepon¡taa x Cond,ltlons ls sho¡rn to be elg-
nlfloant at the .001 levcl¡ referenoe to l-1g. IX¡ 3

showe thåt wlth a heavy anohor there ls relatlvely less
uncertalnty assoclated. wlth the largc responses whllc
wlth a llghü anohor there ls relatlveLy IeEs uncertalnty
assoctated wlth the small Tesponses.

Dlseusslon

The rceults of thls erpcrlment ¡how thåt ühc u¡c
of anohor stlmull hea qulüc narked. offccts on ühe

relatlonehlp between responsc r¡nocrtalnüy and. etlnulus
mc€nl,tud.e. Slnoe response rrnoer'talnty and stlnulus
uneertalnty are not lnd.epend.ent measì¡res. there h¿e

also been a cotrespond.lng change 1n the pattern of
stlnulug r¡ncertalnüles but Lt w111 be argued. here that
thls ls only a secondary and. logloal- consequence of the
nantpulaÈlon of the pattern of response uncertalntles
by Èhe us¡e of anchor stlnull,

'Ihese results suggest qulte strongly that one

of the effects of anchor stlnull 14, as Trles lnttlally
suggested.. to prevenü or hlnd.er the d.lfferentlatlon of
the end. of the stlnr¡lus array nearest to the anchor

stlnuJ.us. t'hls probably oonês about beoause the
anohor stlnu1usr rather ühan ühe end. stlmulus of fhe
array, norl serv€s as one of ühe referenoe polnte upon

whtoh Judgenents are based..
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Anothcr rctuLt of the UBO of rrÌchor atlnull
whlch hsd not been foreseen le that Èhey prod.uoe ln-
creascd dlfferentlaülon of reLevant stlnuJ.l at thc
opposlüe end. of the stlrauLus array, Thls ls of soms

lnportance ln so far as lnoreaecd d.lfferentlatlon of
stlnull nêans a red.uccd. spread. of Judgenents and. a

oonscquent lesscnlng of the lnportanoe of ühe tru¡x-
oatlon of the response d.lstrlbuüIon. If ühere ls 1o¡r
varlance of responaes there w111. be a lessened üend.enoy

for the nean of respongês üo stlnull aü ühe end. of ths
range to be d.lrplaoed. towards thc oentre, The overal'l
resulte of boüh of ühcee effeoüs, that ls red.ueed.

dlfferentlatlon of sùlnuIl rlêar the anchor snd. lnoreercd,
d.lfferentletlon of sùlnuLl at the End. of the st1¡nu1r¡¡

array fr¡rthest from the anchor, wlL1 be the sa,ne'

nanely an lnorease ln the nean of responses wlth
small anchors and. a d.ecrease wlth large anchors.

'Ihere ls a suggestlon that the effects prod.uced.

on the mean of responses by d.eoreased. stlmnlus d.lfferen-
tlatlon ls raÈhcr greater than ühoee produeed by ln-
oreased dlfferentlatlon¡ thue lt nay be seen (nfg.IK: 1)

thât the scale value - stlmulus value frrnctlons obùalned'

wlth the use of anchor stlmuLt do not lle parallel to
the functton obtalned wlühout an anchor, but appear to
d.tverge aù that end of the scale nearest to the anchor.
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Sunmary

'Ino cxperlmenüs d.celgncÖ to cxanlne the effootr
of anohor stlnu.l.l on oaücgory Judgcments are d'eEorlbcd'

and. analyscd.. fn onc crpêrlmqnt tn wl¡lch Jud€enonÈ¡
wcrG mad.e of auilttory Loud,neÉta thc a¡ohore had. ao

cffeot. In thc othcr cxp€rlncnÈ ln ¡vhloh Judgcncnta
lqorc mad.c of llfücd, wclghte 1ü was ahown thlü anohora
hlnder the d.lffercntlatLon of, ettgull ln thet porÈlon
of the etlnulus range neerceË thc anehorr and. snhanoo

d.lfferentlatlon of sËlur¡l! at the oüher end. of ths
sülnulue TÉrngs. It ls ¡uggosüsd" theü thc cffcoü¡
of anohors on ocntraL tcnd.enoy of Jufuenente ls a

second.ary consequ{¡noe of thle effecf .



CHAT{IER X

PSYCITOPHYSICA.L i.ITSTEREST$

Thc phenonênon of psyohophysLoal hystereels lr
olreemcd. when $c are rcqrrlrcd. Ëo nakc Judgcncntg of
¡tlmull wlthln a ctlnulur rangc whloh le d.eflned. on

eaoh ùrlal by the two end. eütnull of thet rangê.
It mey be for¡nd, that üherc ls a rellablc dlfferçnoc
betrcen Judgcnants of thc ¡¡nc atlnulu¡ rhcn lË ls
prcacnted on triale Ln whloh all ührsc sülnull arc
amanged. ln ascendlng order of stlnulus nagnlüud.e ârtrl

whcn lt ls presented. on trtale ln whlch all three
etluull are arranged ln desoend.lr¡g ord.er of stlmuJ-us

magnltud.e. 'lhe d.lfference takes the form of a

relatlve r¡nd.eresÈlmatlon of the sülmulus when lt ls
presenücd. ln ascend.lng ord-er. Stevens (t957 ) has

olalmed that the occurrence of thls phenomenon ls one

of Èhe four d.eflnlng charaoterlstles of protheülc
stlnulus contlnua and ühat lt d.oes not ooour wlth
metathetlc stlmulus contlnua.

One of the concluslons to be drawn from the
worlc reporte<l. ln prevlous chapters ls that measures
of central tend.enoy of perfomanoe ln sensory d.ls-
orlmlnaËlon taeks nay be lnfluenoed ln conslstent and

oharacterlsüto ways by the propertles, partlcularly

-11þ-
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the skew of the d.lgpc:relon of Judgcncnüs. Stnoc
psyohophysloal hystercsls d.oee not appear to have'
as yet, been ad.equatcly explalned., the quceülon le
ralsed as to whetheT or not the phcnomenon nlght noü

refleoü some featurc of thc d.lstrlbuülon of Judgcnents
other than oentral tend.enoy. Thc followlng experl-
ment was set up to lnvestlgate thls posslblllty,

i,lethod.

fhlrty female stud.ents fu1fltllng a Psychology
I coursc raqulrement ¡er:ved as Ss. The eüi.nuJ.l oo(I-
slsùed. of slx oy1lnd.rloal plaeüto p111 bottles contaln-
lng a soIld.lfled. mlxture of lead. ehoÈ and. paraffln waxS

ühe etlmuLl vrelshed. 35, 6t, ??, tt3, 128 and. 1J0 grns.

The values of the welghts were ohosen so that no slmplc
numerlcal ratlo obtatned" beüween thelr na¿gnltud.es.

ilach trlal oonetsted. of the presentatlon of
three welghts' 35 gms., tSO gûrsr and. one of ühe other
four wclghüs ln elüher asoend.lng or descendlng order
of nagnltud.e¡ there were therefore elghb dlfferenü
klnd.s of ür1als and. the experlmenü conslsted. of seven
repeÈltlons of theee elght trlals. llach type of
trlal recurred once ln rand.om order ln each of seven
blooks of trlals.

5 was seated. aü a table opposlte E and plaoed.

her preferred hand. face d.own on the table where lt was

obscured. from her vler^r by a horlzontal screen about
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twelve lnches above the table top. Ihe Yrelght was

always placed. beÈween Ss th1mb and. foreflr¡ger and' after
eaoh vlelght was llfted- It was repÌaoed. by E. ;ìeeponsm

were obtalned. by havtns S nanlpulate a curaor on a
horlzontal soale attaohed. above ühe scrêen. The soelc
conslsted. of 50 lcm squares alternately oolor¡red. red.

and. blue and was labelled. rheavyF at the rlght end' end.
t'llghtn at the left snd.. At the conulenceroenü of the
experlment Éi was handed. a oard. on whloh the lnstruo-
tlons were prlnted. (Appcndlx E) ¡ and. these lnetructlone
were read. to !. 'Ihe lnsüructlons requested' S to re-
port on the seoond. welght presented on each trlal by

shlftlng the cursor to an approprlate square on the
scale and. polnted. out that ühe magnltud.e of the
heavlest and the llghtest welghts on each trlal l'rere

represented. by ühe two end.s of the sca1e. Àt the
oomJnencenent of each ürla1 the cursor vüaa shlfted. to
a soale posltlon d.etermlned. at random. 'fÌro praotlce
trlals were admlnlsüered. prlor üo the oonmencement of
ühe J6 trlals of the experlment proper.

iiesu]-ts

iicale valuee of 1 to 50 were asslgned. Èo each

aquare on ühe scale and. mean scale values for each of
the for¡r rnld.d.J.e welghüs ln eaoh ord.er of presentatlon
were determlned.. '.l'hese, together wlth thelr assocla-
ted. standå:rd. errors, are presented. ln Îable i{¡ 1¡

lt may be seen tha't stlmull presented. ln ascend.lr¡g
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EA.BLE X¡ 1

i\1EA}ü SCAIE VALITES FOR JUDGEMENTS OF
WEIGI{TS ACCORDING TO ORÐEB OF

PRESEIü"T^trTION TOGETHER IIITTI
"å,SSOCI^{PED Sf .AIÙDARD ERROBS

Descendlng

61,

-X Soate VaLue 16.0
s.E.Ì{. .88

1 soale Valuc L3,3
S.E.l{ . ,73

lJelghü (eros. )

?7 tLT
zI+.2 38.7

.92 ,78

20.2 35.t
.85 ,78

L?8
1t2.2

.54

39.5
.77Ascend.lng

o¡d,er are conslsÈently und.erestlmated. ln conparlson
wlth those presented. ln d.esoend.lng ord.er and., therefom,
the llystereele phenomenon hse been unequlvooally
d.emonstrated..

Besponse uncertalnty aesoclated. wlth eaoh

sülmulus ln eaoh ord.er of presentatlon was d.eterulncd.
for eaoh ,S¡ the mcang of these valuee are preaented.
ln llable X¡ 2. Analysls of varlanoe of theee d.ata
(fable X¡ 3, oonfl:ms that lmprcsslon galned by

lnspeotlon the't there ere no elgnlflcant effecüe on
thls neasure whloh a¡e atlrlbutablc to ord.er of
presentaflon.



-118-

fABI.E Lr 2

I,IEA]ü BESPONSE UNCERIAIITTY IN BITS F'OR

JTTDGE¡{EIfIS OF WEICHTS ACCOBDING îO
ORDÞXI OF PRE"SE}trIATION

Desoenùlng
Asccnd.lng

6t
2 .53
2.t+3

g.s.
Lt.6Sgt

1.5929
.16?6

1,2.42t9
2.8t77

.0805
7 .6)?2

Wclgh? (ep,e. )

77 113 t28
2.51 2.+3 2,3O

2.41+ 2 .l+) 2.26

TABTE X¡ 3

BUTUII{ARY OF A}üALYSIS OF VAIII.A$ICE OF
RESPONSE iJNCEB'IAIi'ruf IN LIFTED

}¡EIGHÍg TASK

d,.f.Eouroe
SubJeeËe (S)

stlnull (st¡
ûrd.ers ( O)

SrST
8xO
StxO
SxStxO

29

3

1

87

29

3

8?

ifi.S.
.L607
.53tO
.L676
.L4?8
.og?t6
.o2683
.o877J

F

3.7?
L.72
t.63
1.11

<1

p

.o5
llo8.
llrtr
Il.3 .
llo 3.

lotal 239 2g.37tg
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D[scueslon

The rceu].ts of ühls experLment Brovlde no 8üp-
port for thr sr¡ggcetlon ühet the lr¡reüereele phenomonoa

nlght bc d,ue ln eoae wey to d.lfferenocs ln the dleper-
elon ae oppoeed. to cenüral üend.eno¡r of Judgements
aeeoolatcd wlth ühe two ordere of presentaülon. The

experlmenüal oond.ltlons irave pcrultted an rrnequlvooal
d.emonstratlon of hyetcrcsle but thls hae not been

accompanled. by even â sìlggesülon of any effeof on the
d.lsperelon of Judgenents related. to ord.cr of preacn-
tatlon.

.Sruqary

A llfted. welghts experlment, ut1lls1ng 30 ës ls
d.esor1bed., the resulüs of whlch d.emonstrate a narked.
psychophyslcal tqrsteresls effect, A further analysle
of the d.aüa ln terms of the response uncertalnty
assoolated. rvlüh t'he varlous stlnull ln both asoendlng

and. descendlng trlals ¡uas undertalcen. iilo rellable
effects assoolated. wlüh ord.er of T¡resentatlon could
bc d.emonstraüed-. Thls experlmentr thereforer provld.al
no support for the vlew thaü the Wsteresls phenouenon

nl8hü prlmarlly reflect d.lfferenocs ln the dlsperslon
rathcr Ëhan centrel tend.ency of Jud.gcmenüs.
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rtE- Aì{AI,ïSïS OF TEI'IPOIì/IL DIFF'ïI&I-NCE
$srrl,iA'Itl ohl DA'r1À

A falrly genêral feature of the resuJ.Ès of thc
experlments reported uslng the neühod.s of magnltud.e
estlmatlon and. category raülng has been thaü the sÈl¡luÌl
used- ln such erperlments beoome d.lfferenülated. accord.:lng
to Èhe1r oosltlon on the stlmulus contlnur¡m¡ &Dd. that ln
general there ls least response uncertalnty about the
end. stlnull of Èhe rar¡ge and. progresslvely more üTrcêf-
tatnty abouü those stlnull üowards the centre of the
range. The general forn of the fur¡cüLon l1nklng rês-
ponse uncerbalnüy and posltlon of stl¡nulus on the
stlmulus conttnur.¡m ls thaü of an lnverted. ü.

An lmpllcatlon of ùhe d.lffercnt amounts of ree-
ponaG r¡r¡oertalnty aeeoolated wlth d.lfferent stlmull ls
ühe asymmetry of the dletrlbutlon of errors of Jufuomcnü
about ühose stlnull. Suppose, for exa.mple, we have
ührce etlnull .4, iì and. C, such that ühe responsê ünoêr-
talnty of A ) B ) C; ühle meens tytet whcn 13 le Jud8ed.
or d.lgcrlmlnated. Lt wlll be confused. wlth A more often
than wlth C, or ln oüher vrord-s that Èhe dlstrlbutlon of
Judgeu,ents abouü :r w111 be skewed. In ühe d.lrectlon of A.
i'lhen the relatlonshlp bEtween rêsponse uncertaLnty of
stlnull and posltlon on the stlnulus eontlnuum ls of
the lnverteù U shaped. klnd., 1t ls clear Ekrøþ thls effecü
w111 manlfesü ltee1f as whet h^as been called. the ccntrel
tend,ency effect.

- tzO
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A.lthorrgh lt sccna reeson¡blc theü aoEG d.cgrcc of
dlffcrcnttaülon of ctlnull nlght bc aohlcvcd ln an crpcrl-
mcnü Gnploytng a falrly valdc range of stlmull' the ra¡lgc

of stInull enployed ln nethods suoh as the nethod' of
conetant stlmulus dlfferences ls usually so small'
coverlrrg as a 

"ul.e 
only a few J.lü.D.s that at flrst

slghÈ lt nlght seem r.rnllt<e).y Elnat any d.lfferentlatlon
w1th1n sqch s small zrange v¡or¡Ld. oocgr. iifeverthelese
the posslble oeourrenoe of etlmul.us dlfferentlaülon
v¡lthln such a small stlnu1us ?ângc, ln experlmente of
thls ltlnd, E¡eema to provld.c a potentlal explanatlon for
the obecrved central tend.enoy effeot.

The d.ata collcoted. ln the experlment on temporal
d.lffcrenoc esÈlnatlon (Chapüer IV) were of a klnd'r tt
w111 be reealled., to pertlt dete¡mlnatlon of response

unoertalntles for eaoh of the V stlmulus values used"

and aooord,lngly they have been re-anaLJ¡sed- üo throw
llght on thls quesülon. Slnce ln thls experlmenü q

vras not permltted. to nafte a Judgeuent of rfno d.lfferencgi,
the d.ate fro'n Sü-St ürlals have not been re-analysed as

thls restrlctlon would r¡nd.oubücd.Iy lead. to spurlously
hlgh values of response uncertelnty assoclaüed. wIüh Stt
and. ùh1s measure wo¿ld. ln no way be oomparable vrlth thc
reêponse uncertalnty values obtalned for each of ühe V

EtlmulI.

iìesponse unoerüalnty vaLuea heve been detemtncd,
for each V stlmulus ln boüh Èhe ,jü-V and. V-,Jt ord-ers of
presentatlon for eaoh å aü each fSI. Slnce eaoh V

stlnulus was presented elght ülmes r¡nd.er eaoh oond.ltlont
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tt ean be aeen ühaü Ùhe maxlmr¡m rosponse unoertalnty
verlue ls .9 bltÊ. The responsê r¡noertalnty valuea
Ìurve been subJect Èo analysls of va¡lance ar¡d the
results of thls analyels are sì.unsrlsed. ln 'Iable )t ¡ 1.

It ca.n be seen thåt there are for¡r n¿ln effeots.
SubJects, ISIs, Ord.ers ar¡d. Stlnull. The SubJects

varlabLe ls fr¡rther broken d.own lnto Groups end, Indlvl-
dual Dlfferences componente; Groups. lt wllJ. be re-
called-, are constltuüed on the basls of the aequencê

ln whlch Ss oonpleted. ühe for¡r experltsental sesslons.
fhe Stlnult verlable hae also been broken d.own lnüo
llalves and. Ind.lvldual Stl¡ar¡ll oonponente 3 the tialvcs
varlable refers to whether tlie stlnuü were above or
below the value of St and. ühe Ind.lvldr¡.al Stlmull
varlable refera to the d.lfferenoes between stlnul.l
wlthln the two seml rar¡ges.

'Ihe varlable lndlvld.ual sülnuil and" the lnfer-
aotlon of ûrders x Flalvee are slgnlfloant at the .001

level. Three sources of varlanoê are elgnlflcanf aE

the .05 level, Groupe x fSIs, ISTs x Ord.ersr and-

Groups x ISIs x Ord.ers x Flalves, The manner of
operatlon of the flrst two slgnlfloanü sources of
varlanoe may be aeen by referencê üo 'Iable XI: 2.

It may be seen thaü the relatlonshlp betrseen stlmulus
value and respo4se unoertalnty ls of the¡ TIoW fam11lar.
!.nverted' u shape fom (nrg. Krs 1). îhc ord'ers x
iìalvee lnteractlon reflects the faot that there ls
apparently more response uncerüalnty about the üoP

sülgrulus seml range on trla}e ln the St-V order end.
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TåE[,E Xf ¡ I
StilM{ART OF ANALTEI8 OF VABIÁNCE OF SSIIHÂTE8

OF ME¡l¡{ RESPoNSE WgEmAINfI PSB ÎBISL
IN TEMPOBAL DIFFEBENSE EsÍTMATION fAsK

gouroe d.. f . S. s. M.s.

SubJoote (S)

Groups (G)

Xnd,lv. Dlf. (fo¡

ISIa

orücrs (o)

stlnull (Sr)
H¡lças (H)

Ind,. ¡ütn. (¡s)
gXIST

GxISI
ID r T8I

Sx0
GxO
IDTO

8¡St
G1ËSt

0xH-
GxIS

IÐrgt
rDxH
rDXIS

ISIxO

2J

3

20

?.t+8.9810

49.oo1o
tgg.g800

1.8205

.2890

5,0t+20
.06I*9

4.977t
I+o,5682

Lo.4922
30.0760

z,l+gïj
.3184

2,trgg

t?.801+6

t.L653
.r079

L.o57t+

1,6.6399

3.203t
13,4362

t.2?22

t6.33
9.999

.6068

.2890

.o649
1..zltl+

1 .166
.50t3

.1061

.1060

F

t
7.1+o

P

llotr
,001

I,63 B. ! .

1.el n.8r

2,73 nrtr
3

1

5
t
4

69

I
60

2,33.O5

1 .00 T1.8.

23

3

20

Lt5
t5

3

t2
100

20

80

,o3597
.08812

<L
<L

lloto
lll. t ¡

.1602

.1680

.l+z4Ù3 3.16 .05
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IABLE ]Gr t (Conttnucd)

Souroc

ISI X SI

ISI X IJ

ISI T IS
OxSt

OxH
OXIS

SxISIxO
GxIEIxQ
fDxISIxO

gXISIXST
GXISIXST

GXISIXII
GxI¡JIXIS

IDXISIXSf
IÐxISIxft
IOxISIXI$

SxOxÉt
GxOxSt

GxOxH
GxOXIS

IDx0xSt
IDxOxli
IÐxOXIS

ISIxOxST
TSIXOXH
ISIxOxIS

E.S. M.S,d.f.

t5
3

t2

5
1

¿l

6g

9

60

345
t+5

9

36

300
6o

?40

2.0657
.t503

L.9t5t+

5.5706
Lr.gizo

.6J96

9.250L
t,183)
9.0668

.05010

.!596

F

<t
1 .30

P

lllr I r

tl¡8.

I+0 .52t8
3.26t3

.g2zo
2.3)93

37.3L05
?.96L3

29 .3t+92

t6.tll.86
t.ggtl?

.2358
1.6489

t4,2639
3.4t3O

10.85og

2.0665
.6397

t.t+268

t+.9i2

.t58t+

.t3t5

.t344

,t7o?
.t356

.2L32

.1189

28.9
t.L7

.oot
E.l.

<t rlot.

tl.l r

flrtr
.tozu <t
.06498 <L

.t327
,1,223

.0?960

.1.374

4
1 .01

tlote
ll.l.

tt5
t5

3

t2
100

20

80

t5
3

t2
t.BZ nrl¡
<t n.r.



Souroe d..f .

S xISIxOxSt 3tt5
GxISInorSt 45
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GxISIxOxIS 36

IDxISIxOxSü 300
IDxIsIxoxH 6O

ID x TSIIO x IS 2I+O
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TABTE )Ë[: t (Cont!.nucd)

3.S.

tg,6302
6.o?lo
2.2638
3.8072

37 .5592
7.0235

30.5357

I{.S.

.25t5

.1058

.tt?t

.t272

F

2.t5
<t

1. Bg

t.73
1. 81

p

,O5
ll¡ !.

Total 1151 t+37 .5193

TABLE E: 2

HEAN BESPONSE I'N6ÏtsRÍAI¡MT PER TBI.åL
TN ]]IÎ$ IN T,CIiIPOßAT DIFFEREI'TCE

T'STIIU.{TTON îA,SK ACCOiì,ÐI}üG ?O
VAI,UE 0F S'IIITULUS. Slli',iI-

RA¡TCE AilTD OBÐER OF
PBESENT^{IION

ûrd.er of
presentatton

St-V
V-St
Conblned.

.6

t.7!
1.89
1.80

.7

1.74
t,g5
1 .81+

t.82
1.75
1.?8

Top
lOul.
rürgr

1 '9(
1.fr
1.õ

Stlmulus (secs. )
.8 Boüto¡n 1.0

seml-
range

t,go L.78 1,gB
L.gg t.gl+ r.gt
t,gl+ 1. 86 t.g4

t.t t,2
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ùd.er of experlmental eegelon

t234
!.?B 1. B5 t.77 1.73
t,g3 L.g+ t.gs t,76

about thc botüom DÌnl rangê ln ühc V-Sü ord.cr. $lnOc

the e¡alysls oontslne so me.ny 1n01vld.ua1 sourocs of
varlånoê no greet welght shoulfl be placed on souroêa

whloh eohtGvê ¡lgnlfloanoc aÈ on].y the .05 level.

Alühoryh 1ü ls not posslble to lnterpreü the
quadruplc lntereotton (ta¡Ie XI ¡ 3', wlth any degree

TABTE lG ¡ 3

MEAN RESPONSE I¡NCERTAINNT PER TBIåI, IN BITS IN
TEMPORAI. DIFFEBENCE ESTTMATION TA,SK ACCORDINC
TO STII{I'LUS SEI¡ÎI-RANGE, ORDEB OF PRESENTATION

AND oBÐËrl oF EXPTIRIMENTAL SESSION

Ord.er of
presenùatlon

,:it - v

\¡ - ijt

Scnl
range

(bottom

Iton

bottonr(
(
(

1.86
1. 83

2.Ot
L.B9

2.O5
L.7 5

.86

.72
t
1pto

of preclslon and. 1ü 1s of marglnal süaülstlcal slgnlfl-
cance, thls flndlng appe,ers to be conslsÈent wlth the

flnd.lr¡e ln the orlglnal analyees of these results
(Ctrapter IV) thaü contlnued. experlmentaülon has an

effect on the constsnü êrrorr The comblnatlon of
Groups x ISIs tnpLlcatcs the lnvolvemenü of old.er of
experlmental sesslone a¡1d 1ü ls clêar that lnequalltlee
ln ühe nr¡mber of Flongertr or tehortertr Judgenents must

resulü from the lnteraoülon of Ord.erg :c iialvee.
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Dlscusslon

'r.he resulta of thls analysle hava strll<lngly
conflrured that d,lfferentla1 rGsponse unoertalnty valuoa
are assoolated. wlùh dlfferenÈ value¡s of eülnuLl wlthln
ühe enall rengG enploycd 1n thls cqgerlnent. .F\¡rther-
norc ühe naüure of the rclatlonshlp betwcen ühcse üwo

varlables ls fhe now fanlllar lnverted. U. Thl.s sa¡
only mean ühat the cffeot¡ of 1n01v1d.ue1 st1nul1 ln
ühls slüìratlon are ned.latcd. by some form of lnüernallscd.
sohematlc representaülon of the whole set of stl¡oull
enployed. I'he effcoÈe of lnd,lvldr¡¡I eütnult are noË

explloable cxcept wlthsut rcferenoc to thelr posltlon
wlthln the set of all sÈ1nuil enployed. ln ühe experl-
uent, and. thls appears to be lnd.epend.ent of the slze
of the sülmulus rar¡ge.

Thls ls, und.oubüedly, a flncllng wtth fa¡
reachlng lmpllcatlons for the whole a.rea of sensory
measurement and. one whlch, slnce lt has not prevlously
been demonstrated, has not been fully appreclated.

A second. reLatlonshlp whlch has been revealed
by thts analysls, thaü ls the effects of the Ord.ers x
Ha1ves lnteractlon seeme üo throw some new llght on thc
und.ersüandlng of consüant errora. In the Sf -V ord.er
of presentatlon ühere 1s most responae uncertalnty
about stlmuIl ln the üop lralf of f he range. whereas

ln the V-St ord.er there ls most response uncertalnty
about sttnull ln ühe bottom half of the rar¡ge. Ihls
mêans, ln effecü, thst stlnull falllng ln the nld.d.Ie
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part of tlre renge Êrc relatlvely morê llkcly to ba

oonfused. wlth stlrnull at the top end. of the rangc rEhcn

the trlals are admlnlstered. ln the Sü-V ord.cr and. wlth
etlÌ8u11 at thc bottom €nd. of the ra¡lgê !rh.n the Ërlal¡
are edml¡lstcred. !n ühe V-8ü order, Thls ¡uot¡J.d., of
Oourse, Lead. to a prepgnd.cfanoe of rlOngcrd reaponseÉl

over the oorrree of the cxperlment end guch a pxcpon-

d.eranoe ls conventlonelly spoken of 4s a negatlÛc corl-

stant crror.
üe the baels of thls anâ1y818 tt woul'd' appeer

thet consüant er¡.ror6 d.o not refleoü eny lntrlnele bles
of the d.lsorlnlnatory nêohâr¡lsn but rather that thcy
are a refleotton of the as¡rmnetrleaL d:lstrlbuÈlon of
errors of Judgemcnt. It would. further appear ühat
ühe occurrence of consüant errors ls an artlfacü of
the use of measgres of central tend.ency of performance

whlch are elther not approprlate to cond.ltlons where

errors are d.lsürlbuted- asJnnmeürtcall5 or else whlch

oonceal thaü fact. Thls ls not to say that constent
errors constltute a PseuÖo-problem - they d-o not;
they ane a manlfestatlon of a very real phenomenoll -
the d.lfferentlal preclslon of Jud.genent r¡nd.er d.lfferenÈ
oond.ltlons. They are not, however, a reflecülon of
d.lfferences ln central tend.ency of Jud.genent und-er

d.lffcrent condltlons .

It seems qulte cLear that the hlehly slgnlfl-
oant Ord-ers x lialves effect must be responslble for
thaü aspeot of performarÌoe whlch has prevlously been

caIIed. the constant error but lt Ls not altogether
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olcar as to why suoh an effeot should be obgerved.

the followlng explanaülon ls ücntatlvely suggested.

but lt ls aoknowledsect Èhat lt musü be subJeot to
lndepend.cnÈ cruplrloal oonflnnatlon.

It l¡as prev!.ously bccn euggcsüed. that rchenevcr

stlnull aganged. on €r elngle stlnulus dl¡nenelon are
presented., a nr¡mber of tlncs, some form of lnüernallc¡d.
soheuatlc represcntetlon of Èhe stl¡ulus range ls bull,t
up and, ln general. ühoec EtlnuLl at both end's of the

range are most olearly d.lffcrentlaüed. whcreaE there ls
progresslvely lcea d.lffc¡cntlatlon of ühose Etl¡nult
toward.e the oentrc of the ¡range. It oan be expeoüed.

that evldence of such a relatlonshlp wlll be u¡oovered'

1n aII exlrerlments of thls type but 1ü can aleo be

expected, that und.er certatn clror¡metances thls relatlon-
shlp nlght be obsoured. by propertles of the reaponse

system whlch 1e belr¡g used as a basls for Inferrlng thc
propertles of the lnternallsed" schematlo representatlon
ôFr ln other lrord.s, for extcrnallstn8i ühe schema'

In ühls experlment the properüles of the schema

âre betng lnferred. on ühe baels of a oomparatlve Judee-
ment sltuatlon. In oomparatlve Jud.gemenü sltuatlons
1ü seenoa to be a well establlshed prlnclple ühat the
error of Jud.gement ls proportlonal to relatlve slze
of ühe oompa^rlson to be mad.e a¡d. that as the relatlve
slze of the d.lfference between the two stlmull to be

oompared lncreases so d.oes the êrror or ullcertalnüy of
Ëhaü Jud.genent. In ühe oasê of St-V trlaler thereforC.
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we Elght expect on thls basls thet there wouLd. be mon
uncertatnty about the outoome of tr1a1s ln whloh the
largesü d.tfferences a:ce be!.ng oompared.. 'Ihls patently
d.oee not occur ln thls experlment and. lt must be con-

cLud.ed., ühereforc, ühat ühls effeot ls obscured by a
nore robusü effeot, that ls the grad.lent of dlffeltoll-
tlatlon of lnd.lvldual- etlnr¡1l wlthln the ra.nge. ll'he

facü that these two prlnclplcs apparently oppose each

other ln thls sltr¡atlon mcâ.rls that thê cur¡re of dlf-
fersntlatlon (1.e, rosponee unocttalnty plottetl a€;alnct
sËlmu}us value) obtelned ln ùhls cr¡rcrlnent most oGxt-

talnly r¡ndcreetlmaües Èhe relatlvc d.lfferenoc bctt¡ocn

stlmrrll wlth respcot üo thls varlab].e' In oonsld'erlng
the operatlon of ühle factor ln St-V trlals lt ls
lnportant üo see that the two seml ranges of stlmull
are ldenüloal wlth respect to thelr relatlve d.lfferenot
from the Sü; thus both .6 sêce and 1.2 sec. oornpared-

wlth the St of ,9 sec. produce a relatlve d.lfference
of .33, .ii'or thls reason both seml ranges are slnnme-

trlcal from thls oolnt of vlew and. ühl.s consld.eratlon
oan not be ad-vanced. as an erplanatlon for the aslannûe-

trlca1 response Ìrncertalntles assoclated. wlth the two

seml rangiea.

The larger response uncerËalnty assoclaüé:d- wlth
the top seml range ln the ,St-V ord.er seemsr thereforet
to reflect some genulne property of Èhe underlylng schom.
It would. seem pJ.auslble to accounù for ühls by the
relatlvely srnaller d.lfferenoe between ad.Jacent stlmull
ln the üop seml range gLvlr¡g rlse üo greater confuslon
of ld.entlty or uncertalnty.
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In the case of trle1s ln the V-St ord'er lt d.c'Es

seom that the obüalned. eeJra¡letry can be atürlbuted' to
a r€spon¡te fector rather t,hån to the propertles of tltc
wrdcrlylng eohema. In V-St trlals an ld'entloal
sülnulus le oompared. wlth one of any elx V etlnull
whloh servc as Èhc baels for eomperlson¡ .9 oompared'

wlth .6 Eêor glveE a rel.eÈlve d.lffexenoe of .J whereas

.9 eco. oomparÊd. wlth t.2 iøo. 81ve¡ a rolatlve d.lffct-
cnoc of .25. It oar¡ bc sccnr thcreforer Èhet tlrs elzc
of the relatlvc d.lffereaoc Èo be estLmeted. d.ccreeseÉ a3

rüü Eutocnd. the sütmulue range and thls factor would. seen

to provld.e an ad.equatc reason for the as¡nnmetrtes
observed. ln the V-St ord.er when there ls more responÊe

r¡noertalnty 1n the botton semt range.

Sunmary

The d.ata from the tenporal d.lfference estlmatlon
task (Chapter IV) have been re-analysed ln terms of
estùnated, response uncertalntles per trlal. IÈ ls
shown tlnøt ühere ls a lnverüed, U shaped. relaülonshlp
betwean stlmulus value and. response unoertatnüy and.

thls appears to provld,e an erçÌanaülon for the oentral
üend.ency of Judßement. An adctltlona]. flndlng ls mad.e

ooneernlng the effect of ord.er of sttmulus presentatlon
whlch, 1Ë ls argued., provld.es an explartatlon for con-
sùant errors.
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ATTDITORT INTENSITT DIFFERENCE ESTIMATION

The re-analysls of thc d.aüa from the tcnporal
dtfferenco eeÈlnatlon üaslc has provlded evld.enoe thaË
perfornanoe ln thls eltuatlon ls nedlated by an lnüer-
naltsed. reprer!êntaüton of ths etlnulue array whlch ls
best d.lfferentlaÈed wlth respeoÈ to the Ècrmlnal stlut¡J.l
of the array and. lese wcÌl d.lfferentlated. wlth rcapcot
to ühe ntdd.Ie stlnuil. It w111 bc rcoellcd, howcvcp,
that no dequaln Judgenents v¡erê pcx'Blttad. ln thls 6x-
perlmcnt and. beoause of thle 1t was noü posslble to
obtaln a ploture of the degree to whlch St became

dlfferenülaüed from the oüher sülnull ln the amay.
Slnce Sù ls r¡resented. on each trlal and. therefore slx
tlnes more frequently ükran arly of the V stlmuIl (lf
slx V stlrnull are employecL). tt rnlght þe expecüed.

ühat ùhe fìt stl¡nt¡Lus would. become rather betüer d-lf-
ferenttated" than the other stlrnull of the ârray,
ïf ühls expeotatlon were fulfllled. ühe usual lnverted.
U shaped. relatlonshlp between poslülon of stlxxuJ.us ln
the stlnulus array and response uncertalnÈy would. be

compllcated. by a dlp ln the peak of the ourve
assoclated. wlth St. '.['he alm of the followlng e)rperl-
ment was to provld.e the oond.ltlons for thls result to

-132-
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bc obEerved., Rathsr than utlllsc a tomporel dlffcrcno.
estlnaülon task ageln lt waa d.eold.cd. to utlIlae an

audtüory lntenslty d.Iffcrênoe cstlmaÈlon task so that
lnold.ental llght mlght be ttrro¡rn on any dlffcrencêE
between Jufuernents of aud.ltory d.uratton and. audltory
lntenslty.

i4eühod.

FouÌ separate stlnuLr¡s sched.ules rcre FTe-
reoord.ed. on tape uslr¡g a 11000 ru tone. Therâ was

onê sched.uLe for each of ühe ISIs 1, 2. 4 *,6 seoonds.
Ëaoh sohed.ule conslsted of 104 trtals amanged ln
elght oonseoutlve blocks of ühlrteen trlals. krlthln
each block of trlals there was one Sü-St trlal, slx
St-V trla1s and slx V-St trlaLs arra¡rged. ln a dlfferent
random order for each block; ühe Ouratlon of each

stlmulus v¡as one seoond., 'i'he St had an lntenslty of
80 d.b. (s.p.l.) and. Èhe V stlnuIl were spaced s]fltr-

meÈrlcally about St at tntervals of 1.5 d,b. Control
of stlmulus lntenslüy was aohleved by the use of an

aoourate attenuator süepped. ln .5 d.b, steps over a

range of 10 d..b. whlch was butlü ln the workshops of
the Psychology l]epartment.

thlrty two PsychoÌogy I süud.ents fulfllllng a

oourse requlrement aoted as !s. 1'hey ïIere tested.
lnd.lvldually 1n gesslons lastlng abouü half a¡r hour
and spaced- at least one d.ay apa.rt i a short regf
pause r¡as lntrod.uoed. half way throwh the expcrtnent
whlch lasted. about 30 nlnutcs. Thc Se llere dlvld,ed
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lnto for¡r groupsr eaoh of whlch completed Èhe experl-
nenÈal sesslons ln a dlffsrent ord.er.

At ühe oomynenoenent of thc eesslon the reoord.ed'

lneüruotlone (Appcndlx F) wcrc playcd' to Ë through the
head. phonee, ât the ea¡nc ülme S could. rcad ühcse ln-
struoülons on a prlnted. carù. ¡'lvc pracülce trlals
whlch oovered. ühe whole sülnulus rangc were glven at
the oonplctlon of the lnetrucülons.

The task whloh wae rêqulrcd. of S was st'nllar
üo that of the prevloue ùlffcrenoe eetlnetlon tesk
(Chapter IV) but vrlth aomc eesentle]. ôlfforeneec¡.
'l'he soele conslsted. of 49 1 cttrr 6qua:re8, ühe centre-
nost of whlch rsas col-or¡red black, whtle ùhe remalnd.er
were alternaülvely brown and. orar:ge; 5 was perrnltted
to make Judgenents of rno d.lfferenoenr ) Eytøt ls to let
the cursor remaln ln the black aquarer but was lnstruc-
üed as to the actual proportlons of trla1s ln whleh

there would. be no d.lfferenoe between the üt'ro stlmull
(1.e. 1:13). Ehe ends of the soale rùere label-Ied.
nsoftern and. rf loud-ertr.

'lhe d.ata from each å aü each sesslon were sul¡-
sequently transposed onÈo a separate rratrlx for each

klnd. of trlal (1.e, St-V, V-St, and. St-St),

Itesults

Contlngent uncertalnty estlmaües were deter-
mlned. for St-V, and V-St trlals and. these have been

eubJect to a three wey analysls of verlar¡ce. The

suÐnrrry of ühls analysls mey bc aeen ln Table )GI: 1.
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ÎABI"E XIf I 1

SIMMART OF ANAIYSIS OF VåNIA}ICE OF
CoI\nINcENl ITNCEBTAINTT IN

AUDITORY INTENSITÏ
DIFFERENCE DSNESIÐN

TÀSK

Soutoo d.. f .
SubJcote (s) 3t

Groups (c ) 3

Indlv. Dlf. (fo¡ 28

'ISfs 3

ûrd.erE (o) 1

SXIgI 93

GXISI 9

ID x ISI 84

Sxo 37

Gxo 3

IDxo 28

ISIxo 3

SxIsIxO 93

GxISIxO I
IDxISIxO 81l-

s.s.
t+.zriiï

.J5876
l+',t+lM2

.t+St59

1,89682

2,11,0782

.tg4gg
2.2t289

1,'.3832
.o8459

L,O5373

.11¿138

t.?7t3t+
.TLÙ5T7

1.62617

M.S.

.t1.96

.t5?7

.t505

t.8g?

F E

(f n¡E¡

5.77

5þ.1+

.01

.001

.02t67 <r

.o2631þ

.02820 <t

.03?63

.0381.3 t.97

,0L6t3 <1

.0!936

ltrt r

E¡3 r

ll¡1.

11.3 ¡

TotaÌ 25Lt !2.55365



-t36-

Thr Ord.ere varleb1o le slgnlfleant at the .001 Leve1.

Thls arlsee fræ ühe uEue1 eupcrlorlty of perforlaanoc

on St-V ür1als¡ on thls oooaslon a moan oonülngenÙ

r¡noertalnüy of t,gt blüs pGr trlal for St-V trlals aB

agalnst L.?l+ blts for V-St trlals. Thc ISf varleblc
ls slgnlfloa¡rt at thc .01 leveL and. lts aotlon ls
llLustrateð ln TabLc )ClI ¡ 2. The reeu.lts suggest a
relatlvely raptd d.ctcrtoratlon of pcrformanoc over
the lnterval" bctrcccn I and 2 eccond.s Èut a muoh

slower rate of d.eollnc ühcreafter.

TASLE XII ¡ 2

I'IEA}T CONTINGENTÎ UNCEBTATÀITT PEB TRIÂ.L
IN BITS .AT VANTOUE¡ TSIS

ISI (seoe. )

T contlngent unoertatnty
per trlal

1 ? 4 6

1. Bg t. 81 7,.82 1.78

Response unoertalnty estlmates for 3È-V and.

V-$t trlals have also been eubJect to anaLysls of
varlanoe wlth four maln effccts¡ SubJects, ïSIs,
ffid.ere and. Süluu11. .A sub classlflaatlon of the
SubJects varlable lnüo Groups and. fnd.lvld.ual etlmull
has been mad.e. A summery of thls analyels ls oon-
talned ln Table Ef ¡ 3.
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TABIÆ XII ¡ 3

SÌTT'IMAIIY OF .ANATYSIS OF VARIANCE OF RESPONSIJ
UNCEBTÁ,IN T IN ATJDITORY INTENSITY

DIFFERENCE DSI'EGTION TAS¡K

Souroe

SubJects (s)
Groups (c )
Ind.Iv. Dlf . (ID)

ISIs

ord.crs (O)

S1;1mu11 (St )

ilalves (ii)
Ind., Stlrn. (ts¡

SxISI
GxfSf
ID x TSI

SxO
GxO
ïDxO

SxSü
tixSt

GxiJ
GxIS

IÐxSt
ID X I,i

IDxIS

ISIxO

d..f.
3t

3

28

93

9

J1

3

28

1,55

1,5

3

t2
140

28

1.t2

t.t65
2.35L

t.L58

.4650

.33t4

.6L78

5.32

2.28

L.70
I+.21+

.01

tL.3.

tl.lr
.01

3

1

5

1

4

s.s.
69.323t3

3,L¡9LI1'6
65.82897

3.1t7373

.46499

2.80277
.33138

?.47L39

?'0.53627

2,25521
18.28106

7 .1888¿l

I,48409
5.?OLþ7 5

23.22L85
j..LÐO6j

.088þ6
L,3l+2r?

21.79t22
5.t+56t+L

t6 .:34Bt

.26838

l{,s. F p

<1 n.8.

8¿r

.2506

.2L?6

.4947
-2037

,o2g4g <1

.1118 <1

.Lg49

.t458

,08946 <1

t .15 rtot.

2.43 n.|.

fI.f.
ül.l.

3 ll¡1.
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TABLE XIIr J (,Contlnucd,)

Sourae

fSï x St
ISI X Iì
IST x IS

Ox,5t
Oxll
OxIS

9xISIxO
çxISIxO
ïDxISIx0

SxIsIxSt
GxISIXSI

GxISfxli
GxISIxIS

IDxISIxSü
IDxfSIxri
IDXISIXIS

SXOrSü
cxOxSt

GxOxIi
GxOxfË

IDxOxSt
IDxOxH
IDxOxIS

IgIxOxSü
fSIxoxH
ISITOXIS

d.f.
t5
)

t2

93

9

84

465
t+5

9

J6
4zo
84

336

t55
t5

3

t2
140

28

tt2
t5

3

.o1.256

.2273

s.g.
2.?654?

.03768
2,727?9

5.89685
2.60969

3.2871,6

to.t657o
.5?951"

9.586t9
ll8. 88316

Lt.o6??8

.970?9

3.09699
44.8r538
8.30653

36,50885

20.7Ù7tg
t.8gt72

,2t+733,

t.64439
L8.8t547
6.3??t5

1.2.1+3832

3.07t5t
.39062

2.68089

î.{.s. F p

<1 n.r ¡

2.O9 .O5

5

t
I+

2.61"Q

.8218
Lt.5

7.1+o

.01

.001

.o6tgg <1,

.1141

flot.

7- .O9 ll.lË .

<1 Ír¡r¡
.to?9
,08603

t2

. og88g

.10 87

.0824tt <L
,t370

.2?7 B

.1111

.13O2

.2231+

ll¡ t.

t.3:l noto
2.oo .a5
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SxISIxoxSt M5

,ixISIxOxSt t+5

Gxfslxoxll 9

CxISIxOxIS J6
IÐXI,SIXOXST L+zO

IÐxISIxOxTI 84

IÐxISIxoxIS336

ISI (Sece, )
1 response uncertalnty per
trlal

-Li9-

TåBLE IGI¡ 3 (Conttnucû)

s.s.
5t .3'46ot¡

5.56032
1 .t606?
ttJ996 j

t+5.785?2

8.tgt+tJ
37.59t59

1

2.L9

l{. s. FP

.t?90

.1222

.097 55

.tL19

L.32
1.09

tl.tr
ll¡ 8.

Total t,535 27o.11588

It oan bc sccn ühat the ISI varlable ls slgnl-
floant et the .01 level, refcrenoe üo lable XII ¡ l+

s.nøws t,hat there appears to be a gcneral trend.r es n18ht
bo expcotcd-, for rceponsê r.nocrÈelnty to lnorcees wlth
lengühenlng of I,5I although there ls Bome lrregularlty
tn ühle trend. aseoclated. wlth the ll seoond. ISI for whloh
no obvlous explanatlon ls aù hand..

I.AI3L|, XII ¡ 4

MEAN ¡ISSPOI\ISE UNC.ERI'AINTY PEË 'ITìIÄI,
IN BI,.CS AT V-A}TIOUS ISIS

2

2.24

4

2.t6

6

2.29

.fwo sourcee of varlence aTe slgnlflcant at thc
.05 level (fSf x IS ar¡d. ISI ¡ O x IS) and no lnüerpre-
tatlon of these wtll bc attcnpüed. 'Ihe reualnlng
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slgnlflcarrt souroGa of ve¡.lance ere Indltvld.u¡I ctluull
(.01), o'rd.ere x Helves (.01) anA ord.ere x Indlvldua].
stlnult (.001). The operatlon of thesc varlablcg¡ may

be clarlfled. by reference to Table XII ¡ 5.

ÞIEÂI{ ITESPONSIÊ UNCERTAINfT PER TRIAT
TN BTTS ASSOCTATED l,JITPi INÐIVIDUÁI,

STII.IULI IN ECTTH ORDERS OF
PRESENTAIION

ûrd-er -l+S

St-V 2,7.t
V-St 2.28
T z,!g

Stlnulus
_3 .0
2.t8
2.30
2.24

¿Jt. . X Top
'-'JEOûrengc
2.tr, 2.26
2 .2I 2,21
2,t6 2.23

(d.b.-of attenr¡sülon fron St)

-!,5 "Lil:Hä. 
+!.5 +3.0

2.t5 2.t4 2.36 2.3O

2.2! 2.26 2.t? 2.21+

2.t8 2.20 2 .26 2.27

Part of ühls d.ata has also 'been represenüed. graphlcally
ln Flg. )EI: t ln whlch the mean response uncertalnty
for st-st trlals (2.0L blts) ls also represented. Iü
ls clear tlnatr âs had. been pred.lcted., the usual lnvertod.
U shaped. relatlonshlp between response uncerüalnüy and.

posttlon of the stlnuÌus ln the stlmulus amay has been

conpLlcated. by a marked.ly lower value of response ìlrl-
cerùalnty assoclated. wlth $t¡ oertaln oüher features
of these results wlLl be retrrrned to subsequently.

'r'he d.aüa froa Sü-SL trlals have been classlfled'
accordlng to wheüher Ùhe second. sülmr¡lus was Jud.Sed. üo

be etther rtloud.errr or 'rsofüern. 'r'hese data hsve also
been subJeot to anaLysts of varlance (raule )(II ¡ 6).
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ÍÀBtE KII ¡ 6

SIII'II,IAJIT OF .A.$¡A.tYSIS OF VARIAI'{CE OF

NUI'{BERS OF 'ILOUDEBII ANÐ Ë8OHT'ERII

JTIDGEMEìüIS ON St-St TRIALS

Souroe

SubJeoüe (s)
,iroups (c)
rnd"lv, Dlf . (tu¡

Rceponsca (R)

rSIs

Sxll
GXR
fDxil

STISI
GxISf
ID x ÏSI

RxïSI

ÈxilxISI
GxITxISI
IDxiì.XIST

d, f.

3t
3

28

1

3

3t
3

28

93

9

84,

3

93

9

B¿r

2.889
3.32t

98,75

3.566

6.733
8.256

1.108
.gtgt

1"9.+t

?.?61+

3,t82

t2.O

3.88

<L

s.s.

101.6523
9.6690

92.9811,3

98.7539

,,o.6992

25L.37tL
20.Lggz

23t.L779

8? .t7 58

9.9726
77,-2032

59,?30 5

33?.t445
69.87Bg

26?.?.656

lq.s. !' p

( f n.t.

.01

.Q5

llr!.

t,2L o¡ú¡

6,L0 .01

2.4r+ ,05

'r'oüa1 255 945.0273

The Ì.ì,esponses varlable le slgnlflcant at the .01 level
and. refleote an overall tend.ency üo mske more nloud.err

responses or a negatlve oonetant snror. The IsIs
varlable lp slsnlflcant at the .05 level and. reeults
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fron a tEnd.cnoy for Eo¡tê nloud.srt a¡rd. üsofterr ¡nd'

henqc lnOorreOt rcsponeca to bg Eed.e el ISI lngTeeseg.

The lntcraeÈlon Rceponsês x ISIE ts algnlflcant at
thc .Ot level a¡d. appcars to rggulü fÌæ a rath¡r norc
pronounocd. ncgattvs oonstant clflror ¡t tho 6 seoond. IBI
tha¡r at other tntcrwale. All of thcee ührce effeots
ere lllustrated. ln Tablc )üI ¡ ?, whllc Teblc lüI: I
l1luetraües the noðe of actlon of tho ¡lsplfloanË
(.05) croups x Rcsponscc x ISIr lntcreeùlon.

TABT,E }GI I ?

MEA]Ù NUMtsEB OF TILOT¡DMË .$ID IISOFTERfl

RESPONSES ON ST-Sü Î TAI,S ACCORDING
TO MIIEB-STIHULUS I¡IIEBVåL

X

X

X

ilouderd
Ésofterfl

T nLoud.er*

T Feofter0

ISI (gece. )

Ll, 6

2,9 u,l+

2.3 t,6
2.6 3.0

t
3.1
1.8
2.5

2

2.9
2.6
2,7

3.3
2rt
2.?

TAELE XII ¡ 8

I'ÍËA¡ü NUI.IBER OF TLOUÐERT Ai{D IISOFTSR'I

iI]ISPONSES ON ,St-St îRIAIS ACCOBDITüG
rO ORDER OF EXPERIMENTAL SESSION

O¡rd.er of eeselon
129t+

4.3 3,3 3.2 2.6
L.7 1.8 2.2 2.7
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fn thl¡ üebIo rctponror ant errcngcd tooord,lng to ord.cr
of ¡c¡rlon rlnoo lt l¡ on üIrl¡ be¡t¡ thrt thr Oroupr
ürrc dlffcrcntlatoû¡ lt e¡n bc rÇcn thst üho oongtônt
cnror rppcær ùo ûcsllnc ln ¡ rcgt¡la¡ fa¡htoa rlth
lnors¡lcd. orporln¡nüoülon.

Dlaou¡rloa

fhc f!,nülug¡ of thlr crpælucaü rlûh recpcot
ùo thc rff,coü of, I$f on oonùlagont urocrtal¡rüt, Ia¡gely
oonflrt üh¡ ploturr rhloh he¡ pmviowly rnægod rtth
rcr¡rcoü to ¡uètÈory lnücnclty l,nf,oru¡ülon, Èhiù lr r
4co11rc ¡e IflI lnsro¡æ!. llho ftndlag conecrnln6
thc n¡turc of th!,s d.ooLlnc rtcËs to bc oon¡latcnt rlth
ühr vlcr üh¡t, tn oonnoa rlüh othcr Eraory Þrooctrcat
Èhc rrüc of, ðoollnr ðcorc¡rcr ovor tluc.

fho oonplor rcl¡tlourhlpr bctrccn r.lpoatf
wrocrt¡lnüX, ord,cr of prcccnt¡tlon and. ettuulw valur
rhloh rrc cho¡m ln Elg. lGtrl 1 rÇcu üo bc Eultr oon-
sl¡tcnt rlth üho lntcrprrt¡tlon üugg.rtcô ln oonncoËlon
xlth t'hc anelyrt e of thc ûaü¡ f,ron ùhc üruporel êlf-
forcno¡ d,ctcotlon t¡¡k (Chrptcr ¡G). Thtt le ü,h.t
thcrc 1¡ a b¡¡lo lntr¡nalt¡rô aohcnrùlc rtlrrGrcntrtlon
of, thc etfu¡uluc ¡rrry rlrl.oh 1r rrthcr b¡türr ôlffcrcn-
tlatcd. ¿t thc betüou rnû of, the aùtur¡lus rrrly th¡n rt
ùhc Èop bcoaurc hrro tho lad,lvt ttu¡l ftluuIl rro ¡Itr¡rtod
rt grmter rcleülvo ôlctstro.! to tho rud. ¡tlnr¡Iu¡ thrn
rt thr top ond, of thc cülur¡lrrl ttÌrtf,r Thlc !.nfo¡aaÈlon
cbout thc ¡ohcn¡ l¡ only crtortr¡Il¡cd, ln üha oontort
of ¡ oon¡ræaÈtvc Juûgcncat tltuaËton anê ùho plotum
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whlch Gmê?ges ts to somc ertent d.etermlncd. by ühe

gencral prlnolplcg of oomparatlve Judgcncnü and, ln
parülcula.r, by the fact that thc varlance or unccrtalnty
aesoelaüed rvlth Judgcnents of d.lfferenccs le a d.lreot
funotlon of ühe slze of the dlffercnec.

The relaÈlvely snall uncertalnty values
assoclated. wlth St-Sü Jud.geruents mugü, to some exüentt
refleot the faot thaü the eLze of the d,lffercnoe belng

Jufued. 1s zeîo and. oonsequently the varlanee assoolatcd
wlth those Jud.genents w111 þe mlnlmaL. fn adûlülon
1ü roust also reflect a relatlvely better d.lfferentlatlon
of St w1ühln ühe lnüerraallsed sohema as a consoquenoe

of tts more frequent presentatton. Slnce St Is âPPrG-

clably better d.lfferentlated. wlthln ühe schema whlch
med.tates performanoe, lt le üo be expeoted. thåt Pêr-
fonnance on these ürtaLs ln whlch St ls used. as the
basls for comparaütve Judgenenùs (1.e. st-V) w111 be

superlor to performanoe on trlale ln whloh a less icelL
dlfferentlated. sttmulus ls useÖ as the basls for com-
parlson (1.e. V-St), It ls thls fact vshlch seems to
underly the very robust ord.er effecte obseryed. 1n

erperlnents of thls klnd.

In the Sb-V slÈì¡^aÈlon the d.lfferences beüween

St and V assoclated wlth each of the V stlmull are not
syrnnetrloal for each of the stlmulus sent-ranges
because the stlmuLl are evenly spaced on a d..b. seale.
fhls means thât the relatlve d.lfferences beÈween stlnull
ln the top sernl-rar¡Be and. St are greaüer than those
between stlmull ln Èhe bottom Ecml-Teinge and. St. 'fhls
faot, comblned wlth the r.md.qrlylng asymneüry of the
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stlnulus sohena, Ðppears to account for the vcry na¡ked.

asynnetry observed, ln thls experlnent.

In the V-St sltr¡atlon the flrst sülnulus P36-
sented" (1.e, V) BelrreÉt as a basls for eomparlson¡ ühe

eLze of Sü relatlvc üo V ls of oou¡ec nuoh greater at
the boüto¡n end, of the etlnul.ue rengê ühån at ühs üop

and 1ü appearc üo ba thle faoü lrhloh auperlnposed.
upon the etruotu¡e of ths sülnu].ue gohcna whloh glvea
rlgc to the grcatar rêsponce r¡ncertalnty ln the bottoq
stll¡ulus seml-rangE.

fù has not bcan poaslblc to denonstrate ln
thts er¡rerfunent any effeots of prolonged experlmen-
tatlon on response ì.Èloertalnty for St-V and. V-,St trlals.
ft wlll be reoalled. that the Groups varlable d.ld. not, by

ltself or ln lnteraotlon wlth any other varlable, aoü as

a elgntflcant sol¡rce of varlarioe ln ühe anaì-ysls of
these results ('rable KII ¡ 3, . If il'able' xrr ¡ 8 ls
referred. üo, hor'rever, lt may be seen that prolonged
experlnentatlon has had. an effect on the relatlve lltlltr-
bers of trloud.erñ and 'úsofüern responses or the constanü
6110r. By the fourth sesslon Èhe eonstant error appears
to have d,lsappeared.. Table "XII ¡ 7 also lndlcates sollc

charlEes ln the constant error assoclated. wlüh ISf.
It v¡ou1d. appear, therefore, thaü ühe plcùure rovsaled
by a response r¡noerüalnty analysls of thls experlment
whlle belne very lnfomattve ln aome respeoter does noü
pemlü the deflnltlon of some of the nore subtle aspeote
of performanee ln thts slÈr¡atlon.
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AË 1n prevlous experlments Ss complêtlne fhl¡
task FerG aÉked. hor¡ they went abouü reuembcrlng the
eÈlnu1ue matenlal. Only üÌrree of ühe thlrty two !e
reporüed. uelng any sorü of eoülve approaoh, all oËher
Ss relled. upon a passlve aud.ltory lnage of thc flrsü
stlnulus. Of thc three Ss, two reporùed. qulte Inüerc¡-
tlng teclm.lques of ood.lng. One ! reporüed. oodlng thê
lnfornatlon contalned on ühe flrst sülmulus ln tcrm,s of,

the lnaglnsd. appa¡cnü d.lstenoe of ühe eound. aouroo t

tt¡ls 1s of ronG tntcrceü ln vlcw of Warrenfs (1958)

oontentlon thet d.lsüancc ls the phystoal correlate of
louênecs, 'l'ho oühcr S rcported. olcnohlng hle Jaw
aftcr ühe flrst stfululue wlth a tenslon proportlonal
to lts lntenslüy. 'lhls teehnlque, whloh ln effccü
conslsts of oodil'rg by posture, ls rcmlnlsoent of Èhe

ood.lr¡g technlques employcd. by some sub-human Ss ln the
d.elayed reaotlon task.

ÍJulma^ry

:1:l experlment employlng 32 Ss ln an audltory
lnüenslty dlfference estfuoatlon task ls d.escrlbed.¡ ont
varlable lnvestlgated. was that of lnterstlmulus lntervel,.
The results show a regular d.ecllne ln the lnfonnatlon
avallable about the flrst stlmulus for lnüervals of up

Eo 6 second.s, A negatlve constanü error d.lrnlnlshlng
wlth prolonged. erperlnentatlon r{as obgerved.. The

ftndlr¡,E ooncerrrlr¡g the relaülonshlp befween the responsc
uncertalnty assoclaüed. wlüh lnd.lvld.ual nembers of the
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rttrulur tfiüry rryIoyc4 tn t[Ð ¡¡pexLuqt rrr å¡¡Èær-

IE¡Ëû¿ er belns m¡tG.ærË rtth pu¡rrtrær ftrd.tryr
coütrffi¡Eg t}re r@lm of tlu intæll*¡d, ¡clm¡
of, Ëh¡ rti.¿ule rraf rhi.oh lrt bû.fln penærd, r¡
rcût*Ël,ng p¡¡cfsrræ* la rltulülelc of Èlrl¡ BÉ;
ffi t t 1¡ roLæt#L @{È thù tdËlt,tr fr¡Êw¡ of ùh¡
*rerütr rpFræ Ès ba ætetn to c ûaqÞæúiçr tuûcrer&
rttrnt!,oa¿
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CHOTCE REACIION TIME

A general flndLng arlslng from the experlmenÈc
prevlously d.esorlbed. wou1d. sêem Ëo be that sensory P€T-
forrnance t¡lth reepeot to the lndlvlduaL stlnull of a

r¡nld.lmenslona1 stlnulus array ls noü wholly d.etennlned,
by the absolute properüles of the stlmulus but ls to
sotre extent dependenË upon ühe poeltlon of the stlnulug
wlthln the stlmulus array. ft would. appear neoessary
to posüulate that performance ls medlated. by some fom
of lnternallsed representatlon of the stlmulus array
t^rhloh possesses Èhe property of belng most clearì-y or
adequately d-lfferentlated, at ühe llnlts of the array
and. progresstvely less well Ölfferentlated. toward.s the
mld.d.le of ühe arrày.

fhere ls a fornal slnllarlty between ühe convert-
tlona1 choloe reacülon tlme (R'I'') sltuatlon and. most
sonsory d.lscrlnlnatlon üasks; 1n the former case the
stlmull, for example a row of Ilghts, and the responses,
for exampÌe a row of keys, ca¡ be ühought of as lndlvl-
dual members of arrays d.lfferenülated wlüh respect to
the dtmenslon of space. fn llne wlth prevlous flnd.l.nga
lt nlght be expeoted. that d.lfferenÈlal levels of effl-
clency of performance mlght be for¡¡rd. tn a slbuatlon of

-148-
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thir ldnd. essoclated. w'tth the iHfferent posltions of

stinull antl reaponses rlthln thelr reopeotLvo arraðrs.

In thLs sltuatlon ef,flolenoy of performanco worrLdl be

ref,leoted ln speetl. of reaetlon vherea¡ ln ùtscrimlna-

tlon tackr lt te refleotecl ln consigtenoy of perfomanoo.

This øçootatlon nf€þt be rnalntal.rretl as lon6 ar

the ctrol-ce RT eituatlon were gtmotu¡.ed. ln suoh a way

that perforxoance Tras of neoesslty raedLateal by suoh

fnternallse¿L str:uctürsgr It seens oloar, howevert

that tt wouÌtl be possible to structure the sltuation

1n a way that would" requl"re less erid l.eEs reJ.la.noo upon

the notllatlonr,l prooeas; this oould. be tlone by roa"ldng

perforuarroe 1n tho task lesa anð leos clepenclent upon the

neoeaslty of ld.entl$Jng tndtvldus,l stlrnul1 wlthin the

stinr¡J.ug arreðr a¡riL lndlvlôuåJ. rosponses wlthln the

respon8e anay. the oonvcntlona-l qay ln whloh thi.¡

has been aohiovecl ls by rnanfpulation of what ha¡ beea

oallecl S-R conpatablltty (nftts & Soeçr, f955) anat

perhapa the nost e:ctrsûe era.nple of thLs woultl be a

altr¡atlon ln uhioh sttnr¡ll wetre provldeô by vlbrator¡

r¡¡rd.er the fingerE antl the appropr{ate response wel

pr.esslng a key wlth the Etlnr¡Ietott ftnger (Iconartl 1959).
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ship betrveen frequeney of repetl.tion of, furd1vld.ua,l

sttnult and RT to these stlmr¡lL.

Tho f,ollowlng e:qerfunent rvas the¡:efore cloviseô

in an attenpt to clete¡uLne whether e ¡¡elatlonchlp oot¡3.ô

be d.emonstneteal between Rlt a¡r¡l posltion of etLnÈlus ln

tlre stfuflrlus a,rray ancl. posltion of the reeponee 1n the

response arrqy shen these two latter varlaþIes were

lntLep end.cntly uunipuJ.ate d..

Meùhocl

Tbs stf.uulua ðtaplay for the erqrerJ.nent oonsl.s-

teil. of 1O rErL besel J.t6hts spacecl t{- lnohea apart ancl.

arangecl. Ln a horlzonte-l row. Ths rseponse kcyboardl.

vac 5 lnahos f,rom ttre stinuluõ elJ.splay with eaeh res-

ponse liæy lomed,late\r below the oomespond.lrtg beøcl of

the stLmrrl.us cttopla¡r; the rerponse tcayo were $ J.nolr

wLcle end. $' lnctrea 1ong. Pl¡,cetl about 5 lnohea

l¡r¡scH.ately in front of, the centre of the rssponso

loyboarcL wal a oonventLonal telegnaphlo koy whloh ser-

vedl aE the }ræe kcy. A emal] warnlng 1lsht wac plaoetl

5 lnohas above ttre oentre of the et1il¡Iuc tlLrpla¡r.

Below the ¡tl¡n¡Irrc Ugþte and. above the r'eoponse ke¡ra

there wao provl¡Lon for J-nae:rting an ltientlfyin6 ntmber;
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ühese wêrc prepared. wlth a ilDyuon machlne and were

É lt. hlgh.

At the conrncnoement of caoh trlal I nleoed hla
rlsht hanê on üho honc key, thc wer"rrlr¡e llshÈ flashed'
and. aftcr a rånd.o¡u Xnterval controlled. by $ (whloh

verlod. fron abouü 0.5 - 2,0 6co. ) a sülnr¡lw llght
oéunô ortr ühlc wae crülngulEhed. by S prcaalng ühc

epproprlate kcy retth h1e rlght hend. ,Boüh ÏIl and.

noven¿nt tlne wèrê rcoord.cd, bV .9 who was al'so eblc to
deternlne ¡qhcn an lneorrcot rcsponso ?t¿d. bcen nadÇ.

Thc epparaùw pcmltted. thc nanlpulatlon of
stlnul"us-xêBponse relatlonshttr¡s and. ðu¡lng the ten
experlmental seEslons of thl.s expertment a dlfferenÈ
eet of relatlonshlps was employed- for eaoh sesslon.
Phese relatlonehlps wêre arrangcd. aÈ random but wlth
the provlslon that over ühc whole tsn eesslons eaclr
stlnulus would. bc palred. once wlth eaah rssponse.

'ITqo male students who ha,d. not prevlously par-
tlclpated ln a RT experlment vscre pald. for thelr
servlccs ae $e. SubJeot C conpleted- two prellnlnary
seselons before the oonmencement of the experlment
proper and. SubJecü G oompleüed one; d.urlng these
sesslons tlre approprlate key for eaoh llght was thaü
ln¡oedlately below lt. ltraoh experlmental seeslon con-
slsüed. of 100 trlals arranged. ln ten blooks of ten¡
eaoh E-B co¡lblnatlon for thet sesslon ooourred. orrce ln
rand-om ord.er 1n eaoh blook ¡ only the d.ata fron the
lest Beven blooks wes ooneld.ered. ln thc enalysls.
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SubJcot C oonplatcd. thc ê)rpêrÙDcnt wlüh TGB-
ponsG faofors Gonstant and. ¡ttuulus faotorc evcregcd.
out¡ thle wae eohtcvcd. by tnstruotlng g thet thc kcfr
alwaya hed ühc nutserlaal valuc of 1 - 10 frou l.oft to
rlghü. bcncath ça6h ¡Èlnr¡lus l1ght wee plaqed. a nr¡mber
whloh rêprcscntcdt thc nunbcr of thc kcy rhloh fo¡ Èhat
seselon, whon preaeod., would. crtlngul:h lt. gubJrot
G oonplcücd thc ctpor!.ncnü wlth sülnu].us faotoro oon-
ctent and rceponro f,¿otora avcragcd, ouÈ¡ tn h1s oe¡G
hc was tn¡üruotcô thrt thc l'lghüe alwaye h¡d the
nr¡ncfical val.uc of I - 10 fron lcf,t to rlsht end. abovc
cach rcaponac kcy waa pleccd. a nunbcr whlch repreeented,
ühe numbor of tho l-lght whloh would. be exÈlngul¡hed
when that key was preseed.. thcre wes an lnücrva1 of
eE least 24 hor¡re beÈween erperlmenteL seeslons eaoh
of whloh l.aeted about 2O-30 mlnutee.

Resulfs

The RTa of the last seventy trlale of eaoh
experlmcntal, sesslon were utl11sed ln the analysls ¡

ühe data frou trlale 1n whloh !s naÖe correot and. ln-
oorreot reÊponses wstfe üreated. lnd"ependenüly. 8Ts
from oorrect trlals wore converted. üo reclprooals and-

nean rectprocal itT for eaoh sÈ1nu1ue-r6spons€ comblna-
fton for each segslon wae d.etermlned. The overalL
Dea¡ reclprocal RT and gtand.erd dcvlaùl.on of the lnd.lvl-
d.ual meang for eaoh experlmental seeslon were deüermlncd
thus enabllng thc resul.ts frou eeoh S-Il comblnatlon for
eaoh scsslon to be exprea€ed. as a 50-10 T eeore. Thl¡
uanlpulatlôn h¡s the effeat of ellnlnaülrrg the betr¡een
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seeglone verlenoe. The oomplete metrlx of f soorea
for eaoh Ë, ls ehown ln ,Iablcs )GII ¡ 1 & Z,

These matrlocs havc boen subJeotcd. to analyela
of v¡rtenoc and thc foru of thc rcl.e?lonrhrp bcÈwc¿n
specd. of recponec end- posltlon of eülnr¡li a¡rd r.cponrct
wlthln ühe sÈlmulus end rceponsc arraya has bccn exanlncd,
by the usc of orthogonal polynonlalE (Tfays tg6gr,
sunmarles of these enaryses of vartance may bc for¡nd
1n Tables XIIIa J &-4. It oan bc aecn ühat tn the
oas6 of SubJcot C the quad.ratlo componrnt of the re-
laülonshlp batwccn rcsponse spced. and both stlnurr¡s
and, reeponsê poslÈton l,s slgnlfloanü et üha .001 reveL.
rn Èhe oese of subJeot G the qu.ad.ratlo oomponent of üho
relatlonshlp between rGsponse speed. and, sttnutus post-
tlon ls also slgnlflcant at the .oo1 level. lt'he com-
prehension of these relattonshlps 1s aselsted. by
referral to Flgrrres XIII: 1 & Z.

fn Flgure lOIf : 1 lt nay be seen theü for Sub-
Jeot c (reeponse factore oonstant) trrere ls a generaL
tend.ency for festêr regponaes üo those stlnull near thc
nld.d.Ie of the stlnì¡lus array¡ thls r¡nd.oubted.ly refleoür
the affeote of eye flxatron and. faster reactlons to
ettnull ln oenürel thån ln perlphe¡aL vtslon. For
subJeot G (stlnulus faotors conetanü) there ls a
dra.netlc reversal of the reratlonshlp beüween responac
speed. and stlmr¡lus poelÈton wlth the fastest responseß
oecumtng to the outelde stlnull of ühe array and" the
slovüer to the mld.dlc i thls is the reletlonshlp prê-
d.lcted. on ühe beels of the oonsld.craürons prevlowry
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TABI,E XITI: 1

STTMT'LUS - RESPONSE U.{[TRIX OF T SCONES OF SPEED OF

BESPONSE FOn SUBTE$I C (nespOt{SE FAGTOBS OONSTAI'IÎ)

Beeponses

8tln a 1

59.8
46.3

53.4
60.3

53.6
6t.7
6t.t
51.2
I+6.1+

2

t+6.9

45.9

52.2
El+,6

60.z
50.7
l|9.?

38.2
I+j.?

3

4l+.2

53.t
50.e
I+9.6

50.8
56.8
52.1+
I+7.6

I+t,6

3g.1

l]

9?.9
50.Lt
43,5

50.5
69.6

7 5.0
1t9,3

I+3.?

4l+.9

35,8

5

4z.o
41.0
39.6
5t.t
7t+.5

73.2
1r9.2

ìþ3,9

ll1 . l*

40,1

6

36.6
34.9
I+6.6

l+5.0

62.s
65.4
?6.5
50.l+

36.6
llo

7

w.?
45.7
42.l+
l+2.7

5?.1+

59.2
t+6.s

)6.5
39.7

I
l+?.6

44.8
l+4.?

56.9
6t.z
38.2
l+4.7

53.6
60,o

9

39.7
l+4.5
I+t+.9

l+l+.9

?'+.3
5l+.o
45.?

50.5
t+1.8

10

59.9
50.9
1t7.7

59.6
?t.6
?o.2
5L.8
6t.2
I+?.9

4t+9.3

45?.5
465,8
sOLt.6

63t+.?

6oI+.lt

526.9
4?6.7
t+t+j.g

I
F
l*tl

I

1

2

3

It

5

6

7

I
9

t0 3 .1 \i .l+ 69- þ .70
2 4

54O.2 4gt,8 486,0 499.6 t+gS.g t+g4,6 4t+3.8 tt95.2 tt83.7 589.7 5O2O.5



!AEÍ,E ÆI'I ¿ 2

STTUULUS - BESPONSE }ÍATBIX OF T SCOBES OF SPEED OF
BESPONSE FOR ST'BJECI G (SEIUT'LUS FÀCTOBS COTÙSTANT)

$ü1¡ .1
lOiS
go.2

56.9
4g.J
99.5
38.0
52.8
42;7
I+9.4

51.9

2

54.5
6j.6
60.o
59.A
50.3
35 r4
49.6
42.7

50.1
6?,.17

3

73.3
59.7
52.9
49, I
4'o.1

35.2
44.5
44.J
56.4
5l.o

t+

58.?
5?.6
49.5
61.0
5t.g
ltz.g

38 "3
5J.4
49.j
s2.9

5
48.7
42.3

51.7
5A.3
71.9
39.6
lú.t+
41.8
54.5
59-7

I
52.3
116.o

59.9
53.0
36.8
It6.8

50.1
4?.s
53.3
58.2

I
67 .8
ll8" 4

55.9
74.t
)8.3
50.9
39.0
1t6.6

l+8.7

6z.z

10

72.2
58.8
59.3
41.4
4g. g

36.8
{o.6
M.g
J;1,.t
6t .q

6aa.?
4y7.4
548.8
52t.6
Mg.?
40j;.o
442.9
t+s?.8

522.7
69i.?

Boeponrea
67

54.6 48.1.

4l+.6 l+6.2

47 .3 55.4
44.1 41.6

52.6 39 . 5

35.O 44.4
4g.g 33.7
42.3 I+9 .6
56.6 53.3
6s.z 56 .2

I
F
\JT
\rr
I

I
2

3
,*

5
6

?
I
I

10

+í3.2 526.6 5tt,2 5t5.5 506.9 49t.2 468.0 503.9 5J2.O 523.8 5062.3
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swlraffi eF åmtL$rIE otr vtãIrüffi oF E 86æer oF
SPEBD OT 86åg816ü FOA E['åTES[ E

(BðËlPoNgE F.frgrqnn consrâns)

gourg.

æiËtll1
Ltn¡¡l
Qurdlratle
OÈhrr

fl*rDonr¡¡
LÅa¡æ
QunËr¡tt s
0ùhæ

&rsr

*ot*1

8.8.

brog',?565
l.ltt?

'rtr?. 
g88E

11792.tt40

Lrrr?.66S5
ãl,tþ579

693,8250
6zz'g8zz

l+,566 .'1665

[.8 .
þrb,ø

l.t8lû
8.31!.

ts@,,

lþ8.6
ÈL,96

69r,8
88.91

56.78

4.f . F

E.0t
<1

4t.S
s.t4
t.6¡l

<1
L2.3
1.59

D

.gol
&¡l r

.091

.0Êt

"þt
Ë.lr
.0gl
tl.l .

I
t
I
,l

I
I
1

?

81

99 grg8g.A875
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T^A.BLE XIII ¡ 4

BUMMABT OF ANAI,TSIS OF VARXANCB OF T SCOBES OF
SPEED OF REå,C"¡ÎON FOR SURTECT G

(sTrÌÍrÍ"us Fâ,6tons coNSTANT )

Sor¡roe

fltlnull
Llncar
Quadraülo
Othcr

Reeponsea

Llnear
Quaclraü1o
Oüher

Enor

3.S.

3 )69?.681*1
L27 .!,258

21459.1840
t r 1tl ,t743

3?2.206L
L3,L73,+

30.6678
9?8,16t+g

4r6o9,9069

Ë1.S.

¿110.9

rz7 ,t
2.459 ,

158.8

t+t.96

t3,L7
30,67
t+6,9L

56,9L

d.f. F

7,22
2,23

l+3,e

2,79

<L
<t
<1
<!

P

.001
Ìl¡8¡
.001
llrS¡

9

1

I
?

9

t
t
7

8t

e9ltotaL 8r679.79?t

d.leoueeed.. In Flgurc HII l 2 lt nay bc ecen thst for
SubJeot C (responec faetor¡ oonstant) thcre ls a gencrol
ùand,cnoy for feetGn rÈsponscs to bc uad.c lrlüh kcye at
ühc ouüsldc of tha rogpongê e^rra,y end. for slowcr res-
ponlot to ooor¡r nGâr thc nld,Ö]-c. For suþJcot G no
gcncral ürcnd. le ln evld.cnoc at aIl l ühesc aapecte of
thc rcgults agaln oonftm üho pred.lotlone.

The l¡f.orneülon oonoernlr¡g the errors uad.c by
oaoh E ls e hown ln [eblce tçtII z J &, 6,
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TABLE XIIT: 5

S'IIITI ULUS-IIESPOIü,SE MAT'Tü X OT,,glI¡TCIRS i¡OiI
SUIUIIOT C (RESPONS:Ð FACTORS COIüSTAI\T'Î)

lLesponses

12345678910
1. 1

1

2

1

1

I
2

3
It,

5

6

7

I
I
0t

2

1

t
1

2

2

1

t

t
t
4

2

325t2 L3

E1st a

,,TABL$ JüIT ¡ 6

STII',¡U.LUS-1TÌ!S1,ON,5]tr t4ÀT1ìI I OF ERROilii FOil
sul-tlEc'Î G ($'IIMULUS FÀer'0ìts CONS'.UÁN'I')

ïlceponses
t23Lt'56789

1 1

2 2

2

1

10

1

t2

T

2

3
lt

5
6

7

I
9

0

1

t
1

2

6

3

3

5

11

1

1

1

1

1

1

1,t3313 3332L
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It ean be sêen that 1n the oase of subJeot C (respon¡c

factors eonstant) errore tcnd" to be aesoclated. wlth
trêsponses 1n the nldd.le of the rcsponse array but erc
Eo?c cvenJ.y ùlaÈrlbuteÖ t?¡rotghout the stlnulus agay.
In the ease of eubJeot G thls relatlonshlp ls reversed.
It would eppear therefore that relaülvely nore erTors
a¡e ¡lad.e r¡nd.er the OondlÈlons Yühloh produce the slOwcftt

fesponse speed.s e¿d" that fast rssponse speed-s are ln no

Ìray purohased. at ùhe prloê of lncreased. error rates.

Ðlsousslon

'Ihe rceults of thls cxpcrlncnt ere ln gcneral
a strlklng conflrrnatlon of '!he orlglnal hypobhesls elncc
the speclflo hypotheses oonoernlng the oocurrence of a

U shaped. relatlonshlp between speed. of response and-

posltlon ln ühe stlmulus and response a?rays when eaoh

of these factors has been held constant, have been

conflrmed" at a very hlgh level of sl,Enlfloance. An

lneldental but r.mpredlcÈed. flnd.lng concerns the apparent
dtfference 1n the lmportanoe of sülnu1us and response
factors. It would. appear that the postulated. relatlon-
shlp ls mueh more marked" ln the oase of sËlnuIl than ln
the case of responses. Thls generalleaËlon can, of
oourse, only be acoepted 1n a tentatlve fashlon slnce

ln thls experl¡aent the e)cperlnental manlpu1atlons are
oonfor¡nd.ed. wlth subJeets. but at least ln the case of
thls sample, manlpulatlon of stlnulus factors accounts
for appreelably more varlance than nantpulatlon of res-
pÖnse factors.
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In vlcw of the sna1l sa.rnple slzc ühe queetlon
of the generallty of the naln flnd1r¡gs nlght be ratsed..
Thls questlon mlghü be met by saylng that the postulated,
propertles of the lnternaltsed struotrrres whloh aTe hcld
üo med-late parfornano€ ln ühls sltuatlon are, aa has
bcan d,enonstretcd, ln provloue Gxpêrlment¡, narkcd,Ly
untforn. Thcy scéu to repreecnt one of ühc moet stable
of psyohologloal lnva¡lantg. In thls experlment the
oond.ltlong have bcen nanlpulated ln two lnd.epend.ent
ïtys to allor thc poerLblllüy of rcveallrrg the sân6
properüIes ln a ncw sltuÊtlon, and_ ln both oaÉrGs they
have becn rcve¡Ied. ln ¡ pertlcutarly robuet feehlon.
Whcrr wc are d.eallng wLth e phenonênon of such a t¡aslc
klnd., whose exletence has been tnd.epend.ently verlfled.
ln a wld.e range of other sltuatlons, lt would. seen tÏrat
one ls on relatlvely safe ground. ln generallslng about
the occuruenoe of the phenomenon when lt has been d.emon-
sürated. ln a conpelllng fashlon In a very smal-I sample.

Sunmary

A chotce reactLon tlme experlment ls d.escrlbad.
utlllelng two Ss. One S completeö the experlment wlth
factors assoolated, n'lth posiülon of stlnull ln ühe
¡tlnulus array averaged. out and. faotors assoclated. wlth
posltlon of the response ln the response array held.
Oonstant¡ for the other $ the experlmenüal manlpula-
tlons Ì{ere reversed.. It was shown üheü lvhen both
stlnulus and respon*sê factors ere tndepend.entJ-y he1d.
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oonstânt there la a U shapad. rclatlonshlp bcüween Bpccê
ðf neaponee and. pocltlon of sülnulue or response ln
Èhelr respectlvo arraya. 'Ihle oonfl¡med. pred,letlone
trtslng frou an analyelE of tlrls sltu¿tlon ln whloh tt
wae poaüulated. that pcrformanoe In Èhle slüuatlon, ln
oomnon wlth perfor*oanoê ln oühcr scnsory d.lsorlnlnatlon
tasks ls ln eomc way ned.latcd. by lntcrnallscd, reprG-
¡ontatlone of thc gülnulus and. responsc ârrays. Thc
rcsulÈs appeer üo provld.e an cxplanaÈlon of the oonnon
flnillng of a logarlthnlc relatlonehlp bctween RT and.

nr¡mbcr of altern¿tlvc ¡tl¡nulL.



CHAI{Ii1R XIV

DISCUSSION AND CONSLUSIONS

Thc startlne polnt of thls stud.y vüag an lntcrcsË
ln ühe toptc of ehort tenn sÈoragc of non-verbal eflnuLug
naterlal end. the vlew wes crl)rcsged ühat an tnvcetlglaùlon
of the psychophysloal tlne Grror, ea wcll as belng of
tome lntrlnslo lntercstr nlght lnoldcntally throw 118ht
on ühls toplc, It çoulû appGrr thâü the resuLts of thc
cxperlnente rcporücd. hcrc d.o havc oonsld.erable lnp1l-
oatlons for an ì¡ndcrctenellng of non-vcrbal shont tern
Eemory and. the psyohophyslcal tlnc er?or as well as a
number of other related. toploe althor¡gh tt nuet be statod.
Ëhat many of the flnd.tngs are only suggestlve and. muoh

add.ttlonal emplrloal raork w111 be requtred to fllL ln thc
gâps. The alro of thls flna1 ahapter w111 be to sr¡mma¡ltc
and. Lnterp?et the naln ftndlr¡gs of ühese experlmenüs, to
attempt to lntegrate theur wlth oüher or¡¡rent vlews and. to
cxpLore some of thelr lmp1lcattons.

The maJor flnd.tng, of thesc experlnents hae been
that ln slüuatlone lnvolvlng ùhc use of an aTrây or set
of sfluxul1 arranged- on a slngle d.lmenslon, S appears to
bulld. up some fornn of lnternal-lsed. representatton,
schema or mod.el of the stlnuLue array v¡hlch seems to
ned.late performanoe ln thls sltuatlon, Thls mod.el

appears üo have hlghly lnvarlant propertles In that the
stlmull most ad.equately d.lfferentlatcd, wlthln the nodel

L62 -
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are the cxtrënc or ênd. stlnull of thc er:rryr thenc ls
progresslvely lees d.lfferenülatlon of stlnul-l as they
approaeh ühe oentre of the rarlgc. Thc relatlonehlp
betweon posltlon of the stlnuLus wlthln ühe Etlnulus
rangc or set and, the a¡nount of d.lfferentlatton ls not
s¡rnnetrlçel ¡ sülnìrll ln the top ecnl-r&hg6 are rether
less well d.lfferenülaüed than sÈlnull ln ühe bottom
seul-range. It Ls euggested. thÊt thle asyrometry re-
fleote the ctlffcrcnoea ln the relaùlve d.letance of the
etlnull tn the two seml-rartg€g from the end. stlnulus
of, the aemt-rar¡gc. Thåt ls the end. or çxtrcmq etlnult
of the rangc eppeer to play a or!.ülocl rolc aa rcfcrenoo
pol.nts end. tho extent to whloh the remalnlng etlnu].l ere
d.lffercntleted. d.soreesea e8 ühclr relaülve d.lstanoc frou
thc refcrenoo sülnulu¡ lnoreasee.

Evldcnoe for the cxletenee of sohema or mod.els
of thte klnd hes ooms ln thlE ctud.y from thc rceulüs of
aenaory d.lsorlnlnetlon and. øholoe RT cr¡rerlmcnts, however
there worrld. se6m to bc llttle d"oubt thÊü nod.cls of Èhls
klnd, med.tate perfomanoc ovGr a wld.e rar¡gG of oüher
slüuatlons. The sarlel posltlon effccÈ tlhlch ooours
trlthln the oontext of serla1 rote tearrelng seemg to
reflect the operetlon of suoh a schcma or nod.e1 ln thåt
sltuaülon. Thle lnterpretatlon of the serlal posltlon
effeot Ie ln aooord. wlth the types of lntcrpreüatlon
whloh lrave reoently been ad.vanoed. by workers suoh eg
EbenhoLz (tg65\, Jensen (Lg6zr. and. Ïturd.ook (1960);
l4w'd.ook hae also polntcd. üo certaln preguncd. alullarltlea
betwecn roüc lea,rnlng a¡rd. eensory d.lcorlulnetlon tagkg.
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Tha d.tgcoycry thet pGrfornanoc ln alnplc

sltuâtlons of thls klnd. le med.lated by suoh schema or
mod.e16 muet be regard.ed, ae s subeüantletlon of ]3art-
lettrs (L932) vtcws conoêrnlng the role of, sohena ln
me¡nory and. perepüuel prooesaes and. e¡e sonst stent wlth
thç vlews eonocrnlng p€rcepülon reoenÈly puü forward.
by Ëarner (1966). These vlev¡s eeom to be noet oogently
sunmarlsed. ln ühc followlrrg quotatlon¡

oHow ühc alngle etlnr¡lw Ie peroclved. lc
a funeülon not eo much of what lt ls, buü
rether a funoülon of rrhat ühc total act,
antl partlouler subset ârüo Thc propctr-
ütce of thc toüal eet and the gubset ere
e1¡o the pcroclved. propertlea of the sln-glc ctlauluc, ao wc ca¡uroü r¡nd.crstand the
knowlng of thc elngle Etluulus wlÈhout
und.cretendlr¡S the propðrttes of the ectc
wlËhln whloh lt ls contalncd.,Ë

Thc whole welght of cvld"enoc f,rom thccs oxpcrL-
nentc EhoÌils qultc etrongly thet ùhc eon¡iaücnsy or olarlty
t'rlth whlch a stlnulu¡ le peroctved. re a funotlon of ltr
poslflon wlthln ühs atlnulue array or gct and. that the
proocss 0f perocptl0n or d.Leorlnlnatlon musü oonsl¡t of
relatlng the atlar¡tue lnput ln aoue way üo thc eehcua
or nodel. 'Ihe flnil,lng (Chapüer V) theü eompareÈlve
Judgemcnts of teu,porel d.r¡retlon arc raÈhcr rsee aocr¡¡ate
wlth a 1 EGor rsr ühan r¡1th e z BGo. rsr euggcete thêt
thc proocre of ncretlng Èhe etlnulug lnput to thc eohcuo
or nnodel, or, üo uee Plagcü to teru, acalnlratlon, t¡ ons
whloh le extend.ed ln tlue and. rf lntcrfered wtth of, prè-
vcnted. rcsulte ln rcd.uoed. pcrocptrral aoou,raoy. AI-
ühorrgh thc flnd.lng ncnttoncd, scaus to be conaleÈent
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wlüh thle vlcw 1ü ls muoh better substant!.atcd. by ühs

largc numbcr of erpcrlnenfs oonocrnlng aktt¡aLsanc6c
or nlerogcnesle of peraeptlon (e.g. snlth, 7957't.

Thcra a"rG èooaslons on whloh vcrbel d.ictlna-
Èlons servc üo obsor¡re fr¡ndancntel clnlLarttlce bctwcon
sttu¡ülons. Thts appcdrs to bc thc caaG ln fha d.ls-
ttnotlon ¡ehloh 1¡ nalntalncd, bctwocn pcrocptlon cxpcrl-
ment¡ and ahort tcm üGnory cxperlncnta. In generel
Euoh expcrtucnüa cnpl.oy clnllar tacks and dtffcr onLy
wlth rcspcot üo thc rcstrlotlone whloh arc pleoed. on
the tlme at ¡Ehlah I reporte on the ctlnulus, l¡nnedlsüely
ln the cssG of peroeptuel experLmente and. a?ter BomG

d,eLa¡¡ ln the case of memory experlments, To polnt ouü
that the verbal dletlnotlon bctwcen poroeptr¡al and.

memory taske ls not ba,eed. on a sor¡nd logloal. d.Lsülno-
tlon ls by no EGanE novel (c.gi. Bartlctt L932t, but
whåt has happened. ln thls stud.y ls to provld"s sone
cnplrtoal evld,onoc oonoclnLng tho fi¡ndemcntal r¡nlty of
thç tro proooaEes. Thc aohotså or uoÖcL whloh lc ln-
fcrrcd, on the baEle of d,e1ayed. reports of etluull has
the sam6 propcrtlcc ae that whlch l.e lnferrcd. on the
þasl,s of In¡neùlate reporùg. Th¡t ls although the
lnfornatlon whloh le avallable about the propertleg of
a stlnulus (lgnorlng for Èhc mousnt the property of
temporal d.r¡ratlon) d.lnlnlshcs over tlme the relattve
anount of lnfornaülon tn the Lndtvlûual Etlnull of, thc
alrrey oonparcd. wlth caoh other appecrrs üo remaln oonEtant.
It wot¡ld. thercfore appêer thet loes of etlnutr¡¡ Lnforma-
tlon ln etorage ls d.epcnd.cnt upon thc tnltlel aeelrnt-
Iatlon of thc atlnrrlue to thc raod.cl or sohena.
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In thc oaaa of Judgcnonðs of ücnporel d.urstlon
tho slüì¡âËlon gecns to bc raüher dlfforent. Thc 1n1È1a1
pe¡oeptlon of thc ctlnulus rppcare Èo bc mcÖ:L¡ted, ln ühc
ueual woy by thc aod.el but the Gvlðcnoo suggcete thaË
lnneclletoly followlng poroeptlon Èhc stlnul'uc lnfornatlon
1g ooneolouely rcood,cd, lnto anoüher foru whl,oh lc Ilkcly
to ve¡y qulüc soneldcrebly fron I to 9. In thls f,orn
the sütnulr¡s lnfomatlon seems to bc releülvol,y lmntutç
fron d,ctcrloratlon ln atonagc. Thc ovld.enoe f,ron
these etudlce euggeeüa thab eüorage of aud,ltory lntcrulty
lnfonnaÈlon ln thle way ls raÈher cxacptl,onsl..

Auðltory tntcn¡lty lnfomatlon seens to be loet
ovêr tlne buü ln oo?ril[on wlth ¡nost othcr memory prooccgeg
the rate of lose d.lmlntshes, 'Ihcsc flndlnge are oon-
elstenü wtth a d.eoey or dlslntegratlon theory of, meaory
although thcrc te no suggestlon that the prooess of loEc
of lnfonnatlon ln süoragc ooulð not bc epced.ed. up by
lnterfcrlng stlmull. fhe relatlvc role of thcse two
faotore renelns to bc enplrloally detcrulned..

If thc Lnplleaülons of thcsc cxpcrlmenüe re-
garclLng thc fr¡ndancntel lnportance of ths ned.latln$
role of nod.ele or sohena ln perfonarnee of thle trlnd. 1s

aokno¡rl-edecû lt roul.il asÊm to folLow thaÈ thc propcnttos
of euoh mod.elg or¡ght to be aystcmatloally exploncd..
fhe ¡ryork aLread.y d.one oonüalng 8ol[ê Ét¡ggaútlons for
futu¡e prooed.uree and. some lnforoatlon about the pro-
pertlcs of the nod.els.
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Thc uoc of urocrtalnty Dcasurûa as e üGôna of
qu¡ntlfylr¡g thc propcrtlcs of ühesc uod.cla or sohama

secna Èo hevc been qulte ¡uoccseful and" olearly should.
bc eontlnued. wlth. It haa ühe partlcular adva^ntagc of
naktrrg no aaatuptlone what so Gvcr about ühc r¡nôcr}ylng;
matrl.o of grs responec syeten end, for thet rcason avold,g
ühe oonttnulng oonüroversy on thls polnt.

SLnoe the propcrülee of, thc mod.el e¡e lnfcrrcd.
and. not d.lreotLy obøewab1e, e valtrt ploür¡re of lt oan
on).y be bullÈ up by uec of Èhe eyotem of nethodologloal
trlangulatton oaIled. by Garner, Hatre, & Erlkecn (Lg56l
oonvergtng oporettons. Ehts meens that thc saqG sÈlnu-
Ius eond.ltlone muet ba etud.lcd by utlLlalng a varlety
of reeponae syetcne end. ühe regrrlarltlee observed.
To sone extent thle has been d.one ln thls eerles of
expcrluente but by no ûeans sufflclently to allow a
fuIl ploture to emerge.

It Ie ol-ea¡ Èhaü ühe resuLte of Eorre cxpcrlmenta
are effected. In clraraaterletlo weys by the propertlce
of fhc rêÊponae cystcn whloh le betng utlLlecd to
cxtcrnellee the nod.el or sohcma. Thls ls partloularly
so of the ¡rethode whloh enpLoy oonparatlve Judgemonts
and. some of the featr¡rce of the rcsuJ.ts of crperlments
of thle üype appêe¡ to havc consld.erablc lnürlneto
lnterest and. ùo thro¡r eone llght on sone of the trad.I-
tlonal problens of psyohophysloe. Thle polnt wtll
eubeequently be retr¡rned. to.

Onc of thc lmplloatlone of thegc erperlmenüe
nuet be that all of our conneroe wlth tho envlro¡rmant
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a¡rounå u.s ls nod.latcd. by rnod.cla of thte klnä and tn
thcee experlnents we have been conoerned. to lmpose a
d.egree of oontrol and. regularlty on ühe snvlronment
so that stable aohema or nod.ele oor¡Ld. bs bullt up and.

thclr propcrtlee examlned.¡ we heve not been pr1nerlly
oonoerned. to etudy thc proocsg of the bulLdlrtg up of
thcse modeLe. Iü ls cloar, nevertheLegs, that wrd.er

ord.lnary olrermstenocs when the lnd.lvld.u¡l Ie subJeot
to a oontlnuoug flt¡x of etLnulaülon that thcse mod.els

are not staùlo but are oontLnually ohanetng as a
resì¡1,ü of lnoonlng eütaull,. Thc rcsulÈs frou the
nagultud.e eetluatton crperluentg (Ch¿ptcr VII) ehow

thet thcee ohangog üake plaoe vsry raplùIy and lt
BeeDB that tho caec wlth whloh the nod.eL ls ohanged.

le by no meana unrelaüed to lte fr¡nÖamental süruoturc.
fhe nod.el oan bc thought of aa prlua¡lIy rêprGscnülng
e store of lnfomatlon about the rangc of sttnull
rnthcr tÌran about ühc lnd.lvld.uel mcnbore of the stl¡nulue
erray¡ otlmull lylr¡g oubeld.c of the rargê ouncntly
rcprcecntcd ln thc model blrlng abouü olnngcs ln thc
nodel to an e:cbent whloh le not natchqd. by stlnull
wlthln the range. Therc worrLd aeêm to be raühcr
obvlot¡¡ advantagcs ln eüorlr¡g lnfomatlon about the
wor1d. ln thla way ln that 1È pcrntts Ëhe caay Ldentl-
flcatlon of etlmull outsld.c of the rar¡gc to whloh the
organlsn le or¡rncntly adaptsd. by the usè of relaÈlvely
L1ttlc storcd. lnfo¡mratlon.

The resulte of theee experlnente have shown the
lmportanee of the exÈreme etiuuLt of the eülnu1us array
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ln d.ctcr-alnlng thc struoür¡re of Ëhc nodcl, whcn othcr
faotorE ara hcld oonsüent, but the rcsulüs of the
aud.ltory tntenslüy dlffqrenoü caülnatlon Èask (Ohep-

t¡r lüf ) atrongly sr¡ggcsü thet eüluu].l whloh a¡a
rcpcatcd, norê frcqucnüly tlnn thc oth6r stlnull ln the
süluulue a.rray also havc tho effcot of brlrrgtng abouË

ohâr¡gct ln the bs6to ¡truotu¡e of thc nod,el. Thc
ohangc tekce tho foru, of e grcaücr d,lffercnülatlon of
thc nod,c1 of ühc etlnul'us array aü thc polnt Çorree-
ponclLng to ühc rcpeaÈcd. stlnrr¡Lus. A slnllar olungc
ln struotr¡rc oan appatpcntly be aohicvèd. by lnveetlng
a stlloul-ue wlth a partloulE¡ stgnlfl.canoe, for exernple
by means of lnstruotlons as 1n thc naglnltude estlmatlon
task.

The flnd.lngs of these experlmenüs seen Èo be

of sone relevance ln und.erstandLng the phenomcnon of
the habl,tuatlon of the arousal reaotlon. It hae bee;r
polnted. out by Solrolov (1960) that thle prooess nuet
be ned.laüed. by EomG store of lnformatlon conoernlng
past patterrra of stlmulaülon and he hes referrcd to
thts sùore ae a Ìrnôuronal mod.ellr. Iü sÊena olear
that thcre ls aome ldcntlty between $olro'Lovre oonoept
of e rrncr¡ronaL mod.elË and the oonccpt of a nodcl or
schcna whloh hae bcen outllned. ln thle d.teoucelon. It
appcarg that stluulue lnpuüe whloh oan bc acslmllated.,
In thc Plagatlan acnsc. Èo the cxlatlng mode} d.o not
ellolt ühe a¡ousal" responee. ûr¡ Èhe oth¿r hand. stlnu-
Lue lnpuüe whloh oan not be asslmlLeted to ühe u.od.el and.

therefore rcqulre lts reeüruoturlng or aooonmod.atlon
d.o eppear to eLlclt the a¡ou.sal reaponse. It ls knotrn
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the': thc greatcr the regularlty ln ùhc paÈtGrn of pårt
sütt¿ulue lnput thc easler 1t ls to cllolt tho aror¡.sal
response by ellshtly dllorcpant ¡tlnull ¡ ühls arrggcrte
ühat und.cf, stable oond.lülona a muoh uorc hlehly dlf,-
ferentlatcd. nod.el Is bulIü up ühus permltËlng Eotr
eoourate reoognlÈ!.on of nts¡natohcc wlüh thc noûe} ¡

under cond.ltlons of stlnu]-us flu:r ühe nodcl ls ralatl-
vely poorly d.lfferenÈlated and ralenatohcs arc not so
ad.equately reoogn!.ecd. Thc faote of apont&hÈoue fê-
covery of the eroueal responsc to a prevtouely habl-
tu^atcd. etlnul.ue suggesÈ ühat the nod,cl ls oontlnuouely
d.lslntogratlng a¡rd. natntalna a sùeble gtruoture only
und.er conclltlons of regular anô oontlnuous ettnu].us
lnput. The ûlslnhlbltlon of a prcvlously hebltuatcd.
stl¡oulus followlrrg a hlghly d.leorepant stlnulus lnput
seems üo suggeet thåt ühc dlsorepant stlxnulus hå,8

brought about a ragüructrrf¡g of the mod.el.

Sone systcmatlo d;lfferonoes ln thc ca.sê wlüh
whloh d.lffencnt typce of Ss heblüu¿tc to sttnull
(Lyrun 1966) suggeet that thcnc nay bo rcllaþlc d,lffcrsn-
ocs ln thc way ln whloh Èhe nodcL le bullt up. It la
reported., for lnsùanoc, thaù both senllcs and. sohlzo-
ph¡ncnlos hablüuate poorly and tnferentlally nu€,ü be

regard.cd. ae havlng ütffloulty ln bullölne up ed.equate
nod.als. Fr¡ld.clnoe suggeste thet the fr¡nd.a.nental dlf-
floulty ln thc oasc of schlzophrenLoe Is thet thc nodalE
whloh thcy bulld. up are reletlvcly r¡neüabte ln ühaÈ
thelr etrueùure appears to be d,cternlned. to a d.lspro-
portlonatc extent by the noeü reoent sttnulua lnputs
(¡onn t96?l, In ths o&aG of senllcs lt le tetûptlng
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üo thl.nk of thclr dlfflaulüy ae bçl¡re e general onc ln
bt¡lld.lng up ori cstebllehlns nod.c}a. Thle ie und.oub-
tcd,Iy epcouletlvc but ühe foragolng d.Ieous¡lou ouggccte
that thc epparcnt short üem nGnory d,eflolü of scnlLcs
rnueù cventuaLly be reLated. to gomc eharaeüerlatloa of
the nod.eLe whloh ncd.laüc thls perforna.noc.

The flndlnge f¡on thcsc cxpcrlmenüe appeatr to
havc sonG rclcvanoe for thc oonürovcrsy oonocrnlng thc
naturc of pcrocptual loarnlng. The uaJor partteg to
thlg dlsputc, Èhc Glbaona (1955) and po¡ùnan (tgSS)
have favor¡rcd whet havc becn oel.led. Ed.lfferenüratlon,
anrd renrtehnentr vlcws rcepeotlvely. Thc Glbsonst
poaltlon ls that thc eeaentlal baale of perceptual
J.earirlng le the nblJ.lty to nake d.lstlnctlone beüuecn
stlnult and. attrlbutee wht ch oou1d. not prevlouely be

dlfferentlateô. Poetnan hes favourcd, thc vlcw t,håt
thc baels of perceptual learnlr¡g ls for the aâme gtlmu-
Lus to ellolt a wld,er rar¡gc of reeponscs thån prevtouary.
Thc cxperlnental cvtdcnoe aoorusd. In t,hcsc etud.les la
not of a klnö to throw auy l1ght on thc type of proocssÊc
whloh PosÈmen postulatee buü lü d,oca aêen to provld.c
qultc a lot of eupport for I lea¡nlng proeGas of ühs
typc postuLeücd. by tho Glbsons. Thet ts the elnplo
rcpctlt!.on of stllaull doce appcar to lead. to ohangce ln
fhc extcnü üo whloh they ccrn be dtffsrentleted fron
othsr gtlnull and ühle prooÊÉrs lnvolves, and. rs ned.lated
by, a ehenge ln tho properttcs of the mod.el. Thege
changce d.o not sGeu to lnvolvc relnforoemcnt of any klnd
and eppca¡ to be rrnrelatcd. to the proocse of assoclatlve
lcarntng.
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The rcsulte of thla B6r1ès of êxpcrlmcnts

have been lntcrpreted ae supporLlng Ëhe vlew thaÈ
perforrrlanoe ln eengory d.lscrlnlnatlon taske ls meôlatcd.
by the propcrtles of en lnternalleed. nod.e1 or ÊtohêBa of
the stlmuLus array and. lt hae been argued- ühat ühcre ls
a cerùaln r¡nlfonnlty about the propertles or strueture
of these mod.els whleh reflects lùse1f ln oerÈaln charao-
terlsttc aspecte of behavlor¡r. [he dleousslon has been

llmlüed. üo a coneld-eraülon of unld.lmenelonal nod.el-s or
sohena 81noe the evld.Gnoe whlch we have bcars on nod.cls
of thle t¡ryc. It la probably besü to regard these
unld.lnenslonal moðels as a rathsr spectal ease for lt
ls olear thaü ln most coraplex taske the nod.els whlch
are bullt up aad utll"leed are multl-dlnenslonaI. The

reeu1ÈE whloh have been obtalneû wlthln the fleld of
sensory d.lsorlnlnatlon do suggeet thet nore complex
probLene aesoolated. wlth paroeptlon. paütern recognlËlon,
probLem eolvlng and conoept forteülon mey be ernenable to
lnvesÈlge.tlon þy a slmllar approaoh whloh alms to nap
out and explore the struoture of the nultl-d.lmcnslonal
modele whloh presunably med.late perfonnance ln these
sltuatlons.

fn ühl.e earlee of experlnenüs on sensorf d.ls-
crlnlnaüton the traültIonal problcm of psychophyelos,
the sealtrg problem, hae becn vlrtually lgnored..
l{hat hee bcen alned. et le the uaklng of a funotlor¡ql-
enalysls of I f s þehavlor¡¡ ln ernsory d.lsorlmlnatlon
taaks. îo Eone exücnt thle heE bccn aohteved. and. a
ploüu¡e has been bullt up ¡rhloh Er¡ggeets thaÈ thcre
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1e ¡rn undcrlyl¡rg slnll¡Ìtüy þetrccn r1l scnsory d.l.e-
orfualrr¡tlon tegke and. sltuetlona. Thle lnùcrpretatton
lmposes souewhat nore ord.cr on thc sttuetlon th¿n exlets
at preoent whcn a nu¡lber of alùcrnatlva fornulatlons vle
for oon¡ld.eratlon. T hs h,slo notlon Ie ühat petrfor-
manoê ln sensory ôlsorlnlnatlon ta¡ka ls mad.latcd. by thc
mod.el or soheaa wlrloh å búfds up of the sttnulue eltr¡e-
tlon and. whloh has tho bael.o prolrcrtl.cs outllncd. pre-
vlously. It ls the propcrtlet of thlE nod.cl ln con-
Junctlon wt th thc eonetratnts lnposed upon S f s behavlor¡r
by E w?rloh appcar to aooor¡nt for thc oharaoterl.ctlo
unlfortttles and. d.lfferonoês between Ëhc verlous peyoho-
physloal method.s.

ifhe maJor d.lffcrence between ühe oaüegory ratlng
neühod. and. Èhe nagnltude estluaülon nethod. seems to bc
the restrlcùlons whloh are pLaoed. on ühe response system
that Ë ls allowed to use ln the category ratlng sltuåtlon.
In thls sltuaülon the Èwo end. sülnuLf of the range are
deflned. for p and. he 1s üold that hc must use a llntted.
treaponse soale of, sallr from ttoncr to .fsevenn to êûcon-
pass thls stl¡rulus rar¡96. ALthough there ls onÌy one
eülnuJ"ue range lt wou1d. seen that S approaohes the üaek
e8 one lnvoì,vtng two sernl,-ranrges, eaoh Judged wlüh T6E-
peof to a dlfferenü referenoe stlnulus¡ g ts thcrefore
oonfronted. wtth thc problen, of c!.Lvldlne up the ree¡pons€
soarc betwcen the two stlnulus s6n1-rangea and 1ü would.
seêm that thts ls d.one by allocatlng equal reapons¡e
ecele d.letanoes to eaoh stlmulus seml-rang;e. Thls
results ln whe,t are ln effeot Èwo lnd.ependent aoalea,
onê for eaoh sülnulus seut-rer¡gg wlth ühe result th^at
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ln thc top eülnul.ua sonl.-rl.ailSc untü dleüenoca on Èhc
stlnulue eoelc nusü be rcpro¡cntcd. by ouallor d.lstanoGa
on thc rGsponüG eoalc then ls t,ho GesG fon thc botüon
¡tlnulus Ecml-tahgc. å, d.lvlslon of, Èhs ¡rasponsc eoel,e
ln thtg rey appc¡¡fr Èo eoeor¡nt for thc faot theË thc
p1¿-polnù sf thc rcspoilG aoelo oomcepond,a Èo thc
polnt on thc etluulus esale rhloh ta ¡t thc å¡lne rc-
latlvc d.lsüanoc f?o¡n thc two cnd. polnta of thc etlnuJ.uc
soalc. Suoh a polnt oorreepond.s to thc 1og meen of
the two cnd sttmull end. hee bccn oelIcd, by lIelson (1961+)

thc ad.aptaËlon IcveI.
In thc nagnttud.c eeülnatlon taek t,he sole rê8-

trlotlon pl-aocd. on thc responsê systen ls thaü the trrl-
tlal referenoe stlnulus le glven a epeolflc reeponser
sâtr rtlOOF. A1ühough thls ls the lnltlal referenoe
polnt tt see&s olear thÊt Èhe g qulokly d.lfferenttaùes
out fhc two extrene stl¡aull of the stlnulue range and.

eubeequently uses these as reference polnts, Irr
d.lfferentlatlng ouü these polnüs S aeslgns Èo then
soaLe values thcreby d.eflnlng the reeponee soale but
Ln thls sltuatlon slnoe no restrlotlons are plaoed. on

Ë,, the two hal-vee of the responsê eoa}e have oonslstcnt
propertles baecd probably¡ BB ïfarren lL95B) has aüggêa-
fed., on grs knowled.ge of the pþelcal correlate of the
stlmuLus d!.menslon.

It ts thls restrlotlon on the responae syetcm
ln the category ratlng Èaek whlch appeare to be ühs
ceeenùlal d.lfferênce between the two eltuåtlons end.

to aecounÈ for ühe faot that whcn oatcgory scaLe
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velus¡ arc plottcd agatngt ratlo eoeLc v¿lucc the
resulflng ourve 1g oonoave d.ownward.s. fhls relaülon-
ahlp ncreLy rafleote that thc Èop parf of ühc oatcgory
ratlng eoela ls oomprÊcscd. rclatlve to ühe botton hslf
whlLe thls ls not eo ln the oaso of retlo soalse.

An adültloncl oonsld,eratlon d.etemlnlng thc
forn of oategory retlng eoalas ls th^at stnoc resürlo-
flons are plaoed. on the rcsponsea whloh may be uscd.,
the d.lstrlbutlon of rcaponees to ct,Iuuü at the end.E

of the array w111 be Èrunoated.. Soele vaLuee of
stlnull aË the botton of ühc array tcnd,. oonscquently,
to be clevated. whlLe scale valueg of stlnuLl aü tLre

top end. of the array tend to be oorreÊ,pond"lngly d.epres-
sed. Slnce no suoh reetrlotlons operate ln magnltud.e
estfunatlon taslrs, ühls coneld"eratlon ls not appllcable.

The lntcrpretaülon of oaÈcgory ratlng taslre.
rEhloh le belng ad.vanccd. hcre l-ead.e to a nunbêr of pre-
dlctlona whloh are coneletent wlth those d-erlved. frou
ad.apüatlon level theory, for exanple that the mld.-polnt
of thc responsre eoala should êotrrespond. wlth the log
nGan of the sÈlmuLus rar¡go, buü lt ls very much at
varlanoe wlth the vlew l¡npIled. by ad.aptatlon leveL thcory
that thc ad.aptatlon Level ln Eoae way servea as a refer-
enoe polnt ae;alnet whlch all othcr stlnull a.rê assesseù,

It ls posslble to extend thls Interpretatlon
of caÈegory ratlng üaeks to galn an und.erstand.lng of
the role of anchor stlmul-l. Thc cxperlnenüal evld.ense
suggeets qulüe strongly thaü thcsc etlnull prod.uce thclr
cffecüs by hlndcrlr¡g thê developmcnt of the nod.cL or
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sohcne of ühc atlnulus array at thc cnd. whloh lc oroeest
to thc anohor stlnuf.ua and. feoltltattns ühc d.lfforÊrl-
tletlon of, stlnull at thc othc¡r and of ühc aÈlnul_u€
a¡ray. Slnec thcar rcstrloülona l¡upocod. by g
result ln a ürunoatcd dtetrlþuÈlon of rceponsra, ühc¡rc
wlll bc ¡ rclatlve d.l¡preocncnt of thc seerc valucs of
thc atlnuIl whloh ere Boorry d,lff,crcntlatcd. üowards
tha nld.d.lc of the rcsponÊê aoale. In the oase of the
stlnuL!. whloh arc rethcr bcùüer dlffcrenttatcd then
ùhey are when no anohor ls uscd., the!.r mearr eoalc valuc
wlll euff,or leas d.laplaocment toward.e thc oentre of thc
soare than Ls usually ùhe oase. A conblnatlon of both
of these faoto¡s Êeems to be reeponslble for the ueual
anohor effeots of a d.lsplaoemenü of ühe mean scale
vaLues of the strnull awey fron the d.lreotlon of the
anohor.

Attenülon hae reoenËly been d.lrected. by FÈoes

& Drl,ollo (L966) toward.s a conslsüenü feature of the
peyohophysloal functlone obtalncd. wlth nagnltude cs-
tlnatlon ¡oetlaod.s; that ls the oocurrenoe of üwo d.ls-
oonttnultlee whloh appear in ühcee frrnotlons above
and. below the mld.-pol.nüs. The nagçnltud.e eetlnatlon
taek ls süruotu¡ed. for g by glvlng hln an lnttlaL
treferenoe strmulue and. lnstruotlng hln üo aselgn üo 1ü
a partlouLar magnltud.e. fhls etlnu].us appears lnltrally
to act aÊ a basle for Judgenente buü !.s rather qulckly
d.tepraoed. by the two end. sürnull of the stlnulus årray
whloh ere aoon d.lfferenüieted. out by å and then sê¡l'yè
es referenge polnts. Bhe d,lstrlbutl0n of eetluaùee of
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Jud.gcnents of lndlvld.r¡al stlrnull ls not synnetrlcal
but ls alwaye slrewed- away from the reference polnf
whlch ls bclng used ¡ thls ls a oorollary of the laet
that the further süluuIl are sltuated- from the re-
ference polnt the nore uncertalnty there ls about theut.

A oonsequence of the skewed. d.lstrlbutlon of Judgcnentr;
ls that ühe nean a¡rd. nedlan ere lnapproprlate mea6ure$

of eentral tend.ency as they lnoorporate a systematlc
blas. filnce, aocord.lng to thls analyels, the funotlon
Unklrrg stlnulue value and. nagnltude estlmate ls really
a eomposlte of three funotlone asaoclaùed" r¡lth three
d"lfferent reference polnts, the orlglnal one and. fhe
two enù ones, and. slnoe the magnltud.e estlmates (based.

usualty on the ned-larr) lncorporate a systematlo blas,
ùhe funotlon should. exhlblÈ two d.lsoontlnultles where

the d.trectlon of tkre systemaülc blas ohanges beoause

of a shtfü üo a dlfferent, reference polnü.

llhese vlews of sensory dLsorfunlnatlon also
pernlt a more ad.equate understandlng of the method of
conetant sÈl¡ou1ue d.lf ferences. Performance ln thls
ettuatlon 1s d.etermlned. by a comblnaülon of the pro-
pertles of the mod.el wlth ühe partlcul,ar characüerlsflce
of fhe response system used.. The facü tk,sù there le
more uncertalnt,y about stlmull ln ühe oentre of the
stlmulus array than ühoee at the perlphcry moåns that
lnd.lvld.ual sÈluull a^rê more llke1y to be oonfused wlth
etlnull near the centre of Èhe stlmulus arlra;y ühan

those near ühe perlphery. Such a sltuatlon would. glve
rlse to what has been called. ühe oentral tendency of
Jud.gement.
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l,¿haü has becn oelIed. tÌre ord,cr effeotr that
ls. thaü Judgenents ln the St-V ord.cr ar6 mor6 accuraÈc
and. conslstent than Jud.gencnte ln the V-St old.6rt
appears to rcfleot the feot thaÈ over the oourae of
the expertment St becomes beÈtar d.lfferentlated than
the V stlnuIl slnoc 1È ls presenüed. nuoh more fre-
quentl.y. In the St-V ürlaIe, St aervêa aa a baele
for the oomparatlve Judgcuent and. these are corlSê-
quenüLy uore oonsletent than Judgernents ln the V-St
ord.er where ühe V stlnull, whloh e,re not so well
d.lfferentlated. as St, BGrve as the basls for conparleon.

l'trhen eomparatlve Judgements are naèe ln thc
St-V ord.er a¡rd Èhe V stlnull are plaoed symmetrlcalLy
about the St, the sane relaËlve d.lfferenoes fron the
5t are malntalned. by the V stlnull ln both stl,nulus
seml-ran$es. Und.er these oondltlons ùhe reÌatlonehl,p
beËv¡een posltlon ln the stlmulus array and. the üreoer-
talnty assoclaüed. wlth the oomparaüIve Jud.gement of
each of the V stlmull ln ühe stlnÌrl.us ârray w111 have
the same general form as le for¡r¡d wlth other types of
Judge¡rents, that ls an as¡rmmetrtoal lnverted. U.

P,eoause of the asyrnmetry of the relatlonshLp the dls-
trlbutlon of oompanaülve Judge¡aents wlll also be

asymnetrlcal or skewed. toward.s the rlght. 'Ihls w111

mea¡r fhat the nean or noðlan valuc of the Jud.genents
when used. as an lnd.toaülon of oentral Èendency w111

lnvolve a systematlo upward, bLas,
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l{hcn Jud.gcncntü etrc u¿d.c In thc V-St ord'sr thc
relattve elze of thc d.lffcrences bclns Judgcd. le grcafcr
for stlnull ln thc botton gtlnulus scml-lange than for
¡tlnuIl ln the top and. henoe the Judgencnts of these
ctlnull w111 be acoonpanlod. by nore r¡ncertalnty.
fhls moa¡rts that the ae}æmetry of the rel-atlonehlp be-
Èween rcsponso r¡nocrtalnty and. posltlon 1n the etlmt¡J.urs

erray Is oppoeltc to thaü observed. ln the st-V ord.er
cnd ühat the blas lnvolved. ln ühe use of thc mean as 4
neasure of oentraL üendenoy w111 be d.ownwards. Slnce
oomparleons of the f stlnull relatlve to St are syste-
neütoally blaecd. upv¡end. and. oonparleons of St relatlvc
to V are syetenatloally þlascd. d.ownward. thls glves
rlsc to a sltuaÈlon ln whloh lt appcars ühet the sub-

Jeotlve magnlÈud"c of St, or the PSE le less thEn the
obJeotlv¿ valuc of St¡ or Èhåt there ls a negatlve corr-
stant error. The conetant error ln the nethod. of
conetant stlmul-us d.lfferences therefore appears noü

to have anythlng to d.o wlth tlne pg se but ls a

reflecùlon of the pattern of response unoertalnty or
the varlable erroro T'o the extent ùhat the response
unoertalnty can be nanl,pulated. by Lengthenlng ISI or
lnoreaslng praotlce, so nlght we expeot thls to
elther lnoreaee or d.ecrease the oongtant error.

Another form of ühe constant error whlch has

conslstently been observed ln peroeptual experlmenüs
ls what hes been oaI1ed. the emor of the stand.ard..
'.lhe error of the standard refleots the fact that the
obJeoÈlve i¡t ln these experlments ls oonslstently re-
ported as belng btgger than the eubJectlve St, the eLze
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of ühloh ls lnfc¡rsð fuon the rerulüs of thc crPcrtuonf .

Thc losloal tdonülty of thcec tro crror¡ 8oüts4 üo h¡vo
bccn overlookcd. becauÊc onc Ic u¡uelly epoken of aË an

und.ercstlnaùe and the othcr es en ovcreetlmate¡ ln
thc fltret o&se wo are oonocrnêd. to d.ctcrnlne Èhe [49-
nltud.e of the subJcotlvc St whloh la fotrnd. to be smaller
than ühat of ühe truc St a¡td. ls, thcreforer sald to bc

underestlneted. whllc ln thc ecoond. o&ae wc are oonoerncd
to d.etermlnc the subJcctlve slze of ùhc real St. 'lhls
le ueuaLly found. ùo bc greeter than thc PSE or subJcc-
tlve St and ls thersfotc sald to be overcetlmated..

A thlrd type of conetant error has very f?e-
quently been forlnd. ln stud.lea of slze oonetenoy when

the apparent slze of Sü cxoeed.s tte truc slze (htohLwlll
t963) . In both of these ad.d.Iülonal sltuatlons lt d.oes

not seem at all unltkely that the baslc cause of thc
observed. oonstant errora ls slmlLar to the one whloh
has been ad.vanoed. to account for lte oocì¡rrenoe ln the
nethod. of oonstant stlnulue dlfferenocst.

'fwo of the toplcs whloh havc been d.lsoussed.'

namely the tl¡ae error and. the relatlonshlp between
oategory scales and. raÈto eoales¡ ârê of eome relevanoe
to an asseesment of Stevens I vlews on sensorJr têâßìrrê-
ncnt slnoe he haE aseerted (Süevene t957 ) that tfre
oeourrenoe of the tlne error and. of the bow shaped.

relatlonehtp between category ecale valuee and ratLo
soaLe val-uee are two of the deflnlng chareoterlstlos
of prothetlo as opposed. to metatheülc sttmulus oontlnua.
In thle d.lscusslon explanaülons have been ad.vaneed. to
aecounü for these two phenomena rchloh d.o not lnvolvc



- 181 -

ühc ncscsslùy of lnvok!.ng thc d.IEülnotlon betrôon pro-
fhetlo and netatheülo ettnulue contlnr¡s. fhls nay be

takcn as provldlng eoua furthcr wclght Èo hlarren &

Warrenfs (L96J) oontcnülon Èhat the fr¡nottonal ctlterla
for dLlstlngulehlng bctween the two typee of oontlnua
are wlthout ad.cquetc supporÈ. It ghould. also be sald.
howevcr Èhåt an atücapü to obüaln evld,enoè for a pâ^r-

Èlculer erplan^etlon of the phenoncnon of psychoplryelcel
h¡rs{:ereelc, ühe ooêurrênoc of whleh le yeÈ another of
Ste'¡cnsr d.eflnlrrg erltcrla, wae not auoocEsful.

O¡ne of thc lnpl.loatlons of ühla work orr E6rr-
sor:f mcesutemçnt ls ühåt lt aelde to ou¡r. rrnd.crsüand.lng
of 'bhe faotors, other than etcnsory aeutty, vrhloh ln-
fluenoe performanoe ln sensory d.leorlnlnatton tasks.
Slnoe the ¡oed.lattng scheoa or model tE Eo lnportant
ln d.eüernlnlng perforranae lt nust be expected. thaü
varlabLee assoclated. ¡rlth the bulLdlne up and. matn-
tenance of, these models w111 be lnportant d.etermlnante
of perfornahce. Iü woul"d" seem to folLow thåt slgnaì-
deüeotlon type nethod.e whloh lnvolve only two stlmulus
valucs, elgnal- and. slgnal plw nolsê and. oonsequentl.y
the very slmplcst typc sf mod.eL, nusü provld.e ühe best
eltuatlons for a eüudy of eculÈy unoontantnated_ by
other factors. The propertlce of the gohena aLso sêem

to provlde an explanatlon for the obecrvatlon (Sweüe,

Shlpley, MoKey & Green tg6l+l that ln elgnal d.etcctton
taaks performanoe und"er cond.ltlons of nultlple deteo-
tlon whe:le a nr¡¡nber of slgnal lnt,cnsltles a;re used. ls
relatlvely poor.
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Shc lntcrprcüetlon of ühc ebgoJ.utc Judglcncnt
slüuatlon whlch hag becn ad.vaneed. gu8gesüs thaü a
maJor llnltaülon on perfor:mance ln ühls slÈuatlon muet

be lmposed. by Ête ablllty to bulld. up and. malntaln
the med,latlng gchema or mod.el. It Ie thls abLllüy
whlsh appears to und.erly ühe rcl.atlvely lnvarlant
Llnlts of perfornarcê ln slüuatlons of thls ktnd.. of
bctween two and ttrree blte of lnfornatlon per abeoLute

Judeenent (¡tlttcr . t956) .

In oonmon wtth othe¡r taslts whlch Lnvolve an

årray of stlnuLl looatcd. on a elngle d.tnenelon 1t hae

been shorn that chotoc RT performefioÇ too,appears Èo

be ned.lated. by a mod.e1 or soheua wlth propertles the
same ae those prevlouely outltned-. ft must follow
fron the operatlon of suoh a mechanlsn that each

addltlonaL sÈlmulus whloh 1s ad.d.ed to the stlmulus
aruay w111 Lead- to an lnorease 1n the overall mearÌ res-
ponse uncertalnty and. henoe itT, but the slze of Èh1s

lnoreaee w111 d.lnlnlsh for eaoh add.ltlonal stlmulus
whlch ls ad.d.ed. to the stlmulus arrayo t'h1s argu-
ment also applles to the response àîTay and lt ls
suggested that lt foms the basls of the observed.

logarlthrnlc relatlon between RI and. number of alter-
natlve sülnul1 1n the arrayô

It would seen ùo follow that thls relatlonshlp
oould be expeoted. üo be moet pronounoed. when the choloe
rtT sltuatlon was sürueÈììred. so as to ensure thaÈ per-
formance requlred. ldenülfloatlon of the stluulus ln the
stlmulus array and- ld.entlftoatlon of the response ln
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the responsc array. fo Èhc cxtcat that $ eoulû nlnt-
nlse the ncocsetty to ld.enülfy both sttnulue anå reß-

trronsc ln oarrytng out thc task¡ thc atrcngth of fhe
relatlonehlp nlght be cxpcoted. to bc red'uocð' An

lnctloaülon of the etrength of thls relatlonehlp ls
glven by the slopc of the frrnotlon llnklrg RT and. Rlltû-

ber of etlnulus elternetlves. Onc way of, nlnlnletn8;
the neoesslty to nakc separatc ldcntlftoatlon of ettnu-
Lue rrnd. response would. be to nentpulatc the spatlel
and. pþsLoal arraT¡gêucnte between ett¡rull and responseg.

The ul-tlnaüe ln thls naanlpulaülon was probably aohlevcd

ln an cr¡lerlment !n whloh the lndlvlc[r¡al stlmull r{e¡e

vlbrators und.er thc flngers to bc uacd to preee the

approprtatc reeponec kcy (¡,cona¡d. 1959). A further
way of reduelng the naoeeslty for rellanoe on the

Dogtul.ated. ¡oed.latlne proo688êe would. bc üo esfabllsh
Ctrong d.lrcet aesoelatlonal llnks between stlmulus and.

response by prolor¡ged praotloe¡ evldence has shown

(ï'lowbray & Rhoad.ee t959) thaü und.er t'hese cond-lflons
the slope of the fr¡nctlon ls zeTo and. that the relaüIon-
¡hlp between ilf and nr¡nber of ettmulus alternatlves d"ls-

eppears. A manlpulatlon whloh would. lncrease the neces-

elty to rely upon the ned.latlrg schema would. be to break

d.own the spatlal equlvalenoe between the stlnUlus and-

response a3¡ays and. to arra¡,iße the lnd.1v1d.ual- sülnull or
Ìeaponses on a contlnuun d.eflned. ln numerlcaL raüher
then epatlal terms ¡ experlnents of thls klnd" have had-

ühe effeot of lncreaslng the slope of the funcülon
(e.g. Mor1n & Grant L9551 .
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It would üherefore appêar Èhat thls lnterpre-
tatlon of the oholce lìft task noü only acoor¡nüs for

. thc naJor flncLlnge about psrfo¡'qanoe ln thls slfuatton
but suooesgfully tntcgr¡tct thls üask w[thln thc wld.cr

oonücxt of sènÍtory d.leorlmlnatlon.
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A?PENDIX A

Instructlons for :Ienporal Dlffcrcnce Eetlnatlon 'Ia¡k.

Thc a!.n of thle erlPerlncnü 1s Èo d.etcrrntnc how

well you oen dlaorlnlnaÈo ehort lntcr:vaLe of tlmc. On

each trlal Fou TI111 hcar two eoì¡nôa of varylrrg d.uretlon
separated by a sh6rt lntervel. Your teek ls to Oqmpa¡Ë

thc leneth of thc scoond. eound. wlth the flrst. Ïou arc
to nakc the Oonrpanlson by mea¡s of ühle scale and. Ot¡trsOr.

Thc ¡lldd.lc poeltlon of thc or¡¡sor alwayc oorrÇgponû¡ to
thc Length of ühe flrsÈ sound.¡ on eaoh trla1 you aro to
shlft the ourÉtor to the squa¡a whloh you fecl bclt Gl-
presecs the length of thç seoond. sound. as oomparcd. wlüh

the flrsü. You shlft the oursor to ühe rlsht lf you fccl
ühe seoond- eound. was Longer than the flr¡t¡ you ehlft thc
curaor to the lcft lf you fecl" that the seoond. sol¡nd. was

shorter ùhen the flrst. On eaoh trlal you nust shlft
thc or¡rsor to I, sq¡arc whloh you fccl begt Glprcltca thf
rclatlonshlp bcüween the lerrgth of the üwo sound.s.

Thls tesk requlres your r¡ndlvtded. attentlon. If
at any tlne you feeL that your coneenüratlon ls lapelng
and. that you requlre a shott break pl,ease Indloaüe.

'$Ie w111 now hevc a fcw prcl-lmlnary trtaLs ao

that you oan get sone ld,ee of ühc neturc of thc t¡ek anô

thc range of eflnuil uscd..
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APPENDTX B

fnstruotlons for Tempo3el Dlfference Detectlon Task.

The aln of thls experlmcnt le üo d-cternrtne how

wcll you oan d.lEorlnlnate short lnterval.e of tine. O!1

eaeh trla} you w111 hear two sol¡nd.s of verylng duratlon
scparateê þy a thort lnÈcrval. Your task ls to comparc

the lengüh of the seoond. sound, wlth ühc flrst. You tuay

na^ka Judgencnte of üshortertr, rlongcrt or fequalil. [t
rslll be neceesery to na.kç yol¡.r Judgenente gulte qulokly
at ühe end. of e€ìoh trlal as thcre !e only a small lnt'srca1
between ürlals. t{hethcr the gêoond. ettnulue le longcr,
shorter or equal to thc ftrsü on eny onG trlel le deter-
mlned. pr¡reLy aü raud.om ¡ howcver. ühcrc are equal pro-
portlons of eaoh kInC of trleI. ,Ihst ls, on one Èhlrd.

of thc oocaslons the seoOnd. Etlmulus ts ehorüer than the
flrstr ofr one thlrd. lt le longer, and. on one thlrd. lt ls
eque,l.

hrc wtlI noü håvc a fcw prellnlnary tr1als fo
aoqualnt you wlth thc sltuatlon. 'Ihíe task requlres
yot¡t r¡¡rdlvld.cd. attcntlon. If aü arry tlne you feel
Èhaù your oonoentnetLon ls lepstng and, that you rcqulrc
B shoFt brcak ploeac lnd.toate.
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APPËNÐIX C

Inctructlong for Aud,ttory Intcnstty Ðlfferenoe
Dcücgtton 'Iesk.

lhc ¿tn of Èhls orpaflncnt lc to ùetcrmlne hor
wolI you oån d,leor!.ulnato gnall d.lffcrsnoea tn loudnêog ¡
On caoh trlal you wlll hear two eound.s eeparated. by a
sf¡ort lntorvel. Hetre le en exqtnplc. FNow.tt --

Your ta¡k lc to ooupe¡ç th¡ loud.nc¡e of thc eçoond,

eound. rslth tha f!.rst. You nay nakc Jufucncnta of ÛLouûürÍ,
rgofterËr or ilequaì,i. Ag aoon a8 you havc n¡d.e your

Jufuenant enter lt ln ühe epproprlatc squarc of Èhc rcoorû
ehcct uslna an L for nloud.eril r e,n S for tsofÈcrtr aïd, c -
for 0equelÉ.

Irron ttne to tl¡re a volce w111" announoe thc nuu-
ber of the next trlal. 'Ihls wllL eneblc you to oheck thÂt
you are oonpletlng ühe reoord, sheet oorrcctly.

'¡lhcthe¡ thc scooad" sound, 1s trloudcril, rrsoftern,

or tcqualil to the flrsü on any one trlal le d,etermlned.
purely et ranðom; however, there are equal proportlons
of eaoh klnd, of trtaI. 'Ihet ls, on one thlrd of tho
oooastons the scoond. stltnulus ts nloud.eril than ühe flrst,
on onê thlrd. lt le rlaof,terF, and. on one thlrd lt le dequal'.

I{ere a:c'e a few praoüloê Èrtalc. Ðo not reeord
your response üo these. rNorfil --

llNOWF --
tNOWtr --
ËNowË É-
flNowt e-

I^fe wlll now oonÊGnoe üho e4pcrlmcnÈ proport trÊdoü-
bct:, reoord. your rêBpongc tloud.crt, Ëtoftcrfi, or tcqual.

afl;çr eech trlal. xsbart.Í
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APPENDIX D

Inatruotlons for Catc8ory R¡tln8 of Llftcû l'lelghte.

(a) wlthout anchor.
fthc aln of thts expcrlnent le to d.ctermlne how

roll you ârG ablc Èo nekc Juðgcncnts of wclght. On caoh

trLaL you w111 bc prcacntcû wlth onc wclght and. you arc üo

rêport how treary [t !s. In repo¡tlng on eaoh welght you

mcly usG sny nunbcr fro!É one to sevon lncLuslve, onG ft¡r thc
Ilghta¡t wclghtø and, ¡cvon for the heavtcst. On Gao¡l trlal
usc thet numbcr whloh you thtnk ls most spproprlete.

Hø¡re tc thc hoevlcgt welght of Èhe serles.
Hcrc ls the llghtcet ¡qelghü of the gorles.il

(b) i,{lth anchor.
tr'Ihe eln of thls expôrlnent ls to d'eüermlne how

well you are able to nake Judgenents of welght. On eaoh

trlel you w111 be presented. wlth two welghts and. ¡rou are

to report how heevy the eeoond welghü 18. ?he flret
wålghü wLl] be the B&nê on caoh trlal buü the Becond. welght
u111, rrery from trlal to trlal. In reportlng on eaoh

welght you nay usê ar\y nunber fron one to seven lnoluelvc,
one for the ll.Shücst welghts and. eeven for thc heavlest.
On eaoh ürlel r¡sc that number whleh you thlnk ls nogü

approprlaüe.

Herê te thc hcavle¡t wclght of the eer1eg.
Hcre ls tho L1ghücet welghü of the aerles.rl
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APPENÐIX E

InaÈruottone for llysü.rGsls Erperlmcnü.

Thc eln of thle cxpcrlncnt ls to dctsrmlnc how

well you ere able to nalte Jud,goncnte of, wclght. On caoh
ürlal I shell glve you thr6c wolghte ln euoocsËlon, clthcr
ln tnoreaslng ord.er of heavtnase or d.eoroastng ord,cr of
heavlneee. Your taEk ls to na.kc a Judgen¿nt of, the
welght whloh was prceentcd. eeoond. ln oou¡rarlson to ühc
other two¡ that 1¡, Èho ftrat and. ûho thl¡d. wclghüe.
On eaeh trlal Ëhc heavy ar¡ô llght wolghÈ ¡v111 bo thc samê

alt'hough ühey may bc prosentcdl clther flret or lest !n
any partlcular trtal¡ only thc seoond. or rnlddle wclght
rslll vârfr

Thc hcavlncee of thc two cnd. wctghts tc rcprü-
sentec[ by ühe two end.e of ühls eeelc, thc l!.Shtcst
wclght at ühe Isfü end. of ühc aoelc and. thc hcavlcat at
ühe rlghü end. of thc soelc. On caoh ?rla1 you muet
ehlft the cr¡rsor to that squarê whloh you fecl bceü
reprcsonüs the heavlncee of the eccond or ntdêLe welght.
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APPENDIX F

InctruotLong for Aud.!.tory IntenslÈy Dlffcrcnce
Ðctcoülon Taek,

Thc eln of thls cxperlnent te to dctcrmlne how

well you cen d.laorlnlnnüc ¡usll ô.ffcrcnoes ln loudncse
of gor¡nd.c. tn eaoh trtaL you wtll hear two eound.e

separatcd by e ahort lntcrval. Iou.r taak Ie üô. eoa-
pare the louûnasg of, thc eccond sound. wlüh Ëhc flrgt.

'Tou atc üo malrs tho oonparLson by aeans of, thls soaLc
and. oursor. Th¡ nlddlc I¡oE1ülon of the oursor, that
la whcrc 1È ls now, always oorreeponds üo the loudness
of ühe flrsü eound ¡ on saoh trlal you are to shlft
ühc ou¡sor to the squa.rc whlch you fccì' beet erpressoa
thc loudnese of the seeond. sound. a¡ oonpared. wlüh thc
flret. If you feel thet the two sound,e werè of equal
loudness let the oursor renaln ln Lüs presenü poeltlon
but the üwo sound.e wllL be of aquaL l-oudnees on the
alrerâge, only onoê ln every thlrtcen trlale, on the
renalntng ürlaÌs there ¡u111 þs an cqual nun¡,bEr of
occaslons when the seoond sortnd. wllL be louder or
softe¡r ühan the flrst. If you feel thaü the eecond.
gound. wae loud.er than the first, shlft the cureor to
thc rlght, tf you fecl that thc eceond. cound. ¡rae softer
Èhan thc flrst, shlft thc Gurso¡ to thc left, On eaoh
trlal you muet shlfü thc oursor Èo a Equarc whlch you
fcel baet êxprolrÉee the reletlonshlp betrvccn the loud.-
negs of fhe two sound.g.
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APPEI{DIX I (Contlnucd.)

In off,cot you uult Èra¡rsletG your Judgcncnv- ot
loud,m¡¡ lnto ¡paÈle! trrmr. TOt¡ nry ohooÜG rh¡Èc¡.r
d.t¡üane¡ on thc ¡o¡1¡ yOu thlnl 1¡ no¡Ë approPrleÈr to
cïptfrt! e pairtloult¡l d.:lfforcno¡ ln loUûr¡oe¡ but ÊX-

pGrlcnoc w!Èh üht¡ tarlt h¡r shown th¡t pc1tforn&noc !e
b¡ttcr tf Juaeoncnt¡ erc r¡cll ¡pao.d oì¡ü anð e 14rgÊ

pørËIon of, Ëhq úsela !¡ u¡cd'.

l,Ic wLll hevr e fcw p¡¡Ilnln¡ry trlel¡ co üh¿t

you otn gct sonc ld.ca Of thc naturc of the Èask and. ühc

rangc of ctluUfl utGd.. .Afbcr GÊoh trlal le oonPlcÈ¡d.

plcaec ¡cturn thc otgËor üo the ¡alildlc ltoaltlon.

Thls taek requlrce you¡ wrdlvlÖcd' aütcntlon.
If at arry tlne you fecl thÂt yolg Eonoontratlon !s Lap-

elng ar¡ct that you rêqulrc a ehotr bree}, please lnd'loafc.
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