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Studies of the Constant Error

bT

Don A. Roc,",La and T'ufyk re Calan . er
Univeraio cf WI--shiligtor.

A series of experiments are reported in Which attempts are
t!lt:de to etudy the role of stiraulus veriableg that may affect the
magnitude of the constant error. THE results indicate that in

adctitiov to bias effect s that cannot rightly be ascribed to the
:,^:linu*us, there are certain forms of potential. sequential. biases
that may or may, not be atimulus indc•ced. The ciassical experiment

i.o investf.v,ate ttfie phenomenon is zedesigned, and Same pre3.iminsi- Y

,•^:su t-s are preoe:::e:: ^:^,1 ..:^^• :hat Cite: t:cchnique is casible.
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Experin:antP tihn w the constant ntrc r , or time-order error, was at

the height of its nopuiarity 30 years ago. During that period, the effect

examined as a phenomenon in -4 t3  wm night,	 -h r thaut r, nui wer(rce to

be elivir.ated fral^ expe:'ic•tatltal d^za., A =_vie , ,t by Nit- dI%an (1934; i.::^irri s

6i-z theories of Fechtter, Rl^hles Oat3 	 .+f5stein7 At? o w^Iict^ *:-r-p ZC

for th-a u:stial nE ative CE.

F'echncr z z t lieo ry waii that Vie "mamory image" of the first &t:tmul.us

Iscles, so that the trcord ctitre lt,.s aeams larger; by coapwrieov-	 Sincc

e..	 ,	 L^• ^ :.httc.j. s ^. ^3^^ ,fn:c.nta involved ot.cce9:^ive -^rE^en..at.io..a of at.f.-mulf , It

ivae obvious that the "fa ling" took place in title, and Fectiner was the

ixst Zo .s?:o:a : n.3L• the lontcx the 3cl.ry between stimuli., the gxaata: w,.x

the overt st3:nae:ion. Thin efts ct wtis attributed to the increased r a ! I ng of

the image of the first sttimul.us.

By the tuim of tLe century, the i amory fmaga theory 1--ad been din g s. Edited

by the phaninmcn olcgite.1 cP: ittelsn, that no conscious image of the a^fx:ulus

cnald be demonatrt!ted by intrc s?ectioa. Mhler'a theory, ptropot;ed in 1923,

F'ectsuer's concept reuswed status by phras i.nq, I.t sr. te; &s cf

logical traces for which uo conscioua correlates were supposed cc axist.

V,S lag ' s -,rell.-known relatirsit :.-3 L 3ro(kucc i_d in V4.0. 1 (to-)) (frcw Needham,

19.105n). It s2ewingly fi2inor variant  of 7tihler l s. theory by Laa., ansf eln 2av-P,

tL a to a flurry of	 and ari.t:icism vega;:dlDg the lrterac-tior;

c?f the physicl.ogicral tr a ges,	 1te--nat•i_ve expl.an_aLian of the CE,

&:,-Af-ned to handle tho smilax blitz- In at,tt olute judgm-enta al ro, acee. nth
a-

Ire name of any single investia;ator (Peatts 19:33). This variRnt

t'Portianrs ni thiu •esea; ch w;::r p- wipportee, by C(1z:t;*,act NON:, 477 (3A )
y,l	 ^ Urti• ^er^tit; t,} +F;^^1ip,;Pt )n ;-:::3 .'rte Of 'ice of W-,-:al Research. This^^;- ^:w,% x t1he

 vp a condurted C11 rlrtg the fi''9a: clwthor' s pre -doo;f1X'al 4'rairea 131111? i^ rc-vid-d
r ^• the %Rtloual AercUnau -.i.c8 and Space A mi-Asrre.tion.
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2
Qs[^t,^se c«:e entire +se>;rie!a of titimuli establiohes an werage ref.eren .e

ie-,e.! trace 4111ich fader, during tale experiLieuta ► se-Msion. The theory
acco T:ta fcr ti,e a"ccc ursive- compa-: i9ou dais by assumitag the series Ct ac e
is made incf r cc:ti've wficn the standard stimulus l a trepeawdly rre:3cnzed.

The 4lonlysta of the CE problem fa--Ied, and ittterc:st in the problem;

tra.;aefs . Moie n theor-y (Luce & Gal.anter, 1.963) Impl.iem t • aL the CE .,? a
binj vi:-J.ch should b^! subject. to nanipulatiun by respo 'nss ^ arsrr^_rPTS, *1Gt,

as c,;":s thought in the 19309, by stimulusimulus effects.
Recent ex eriments periot med in %:hio lsboratory have demonstrated

an inadequacy of -tarl_7 cnperlrzental techniques used to invesLigate the
CE. In fact, it appears tt,at. :mo a t -iaut'ern F,,ruzedures hre probably also
:nr^ppropriatc^. '!'h difficulty is that the early work 1&c'r.Pci control over
en importan t 8spcect of rite experimantal sltu>itintt. The na j or ity of those
expexinents used c l1assicel di.8crimfnstLott pa;.adi,,;rco in wli?ch It iv af;sumed

that the subject' ^ response is based upon thQ relat#_or, between the stimuli
presented by _ha eirper-lmL̂ ,. ► ter or each trIa? . Eve Jence will be pi eaeuted
In this r ,aport tMt under these: st€ndcrd con. ditionn, subjects ofte-n i.eapond

on an absolute b.,x ls rather than a relative bes'ir. Decat:se the 1930 eta
&tvilysis o f the CE presupponed nn experi-menta? enrdition ,,!hich was probably

rot attained, it: azay be oroR thwiii e to r ,^peat Che ques ti,)n of rha'_ period .
Whr:r wre the variabl-en and tce.lvi:lons vh-lch dctarmiva th-2 c onstant error?

Vie early investigators did not cmphasize asyzaipt otriv perfcrrnnce,

in6eed , most- of the results were based upon obse —niations taken from

un^ racticed obsetnrers . and amployed substantially lar.gez- stimulus diffe ences
thLa those cotrmonl.y used today. 1 ,bich of this eall.y work 1 entered or. the

dRLermina.tion of the function relating the CE Lo tbn tlamporal irate-r,pl

tet:ween the eti-muli Medha. , 19 1-4), enzl upon manipulac ions which per-
turbed this furet:ion. T.-e tear_ p--ftnnction (p for period) has been

`*g. astEce"d Needham, 1935a) as a deiict:iprian of the function re:latinL; the

CE to t', O&'.sntpvrA int:Eervz.1 .

Ex, ^, r:luicu

Tht fa,-, Ori.te 't- nlclinl— tIv -us i, 61ii bar '!.'xper1-1 aea:te'ry ti co.'e..~F.'ect dive- 'iminat loa

a	 It Vas eto C 1.111til a Vttx`it tton



3
vf the techniciu:^ wvt3 u.a c ,i in this !aivorrat;or; that its intidequacies became

apparent. The methad war, used in its barc5t essznrial. farm: one standard

stimulus Lind two co-,per{son stimuli aelected to rnovide the most iniormulon
(Bush, 1963). iije objective of the experimen^ was to see whether the C9

could follow We►ber's I:aw, an hynorhesis proposed by Galarter (1962) snd
theoretically justified by Luce and Calanve:r (1963) . Tim stimulus przsea-
tations with this -prot-edvre 	 the form (s, slk) . That is, -all t::e

preaenta.ti.on g o. a ,,A-ion (1 ,3v were of u stnp,1e ep tanelard s follol< l ed by one:

of Lvo compar-i qcn G .,.:? f. which -ilvays differed f::um the stencla:d by ehr-
amot I'it k.

The stiou! i were ).ire tones, dif ferITLj r Ortly In atnpl } tuitc, and were'. nrodu%- ('

by int`rupting an oscillator -atrenuator set with a simple  crn timer- Th.e.

tons--s, presi-iite3 b:i.neurally through a pair of PDR -8 earphone-S, ware

r^tsp ended Lr, by fa depr s3l.an of one or two switchas that signified

"lauder" cr "saf ter . " 'wring tha course of the expet invent , the i.ntensl tv

oc tlj.t stara'ard wa3 varied oa di,ffe •r-er.t day s over ii aide L•ar-ge in 10 de,:ibei

steps. The value of k always rem. nfvt: d s. constant in dec• -AO s.

Tw-,,at:.pil .v. ti-,e result of this zimperiment was teas c 1han coaclusive.

F	 the sis+,r: :A the CE and eonniderinp, only its nbso utc va cue,

conat- .nt: error deterwinations flucLilaLe rr ircegulnrly within -t-he maigin

o tr „r L ! :^„ ,,tn ?. er. ;;or. As a chF; c'c on this sbbri_vi:j.ted fore of tae misthod

'j; cons tant sti--ruli, the •3ame stir►ult -.;%Tre used in :ono her Z^tpt?:^:t^:t>>;:t.

F erIment, 2

1

p ie T)r seat.at.ions heard on siaparat:c days in E.xperimeat I us-r e now

so that a'i .i. the intensi—ie levels -,sere encoantaved on thp: carte day,

i'h^.j - tl-ic p±^osible preserntats.c^a., .-

(s1 , <3
IA); (n 2,.i2--:k); 

(a 3 v " 3±k), €34'S4 k)n

?.rc;j ctf these ef.Aht pai.ry were p •.-escanto-d	 t::gtiall y often in zr.

Ausnion. The open cirrl.en of rig, 2 t1le CR bias Obtr-Un a:A "itl!

-rzri3b)e or thy, ordirs:-e repres, ntL, ,:t► c tru^j,;e^L'^

teivIaticy to us,, , h.:' "I.C:udwx” tooponc-o Ftlternat'J•:e as to

..^,,..••	 -	 - -	 --+lam	 -	 ^..._.- _.._... 	 „^
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Ile wea.- 1:, c! of i l rc CE is	 D s S-L
jJ

•

vi;c: C S	 the rzurbet• OZ aor ter _- rsponaes .. L • the rumber of louder hr_d

the total ntu aber of : eeponi ec . Nlegat- v . values of D O .,11s reptr'ebent

a preprrders-ice of loader ►enpoiis ea, --n b:eepl.h4 , vdth th.:	 convention.

Thit: pctticul^r treasure of the CE is used to tacilitete compark. ,;n^. with

^.^t ► w^ ezperimenLe uhicb ara described later.
At first	 t,ce^ Fig. 2 su gges,̂ .a that the CE chauges from Positive to

^^c=^utive in	 r^v^:c1ar fashion with increases in the ante .:4ity cf the
ti; car:dnrd . Closer in9 ectioa veveals that this carne!,: be the result of r:
Veber's Law ef. f e,:t on the CE. The bia f- obtained at- the more intense

•	 s.__-_,ndards is e* o-.-mou9 by cown.,r , 1 CM to wbti . is usually obt3_-.ac:i. Tile

irgeat bias reprevert.a ;: ca , ! in W' ► ich the subject responded 1CUdcr on

•	 tivarly 75x of the triRls, a value which seers usir-sefsonai:je --timpat:'ed ro
it+ us:-&al range for these stimuli of verhaps 50 t o 600. Such v hinary

rtsprnae partitioning of O. 75,. (3.25 is the. cla onfeal value requ o.,e^l for the
determinst.ir n of the JND, so that thew data would imply t1c CE hart ar.
(aff ec t equal to the di.fforence lisuen:

If the results of txpariment 2 cennot he accepted as ect3 reprer:,:.vting

the CE, what in pvndticiug the respor:9e bf s? Other ez*-T.,erimaz.tt-s us:inst the
sure : tAlm ll. :.n epara -a 9ezeions failed to p -^*rAuce such reault:s, which
would inp l y that tine proced^jre of preseuZing a.' 1 enel9 of the stim? i
tie iat:um is rcyponaic►le for the difference.

rcrnbe^rgrr (1920) w s perM-a the f irat: :o	 tt►_e valldity o,i
•	 asuusaing 01-	 ..'Weazatf .re 17(.:2{,oB3e9 Ire 	 :;4- ore 4:0_00h t'r In

p6Yr_he'physic g 1	 Using li t-^'d %04F. Tnts, tie- found that Cg.;a

particular aeo+ .SeY cn. In :;hi.ch the subl -c-10. e!,^W';rvre r th?t -,- v, aigh":is afte-.'_''V

the location of the M. Lec.an •e -he Fame c+sxp&'4Ya,)n	 were j"Id e-s
llght or heavy, lapel• ding a nin 6Jhich compa'risoSt	 M, ao v^33 ,id ii1 ' hn►

pravioug tri al.
Ir.-Yin and Preys on ( 1937) derr'.ons$:Y.'r

y

;

»^

E:

e

d 

.

t

y

^'`

^

•at: 

i

;%y.A^3

t

F^.4 ^

^> j, 
5,.

^

_

e^.* j

^*C

t^

i:i.*i

repeat ilig judgmPute ©f the B&CIe category . AMPS w.^ S 41, ^. "tiell avo - dace J.4` not

dependents upon the o t imulur. . rJ ley pr:^ s+WPt^^^a t h ^ ^::: ,^	 ^ °e ^ ash s. end 	 na^^°

ute'aeity cl. •Lek on alterunt a t: -	 ► # a	 R o	 .:,^:.c:;t>; ita;^ran^tt^e . i l.f':h^^u ;i

jr "
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O i fferent vixball rebponsec3 -- aze. g:iver. ~o different seceury modA? itiais,

th^ subject ' s uelght judgments effected the loudness Judgments, a,:d vice
versa. Irwin and Preston cu:tc1lided that the response depenucnce could not
.)c K.r. tributed ;-o 4.voi :i :vice o f O.e :y am word y; -I n -u-sponding becaL.Sc the

e;. ^.-dency -:es oLocrved heLVeeu different words tlouder - he^^vierl

nor could It be accounted for by the stimuIr lion , since tl a ntinmu l i v. e, e

id`kMical from trial to trial. A Rimilar inter - trial depenciency holds
po: • 4L solutc vis-1al threilio'.d detetminFt.2 ons (Varplwnck, Coll `r h Cottru,
1952) . Analysis of successive response:: to the sari: flc sh cif lij,ht: in

th_.s .experiment showed that eapcnsca serarateO by as many as 10 trial
ar ,o signirict ncly depen%ent.

In r'xperlment 2 there are undoubtedly reapoose deplf-rvdencies %7hicti,

are not related to the sticaulucy but an inspection of Fir. 2 shown they.
J! ire- it. also a lveye bl3s which increacea as a function of the stir ttlT« .
;tct:ulta very similar to ''"nrimenr 2 f-^ivc- lbeen obtained usic :g l.illted
wolghts (11b odrow. .1 -933). -3-y gains s tr.i,-.d ,rd stimuli kit varying Imcnalve
iv;ele within the asin.o p esentacton saftes, Woodrow tcur_d that the CE
t.h"n agad from positive
T'^ ? 00-tom) has b
nth si r-tilurity of his

lr:i, ge enough to equal
the standard,

icy nago'Cive -:R the :eight of the standard incre&eed.

aeA construct ed 'rer Wcodraw`a table ,a to it l 3t ra.. c

romults. As Ir: ::periment 2, the ifts effect w .,

the of fact ,:f one 314D at thu highest intensity of

Eat) q-XI Ra t f

To eee mbli.sh the exact role ci the p.lyaical selmulus in p roducing the
atypical mmlta of "'xreriment 2, the difference to :intensity between each
,ipf the four stanclai : s wa:, reducO. from 10 to 2 decibels and the exptr. a.rment
smas reputed- Four stand ard-carLl,arfcon combinations near the intersa tv of

s3 ware prose ited, makin^ the total intensive range covered one fifth  of
Oiat *used in R;r parimrnt: 2, as shoum In Rig. 2. If the wide ae-.a .rration of
the sttmul_*. vas ti-;,z dete-miniag factor of the bias, it rz3 rAas.-Mea, that

reducing the range of sti.mslatlon iresez► ted oughC to reduce the bins

coI' regpondingly. The i filled data points or Fig. 2 indicate the result,
tfan changes pro:iuced in Mesponse bias were Almost i.denti .cal to those

4A. AW2—
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A_ ^:^mitar in ,rr.t la rac.e of aupon_.e bits, irde^eudent of the range of the
st±.r;U1:.3, %a -I ' obtaInk► :i be N_Edhr:m ( 1935&) , wbo Co3bincd ^.he ^^ ner3 ,fler.r.a1

va: tatic s of W ,--col-row (1933) a ,.-. ,l Ml.er 11923) into a single experimeat.

The- % L	 obLL-Ired by Vocrdi,cat,• oml KZ3h1er in their :separate cupe^ i-neM s
a.t•^ ^'.l: srrs:ed 1n Fip,• 1. Ndcedhaat used	 Wares rt. f 3Ur intcasie.y

levo!!, of thv starxl :n d P;Amulvs, c;.ch se l,er p teJ by 10 decibels, Tntter-
stim,,il_-Ih ir.Lacv 's of I, 3 zr,d 0 seconds were utied ct each of tEe tour

ixt I.eti;;i_tiej to pYctvics'e the date reproduced ir. Figt 3 (^^^-e':d^:.a, 19'1=3)
Li anticip^kt;2d. the reapoatoo bias wnc dependent vpont the intemsity

of die 3t :ndard . 'r,st lwa!; not: f x.p oeted wa3 the diverpec_F' cf tt:e cUA: vc:s3

o, r'^:• diff.e_^ant	 :_ ^,:;^:.i::.^	 Tit_ radinq	 01COry 'Wd3d pt.•ediCt

	

baca.;ae tha r--funa,&Aon of	 ''FIr- . D should apply
).-;'A 3 tO 4111 C11V lri-Le oltfes of the sL=d1{re!. Resedharl attriuu:ed

t'^.•^ irccreazei bites r:4 the =ionger irate;:- etimeulua into + :.a's to the doidnam e,
Of ales ,'lute ;judgmen t_s over relative oneo . Iii a suppIc.Eaeazta y ,ail: of th.-
8. ►̂.a... ex-J. Uric ent: (NLadham, 1.935a) , f Rve stim: 11 one decd b,:tl gp4rt ^.c
us ftd in q pa:_?-A--Coi.'rp,grison replication of the s2me exparimput. `ILhid

muder these conditions core then 2_fecti^, Pely ;riL dF:cibet gi.-E:rt.
'j'na tA nu.;^ =variations of respomc bias, that of ViQ. 3, was t and urAer

conditions ► , in agreerjet;t Ufith'.`';rrrcrimx::1st: :3.
ftt reaul. J of .r ̂ pe'l{td3tlt~f, 2 and 3, vas 'orell ac o h̀ers (Nef.dhalia, 1.935a.,

Vol l ack, 1055; °Woodrow, 1933) ouRgast the cp-ar'ati.on o what have becii
.:^... i.._C^ i:u::t, z- ast: ,efi	 :8. Contrast La assume to be C.,jpc- ra -C1A g when i'h^

,iti?z ;eCl' i. r>pe8i.':; 1Z:,^: t •_r ':%t.:3i, his iudgm..Ilt: upon the fit- i P:119,oL.S+i:l tea- UY

'.:he ,-x eriment z• on u sl;tgle trial, but mtbor oa some sart of i.mpresAor

fom. ,., d *GQt, the,, ant:'.re eequec!c a of u(Jmuli c;tpLrie-,ezr. dtuving t3:o ;r+^uslexr .
'iti1£ Ph ucam non m7 15P r ^ la's-'ed to the re vul.t s obs-_- i-verl many y eilrf,, ago

-.a o- va iable nt im-.1-it6 :,i a3 preaemxr'd f it t in. L ine mertod of con ,,, rar.

tf-.dn: [hest;e C041d;.twa►ort.', obe .!:^3'vars often inmdle their rei^ponses
i,Y -ore xt:^:auxe to t to v3 cr..dard, s;ugges inn the; l^tid ^.r-:a^:i e: rc.fererc.
a=.,x:i.iti "'.o .

Gong ant effects are ztct removed. by -slimias:ion of the 3t:;.;r dare
A

^,•i: ^.^t_i.°.^.^^,1 ^fz «a..: ShA -..1: . 1- 111 ':s ~  -, Pratt q	 3: , .	 Observers urzi rg the. mi!f-hod. of



.1.

N, EetlkAA%4 ;)IFFC^

.+40

.+ 2-0

0

C.

^. I e; .. !-.

lu

C? . ^_	 _^ . ; ^^.. ^„	 ^^	 .,..,.t ^	
/^ ors	

_;--

- eo

,l 20

-O.?U



I

!ar-gle stimuli, can make accurnfi: judgments whin the stimuli are only one

d-cibel P.par r , but adding one %io- a atzmulub to the agtteme of the etimulu9
withcwt the subjae:. 

e : knowledge, 1nd 'tzC %:.3 ;: 1Gi Re
tt e : er)poasea.

The theory lzvelf,.pv;l by Nelsen (Helsou, 1954; Mich*,Ia & Helson, 19.54)
y.s an attempt to necouat for phenovc .iNon s ucb. ar, the couerart effect.
Thesc authors, using the concept of an ad3ptinticn Level, rxr.clude Vlat
.."th .y PSE -19 found to be a veighted mean of al i -4-c l-Mil t past u..

pveccct, which aftec:t the iudgrmcnt: ^" Zhis curvo-f it:ttr.K procedurt
apparrun,zl can livedict %ve agas of the uveyaga jud4zd=nis r+r .1.2 On,"
but thin power is of marginal Interest c:otipared to thco::3e3 	 account
*av &_ wide variety of data with a few poteratially Mearaf ngfri pvn acaeteru

and Calauter, 1963) .

5/idenrly, relati%ie judgnant3 urconfourded by s risolute ox Conte: LSM- l

bins are rarely obtained. Furthermcre, It is obvir,us that Ubeox ies of
the CE which ,3s^c. y::ad a 

C
rem L, ^n mOI-

9
17 -ac::t:ar ^Am =̂o, trM rirSL stirau7us

.11U is ii :^,7: l^^^rl G^^^3.ti^d Lrdl:! and L:^f^ l u^}.i ^i c`^f^^^n 1. cca^if c d:::tied data.

Clea,4-17 tale expi. ritnenr m:us'. include roc ^ nunstr. ,_ir t.

F-^cpF i tp er t: 4

Although cur -7map #.cions have ba-ern ralce'.1
reapOrnoo i) ize ::mot (:tl t ,.lay Tzav : haswY: irduceJ icy

t b^tween etinuluo pijirs. Edri i 

strsted bi i. es of a aim:ils.r kird ;whrri a.Mts of

Ile have, so ff.r, , ea:ct3llnLerad

rel t-I.va difference

were p feat nted

61".r le7- It &mie at -11 of R hia bia s i^ in^.1^ ^:et:r^^n : of atimulus dif t er acely,
one may be abip. to , - R r	 d ^AZIEM Or.17 A	 0	 _,j• l 11 USC3 •	 1.:

we were critiviiieed of that pn, ,i.rit:, -v-,a wou ld 0M.!n be in a i:us-; t inii to desi.pi
all exppr''1.f?T3t in robleb ri~latz the judvizat -Jo ;1e	 ^)cc =r. To '"::at+l^t2^:

heft wc.•ighrs and ii:n a abso'.%.ua _-e jcic'gwentE, abo-Ut th-a-m,	 e cubject
believed tbet he w"z	 .f -'}7, 9. ',7Ar'4 ac.Jt a:. d_.i.'t±£i; t%:e1^ f^^ •y ia. c".^. *: YL^ . f*h^F

the e., e ins..	 ^	 s ingle e •	 ^t	 trim., •?^•^ A	 rtes p •̂e:^e^ ec a^^. y ^t sink	 weight to him o ^ ^^
The conduct of thin	 ok e%p n-1   	 i0r.m.

•17he L• ub ject q ft I:ii is cpv;= in a 'FTn1' Cr.,i! i:s7 C ,	 git"c'.tdL' 1te s l.r.ldent z

Vi=i
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EP_:.3 Le' inLn an	 chamber tonta-..c: in , two chaira en-c'. a : xj blt.

0-u :_-hu :stile were. a3`r1 y !d a Pdcartev of 14 woi ghts . The Vub j ect was

a.r xrac: .ed along the tollawx.ng lines, "':ou are going Lo x oke judituaents

:11).!t hov hes '77 there kreights feel. This will h+^ dotie on an equal intetva t

point (ft other +:'^:^L'Y itrcilttA
 3 point)	 This :tef_rht, tbe, first

tb It YOU W1.I3. tG_g;6!, 4Uril he called 1, (Tae 3UM dE-Ct W-18 then allowed to

t a wel%ht of 100 grauo3. ) The sec:cn:l	 you will judge will. be

r..<111nd 7. (The subjecr . : &7 ':hen a110u1pd 1 heft Z .fei^i ►it of ?Cc ^;rania< )

Yt:j;a theu on you will :iii t each twu L ht «►Eery 1 qty lift, judge it, axed

4 71va it a uutaber batwt-en 1. acct 7 chs-%t xL:pri.cWD1 -s its relative h anavinesc; .

lalw, puL rin rhl is bi :c ndfold. Once a(gain here is the firs:: weight. ReLertbel'

;t :.:3 c!1 II C 4  1. ^, e^erut the 100 QraW. tae-- ght) . NOW :^ :^^.'^± xu the :,ec;on1L

weighr, rd:!ladember it In culled 7. (Present the 200 gram veight. )"
yr= this: point ant-rrd za.:h of tea sub jeate were gi4en the 100 ki&u

:^ ei,l-tl s . o het for I` - rvi't main' tri8? 9 y ^i ^i*,rtti 4 £:^[ZCVB	 sctbjdedct di'?

I. ^.;::c'	 or t^ al.r^ a^,..:^;.;;-e ^^f' she nu-mexical • ^..1^	 ^t^f^l.f;ned to th:±r w t..ght

Vn:1xn;Lione tit th y- etipe:tiuenC -er,-! co- du---red. Soma iu ol •ved J,^C'Seu•-

of, tilt, h,'vvy *.3cYght f:ivat iol.lowad3 by thd. iight aeighti	 by

hef tin,j Vi, light w -iRht, ar,6 other- varia-9-in a that .ire iercribed i:t

171;r 3.	 Iu dc^ itzoQ r ^cli s udgnwnt f^dw-t1.%e iL1 the .i.atid::t• O^ac^r eM^ C 3 :::

t°dedac ,zO. from 7 to :3

Th::i t:esulte of them varlatione .ere un7 f'orn rt;gardlesa of tf.o
t;t:;,s^ dt -^. sxnle that watt used	 As Fic-Ure 5 :sho-v.s, only =e conditiou, that

n uh.,.ch the ligl% a' ,; } ia s,s paexente: fli ra t:, the he-avv y^e ht 4a^ oud, and

11,1 - 1t '►Tntights are p-^% - . .. Js *. rid 1 L. o'12: r hat -point forward, pa'V a ri1.e to ^.. r'L

3EuCieu«^d	 .:: IT'A41 a(in : ref aft t s •Eits:de car ta .: weight bairn; Hafted.

The 'evzaiult;f e^•e; i nir y t11LZA g';.tfC-TW d. Ulad l?b the ff'.Ultt •,0roc.AdUrC,
that 	 thep^^oecrtta: 3,:s r.•hCn t ►^ardct is ro.:u to climb 0a scale ,^nri.t,

narked corl • -rant Prni t s bez,aaen th,- e3cdt nd -rai -^ht w0 be jud f,--r3 andi

the t.'dfCiit k de '1' ON tine a^l. y ,l'`f3 t th&v ee 1.lt a L1 t.'()J
j
g tetr.devcy for the sub je -.t to

..cc:arru.lsts h19 hiss and to ::epo t	 and rr^otre freq eutly that they^ol.Rht-
"- C 	 %	 3 11a'	 r-^ l A ah	 .	 e	 1	 S	 T	 G^ â_...^,ct hc..ay#.e1. f1n^	 ,..r^^: e^..	 ^.ct^.^ .. zxtgc iv C:h., np^►drarr._tc^^. vt ^r,e ^ei^, ^: ^..;

ve-,t rt os-d b, the sub.-Il ep t. exit nc^s, at 1.*nsr in the case, cf the thtec point

cvnr one-th:trdd 0cb ra-P2M Of r13dn j11d9i'Pnt9 Rvafl::,.,1e tO the tstubjectel

''tic tis,:e ecurse of the chant•_ supgast. g t1f8t the bias gr*%is ir.. magnitude.

S
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(1

Trc,-n the early trials. anew is, of course, no evidence tviac tht b ia..)
r.tf tact extend!9 back MC, L!-' than a single trial.

Just as the bias ctin a, eliminated by altering the sequence n o be

3udged and the relative order of prestcntations of the standards, it can
also be eliminated by reintroducing both standards before each trial.
S,rhen thi y vac da rt e in orie erpex-3ment fn which the-, atands_• dL,, sere . ur ?ser- ed
.Ln Oie or. :le that: ftid:tced ttie bias or ^i.nai1^^, -•lie bias d-.e^-ipp'c"gred.

Theao_ results simply reinforce sotr:e of the conclusions of our uarl.i.er
experlm2r:zs, but they 3n euRR ,̂ st hat the b.-kauas may be eliminated. let
us turr. Lien ::u the description of the design foz a descriminati.on
expirw. ,xit that ro:-.e:tr.aing the i:ut+Ject. to jud;;e the relation between a

•	 pair of stimuli on e;aCh trial :tndej-^enclent of the e= rmulua pRirs t}:at
haw-, bran pvi aen'ced earlier. In wbatt follows we shall describe the idea

•	 of the exper iment r.nd tome cf ri-te pzeiillt: a t y	 Yhere results
lend to	 for an	 e'a.'_
l:Uk"..F'ill:la" in ;`•."Cvess.

E;.;,eni.iner'L 5

Consider `he csva of the Usi;al wnt.hewd of conct:ant	 Where the
compatri son stimuli c:l.usci;t t r, the Ltael-Avvd are s:apsiated from the

,Aandavd by a smai c ar ount, say one 'oslf decibel. Under tbetie condi tfona
:..he comparlaon itimuli t1jemselves arse eeparuted by a f:.11 dacibel.or. x0re,

-: alue which tl s bea shown to be adsquata for di ,crininat lon ur ger the
di-a is stiwalus paradigm. (ivePd^ar^n, 1935b) . Th;. subject: seems to be able

perform two Way;a: b-y ual g his o m noisy stored refereaco. to test
A t_arnatives separ'a.^;ecs b nnr: ci^c:l'u:A? ur b^ u;^inq n lfss ^:o-tny -reference
tr> tcot alt:ernativea jierarai.ed by onehalf decibel.

r'or true relnt!!vo judgment%, the desired situation  is cne wheto tLe
; )n^ inf*rmatlon ev eUthle to the subjeer: is ^.onveved by the rela'.i.ort

tfic 3t1.1:u1 1. to be judge.:i, &lot from theiv Rhoolute values. consiflet-
!i vacuatYon vchvice Of., &timulf: Lo be tined are. avaklable :.0 +di et etv

, Lone •̂Uy val xi•,^	 l.,'2, 3	 sou tadic:e, cF: rl :ir! l i.g. 6	 Reriv e84-ni: the pair

:! , il:j t: •^olnt on t e yriei }' oct:.i ing the t .'%.^:^ ^ 9 1r {, a us

llor1,; the	 crind t.ivn = eCc:'.d a oaq the ordl inap^. On Or', r PI:)t, Pali-j-2

t"

­4

._z
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r^jt ch sire above the line x n Y air: those E, c.1uvs fo i which sl^s2.
Now, if the discrete values of stimuli a;: a ualected so that the

­ r1t eival.s bets;eaw them are appropriate, i.e., on the order of ^ decibel,
it J:` rioFisible cc select sets of patine ouch that the effect of an absolute
ud u aL will result only in a chance level performance. One such possible

c az to indicated in ITizure p . If each of these pelts are presented in

:, a adow sequenca with equal probability, then the pairs (3,4) and (4, j )

cr.n reasonably be said to be controlled for absolute Judgment effects.

Uirdor these condit;ictis, if a subject were to fuentify the secon d arimulus
correctly as being a value of 3, sad classify this stimulue as "softer"

on as absolu ►:^ bnsib, his tiespouse would only be correct half the t'ilme

in the long	 for the pairs (2,3) and (4,3) occur c.• LI, egtcal probability.
ThE 3e+tt iradeouacy -. f absolute Judrment© applies to (si gnal values 3 and

4 L:. both the f1r3t and the second interval. Under there coi,ditions,

the su€-.3ec.. ruc;ht to be coust-wined to store a reprecentation oC the first.
Agnal. in order that it trill be available when the second is precen •tctd .

6
Civeu this ar*zangeirent, two questions ar_i Ke; first will s bias occur?

3
—and: if cuch a hiRe occur h	 a^

.. ow will . ^ derenc. upon the temporal.
ire ai:val during which the s,1tject must stove -che first. -3-ignal.

I it:h this nev, anper:ime.stai varadim the subject's response set could

h^7 -be 0--lansic bitiary pair. ''louder-softer,' but recent experimentation

hAs shown S;?^^+n, Schulman & Greenberg, 1959) that subjects can partition

their :responses into more thars two alto. ,- iativlea. This expar►oed design

is bas d upon the chscrvar's nbili *_y to azcintain several criteria simul--
taneously. The experimenter nfer:s the existence of separate crii:eria
tans; th,:! iub -iect ' s use of confidence rat ing resvor,ses.

There are two principal advantages to using a rating method as
opposed to u uin ary •ehoiec technique. ?fret, a considerable .'conomy is

re:1l: zadi .n t b ,6 n^iniber of observationa needed to est:imats response prohabili tl

! ,nestmc the subject- has= rhe votent-lal to convey up to three bits of

information to the exper-iinentcr per trial iratend of the usual ora bit

(for the a sa of 8 response altern mi—Yes as oprosed , ?:0 2) . ^QCOnd, the

use of . ultiple c3: i.te is allows constant mon1tori ng of one oc the fundaness*aI

assurapt:ions of signal detection theo v! the assumption of equR1 variance

c ,F the two distributions .zron w ►rzch One subject is presunrd tc be

t , as-inn hi:: responses.
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i
Except in thobi• paychophysi cul ext.!., • iments -where an outcome ztructure

is inappropriate, (Bwnh. Cnlanter S 'WcF„ 1963) 1 ediate z e Wback to the

subject following n respon se is of ten used. The feedback usually indicates

t:he correctness of the responsc, and according to .3ixnal detection theory, Zf,

us:.d by the subjecr in acquiring knowledge of the algital distributions so

chat he may establish his response criteria (Luce S Walantet, 1963) .

Another laree body otf experiatental wor(, ::har connected with Mathemaitcal

bas J	 t d h k; powerful. information feedback cart beteati ► Ln^; models, A^ . adfcA e 	 o P	 .
{n i.rfluencine response pr000rtions. The potential of each effects

upon psychoplaysica l ta-Oa h5a !lean convincinply shoini by rriedman and
• `e	 ( 64	 w 1.	 c: d e tection differencest;s,. ^. _i..ttce ,1 y ,► ) . There expc.rifientr^ ,ono	 ace d e

fog• ati7-aul ,.1s sequencea havin%,  dirferent trial-to-trail transir).On rprobsbilitie3,

oven when the overall probabilit •,► of a -3ionrl is rielc' fi>:ed. That 1.8,

subjects can effectively use even information which is only probahalistically

depeadeat upon t:hc e• •.rent,3 of the previous trial.. Sorge 1 F_'A!:ntrk1Z mcdel!

-=or posy-_hophystcS t,!hich have touched upon the problem u ll- l.Lformntiorl

feedback (Atkiuvor, Q. rc erecte ". KinchLa, 1562: Atkinson, Carterr.':tr

Kinchla, 1954) demonstra+:e how differentferent : lode 3.e will probably be required

a 4,&,4cribe the 1&t* obteiincd wi i.:h and withc•ut feedback.

Previous unpublished experimentAt-ion in this laboratory has established

that the size of the CE is rc.auced %Alien feedback Is used, presumably by

trait►; ng but the b1 no of Interest. ?'t is -r, inter e.st i np, and currently

unresolved question :ahethc: the CR car. lie reduced to 7 erc 1n this fashion.

Vor this re.asc►u, cud b-Ocz,'use of its nomplii.cnting influence through learning,

mechenlsmn in., madiu- te fe-,Mbacl- Was not: used in chE following axt^erimenta.

However, for trairxln2 pin-poses in the use of ; onfi4ence Yatings, teed -14-al:

wa3 nre:3ente3 :nr't er h"oc'ks of respouses as descrlW ft the procedure

nectirla. This 'st? :nod has ►aYr.eady peen► deserlbed .: s bcin2 effecnve in the

twee of ►:at:in; co (C sr.kf.., 1960,- Pollack b Dac:ker,

OL
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The a ;.Ptial source % sea r, Hewlett;-Packard 200 AP Oscillator which

at 1 kc. and a f ixad ga in throuRhouk: the e)-. 1pe, imEncs.. Aiffeient

:Aenal levels ve -e obtained by riw: uchiitp, tc any one of S continuously

ad ivaraM T-pad ;. to antov e 	 T},e ouLpTA of the a tf ' T uator s wHi call.br . '`_'d

relative to the output of a staadar-d pre-:iolon Frt,!^v!uai.or by the use of

P Aensitive Fluke voltineteT ti n nu17 instrument. P l om k:hf!

Lhe q li^ :al was led to	 pair of POR8 receivers.
TOO st imulus and tempu1a .l Interval& used on each triai were detetnined

' -y i p ?r foratcd tape reader which rdivanc:ed during the inter--trial interval

si^zc:al duration	 hold consc._- i^t at 250 maec. aad wa :h obtained by scti.vat thq

e zero-CTORsinf% avitel,, whieb followed the c ecillatohr. The signa 3

amplified, by a at pblf -gain Dvnakit: amplifier betore passing co the `f --pad
cti:enuators. The page z -ape could be progre.cc:ned to i4elect on any trial

of 8 ai;►r,n1 levels in Vie firat interval, any of 4 l.citetr--f2timulus
irft. -! rva.ts.' r;ry of 8 Stignels iii the :Jatone interval. ,,n4 Vi=i%, ut. 4 i^s ^-t-, :.ial
-avervali , 'riiiii tri-f ocn,%A Ac on plus enc; u{ S	 by the sub jec:. ;vas,

.e;:vt•de;; on a digicrl printer.
A signal light % yurne d the :,ubjeact of signals wh:Lch were to fo11--w.

'"h •_ minimal length of intei --tri s. ? rat erral varied from 2.4 to	 a ,,^caudc as
. e: -.ruined by rho: ptogesm, but Oin au5jrct was FiarMitted tc takc FA-t2 l.ovg

-is lie wank : ti3 :f, zei;l pc► r.d , io chi	 •^Ar ied .

Procedure

Th sub-"J 	vet. fir.-; Riven practice ire riscriminction uaint, a biva►p
loudeyr-softer rpaponse untii stlinuius psirs to he. used la the experiment
d Tt^ eorrtctly discriminated about 751 of Oi.e time. The vristruct iona rJerR
?.o Judge: the react nd 3 ign.al sA ]loude-t, oT softer than the fitat. Following
this t: raiuft3, the sub east was i p_throducec: Co the confidence. rati.n, method,
wh ch required Lhe use of 8 push bit ton type mi.crdst: i.tchee mouated in a

7,,vrizoitat row, The burtnnE3	 into	 ,rou-ph of 4, ha '. f for.
^.oc:dec respo:uses and half fi'ov noftwr, The bt^^t^:Lna *.F^r^^ rZsc ^.hrs^:sl t_t^
6_, :s1 gn,gti.ons L4, L3 , '..2, L2; S!, S2. 33, 54, where t1hc: numb-e;:e cory,,^sn pond
.:u	 e 4 crate=is ;; 1c.ih we::,^ vr4:

c:r^^, a._ed

r.	 ^^ ^. ^_^.•.^^. r	 ..^.,., r....._...,,......+w-....,....._.-,..+..e..e^a.wucw^ 	-.. .w	 r•... _ti,^ at'^ , 4P,i

T_'•
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After e^Ferience with tl -. binary choice situation,, the sub 'sct; agreed

tt.P:L upon tiom op occasionv of. responjinp, he folt more certain of the cotrectne b
Est hl.-; t es ,icnue than at ottle 'r times. This distribution of confidence-  . r :•

t:r► u. tt^i, i;-^^:is on wh ich the subject mode his r eting tew oraea, and w.y:

^a -irovide tl:e data for d-^cetmlnatton. car the separate critecia 's+ted.

Th. a 3+1h rent v+ts irA,,:.ruciLco :list tri;.-n lie ti*lt V^tq Ctt Lain	 his
clecia ion , lie should pk- :3h the "4" button::...; when vt ry unee. Lain he -.a ►,ht to

u3e the ''I" buttons, and v,3 or,	 To Insure stability of the criteria,
c,.i^•. subjecta use of the cutagortes wa:A correloted with his proportion of

trorpvnsea, in the following way. The 4 categories we. a at :tgned.

&i-bitrarT• valueF with which they wuxe to 1,, Ke y ed correctly. Category 1

vLit to be vsc:d whan the : esponae (eithP; sot Ler or io%Aer) was cor rect
50-•-652 of the time. That •ls , -)n thoF- occ--sla a when button 1. was psshe+'

i.hf-, subject •;•ran co be +:^3t:•rect 50--65y c•f the eir►e. For a : i cgory 2, f!v

v4lues were 65 -1301, tar !story 3, 80-902 and category 4. Q.)-100x. Evnluetfons

of the uee or the categories wets: given verbally by V o ;, erimenter at the

+.:r.:i of blocks of 100 trials, until category usage *,JAB stabilized is the

t,,orsect rang:. For I.nardiace, if at th.: end of a block or 100 triala,
sub je t was correct 80' of the ti«.. vher he used ca:teaory 1. he oas

ter, ud tha,:he Y&s	 the catego-ies too con ecvativel-^. ;.s the

r.,w r ^ arinanc e r3are ne rrly .i-.-iv oxlr.ated x:1:7 »pecif icat i cins, the feedback was

,adz	 np+:ci is to 4:he category beundlaries . The subjects developed

6iia skill surer-liof-up1 1; quickly, :a:ad they did not feel that Che tank '—na

particularly Jiff icu' '- , At: 1w4-Ast once du- .I ntc ever- icasir::r, the data

:!ramineti to	 tfie correct: Ustribu tion o[ YE' ^;11,':^

The =actual Fartitionln^ of tha category responsea iF v covrs: c

rrbitcazy, a sufficient: c( ,)nditlon is that an ordincl Pxrancrenent (4

confidence in -Wade (Swetn, Tanner h Birdsall, '_961). In the experi-Marrs

to follows, tha deterni.tuotion of the SCE was based upon the reduced binary

and the role of Lhe category responses is only to aid in the

cons	 of iflo- j—'asiti.vity cuiVes. . For this reason, re:xlts of th e

exper:_aec:nt ave not partieult:rly 	 tc moderate shifts in use of

^:h:., c:;itepar-ias3. The eaion for including crrildence `ttd gme nts =.s to

vbtain a dui ai led anslys }_e of the Aiscrlmirst ion process Vitt ro -'ew

+ beer,inti.ors its

^^_
	 _.	

low
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The atimulu . pm : rs used to evaluate the diseritainstion were aelected

0howr: in ; ik • G . £n addition to rheae oni.rs, which occurred equ3ily

ofrert, the first four trials in every biock of 100 and 10% of the follo.nnK

trials w?re actually practice pairs. Thehe were pnlra for which ;.fit

volcajjc of the diffe e li%ce signal was tnc-eased 2, µ or 8 times. These

"easy" tY 1al_ teem to be required for a subject to retain the ability :o
disc rInll -ate under theve no-tee(i.uack condiciond, ane	 not inelu '-led in
era ?.t at i^^, of 0)-e c:i a :3. Th*. clpg stca i cast, of the mer }► nd of constant

Rr:.,rul i uas also ► iHCC vithcut l eedback and included such supra-ltminal pa ir+a.

Unlike t lae e1.-lt SiLZIJ experirs -, ntn however, F xper iment 5 used a 1' ayof f
to::: t ic^ ►^ to detarmine. the w•sjr,es of Lae sub; ect . The utie of payoffs when
o_:^.c ;i^a;^_ ►; for zach rispon :+Y are not included I:e somewhat Irregular aecurding

^_v ►:tic: clta:waif ieat On o^ choice ±-avertments by 3usiz, Gal.,anter 'and' I ece (1963) .

Tit .s -j au.iuRl s7 f-ur_tion to the zcnrtst of combining -a ;,L:: ci.al Idertification

;ieslq-.r	 a form o catago►y scaiine exp a-rimenr ..

In the pA :t:iL.l Mentification pa t .:t the cxperimenL, the posEiible

c:^spoa ^s rre "louder" and "softer." This binsay pair could lie a.saigned

an out ,.omm function because i.& ph jeiraj. relations between the stimuli,
(s., fs 2 ) and (s

1 
>S 	 are unaribigroua criteY le for deciding whers a rospe)nF+e

ie .ter rect. Aa :rentioaned earlier, we chocse not to use imciedi.ate feedback

fro tl!at no outcomes are actually grcsanted. The oubject i3 instructed in

t-he cF tz grace of the idenLi.f"i.cAL ion function for the l.ou er-E=of ter

i: eEpcnses, car is ordinarily done is discrimination	 Ile 1^s

to under: stand that eacli of hi i binary :cespcnnes is unequi-yoc al.l.y
correct or incorrect, and that his u::-.MFs are dere-r.ni_ned by r symmetric
payoff raatril based upon this rc; t.R s.orc t Ever. though tht ! 3ppstrat ur, doee

act reveal the oatcI7.ne of ench specific resr.^r ►se.

Ott t.:he •-)Lher: hand, foz the confidence ra l.'A i g r ea orases uh •trh bav

pt?Aslble values 1,2,3 or 4, rao 	 ft!"ricti'on	 Cp(r!Ilseq's'iL?Qu"-j'. --

:t-either an outcome function :tar a r-ayof f Fur.cti.on could be used •ai.th these

t ttsponsas. :Rowever, at one -point  :i.n the ex-erimenL, it u . &y have &I-Pneh; ect

i.-hat an identification function wart assatwed . Durlr,% k,- t_hr. t:ie;.ning pn ivd,

",;er :t7e taubJPct wbs I ptt^-n;irtp to distr ibute 1,,ir, use ut the ca} :aro rt:is rva:z;

s centage cor4ect^" scarp , t'he exper. imeu: -r pro-A.Cle i deltvcci ,^^a: cal

feedback .	 r blocks of trials. Thin proc:ed%ite does nor net—ituLly .iae an



identification function, for the a;tpetimente ► had no wav, of 3eciding when

uay xingle casponsr was correct. It was only by awaiauing the distributions

or large 	 of 3'fb,An , i -espp ^ i ► - -,7 th;-1L the fees? 5c+ could be coustzvc er•

At no	 was t! "s-ty;3 f	 With -- !lift	 Y esPOM9U6

Daca Arai. niu

the
The d q ^:a obtained by/r &f ling procedure tray be represented in a 2 x b

cellad table, as stable 1 indicates. The large table. col.lap-.e!% to thu 2 x 2

binary table if only Oj2 louder-softer c:. i ter ion is ccneidei:(6	 The

estieeta,%̂  for the cot!ditioc al t espouse ptolhabi iti,ee are obtut red from

thy: 2 x 8 tat le follcwirq ;: pzocedvL L: Aich ia justified in the `,ppendix.

Wvq. 04 eLn1gnatio;' hi for the c rites is , J.	 ^- , 3., 2, 1, -.!i^ +,a1cu It c e

	

IL	 P(L

1.=4

C
and	 P(Ljsl^s2) ^_ ^	 P(Li;sjl`ae2:

i-*k

These values are the proba ili tlea that trhe - ?sponsc Axe :aced the ct ite^ ion C.

The 3:sr^ btgit» at K ^a3 ^o^ to 1 ,^,^.^x.e she ^^^+^^ on uhf re:bacC's raapanee

p"el indicated a strict trite; ?.on, i.e., wt:ea h2 Waa LC- 1,C cori ect: 40-ADO".,

r,f thL, tiilw., ..

The tour, pairs of valtAts obtained frc2 this pracedute genersz.e the

^.j,)wfating chazacterictic. Unlike the bi-Aary choice re. e, these ratfn?. data

are mot somplettly spccif ed by giving only the laudet reaaporst prol),.:bslttiL

.hLa ii cre also four Taira of ::of'ter ccndl tional prop-6if itieu which are

Jal w'::tt zaj. dl-4r f C4o%(!l! :' = Ovt ther! o., di 	 z;jx ^.a am-311 a t► d1l^tF .lay taco

aign:e_E icant .matter;, j+o that that;-: d,v- i:aa tylll shot o exa-mi.rod here.

'^t:c :?eta &::e ; si: .eorr-tenientl.7 displayed on ri:+e c.ar_l;: s.qunre, whet e

^_he o^:vi;1;%, a:	 to correct-. disacrWi.Mations Ord Lhe ebscig za gi-4 l-

the: fe.).sc alitrm	 a ry► pica3 experiment, the data from table 1. as

dierlsy-ad in Fig. 7. Tha azkaath curve fn re>d through the *our de.::a points,
vii-.1i mare sent the r^%sroutaa woortions gentrated ny the sub s ac t adopting

4:

s
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-successively lefse strict criterion, is the collection of all data points
which could be obtained a1ten the `nerqy of the difference r;igrai. Is held
onetaat. Displacement of indivilual point o along thiEA curve rev eacnt

tUf.rer.ent criterion poin s. This in pert;npii clearest in the catie where

rho- energy of the rtifferene p rinnai is zero. Then All of the obtained
I)oInts ought to fell on the diagonal running f rorn lower left to upper

ij;ht, and the particula.7 location of a ► iy ;,cint is only a reflection of

11ou oftan Lhe subject ss)ra"louder"relatl% to "soft ,ir". Classi ,^ al resultF

of th-- :E aAperim,2ut would fall ;Athiu the shaded arez:, for this i,1 the

te- iott of a neperlve time error, Vhere the subject: supposedly under--

c© -lmateE the vaitic of the firoi szimnl.us . The diaKoral fron; upper lizft
t.r` lower right is ,-tie locatior, of till pointte where there , r, no bias for
0 111%t Vaspo;lsa, i.e.. where the CE is zero. 1 he disc lacemet:t Of the date.

trom rhtb diagona3 is a dimnasionless mea g cue , :of the CV.
•	 The dazes of 1'xper.tments 2 and 3 were actually obtained with the

confid enc p. rati.nR ; roc a3ure just. deacribed . the follcwinf detailed
ct:s:cription a. rxpatiment- 3 will illust rate tine power of !h-a raging
in,al.hod cnd demonstr ete the appearanc . of crntext effects to the nw:t:hud
cf ^ionstanr. er inull.

There were A possible utimuluo conf guts*ion, presented to 0.-,
u2>13ct 1.01 aqutcl pt:Jbatiility:

(sl,S.ttk) : (s2' H 2 ft) : (a3,e3*_k) ; (a!4 1.S4tk)

`.re difference hPt:wcen adjacent standzardu w n' ? tvrc d c#f tle, while u

c-rQn constant at U.ls d^:c^i.uc;:1^ ; ^^,, ^:r ah the eut -1-r. a stAx-uL. S sa y. rr'l her

ra re entr:	 s ^	 a f^ ee, ^ a s

	

Ys	 .F'r•FS^.rM.v`r^.^^« ^H 	 w...w^y..... y.sV^-rM.s.+..I.a	 ..^......r...yyH...^.wr^..•..^r.w....^..^r.^.V1r ^^rw. •...r....^^. ...r..•.4 Vr.. .^ww..tv.ar.Y..n
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If w:hnr•e -,sere ne.. c:oniext eftt?cts, che. CE obould be appic-oxirntnly the west

f or ctRah	 ui
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Fig. '9 Shows IN.-bat	 four starndar. de pto4uce binary data points which

::ze d:^.zplt:ced from the minor diaRunal whichreprenantrs the Location of

ta.L point y for whi.cb the CE is rezo. The binary poInLe Lre repretenced

by the lns^ oy.abol of a given kind on the cutves of Fig. 63. Furthermic,
the magnitu, , ti of the diaplac:emer.t incy eas ,is With the Dateralty of the

. tnadard . (Excepi foz o `whIA h has a value closer to xerc ;:nan . 2.

&mall ti.z-.,ber of obstr%-a :lo;is, 100 for each standard, takes th2.G zirti•^ ^: c,^

not unl kel.y, giuen the raar_gin of experimental error.)
An :Intl ,.-eating aspect of th ,,3ae ?zta in the a , nrreat tie-DRretion Into

^.n :i ivlduat i:,a -aceztR itiai ry cury :^	 Wi thou. the use of the rating da i:a 4
wi' ,.ACh produeet! theae curves ) another expertirenr vou!d here been ne-ceseary
^.e :fir.- t::'•x^rl tz^ what her suc;-i pairs of potn s as P3 and s4 v-ere ycLua"ly on
s^,;arri^e nvc :sting c.haracter:,atics. Se;i arate cuv.7es are not what -49^t:lc?

e..pected frorn signal det acttvr: theory, for the 	 _

^. =«-l+ er to constant aarosti thebe L c . ur conditions. The mez• ning of rhia last
llr_lc--Ul.t has yet to be e-^plorcd, 'jut he inadequacy of the 'xethou of constant
-1timul-L toy the examU atf.on of the CE is apparent..

Figure. ' displays 'these name da .s in a form which allows a check on

the equality of variance asaumption referred to earlier. Tfte coordinaxe
—ii-tam of th:'s plot is one air, xAiich the probability t•c k.ie ic: Lien;^foY*t .ct

r_o that normal cicviati.s --re linearly apace(:. the this ;ic;c ► arts, 11 the df,.r.a

F '^c inde-ed d aNta from t:ao uozmmal prc':ability density functions of equai

vaa' Ifincef the dtcts wouAi1 j.i . : in a	 line, h&V UC a shpt of unItI.

.i L is	 that. e1ieu fo: sui:h ts^^^.1► L sampli-ty , -heae variants &s9umt;-;Au;.^c

are pro 4LJ.. y Valid

conelu.;Loos

Frara the r^:L .cing set of obse.^:vation,:i wo may earacluie tlwtt a bias
Ir the sv.b ect'n rps•pnnte vtz uc?uw-e exiots reiative to htv location of

the p-oini:: of. ek1bJecri e	 Clarsically this bier " Lhe eoatc^an:: error,
wac, att-ribute k:2 to LltP >:. r l pioceasing crharacterlsties of the receptor
d'FAItoz. At Other tlmef^, it w4 p, L aought to be the t•c-0111t. at Rpatial or

terrporel trans fot%,i tinno nn tutored Irtormat: on ;prior ca the► Taut± e, t In
,:,^,.r.yeses.	 It ~s s !;:t`^ _ 'V .Vv •at onv Itow, ..'raL this Has i`l.a4r be att.Lilia=t,:3 to P,L

3	 ya
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Tariety of faetora; F .-ot trzi. JI-2.^.it tlr w1oich ore tactol :3 titan is i u_nci t .e

sutj cot' _. responcW:a	 and tber. 2fo^- a c.,a-i b-- k-tghtly	 oll, Mt

UOi^-^^i:ffiY^i► .

(fur results do riot, however , 1cRd to the couclusion that the Constant

a-r':: L• is simply a9t question of response b'&asirg.	 Thc:ice 13 brill	 open S.t=.sua

as to whether the aeLso v syatem and the reAdral trmc:cc induced by ).he

sens ory prac cefr.; mu7 vAve rise to these biesz.:.	 Jr, oi , ci n.r to study tnia

'	 que3tio:q , t-re '.ave Rhowe, c11st it is ttcceak.ary LO el ter tyre: classical format

of five ^.,ethod of aonnts.nr sti. •ouli to elimiva, 'Ce the denorst-&-ated sequential

effes:ts C hat certeinly exist in all of the cl-aaAcxl Carr-s of the -̂Aperinaut.

By forcing the judgmer:ts irto a pr radigm tha: demands re ! alive ccnrPrt.acns,

we are of necencity required to iesent a variAr.y of stimuli In P-7: 7 g-i vo-a

sesc-io .	 11c concoquencee of this recessi t•f le .ir; ::o axt •ie•,^e'.p el-!'orate

experiments in orsor to asstas the role of experimeantel. -ra -:,^iahle adsti:ttures

.r iti,in the eupa-riments thv..r:selvas.	 For era:mple, if varying irtervato between

the elan a d and comparison signal are to ba used, shoW.- d they all occur in

an i.nte i-Axed fi:snior. within a air7t*.e seo,sion or :ghouj d the ^ n^*+^t• s^a j.r3 be
presented ou separate aessi ons ant'. the ou-bJ r:t trairf l until as fr.pcotic

perforriauc4^ with that Interval has b.en obtained?	 the oa .t quest-ion

ca&t be rnised for khe varic,us niguals for which e c+ T}nris yns are to u:? :r ide.

Clearly, within Oe c:onrext of the evperime st u6 de6cribed ere, it is

' ne ceacery to prefie"it :lipnal pairs n' m'•.xed :ifitensitis-s throughout a .a1!Ag!c
ir_t atiO n, bec:a(M C G crit ics l 	 of the siQ^nl iia itrs prea^asr^^ ztion

,robabiliLy kelatiVe. to vt :ar siga° ela In he ctiatultiv &a.

yinally, the f1rx-1b11A-.- of s4imulut prugrarzir, needed for anperizent a
I

ctf thla kind c acs It	 slur l.e . • .lot e.'jPe;i.Uot:tr; He

js*riorr.a krops3t i gre vt dazl of diz,:l A:;A f a argy- .art Lhe e.{obarz-ze y^^:o ^^.^^, ^Ax•.^

k UiPvZ—,LL Gtak: 3n ne&=cled v" a'-#acs:	 the	 nZ.-%n',itsn

1J.'IrnMetern that ve nee It' Ork-md co %Ssa, Tt t. ,.# arn lueltv,, it may VV s :a^:htnl ^

•	 +	 •i a rn	 8	 0 ^.	 "	 n	 ., rtrfi ►. ^^^e(	 ..ifsc .^ +r^r ^;.si^.e In epzndeu4 o ^.h spiral: i 1n ovit

} z.^ nc a of tht terr:s inciuding indep*not at of sth?	 -of the dtei, 3•as.

laic appe*nra c:^o N an anli..10. l.-Y trans, -,act 1 1. this wt;re der^s^ratL^a^:^,i rwcf bfs' 0 e
e:,.=, 'y d he eat -t rra chtlat"ant k'%_rzor Pha ie1tSf»non could bo rl?lngrtnd to Fri Qeceof

b; real	 psr t of sirm? a t► e3poain iii as effects in4viceu by vari Rtions in

low
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7ziv(;ff8, expectotioni, , -.iRnal pi• F•sentatiesn -wrobabilit:tem, and all of the other

th^r procuca chaiis;es in aubjec:.'e responae nd s.:pendent of the
fir,I 8p;y events. t s"• , can th^ ether Band, the con-m i- nt crr^or i3 a i iO ►n to

:ic-, , cnd
^ J

upon feature: of the siftnal or ite reprezcntation, we stie.li be. Ec:c,d
to cxploi ^h	 -iv in which it enLe, ,; i;:c:^ ^Imorlc" o^ detactia:^ m

Cz-t:: be	 red .vt.i-:l8te

I

f'	 r
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is 1. .. I, .k:: ,,i f yr cc 	 va --* i	 .; re.tpown4e s..::a1.^ ^. •.

The asswapt tons underlying this a :p3rlaXnt fallow trcn 'in extension of
",-W ve.31-knova E;n,:ory of si_Wnnl d1etect icon. The iol a want w<<;cz.1 in the p;etient

•:::uc to - orr.n6 by the di :r fe rence batween the p-i r of kian als preec:nted -)o

zacli trial. Wz shall conside. :; tAmp.l.j.! ie':d care . ► f the prel^^nt

wb.ir i	

e1:reTim :^i : r

tth z^ 
/`e 

•iii• G ray n ^ •^	 1	 `	 ;	 • l	 i' its	 1T^...	 ...... .^.^^-,.^.^► .:, wh Gt• raze nU^.	 . l..::. ►tic: ► 	 iu	 o^t:,.

Ezc oz:! tic 2!as-L"f; ,NJ 	 In	 :athex iCvp.ect:	 aft f- r&gi p e cv, durstion,

The	 9 1 4- Z is us:cJ :o indicate: that the second sipnal of the

pci.r is the member ha-Anp ;,rrut:er acoustic e ►narvv. Since the tvo eirrals

on only this dim:ennion, it is ^ctural to twe, this erdetinp to

establish they idt.atificat:-ion function for t1le subject, tt,it- ins, to driine
correct reaponr.a. Tlw q. for tfie hair 3 1 ^<r 7 , "lauder" i s zrarect, •:•bile

for. ::^ : f'2	 softer" is the appropriate respoilse .
The Ecf.trmilation it ! considered to be rcduz:ad by the subjec t o ►sr:

obwf rvatien whieb is	 andom wiriable X c. a unidi::masior.31 continuum. The

d^fre:tent 319nal. pairn pr,x:uc , .iiFferf .:nt: d;st:ributinus of the random variable.

In order to malce: the mathematl.es tractable, thF: theor y of siav►r,t. dyt-ictahfllt'ti

haa typically aniumed tiYrt` bath distributions Are continucius, vormal and
i

of equal vea,-ia ce.
The ol:av-ver surposedly ha.; nerul.red experfcnca reaa; • d c.nk his cbocr•.

vctions and the feedback of carrect	 _c; that ;.,non making aij obse:r-
vatiol-I 1, '..v Caa eatir,g t-O Wi ► Ich	 mv.s nt;:j&°e likely to have pradu-_,ed

it. Re iv t:noiight, to dry thle 3ynt enat~ical.° +, but nat witrliout motivat:io,X1
blaa, bv	 a " mit rol.Yit " c on '.'fit: X ax-in. Th ,,.t.	 tc?n Cf

respondine under tLesc corcd.1tions, ^.

if x ^ ca l y re:.p-m . utth ".14.-a,, dnr

If X	 re3ptv:id with '• 30i .:£ v' ? 	 a

Th y	 th!ir hAx tl"^'t ^.:;::.T T ^^ : p `t^vlcic:n a

of all ;►i Ra;.2^3.e

on-I.- mem of the	 • 4r,mnt r

?..	 '^^w• f,.	 J i.•----
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Tito relevant distributioac to consider are the two ecuditional

probabt ity de-iaity r'uncC1.-2av,

s: (xCIt 4 ^.,1	 nae	 (x^si's2^.

ill y ^t,: t d 1-1 1'I^.	 C1eZ1'1.1V9 th. q8t e.:ch :f^i isf^: the cr1 cerf^n

f ( x IS l >ss 2 ) •►

I^

	
F.-,r r.11 x„

xI IS C.1 	0 
....^

f (xIa
l'

^s.^)dx • 1

end
+w

plx^s 1 ^^ 2
) dx	1

Yl
V

so Cha': :.be	 of an evelr. A defined s: s A,x^i t for s l•^ ` , :^ gtveli by

nt

A	 a

A particulwe event of tvirurr.: , L: is x^ ^^	 for whieb Cie Fub .j ect `.j a!3_.^med

to res-Lond " loude ":

^lX. o1 2	 ;	 R(x=al . 82)dx

`1.

It follows from the cui: pcd.nt definitiou th.-qt

`i
8 1 Its 2 	 R(Xts1 4L n2?dw

3.ud tbdo

PrLI3^ ~s[) + P(Sjei^s2	 1.
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Ar+c[li p, Tet evott[ N p +It sh t ip k^+ c^rc+ClOr! ci f '^f ,̂ l:.E R1^:! • •^	 CF _^s^:

O c-CaSions when the obs er ver tncvrrtetl y td ,,nti! led an vc^3t_: 3L].!:^: ptcrduc^d

by 
slrs^	

This is given by

P(LIs l =9 	 f Wa1 .s2>C.ix

T

fhe vsiues P(LI9 l rg 2 ) and P(Ljsl'.-s?) are ur3ed to determine the

between the means of the twc disr.ributioos. Tss.:-4 d].sLance, d, iy a
function of the enerpv difference betweert the t. •ao sic^nrtl.6, expressed in

standard deviation units. The emt:eneiou of this chr..racCaari.zativu of the

dimerlmInarlon n y occa"s+ i,il.l new pruceed r_o the coufidonce s.a r init paradiwa.
It'lles heen t e1, -)-,an (L Qan et ul . , 1959) that hu^ni-vi ch:-tervers cmui maintain

several criteria	 Tltie provIdes the be sio for reouc gtino,

the subject to repert: not only L-h! .It an	 fel.?. above or below a

cri i - erio-n , hthc ^4c.mti this:t , of ci -;s: nature of	 far it nxeced-nd O.P. cut

point . nn .r O—e case for ;:h^ z^ :r• 2 disg --ri1)-.sr	 i.4 b e	 ittad she

other beln;? sy:cv:etric 1.,

Undo the ratin7 prccegt:re, ihz o ,,%Ra:ruk— f3tdic;.;r.:,s th! h ^,:1e^;r_ cut

pry irst ;,r,siCh the	 eAcClc•i . That L-i, Ir rhl ,c f-ic f !+ r ^ t	 ^:: .♦ A	 : A

if sr	 .-er-ipc.nd with L
^.	 4

^. f 5== ^c ^t	rcapand with L1

if ^2 ,^;4^	 reapond ^ti: th 1..2

with Ll

+sic ascusne that a rear mve - ade to 2 high c:rif crIati such ar  L4 wou,Id

441,re ut en r^azcje to T.39 L 2 , and L.i if wi were to ask the subiect Y.-o^ d o uo.

ni i:; i:; n i , 2	 , i.v or the cumulative relation used to Calc.ulata the
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