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SUMMARY

Thnee sets of expe:riments, using nats as subjects, investigated

the nole of posÍtion lresponding in díscniminatíon leanning, the effect of

two fnusti:ating ope::ations on subsequent discnimination and the nole of

eraÌrors in discrim:i.nation -leanning. The expe::iments wene penfonmed Ín a

cinculan nraze which allowed: (a) the study of visual- díscrimination

lear.ning uncler conditions of reduced spatial cues; and (¡) tt¡e

simultaneous pnesentation of muì-tiple stimuli.

The nole of position nesponding in discr:intinatlorr 1ear.nin g.

A r:eview of the nelevant liter"atu:re revealed tha't position nespondirrg

was usually assumed to be detnimental to discnimination leanning.

However, thene I^Ias no suppont fon this assunption in two expeniments, an

overtnai.ning nevensal study and a non-reversal shift study. rn the

formen (Expeniment 3.1), the pnesence of spatial cues to position

actually facilit-ated the acquisitíon of a difficult discnimination.

In the second experiment (Expe:riment 3.2) thene v¡as no diffenence in the

nate of learning a non-rever-sal shift between subjects which leanned to

igno::e spatial cues duning the initial task and subjects which lear:ned

the initía1 task in the a.bsence of spatial cues.

The effect of fnustnative non-nernrát'd on dÍscr¿Lnination leanning.

since position nesponding is often assumed to be a neaction to or an

exp:ressÍon of f:rustnation, the effect of two fuust::ating openations on a

subsequent leanning task was studied in the presence and absence of spatial

cues to position. Pilot studies (E>çeniments 5.1- and 5.2) supponted the

above assumption. In the main study (Expeniment S.3)nats under one

conditíon were confronted with an insoluble task (uncentainty g:roup) and

in the othen condition the insoluble task hras preceded by a sol-vable
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pnoblem (Amsel-type fnustnation gnoup). Both frustrating openations

had a det::imental effect on subsequent discrimination learning, but

the effect was more sevene in the uncentainty gl:oup. Subsequent

e>çenimehts eliminated the possibility that these :results we::e due

to the experimental g:roups being too small (Expe:rÍnent 5.4) and showed

that the advantage ex¡:eríenced by subjects which had maste::ed a

d.iscníminatÍon task befone confnonting the insol:ble p:roblem depended

on the presence, duning nand.om:reinfoncement, of a cue to which these

sqbjects had learned a particula:r response. If such a cue was pnesent

subjects could cope with a sevel?e random reinfo::cement schedule

(E>içeniment 5.5), but in the absence of such a cue position:responding

was adopted and seemed to delay acquisition of the subsequent

discnimination task (Expeniment 5.6).

The role of e::nors in disc::imination learrning. Ea:rlie:r

nesea:rch had índicated that resPonses to S- r or erllors r wene molle

impontant in discrimination lea:rning than ::esponses to S+ or comect

tlesponses (the Moss-Harlow effect). This conclusion was based on a

va.niety of experimental designs each of which had basic methodological

p:roblems, usually ínvolving novelty on o:rden effects. The cinculan

maze was used to study multiple stimulus d.Íscnimination leanning with

S+ and, S- diffe:rentÍalIy weighted. The nesults of E>çeriment 8.1

confi::med. the pnevious findíng that vaniability in s- was mone

d.etnimental than vaniabilíty in S+. Howeve:r, the results also suggested

that the p?esence of a eonstant stimulus was mone critical than had been

:realised. Ttris was confirned by E>çe:riment g .2 in whích the Moss-Ha:rlow

effect was not obse:rved when S+ and S- we:re dÍffenentíaIly weighted

without one stimulus being constant. Ëxpeniments 8.3 ând 8.4 weighted
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S+ and S- by var.5ring the numbe:r of S+rs and S-rs acconding to two

natios, but vÍithout stimulus vaniability belng a facton. Ex¡reriment 8.5

al.so diffenentially weighted S+ and S- but wíthout varying the fnequency

of occur:rerice of any one stimulus. The þesults of these th:ree

-erper'nents supponted the conclusion that en:rons are motle irnpontant

than conr:ect nesponses.
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CHAPTER 1

THE ROLE OF POSITION RESPONDING TN SIMULTANEOUS

.VISUAL DISCRIMINATION TEARNING BY THE RAT.

Int:roduction

One of the nost conmon phenomena occun::ing in the presolution

phase of a symbol disc:¡imination task involving símultaneous stimulus

pnesentation, is a peniod of position respond.Íng. This is especially so

íf the subjects unde:: study are nats. By rrposition:respondingt'is meant

a sequence of responses to one side on othen of the appanatus. In a

jumping appanatus, e.E. of the Lashley type, rats will consistently junp

to the J.eft o:: right stimulus display. In a T-maze, Y-maze, o:r Gnice

type discnimination box, the anímals wÍll :rr:r¡ to the left or r"ight alley

i:rnespective of the colour on pattenn of the doo:rs, aIleys, on goal

boxes being used as discnÍminanda.

Position nesponding is but one of a wide range of systematic

behaviou:r patterns or strategies which night be adopted by a sr:bject.

Some st:rategies which ean be neadily detected (cf. Ha:rlow, 1959; Levine,

1959) a::e alternation, on consecutive t:rials, between the nelevant stimulí

on between the :right and J-eft positions; consistent nesponding to a pre-

ferred on pneviot:sly comect sti¡nuluf¡; respondÍng to the stimr¡lus otl

position newa::ded on the previor:.s trial (wín/stay: tose/shift); or

nesponding to the stimuLus o:r positÍon not :rewanded on the p:revious t:rial

(lose/stay: win/shÍft). But so J-ange is the pnopontion of pnesolution

trials duning which :rats appean to be :responding to spatial cues to

positÍon, that thÍs forrn of behavíor:r has att¡racted mo:re attentíon than

any othen.
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Lovejoy (1968) p:rovides some evidence of the magnitude of the

phenomena. He quotes data fuom two g:roups of nats leanníng a horizontal-

ver:tical discnimination: in one case 38 out of 49 sr:bjects had nuns of

20 on more to one side with a median longest nun of 62; in the othe:r case

30 out of 34 sr:bjects had nuns of at least 20 to one side with a nedian

longest run of l-04.

The :reason fon a panticular :rat having a l-eft o:r ::ight posítion pne-

fe::ence has not been satisfactonily nesolved. Peterson (1934) noted that side

pnefe::ence r^¡as stable in a given situation, but sometimes inconsistent in

different situations. He elinrinated a nunrben of factors incLuding sex, eye

domínance, Ðd henedity. Yoshióka (fgZg, 1930) opted fo:r the cunvatune of

the nasal bones. Mo¡e necently F:ranken, Kolb and !Ìengen (lg0g) a::gued that

position r"esponding is nelated to initial exploratorly responses, in that

the occasional ::eward following such a response comes to cue firnther responses.

In any case, the issue is not cnitical to the study of the role of position

:responding in vísual- discnimination situations, since position nesponding

seems to develop du:ring disc:rimination tnaining and this development is not

accor¡nted fon by p:re-existing pneferlences. Mackíntosh and Suthenland (1971)

quote data fuom 204 srrbjects in sevenal expe:riments ::equi:ring the learning

of a bníghtness discnimination. By the 30th tnial ¿rn averlage of 89 pen eent

of all responses wene made to the pnefenned side, but during the first five

tniaLs only 68 per cent of responses werle made to each sr:bjectts subsequently

pnefenned side. Moneove:r, they quote Turnerts (1968) r:npr:blished data fuom

78 nats whÍch developed position habÍts in acquisition: 35 developed thei:r

habit on the opposite side to that p:referred dr:¡ing pre-trainíng.

T{e a¡e faced with the fact of positÍon nesponding - even íf it Ís

negarded as no more than a nuísa¡rce. It nequines, on the theonetÍcal level,

an e>çlanation as to how Ít affects the cor¡rse of dÍscnimination learning,
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a¡d. on the experimental level, some forrn of control. As regards

the latter, tkre usuaf proce<lure is to vary ttre discrj-nÍnanda so that

responses to spati-al cues, and rnost, other response strategies, receive

!O per cent non-di-fferential rej-nforcenent, a¡rd the subject car:not

master th.e releva¡rt di.scrj¡rj-ne.tion without brealci:rg its position

habit. In otþer words, ttre position responding variable is

rarrdonised.. Gellerman (L%3) i-nitialþ developed semi-random

schedules for the ord.ering of the position of the d'iscrj:ninanda,

arrd Fellows (W67) has improved these schedules. However, tl:-is

procedure does not prevent the developrnent of position habits -

atl that the experinenter ce,¡ do is to record. the amount of position

respond.irrg and speculate upon its effect' on tJee learni:rg process.

Sperling (f968, L97O) has developed nethods of data anaþsis which

distinguish between responses to stjmuli and res¡ronses to the

trnsitions at wh-ich tÌtese sti¡nuli appear. Sperling (f962) tras

also suggested. the use of schedules which mi¡imize positÍoti

responding. The comparison of performance under these schedules

with perfonitaflce u¡rder tkre nore conventional schedules (Sperling,

tg67; Sperling and. Yoder t L969) wil.l- be discussed belov¡.

An alter¡lat*Lve mettrod of controlling position responding

is to manipulate the experj-nental situation so t'Lrat position

responding is just not possible, e.g. by the use of a silgle stj:ru}¡s

presentation procedure (BLrch, Ison a¡d' Sperling,'1960). Such a

nanipulation !¡as achieved j¡r the experimental situ.ations described
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in this thesis, The apparatus used throughout rn¡as a rrcircular

m&vdl d.esigned to reduce position responding. Subjec'l"s were

placed on a starting platforrn surrounded by the discrimj¡rarula

so ttrat the visual cues to posi.tion vJere no longer available.

Perforrnance i¡ thj.s situation $tas comp&red. with that of rats in

a conventiona] 'bwo-choice situation. The circular maze is

described. in d.etail in chapter 2. The renainder of this chapter

re\riews va.rious theoretical views of the role of position

respond-Í-ng in discrimi.nation learning. By far ttre most conmon

view has been tJ:at position responding is detrimental to

ùiscrj¡rj¡ration learning, altkrough ti:ere is some evidence which

raises doubt about this rriew. Final\y, two experinents ar"e

descrj.bed jl chapter 3 which investigated the connonþ held rriew

of tkre d.etri¡rental effect of position responding in two situations :

ttre effect of overbrai:úng on diseri¡nination and reversa)- learn-ing

with reduced cues to posi'bion respondilg,and nonreversal shift

learning with cues to posj-tion respondixg as the irreleva¡¡t

di¡lension.

The continu-ity versus noncontinu-ity controversy.

0n the ttreoretical 1-eve1., ttre most common view of position respondilg

has been to regard it as a fo:rn of behaviour detrj-mental to t'Lre
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acquisition of the approp::iate discniminative response. The most notabfe

contnoversy involvÍng position nesponding was that oven the continuity o:r

noncontinuity of the lea:rning pnocess. This is not su:ry>rising, since the

debate tfas concerrred with the nature of the learníng PI9SE, and posítion

nesponding is the most noticeable behaviou:: occurning duning this process.

Lashley (1929) suggested that,
rr...r.esponses to position, to alternation, ot' to cues fnom the
expenimenterf s movements usually pneced.e the :reactions to the
light and represent attempted solutions that ane withín the
natts customary uange of activityrrr

and

rt. . .both the p::actice preceding and the e:::rors following are
írneLevant to the actual fonmation of the association.tt (page 135)

Lashley made these suggestions more on the basis of his informal obsenva-

tíons than as a nesuJ.t of expe:rimental wol:k. His suggestions we:re

developed by K:rechevsky (1932) into a more complete theoretical statenent'

supponted by experimental evidence. K:rechevsky used a mrrltiple discnimina-

tion appanatus in whieh nats successively encounte::ed for¡r Y-shaped choice

points befone reaching the goal- box. At each choice point a bnÍghtness

dÍscr:imination and a high-low hurdle discnimínation wene trequined.. 0n the

basís of individual jlearr¡ing curves and the development of positíon habíts

dr:ring the pre-soLution peniod, Kreehevsþ argued that ehance nesponding

was not the basís of behavior:¡ duni.ng the pre-solution peniod. In solving

a problem a :rat runs acconding to a set-rof integ:rated responses; this set of

responses is pneceded by othen, just as integ:rated, nespoúses.

It[,ea:rning consists of changing fuom one systematic, gene:ralised,
prr.nposive way of behaving to anothe:r and. anothen u¡rtil the pnoblem
is solved. The learrring Prloces s at every poínt consists of a
se:rÍes of integrated, pr::rposive behavior::r pattems.rr (page 532)

Knechevsky ca1led thís systematic m¿mner3 of behaving aû tthSpothesisrr which he

defined as,
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t'(1) behaviour which is systematíc; (2) behaviour which is
purposive (displaying an rrif-thenrr chanacte:r); (3) behaviou:r
*niãn involves some degr:ee of abstnactness, and, finally,
(+) ¡enavioun which does not depend entirely on the immedÍate
envi::onment fon its initiation and perfonûF.nce.rr (page 529)

Thé second ctassic paper in the cont:rovensy came f::om Spence

(19A6) who became the leading pnoponent of the continuity theory; Spenee

also denied that the behaviour of animals during the eanly stages of

lea:rning was due to chance.

rrsystematic responses at the beginning of learning a::e

exitained in te:rms of innate on acgui:red diffe:rences in
thä excitatory strengths of one of the position o:: spatial
stimulus comPonentsrr (Page 439)

In his explanation of how a nat changes from posÍtion nesponding to the

conrect disc::iminative resPonse Spence assumed that:

(a) tnials at the begirrning and at the end of learning do not add as much

to the development of a response habit, o:l excitato:ry tendency, as do the

ínte:rmediate t:rials ;

(b) the weakening effect of non-reinforcement is directly related' to the

st:rength of the habit. If a¡r a¡¡imal b:rings a st:rong position habit to a

bníghtness discrímination task, the position habit is only slightly inc:reased

when the connect sfimulus (S+) is on the pnefenned. side, but it is conside:r-

ably decreased. when the position rlesponse to the inconnect stimulus (S-) is

not :rewa:rded. since the nesponse tendency to s+ is Iow, it is stnengthened

and weakened in r:elatively sma]-l incnements at first, but as the response

tendency incr.eases the effect of neinfoncement also Íncneases. Eventually

the nesponse to S+ will be gneaten than the tendency to go to the pnefenred

side.

rThis systematic position habit wi]-l pe:rsist until the diffellence
betr^leen, the excitatorSr tendencies of theee stimulus components
becofnes , thnough the action of reinfo:rcement and non-:reinforcernent,
mot?e otl less eiiminated, o:r until the difference between the
sfirength of the excitatory tendencies of the positive and
negative cue comPonents becomes sufficiently g:reat to offset
it.r' (page 438)

j "4l!,
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McCulloch and Pnatt (fggt+) provided the fi:rst expenimental test

of the noncontinuity thesis with a pr:esolution neve:rsal study. The following

20 years sa!^r a flood of theor-etical and expe::imental paPers, e.g.l(rechevsky,

1937, 1938; 'spence , 1940 ; Lashley , 1942; Ehnenfueund ' 1948 . The

contnove::sy has been reviewed several tinies, e.g. BIum and Blum (1949)'

Osgood (fgSg, pages 446-451), Good::ich, Ross and ÌIagne:r (fg6f ). Its

nesolution is not centnal to the present thesis. It is debatable if it

ever vras possible to resolve the contnoversy within the terms in which it was

stated, although by 1950 the weight of evidence seemed to be in favour of the

continuity hypothesis. Tfhat ís impontant is the acceptan ce, by both sides

in the debate that position nesponding is a detnimental facton in the

learning pnocess. Fon the continuity theonists, position nesponding is a

habit which wiJ-l be maintained until it is offset by the growíng strength

of the excitatory tendeney of S+; and fon the noneontinuíty theorists,

position responding is evídence of an inappnopriate hypothesis that, fon the

majonity of subjects, must be discarded befo:re the cornect hlrpothesis can be

adopted.

Moneove::, sínce the 1930fs and f40ts was a po:íod notable fo:r

genenal theonies of learning, the views expnessed in the continuity-

noncontinuity controversy we:re incor'¡ronated into mo:re compnehensive theories.

Spence developed hís posÍtion against a Hullian baekgnound. Tolman (1SSZ,

lg48), inconpo:rated Krechevskyrs fthlpothesesfr ínto his cognitive theory of

learning - ::efe:rning to them, nathen gnandiosely, as ltsígn-Gestalt'

expeetationsrr. Hebb (1949), al.so integnate4 Krechevsky's views into his

discr:ssion of insigþt and pe:rception.

FínaIIy, the controversy led neseanchers to manipulate position

nespondíng in e><penimental situations, Spence (1945) used position ha.bits
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as ¿m exampl-e of a nesponse to an innelevant cue in an expeninent to

suppont his position. Rats were tnained in grey runways to nespond

to thein pnefenred side. The elçenimental group was then given 20

diffenentially rewanded t::Íals in a black o:r white runway: the contnol

glsoup was given 50 pen cent neinforcement for each colou:r. Position

pneferences were eliminated fon both gnoups. Finallyr the contnol

sr:bjects wene given a bníghtness discrimination task and the expe::imental

subjects wene brained on the nevensal of thein oniginal bnightness

tnaíning. This eanlien tnaining had a detrimental effect on sr:bsequent

nevensal learning, even though the position training had ensuned that the

animals weue tlesponding acconding to what would be considened a spatial

:rather than a brightness hypothesis dr¡:ríng the oniginal b:rightness

training. Ritchie, Ebling and Roth (1950) neplieated Spencers (L945)

expeniment with centain changes, found simil-an results, and. a:rgued that

since position habits were st:rong dr:ring the initial discnimination tnaining,

nesponse tendencies to symbol cues l¡ene not extríbited untÍI the position

habits wene elirninated. Oun intenest in these e:<periments is not in the

suppont they are alleged to pnovide fon the continuity position, but fon

what they neveal about the effeet of position habíts on disc:rÍmination

lea:rning a¡rd the assumption that this effect car¡ be contnolled by applsop-

níate tnaining.

Bittenman and Coate (1950) also offered evídence for the

contÍnuity theory ín ar¡ expeniment that manipulated position resPonding.

While nats learned a b:rightness discnimination spatial cues $Iel?e neinfo:rced

on either g0 pen cent or 20 pen cent of the ürials. tÍÏ¡en the ar¡imals

neached cnitenion on the bníghtness discniminationo they we:le tnansfe:r:red

to a spatial dísc:rimÍnation. Those srrbjects whose new S+ was the posítion
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which had been mo:re fnequentlv newa::ded duning the bríghtness discnimínatÍon,

learned the spatial discnimination fasten than the sr-rbjects t::ansfe::ned

to the position which was neinfor-ced on only 20 pen cent of the visual

díscniminatión tnials. Str"ong posítion pneferences Írere evident befone

the differentÍal neinfoncemerit of spatial cues vÍas int:roduced, and this

may have biased the nesul-ts. Howeven, Bitterman and Coate found that,

even though the diffenential reinfoncement hras on the pnefenred side for

half the subjects and on the nonpneferred side for. the othe:r half, both

grloups learned the bnightness dÍscnimination at an identical nate.

The l950rs saI^I the development of seve::al- diffenent lines of

reseanch in this field. Lawr:ence initiated a new phase of the continuity

versus noncontinuity contr?oversy with his wonk on the :¡ole of innelevant cues

and his theory of the acqui::ed. distinctiveness of cues. ReÍdfs discoveny

of the overlearning revensal effect (ORE) spanked off an immense amor:nt of

expe:rimentation and theonisÍng. A g::eat deal of wonk was done on othe::

shift designs, fon example the comparison of e:<t::a-dimensional and intna-

dimensional shifts and senial :revensal leanning. Gene:ral-isation, pnobability

natchÍng, and pantíal neínfo:rcement were areas of new ::esea:nch. These

developments :lenewed a:rgurnent about the cour:se of discrinination learning,

and assa consequence naised new questions about the nole of position

nesponding in that process.

Position nesÞonding as an i:rneLevant cue.

Law:rence (1949) showed that:rats which had been tnaíned to:respond

to a panticulan stirnuh¡s dímension (bnightness, al1ey wÍdth o:r floon te:<tu:re)

in a simultaneous disqrimination task we:re facilitated in learning a

successive on conditional dÍscrÍmÍnation task ínvolving that dinension,

by compa:rison with sr:bjects,-;fon whom the :relevant di¡nension of the initial
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task was now i:rnelevant o:r absent. Law::ence angued that, since the::e was

no basis fon tnansfe:r via the instnunental response involved, ttre positive

tnansfen must have been due to the rracquined distinctivenessrr of the cuest

. .;.r.ê. c,urrng qrscniminatÍon learrring, a mediating process alte::s the nelative

di.sc::iminability of the stimulus cues in this situation. Lawnence (1950)

tnained. rats on a successive discnimination (brightness, or Presence or

absence of chains) witn one stimulus d.imension nelevant and the othen

innelevar¡t. The subjects then learned a simultaneous discnimination with

both dimensions relevant. TestÍng with the two cues opposed indicated that

subjects discniminated on the basis of the cue fnom the dimension that was

nelevant in the initial task. Releanning and r:eversal leanning wene fasten

with this cue than with the previously ir::elevant cue. Lawrencefs technique

of shifting fnom successive to simultaneous disc:rimination tasks nequi:res

assumptions that have not gone unquestioned (cf. lleise and Bitte::manr 1951¡

Bitte:rnnn a¡rd llodinsky, 1953; Bíttenman, Tylen and E1am, 1955; Siegel,

1967). Howeven, Lawx'encers work:raised the p:roblem of what subjects in a

disc:rimination task a:re learrring about ín::elevant cues. Is it a matte:r of

soÍ¡g cues becoming mo::e distinct, on is it rrone a case of acqui:red non-

distinctiveness of ír:releva¡rt cues? Mackintosh (fg0S d) and Suthenland

an¿ Mackintosh (fgOO) for:nd that r.ats pnetnained on a successive bnightness

discnimination with onientation i:rrelevant, learned less about the

onientation coÍrponent of the subsequent bnightness-onientation compor-md

discnÍmination than sr.:bjects p:retrained on b:rightness alorie. Hence the

suggestion is that sr:bjects learned to ignone the onientation disc:rimination.

l{ontz and Bitterrna¡¡ (1953) had for:nd that an in:rel-evant bnightness cue

neta:rded the lea¡'ning of a forrn disc:riminatíon (upnight versus ínvented

bríangles). A mone extensive study by Law:rence and Mason (fgSS) examined
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the maintaining of a habit during the :reinfoncement of an inrelevant

dimension. They used 6 gnoups of rats: 4 g:roups leanned' a sequence of 8

bnightness on high-low hurdle discniminations and nevensals with one

dimension ::elevant and the irnelevant dimension eithe:r set at a constant

value on varying from tr"ial to tnial; 2 mone groups (Cp an¿ CDR) learned

15 discrimination tasks involving a change of dimension on each task with

(CDR) or without (Cl) revensal of the stimul-us values; finally, 2 g:roups

leanned 8 bnightness oll hurdle disc:riminations and neversals with position

as the only innelevant va::iab.l-e. Lawrence and Mason found that:

(a) difficulty of reversal was a function of the numben of inrelevant

dimensions involved. Moreover as the nurnben of dimensions incneased

thene was a manked increase in position nesPonding.

(U) fne CD group learned faster than the CDR group and showed less position

:responding. Hence :revensal seemed to nesr:lt in mo:re systematic behavioun

to Ínnelevant aspectS of the situation, and, consequently, in gneaten

dífficulty in learning the releva¡rt discnimination.

(c) The CDR group completed 16 tasks (8 hr¡¡rdl-e and 8 bnightness discnimina-

tions) faster than the group required simply to learn 7 hundl-e reve:rsals with

bnightness vaniable and innelevant. This :result might be explained in

terms of a tendency of the CDR gnoup to ttdisplacetr thein behavioun when a fam-

ilia:r schedule of :reinfo::cement was intennupted. Position responding was little

rrse to the hr:rðLe tleversal gnoup fon hu:rdles ÌIere always relevant, but it

might have facilitated the performance of the CDR group fon whom a new task

nequi:red a shift of response to a diffe:rent aspect of the stirnuÏ¡s situation,

i.e. fnom hundle to bníghtness on vice vensa.

Lawnence and Masonts e:çeniment does not allow a simple conclusion,

but the evidence indicates that the detrímental effect of nesponses to

irrelevant cues rnay be mone significant than any acquí:red distínctiveness of'*
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cues. The findings of Mackintosh and Holgate (1967) :reinfo:rce this vÍew.

They tnained two g::ciups of nats on a successive discnimínation (bnightness

on onientation) with one dimension nelevant and the other inr.elevant. These

groups and á naive contnol group wene t:ransfenned to a simultaneot¡^s bnight-

ness díscninúnation (with a 75:25 natio of neínfoncement to pnovide a mone

sensitive measune of leanning). The expe:rimental gnoups differ-ed, as in

Lawrence (1"950), but by companison with the contr.ol gnoup, the only

significant diffenence was that the subjects p::etrained. to onientation

with br.ightness innelevant penfonmed ]-ess well than both other groups.

The ex¡rerimental group which was given nelevant p:retrainíng, did not diffen

from the contnol glloup.

The assumption undenlying all the above wonk is that position

responding is behaviou:r that is under the contnol of an innelevant cue or an

iræelevant stimulus dimension, æd that what can be shown about othen,

inrelevant stimulus dimensions, e.g. oníentation, as in MackÍntosh and

Holgate (1967), can be applied to position nesponding. This same

assumption fuequently appea:rs in discussions of the next tlro topics to be

considered - the ORE and nonueveusal shifts.

Position nesponding ar¡d the ORI.

Reid (1953) inÍtÍated the pnesent line of nesearch and theory

on the ORX. He found that nats ove:rt:rained on a black-whíte disc::ininatÍon

learrred. a nevensal of this discnÍmination fasten than subjects tnained to a

conventional- enÍte:¡Íon of 9/10 co:rr"èct responses. .Iackson (1992) had

:reponted a similar panadox, but Reidrs wonk embannassed conternponal?y

learnÍng theo:rÍes (e.g. Spencets) since íncneased lea:rning rnight be e:çected

to stnengthen a learr¡ed llesponse, make it mo:re nesistant to e:<tinction, and

so :retand neversal .
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Since thene arae several excellent and detaited neviews of

the l-itenature on the ORE - Paul (1965), Spenling (fS0Sa, b), MackÍntosh

(tgosa, 1969), Lovejoy (1966), Sutherland and Mackintosh (I97I) - the::e

is no point in nepeating the exencÍse hene. As fa-n as the occulrrence

of the ORË is concenned, Suthenland and Mackintosh (f971) sum up the

situation reasonably weIl,

tt(f) The oRE is more fíke1y to occun v¡ith visual than with
spatial discniminations.
(2) The oRE is more fikely to occur with difficult than

wÍth easy visual discniminations.
(g) trven r^rith difficult visual problems, the ORE is mone

likely to occur when a large newand nather" than a smal-L
r-ewand is used.
(+) Wtren the ORE does occu:: in visual studies (and sometimes

when it does not), oventnaining tends to incnease the number
of enno::s eanly in reve::sal , but l-eads to more rapid lea:rning
laten in r:evensal.
(5) The crossover in the lea::ning cullve of oventrained and

non-overtnained subjects occuns because the latten deveJ-op
more marked position habits.tr (page 287)

Recent ::eports indicate that another vaniable should be add.ed

to Sutherland and Mackintoshts list. Spenling (1SZO, 1972), Richman

and Coussens (1970), Richman, lftroblock and Coussens QglZ), and Swellen

(1973) all pnesent evidence that the amount of initial tnaining on the

stníctness of the leanning c:rite::ion on the initial task influence the

occunÌ1ence of the ORE. If too much initial tnaining is given, especially

by setting too str"ict a cniterion for the oniginal discnimination, all

subjects - bothitcnitenionrrand rtoventrainedttsr:bjects - a:re in fact

overtrained. Hence diffenent amounts of initial tnaining do not lead to

faster r.evensal in one group nelative to the othen.

It would be rash even now to assume that the necessary and/on suffic-

ient conditions fon the ORE have been established. The theoretical explana-

tÍon of the phenomena is even less a closed case. But, as with the
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continuity versus noncontinuity controvensy, it is not the phenomena as

such non the theonetical expJ-anation of it. which is the focus of attention

in this thesis. tlhat is of interest is par"agraph (5) of Suthe:rland ancl

Mackintoshts-Iist, i.e. the nelationship between overtrainíng and the

development of position nesponding ín cniterion and oventrained sr:bjects.

There is 1ittle doubt as to the empinical facts. Those studies which

neport the ORE consistently neco::d mo:re position nesponding by the

enitenion subjects: Reid (1953), Konaki (196I), Mackintosh (1962' 1963a,c,

1965c, 1969), paul (rgoo), siegel (1967), Hoopen (1967) and Mandlen (tg0g).

Even studies which do not show the ORE repont simila:r results: Mandlen

(1966). In the light of these facts it is not surpnising that several

e:çlanations of the ORE depend heavily on the idea that oventnaining somehow

dépnesses position nespondíng, thus counteractíng the stirnulus control of an

inrelevant crre and so facilitating never^saI lea::ning'

position nesponding figured in one of the earliest attempted

explanatíons of the ORE. In Reidrs (fSSg) PaPe?' the autho:r quoted a

pnoposal by Spenee that ove::training facilitates reversal by provid'ing

conditions fon the equalisation of position habits. cnitenion subjects

commence :leversal with the difference between uesPonse tendencies to S+

and S- only just g:reate:r thar¡ the tendeney to position resPonding' During

overtraining perforrnance is almost en:lonless. Consequently, the :rat

nesponds to each side an equal numbe:r of times and so begins nevensal with

less tendency to adopt a resPonse to a pantíeulan side i:e' ít has less

tendency to ad.opt a detninental forrn of r.esponding. Recently liolfond and

Bowen (1969) :retunned to Speneers model of discnimination learrring fon an

explanation of the ORE. However, as Turnen and Mackintosh (fgZO) point out:
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(a) pu¡ots (tgs6) has shown that initial position pnefenence has no effect

on the ORE. Pubo1s attempted to equalise position responding befone the

ínitiat bnightness discrimination by position tnaining his sr:bjects to a

cniterion of no mone than ll/2}responses to any one side. An indication

of the effect,iveness of this pr-et::aining was that the propontion of responses

to the initially pnefe:rred side dur"ing rleversal was 0.45 and 0.55 fon the

cnitenion and ove:rtnained glloups respectively.

(b) Moreover', if position habits do develop in the course of the initial

discnimination and ane still present in the critenion subjects on neve::sal,

Spencers case still does not hold. Turner and Mackintosh (lg70) quote

data fuom 99 nats (48 oventnained and 5l- not ovent::ained subjects) which

developed positíon habits in both acquisÍtion and neversal. Only 57 pe:r' cent

of the cnitenion subjects and 58 pen cent of the oventrained subjects

developed the same position habits in acquisition and nevensal. Overt::aining

may reduce position nesponding, but not by neducing a specific position bias

sÍnce these we:re not p:resent even in c::itenÍon subjects

Hanlow (fgSg) p::oposed that his're::non facto:: theony" could be used

to e:<plain the ORE. Hanlow saw learning as an inhibito:ry pnocess which

consists in the eLimination of er?or? facto::s (inco:rrect nesponse tendencies

elicited by stimuli in the envi:ronment) nathen than the development of connect

?esPorl.ses. The dominant ernorl facton ín a visual disc::irnination problem Ís a

nesponsiveness to spatial cues¡- Ha:rlow angued that oventnainíng on the

Ínítial task could J-ead to the suppression of etrnor factors du::ing this stage

of the task and so ::esult in positive tnansfer on the nevensal task.

Mandler (feo6, 1968) and Mandler a¡rd Hoopen (196?) have developed a

mo:re sr¡btle explanation of the ORE based on a concept of positíon :responding

as a response strategy. Mandlen (fg6e) descníbed the effect of oventnaining

on neversal and t:ransfen in a senies of expeníments Ín a Y-maze. She did ncjt
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obtain the ORE but did obse:rve lange positive tnansfen when ove:rtnained

sr:bjects wene shifted to another visual task (fnom black-white to ho::izontal-

ventical on vice ve::sa). Mandlen defined a position habit asrrtthe initial

entry into the same alIey (eithen left on night) fon at least 8 out of 10

trials on any one day :regandless of whether" the animal makes an euron on not.rt

(page 191). This is a nathen unusual definition of position nesponding in that

a :nat could be said to have a position habit and stiIl be en::orless in the

penfo:rmance of a visual discnimination task. Howeve:r, it is consistent

with the view expressed by Mandle:: and Hoope:r (1967)r

rfPosition nesponding has an anomalous status among the va::íous
rir::elevantr behaviours found in a visual discnimination pr.obJ.em.
A position habit is not a stimulus dirnension; yet it is frequently
suggested as an irrelevant 'hlpothesisr or attempt at solution.
It might be profitable to consider position habits not as attempts
at pnoblem solution but as tlpes of lea::ned goal appnoaching
sequences which both affect and ane affected by the discr.imination'to be leanned." (page142f)

MandLe:r (fS0O) found that ove:rtnained. subjects, having elÍminated

position :responding d.uring the initial discnimination, napidly :rever:ted to

position responding during nevensal; but in a non-reversal shift sítuation,

thís nevension to position responding did not occu.n. In the light of

these findings Mandlen distinguished between a rrd.etour stnategrtt and a

Itchoíce-point straterytt . The formen is a rrgo-fír'st: choose-latentr strategy

wheneby the subject nuns to the same side of the maze on each tnial and then

either goes ahead on retraces to the othen side on the basis of the relevant

stirnulus cues. A detoun stnategr is repnesented by Mandle:rrs sconing of

position :responding. The choice-point stratery is a mone efficient
rrchoose-fi:rst: go-laterrr tactic wheneby the nat panses at the choice-point

and chooses one side on the othen, presumably on the basis of the nel-evant

stirnulus cues. Ovent:raining leads to the adoptíon of a choice-point stratery

ín most sr:bjects, while c:ritenion subjects :retaÍn a detor::r stnategy. tÍhen
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overbrained subjects are transferred to a new discrj¡nination task,

t'h.eir choice-point strategy facilitates learning. In a reversal

sj-l,uation, however, perseverative tendencies to ttre former S+

make a d.etour necessary on most trials so that, by lhe time such

perseverative tend.encies have been extinguished., the choice-point

strategy ha.s a1-so been replaced by a detour strateg¡. This is how

Mand.ler explained her failure to obtain the ORE. Horvever, if some

o'U:rer factor, such as rewarcl size, so affects tLre perseverative

tendencj.es tha'b position respondi.ng is effectiveþ suppressed, the

OPJI will be obtained (Mandler, 1968).

Siegel (L967, 1969) also eurphasised trre orientation of

the subject, i:i his analvsis of the ORII. He used a T-rnaze in which

subrjects had to took behj:rd. doors at the arrn of the T-naze j-n

order to see th.e stj:nulus. Thus Siegel was able to separate the

subjectrs obserrring or orienting response fron its choice response.

He found ttrat performance on a transfer task was dependent on the

subjectrs initial orientation, its reorientation when tkre initial

observation revealed S- ('rconditional reorÍentationtr), a¡rd the
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approaeh responses rewarded durirg the pre-tra¡rsfer task.

Overtraining hras seen as providing an opportr"ueity for subjects to

practice a cond.itional- reorienting s'brategy a¡d the transfer ol

the condj-'b:Lona1 response tendency facilitated. perforrnance on

subsequent tasks.

Both Ma¡cll.errs and Siegelrr: theories have been described

as rrobsenrj-ng-response theoriestr (SutherJ-and and. Mackintosh,

L97L) because of the enphasis on ttre leanring of an appropriate

orientation. hJith Mandler especialþ, an appropriate orientation

fol-]-orvs liLre e1!'¡rination of an inappropriate observing-response,

i.e. position responding. Overtrainilg has j-ts effect,

facititatory or detrirnental, j¡rsofar as it affects position

responcling

The nost sophistieated explanation of the OIìE is the

atlbention theory of Sutherland a¡rd l'{ackjltosh. The ttreory

was initialþ proposed by Su-bherland (1959, f964). Over

t'tre next 10 years he, Mackiltosh and several co-workers provided

an impressive anount of experi:nental support for the
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theory, plus sevenal theo:retical statements (Mackintosh, 1965a, Lovejoy,

1965, 1966, 1968). Fontu¡ately fo:: this reviewen, Suthenland and Mackintosh

(1971) have necently publÍshed a detaíled statenent of thei:: theo::y and its

applicationr- supponted. by a.surnmary of the exper:ímental evidence gathered

fnom sever"al diffenent species of subjects in rnany diffe:rent expenimental

sítuations. llhile Suthenland and Mackintoshrs attention theony is not the only

theory to use attention as a basíc concept (c.f. Mostofsky, 1970) it is the

theory most fnequently nefenned to ín animal discnimination wor:k and it does

pnovide the most compnehensive and useful framework for discussion in that

fie1d.

The theony postulates that in a disc::imination task par:t of what a

subject lear:ns is to attend to the nelevant stimulus dimension. Subjects do

not pnocess the whole stímulus input to the same deg::ee, but :react selectively

to the stimuli on the basis of the numben and sal-ience of the stimulus cues,

and on the basis of the sr:bjectst pnevious ex¡renience, pretnaining, ola response

prefenences. Attention to a dimension (or" rfanalysen stnengthrt, ês the mor:e

¡nechanistic statement of the model puts it) is incneased when such attention

results in conrect pnedictions of fr:tune events of impontanee to the animal,

i.e. when choice responses made on the basis of such attention ane ¡ewanded.

When an analyse:: is stnengthened, the total sbrength of othen analysens is

weakened by the same amount. Attention theony is a two-stage modeL in that

while a sr:bject learns to attend to a partícular dimension (on to switch in

the conrect analyserl) it develops choíce tlesponses to specifíc stinulus values

(tt:response attachmentsrr) within that dimension. Response attachrnents are

inc:reased by:rewand and decreased by non-r?ewalld, and the size of the change

is pnopontional to the st:rength of the nelevant attending:lesponse on analysen

strength. The :rate of change of both response attachments and analysen
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stnengths ane different such that if the initial stnength of an analysen is

low ít neaches asSrmptote mo:le slowly than the stnength of its nesponse

attachments.

AccondÍng to attentÍon theony position nesponding indicates that

the subject is attending to the spatial dimension, since choices are deter.-

mined by the rlesponses attached to the stnongest analysen. The cues

nepnesenting the spatial dimension nay be eithen exte:rna1 visual cues or

intennal p:ropnioceptive stimuli (Mackintosh 1965b). Eanly in the task, in

the case of a bnightness discrimination, the relevant b::ightness analyse:: is

low relative to the position analyser. Neventheless, the initially weak

bnightness analyse:r increases in stnength on alJ- trials because its different

outputs a::e consistently connelated wÍth differences in reinfo::cement; while

the initially st:rong position analysen g:radually r^¡eakens because it p:redicts

neinfoncement on only 50 pen cent of the t:rials. llhen the bnightness analyser

gets within a consÍstent amount of the position analysen choice behaviou:r

depends upon both brightness and positíon response stnength. If the position

habit is bnoken und.e:: joint control then subjects b::eak thei:¡ position habit

by a response to S+, the cor:rect bnightness value. After" the bneak both

analysens contÍnue to control behavíou:r until the brightness anal-ysen gains

exclusive contno]-.

As applied to the ORE, Mackintosh (tgOSa) puts the attention theo:ry

explanation quite p:recisely,

rrrf oventnainíng Íncreases the p:robability of sr:bjects attending
appnopniately without causing a couuesponding ine::ease in choice
nesponse st::ength, then ove::trained subjects will continue to
attend to the nelevant cue duning reversal and will only have to
e>rtínguísh theÍn original choice responses and acquirle ner,r ones;.
while non-oventnained sr:bjects wilJ- cease to attend to the nelevant
cue, attend to other innelevant cues (dr::ring which tíme they will
lea:rn littIe about the cornelation of the reler¡ant cue with :rewa:rd),
and hence will take a J.ong time to learc¡ the :revensal.rr (page 136)
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Suthenl-and and Mackintosh Cl-971) are ca:reful to disti¡guish thei:r

e>qplanation of the ORE fuorn those of Mandlen and Siegel, although

they do admit to certain common featr:res.

ttlÍithin-the context of oun theony, and of any othen in which
analysens sum to a constant value, stnengthening of relevant
analysers is necessa::ily accompanÍed by weakening of inrelevant
analysens. ÏIe could, therefore, say that overtraining facilitates
the neversal of a sirnul-taneous bnightness disc:rimination both
because it strengthens the brightness analysen and because it
weakens the position analyser. In this sense the possibility
that ovent:raining facili'tates revet:sal by supp::ession of irnelevant
cues is not inconsistent with our theony. Analyses of discnimina-
tion learning have, howeve::, been p::oposed which lay exclusive
enphasis on the weakening of cont::ol by ínrelevant stimuli.rf

(page 229f)

The emphasis is cleanly on the effect of oventraining as stnengthening

attention to brightness, and only secondanily on its effects of weakening

attention to positíon. Mackintosh (1963a) found that the rnagnitude of the

ORX was a fi:nction of the numben of i::relevant cues - the addition of an

i:relevant cue (hor.izontal-vertÍca1) r'eta::ded :reve::sal for c:ritenion, but not

fon oventnained subjects. Moneoven in a thind group, fon whom the ir:::elevant

horizontal-ve:rtical stimul-i we::e intnoduced afte:r nevensal had. begr:n (i.e.

srrbjects fon which ove:rtraining cannot have weakened attention to the

inrelevant cue), cniterion subjects ::eversed slowly but ove:rtnained su.bjects

we:re unaffected by the presence of the innelevant cue. Mackintosh con-

cluded that ove:rtnaining had its beneficial effect on tleversal mo:re because

it stnengthened attention to b:r'ightness than because it weakened attention

to orientation. Suthe:rland and Mackintosh (1971) assume that this evidence

is applícabLe to position :responding. Howeven, they conced,e that because

oventr?aining did not weaken attention to an alneady nelatively weak cue,

onientationrdoes not mean that it fails to weaken attention to a strong cue

such as a spatial cue to positíon :responding.
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The ovenall conclusion as negands the ORE is much the same as

that neached about the continuity verlsus noncontinuíty controversy.

Despite the vaniety of theo:retical vielçoints, and the diffe::ent noles

assigned to þosítion responding within these theories, position nesponding

is almost unívensally regarded as an íntenfeníng facto:r. fts êffect on

dÍscnimination and nevensal is cont:rasted with the facilitating effect of

oventnaining.

Posítion r"espondíng and nonllevel?sal shifts

Several examples of expenimental designs inconpo:rating shift have

been mentÍoned alneady. Revensal- learning, as in the ORE, is a special case

of an intnadimensional- shífE (f¡S). Lawnencers wonk involved extna-

dimensional shÍfts (EDS)r e.g. fnom a bnightness dimension to a hu:rd1e dirnension.

It will be useñ¡l at this point to J-ook at non:revensal shifts Ín a mo:re systema-

tic way. Non::evensal shifts are tnansfer tasks ín which sr:bjeets are requined

to learn a second task, the nelevant cues fon which a:re eithen fuom a díffe::ent

stÍmulus dimension fuom the stimulus dirnension used in the initial task (EDS),

on they a:re of the same stimulus dimension (IDS). An impontant feature of

shift paradigms is the manipulation of the i¡nelevant cue. The following table

illustrates most of these expe:rimental designs.

T5¡pe of Shift Initial Task
Dimension I Dimension 2

Shift Task
Dimension I Dirnension 2

fntnadimersional Relevant

Pu:re neve:rsal ( l) Relevant

Pure :reversal (2) Relevant

Extnadimensional ReLevant
(1)

E>rtnadimensional Relevant
(2)

I::r-el-evant

I:rrelevant
Constant on
Absent

In:relevant

Constant on
Absent

Relevant

Relevant

Relevant

Innelevant
Innelevant
Constant o:r
Absent

Relevantïnnelevant

f::relevant Relevant



Type of Shift

ExtnadimensÍona1
(3)

Extr:adirnensi-onal
(4)

Initial Task
Dirnension I Dimension 2

2T

Shíft Task
Dínençíon I Dimension 2

Constant o:r Relevant
Absent

Relevant

Relevant

Constant o::
Absent

h"neÌevant Constant o:r Relevant
Absent

Cf. Shepp and Tu::risi (1966) or Slamecta (tg6e) fon a futl discussion of

shift panadigms. It is nather arbít::a:ry as to what is included in the

EDS catego::y: fon example, Shepp and Tu:::risi (1966) would nesùrict extra-

dimensional shifts to those designs in which the nelevant cues become

i:rnelevant and vaniable on the shift. Moneover, an irrelevant dimension

may be va:riable between tnial-s - only one value of it appear?s on each tr"ial

and is paired with both S* and S- - o:r variable within tnials - two values

appean on each tnÍal and each value is paired equally often r,rith S+ and S-.

Indeed Wa1len (1970a) found that subjects tr.ained on a bnightness discrimina-

tion with innelevant textr::re cues varying both between and within t::ial-s lear:ned

both the bnightness disc::imination and a shift to a textu::e discnimination

mone slowly than sr:bjects tnained with the textu:re cues eÍthen constant on

nelevant; and they leanned the textu:re disc:rimination more slowly than confirol

subjects which were not brained on the b::ightness discnimination.

The point of considening resea:.ch on nonreversal shifts spnings fnorn

the unnipulation of the i:rnelevant cue. The point nade eanlie:r is nelevant

hene, namely, that spatial cues to position ane the most common it':rel-evant

eues in ¡nost visual discnimination tasks. It is necessany to ask whethen

what is tnue of other i:r:relevant cues is tnue of these cues.

Resea:rch on nonrevensal shifts has tended to concentnate on compa?isons

of infiradimensional with extradirnension shifts and especially on the companison

of pune :leve:rsa1 with all nonreversal shifts. Much nesea:rch has also been
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done on the effec'b of overtraíni-ng on extradimensional shifts.

The fonner has been ta]cen as a test of various theories of

cliscrirninabion learning wh.ich propose sotne mediating process,

for exa:nple Lat'¡rencers t:.reory; the latter is often useful as a

test of various explarurtions of tlie ORE, for example Su'bherland

a¡ld l.{acki¡rtosht s explarrart:Lon.

I'fost comparisons of tl:e speeci. of i-ntradirnensional

and extradimensional shift have been done with hurnan subjects,

and usually the conclusion has been that hwna.ns (yorulg children

and. adults) tina a discrimination easier to learn if they have

been pre'Urained to attend to .i:he releyant di¡uensi-o¡r rather tha¡t

to ignore it. As far" as anirnal. studies are concerned. Shepp and

Ei¡nas (tg6+) trained, rats on a shape discrimination (rectangle,

tri-angle etc. ) with fl:e wid.th and orj-entation of background

black and, white stripes irrelevant or vice versa. Subjects learnecl

a subsequenb intrad.lrnensional- shift (from one shape discri¡nination

to another with stripes still- irrelevant) faster than a¡r extrad.jrnensional
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stdft (frorn a shape discrj:nination to a stripe d"iscri:ni¡ration or

vJ-ce versa). Ilol¡ever when Turrisi, Shepp and. Eirnas (f969)

replica'becL thj.s experi-:nent, but with the irrelevant cue held

cons'ba¡-b ra.bher t'han <liffering with'in trials, they found no

inbrad.imensional-extradimensional difference. Si'nilarþ,

Sutherlanct and. ÄncleL¡nan Qgeg) found tha-b jf subjec-bs were

transferrecl fron a discrj.¡nj¡ratj-on betrueen black and whit'e squares,

or horizontal and verti-cal rec-bangles, to a di-scrimination be-bl¡een

obli.que rectangles, the intradùnensional sirift hlas no easier th¿¡t

tjre extradj-oensional shift. Sutherla¡d. and. Mackj¡tosh (19?1)

Ítterpreted these results as indicating th.at the intradimensional-

extradimensional difference occurs onþ when subjects nust attend

to a d.i:nension that has previousþ been irrelevant. This explan¿rtion

also covers the fincling of l"lackin+,os]n (L)6/r) t¡at a group of rats

trajnecl on an absohte brightness discrjmj¡ation (black or white

squares ve1sus a grey square) learn a conventional brigtrbness

d.íscrimination faster than subjects trai¡recl on a square versus a diarnond
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discniminatíon with blacl<-white ir:nelevant. Even though both g:roups

neceived equal exposulre to bnightness on the in-itj.at task, b:rightness $¡as a

r-elevant dimension for the finst group and an ir.relevant dimensíon fon the

second.

As negands the more specific p::oblem of the compa::ison of the

in'Lr.adimensional shift of nevensal with nonneversal shifts, the results

ane again conrplicated by the vaniety of shift designs available. Tf the

i:r::elevant cue on the shift disc:rimination vanies onJ-y between tniaÌs and

not within tnials, then nevensal.s ane lea::ned mo::e slowly than non-neversals

(Kel1eher", 1956, Tigh6, B::own and Youngs, 1965). If the irnelevant cue of

the initial disc::imination nemains i::r:elevant in the shift discnimination

and vanies within tnials, the nesults are ambiguous: Kellehen (1956) found

that the non-rreversal- shift was lea:rned more ::apidly than the ::eve:rsal shift

but Bnookshire, llarren and Bal-l (fS6f¡ found no diffenence. Finally, if the

shift design can be solved eithen as a nevensal- on as a nonlaeversal (i.e. an

ttoptionaÏr shift design e.g. a black-white discnimination with orientation

inrel-evant followed by a white ventical neetangle versus a black honizontal

nectangle on vice vensa) then rats sofve the pnoblem as a nonlreversal (Kendlen,

Kendlen and Silfan, 1964; Tighe and Tighe, 1966; Suthenland and l,trackintosh,

rs66 ) .

The effect of ove:rtnaining on non-reve:rsal shifts has ::eceived

considenable attention oven the last few years, because it has been seen

as a test of theonies initially fo:rmulated to explain the ORE. ff, as

pr.oposed by Suthenland and Mackintosh (1971), the main effect of overtnaining

Ís to stnengthen attentíon to the::elevant stimuLus dinension and, consequently,

to weaken attention to othen stimulus dirnensions, then oventr:aining should

neta:rd, on at feast not facilitate, an ext:ra-dimensional shift. Once again,
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howeven, the expenimental findings vary acconding to the shift panadigm

used. ff the relevant dimension of the initial task remaÍns pnesent but

innelevant and vaniable dr::ring the shift, ove:rtnaining neta:rds revensal

shift as pnedicted by attention theory (Mackintosh, 1963c) on has no

panticulan effect (B::ookshine et al., 1961; Mandlen, 1966; Siegel, 1967).

If the:relevant dimension of the ínitial task is absent, is held constant,

on vanies only between trials on the shift task, the ::esults ane veny

confusing: Komaki (t961), Mandlen (1966, 1968), Suthe::land and Andel-rnan

(fSOg) and Waller (1970b, l-971) found that oventnaining facilitated an

extnadimensional shift; Tighe et a1.(1965) found that it had. no effect and

Mackintosh (1962) found that ovenb:aining netarded an extnadimensional shift.

Cleanly the evídence stnongly suggests a facilitating effect. Suthe:rl-and

and Andelman (l-969) explained theii nesults by ::efenence to ltagnerts (fgOg)

wonk on selective attention - namely, that the effect of oventrainíng on

the initial discnimination is to depness attention to position and othen ir-

nelevant cues so that duning shift learr:ing with the initiaL nelevant

dimensÍon held constant, overt::ained subjects attend pnedominantly to the

new cue (".g. onientatíon) and leann the discrimination fasten than non-

ove:rtnained subjects whose attention to irnelevant cues has not been reduced

by ove:rtnainÍng.

In Chapter 3, an expeniment is described in whích cues to position

responding are manipulated as the innelevant vaniable Ín a non:revensal

shift design. This pnovides an oppontuniff to test some of the assumptions

that have been made about the function of positÍon :responding as a form of

nesponding to an innelevant cue¿

ItClean1y, the tenms rtincÍdentalrt or rtin:lelevantrr ane by no
means indicative of the deg:ree of impo:rtance that the cues so
desÍgnated have in determining d.iscninÍnation perfonmance.r'
(!Íagnen, 1969, page 110). .ir.
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The range of experimental designs and tJreoretical views already

covered jn this chapter provide arople support for l,lagnerrs

comnent The list can be ex'bend"ed.. Since Lashley and lnlade (1)+6)

it has been an issue as to whether the te:rr rrstimulus generalisatj-onrl

describes anytkring more tJran the fac'b t'Lrat a subject has failed t'o

discrj¡r:ina'be arnong tlre stj¡ruli in question and has begun to resporul

to imelevan'b stj:nulus cues in its envirorunent (cf . Hoffrnan, L969).

Mackin'bosit (fgZO) argres strongþ that as regarcls t'tre perfornance

of rats in probabitity matching tasks (where a ratio J-ess tkra¡r

100:0 describes ttre reir:forcement contingencies for responses to

S.r-: S-) subjects do not select ttre mj¡ority stimulus because of some

momentary preference for it, but because they respond to ar:

irreleva¡rt cue - they select a particular position and t'he mjnority

stj¡nulus happens to be Ín tltat position. Several- authors have

recorded that in serial reversal learrrlng an i-urprovenent i¡t

perfornarice is a firnction of the elimination of position responding

(Lawrence and Mason, L955; Mackintosh, McGorrigle, Holgate and

Varrd.erver, l961i l'lackintosh and Ho1-gate, 1969). Ind.eed Harlowts
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(L959) error fac'bor theory, mentj-oned. above as a.n explanation

of the 0IiE, was developed j¡ the light of seríal task improvement -

as the nu¡nber of problems increase, subjects 1ea¡n to irùibit more

error factors.

A different víew of ition re

Depending on the theorj-strs point of vietu, position

respondi:rg is a¡ error factor (Harloru, L959), an indication of

attention to ari inappropriate stjmulus dj¡nension (Su'bherland and

Mackintcsh, lt97l)r a response tendency to a¡r irreleva¡rt cue

(Spence, L936), a misleadilg k5rpothesis that nust be discarrled

before the appropria-be \ypothesis can be adopted (Krechevsktr

I%2), or a goal approach strategy providing less efficient

stinulus i-nput (Mand.ler, L966). !'lhat€ver tùre ttreoretical viewpoin'b

position responding is detrimental to discrjrnination learrring.
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There is, however, some evidence to chatlenge this view.

Goen (1958) provided such evidence in an expe:riment der,.l'-gned to test

art eanly version of rrDenrqrlsrtelicitationil theory (Denny and Adelman, 1955).

El-icitation theor.y pnoposed that non-r.ewand is mor:e effective v¡hen the

undenlyíng response tendency is stnong than when it is weal<. Goen

hypothesised that modenate stnengthening of a position prefe::ence pnior

to a sinultaneous brightness cliscnim-ination wouÌd facilitate discninination

leanning, wheneas stnengthening of the position pneference to a high level

would impede such leanning. He tnained five groups of nats in a Gnice-

t5pe disc:rimination box as follows:

Gr.oup C-0: position prefer-ences were deterrnined but not stnengthened;

G::oup E-.I2t 12 tnials of spatial discr"imination tnaining (witn pnefenned

side neinfonced);

Gnoup E-24: 24 trials of spatial discrimination tnaining;

Gnoup E-48: 49 trial-s of spatial discrimination tnaining;

G:roup C-24: rnatched with Gnoup E-24 as nega:rds the number of trials and

amount and patte::n of newand, but neward was not related to position

nesponding.

All subjects were then tr.ansfenned to a black-white discnimination task.

Gnoups E-I2 and E-24 perfonmed significantly betten than did each of the

ot-hen grloups; and Group E-48 penformed significantly wonse than each of ,the

othen groups. There was no diffenence between Gnoups E-12 and E-24, or

between Gnoup C-0 and C-2+. Hence, familia:rity with the appa:ratus on the

cues does not account fon the difference between Gnoup E-48 and E-l-2 and

E-24. In:respective of the suppont for elicÍtation theory what these

nesults Índicate is that position nesponding is not necessar ily detnimental

to subsequent discniminatíon leanning and that position nesponding may

aetually facilitate that learning.



27

Funthen evidence of the need to qualify the assumptions that

ane made about position nesponding is pnesented in a study by Ïlinefield

and Jeeves (fgOg). These autho:rs tested Mandle::ts (1966) suggestion

that the negative tnansfen obse:rved when rats were shifted finom an

insoh:ble o:: solvable pnobJ-em to a b:rightness discr"irnination was due to

the g:reate:: ::esistance to extinction of position habits acquined unden

50 pen cent nandom reinfo:rcement, by compa::ison with position habits

acquired unden 100 pen cent reinforcement. VÍinefield and Jeeves (f96g)

tested this hypothesis by systematically manipulating position habits.

One g:roup of subjects were given position habits which would be highly

nesistant to extinction by neinfoncing thein nesponses to one side of

the naze on a 50 pe:r cent basis (Gnoup M). In another group, position

uesponses were minimised by reinfoncing a daily neversal of position

p:refenences ( Gnoup E). 1?re doons of the linea:: maze were grey during

this pnetnaining. l[hen both groups neached a stable level of nesponding

(aften 3OO tnials), they we::e tnansfer.red to a black-whÍte discrimination

task. Group M penforrned at a híghen Ievel than Gnoup E dr:ring p:retraining,

but Gnoup E did reach and maintain a high Ievel of penformance (8.5 out

of ]0 mean corlrect nesponses per day on the last 5 days). Ther:e r{as no

diffenence between the two g?oups on the subsequent b:rightness discnimination

task - the induced position habits seemed to have no effect on sr:bsequent

lea:nning. The backwa:rd leanning cr::nves nevealed no diffetlence in the

learning process. Howeven, Gnoup M displayed more position nesponding

than G::oup E, which in turn showed less systematic behaviou:r dr::ring the

presolution pe:riod

In case the stimulus change, caused by the infiroduction of the

dÍscniminanda aften pnetraining, :reduced the effect of position tnáínÍng,
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the experiment was repeated with the disc::iminanda pnesent, but ::andomly

associated with newand, dur"ing p:retnaining. The nesults we::e similan

to those obtained in the first experiment. Howeve:1, Gnoup E did not

attain a high, stable level of perfonmance duning pnetnaining (75 to 80 pen

cent.:conrect, as against 85 to 90 pe:: cent correct in the first expenÍrnent),

and both groups took almost twice as long to leann the brightness dis-

cnimination. The:re 'hras no diffenence between the two groups on the bníght-

ness discrimination. Winefield and Jeeves suggested that

rr...because the suppnession of position nesponding is commonly
associated with the ernergence of a cor.nect nesponse, a causal
::elation has been enroneously infenned. A mone 1ike1y hypothesis
to explain the observed cornelation involves the supposition
that position nesponding represents a natur"al mode of nesponding
fon the rat, which is irnelevant to learning.r' (p.11).

This conclusion !.ras seen as contnany to both continuity and non-continuity

theories since both theonies :regard position llesponding as a sou:rce of

inte::fenence. llinefield and Jeeves also suggested that a betten explanation

of Mandlenrs resufts was that it was fuustnation induced by nandom neinfonce-

ment which was tnansfenned to the b:rightness disc::inination, and which

inte:rfened with leanning and that the position habits were rnenely mani-

festations of fnust::ation and had no effect on learning.

Spe::ling (1967) tackled the pnoblem of position nesponding, not

by pnetnaining to manÍpulate position nesponding, but by va::ying the nole

of position respond.ing in the cou::se of the actual visual dÍsc::imination.

She did this by the use of a specÍal schedule of stimulus pnesentation d.esigned

to neduce the incidence of position nesponding Ín a visual discnimÍnation

task. This was a response contingent pnocedr¡¡re wheneby, on the finst

tnial of the fínst day S+ was on the sr:bjectrs pneferned side and S- was

on the non-prefe:rned side, The positions of thetwo stimuli we:re naintaíned

until the sr:bject responded connectly - p:resumably on the finst tnía1. __:
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0n the next trial the position of S+ and S- wel?e revensed and. nemained so

until the next cor:nect nesponse. The stimuli wene then ::evensed. again

and this pnocedu:re was continued thnoughout the acquisition peniod.

Sperling (1967) companed the pe::formance of nats using this procedure

(Gnoup RC) with the performance of :rats on a conventional, semi-nandom,

simultaneous plresentation pnocedu::e (Gnoup NRc). Both groups were

tested on a single-stimulus successive pnesentation of the same two

discriminanda and thein per:formance was companed with that of a contnol

group which r:eceived only the single-stímulus training (Gnoup c). An

elevated Y-maze with st::iped and checker.boand stimuli was used and the

same apPanatus, with one arm blocked off, was used fo:r the single stimulus

tnainíng. Du::ing the acquisition of the símultaneous discrimination the

amount of position rlesponding in Gnoup RC was immediately and pensistently

less than in Gnoup NRC. Howeven, there was no difference between the

grloups on the number on pattenn of tnials to cnitenion (84.0 tnials fon

Gnoup NRC and 77.7 fon Gnoup RC). Accunacy of perforrnance incneased with

tnainÍng and the nate of approach to c::itenion appeared to be the same

fon both groups. Although the number of sr:bjects contnibuting to latency

measulles vanied fnom 3 to 19, Spe:r1ing claimed that fo:: Gnoup NRC nesponses

to the non-pneferned side wene made mo:re slowly than llesponses to the

pnefenned side, but this diffe::ence was not neríable for Gnoup RC. By

the end of the simultaneous braining, the l-atency of nesponse of both groups

to S+ and S- was not signÍficantly diffenent.

0n the single-stimulus t:ransfen task, 50 pen cent of the sr:bjects

fnom Gnoup NRC and RC neached. cnitenion on the finst day of tnaining.

Moneoven, the co:n:elatÍon between tnials to cnitenion on the simultaneous

task and on the single-stimulus task was not significant fon eitheu g:roupj

This might inclÍne one to suspect the sensitivíty of the single-stimulus' 
'-r'
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task as a test of transfer:. Howeven, Gnoup NRC did not differ. fnom

Gnoup RC on tnials to cnitenion (t6.4 and 22.I tnials respectively) but both

groups wene faste:: than Gnoup C (76.0 tnials). Fo:r Gnoups NRC and RC,

responses to S+ were fasten than those to S- and this diffenence was

significant fnom the beginning of the single-stÍmulus task - this is a

sr:rpnising tesult since thene was no evidence of a diffenence at the

end of the simultaneous task. Spenling concluded that posÍtion :responding

does not affect the learning of a visual disc::imination task. She neganded

hen nesults as evidence:

(a) against Mackintosh's (1965) attention theony;

(b) in favour of some form of continuity theory; and

(c) in favou¡r of Sperlingts (1965a, b) suggestion that the stimuli con-

tnolling position nesponding ar?e pnopr:ioceptivgr. wheneas those controllÍng

vísual discnimination ane exte:roceptive, and that these types of stirnuli

do not act in the same I^Iay on as a function of the same va::iables.

Howeve::, as Spe:rling admits, Gnoup RC could have reached c:rite:rion on

the simultaneous pnoblem by learnÍng to altennate position responses on

each consecutive tnial. As the number of co:r::ect choices íncneased, the

pnesentation scheduJ-e approached trial by fi:ial alternation and subjects

wene neinforced for nesponding to positional changes as much as they we:re

:reinfonced fon nesponding to visual stirnuli as such. Consequently, it is

possible that the vÍsual d.iscniminanda had less contnol over: responding in

this g:roup than they had in Gnoup NRC. SpenlÍng nay have eompaned two

dífferent tasks, alte::nation and visual discnimination, nathe:r than mani-

pulated the effect of position :responding within the one visual discnirnina-

tion task

Spenling and Yoden (1969) continued Spenlingts (1967) line of

:reseanch. Two gtloups of rats wene t:rained on a simultaneous visual r-
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discnimination task with the conventional semi-random plresentation schedule.

Fon Group NRC-NRC the discriminanda were reve::sed, with the same presentation

schedule: Gr.oup NRC-RC was lreversed with the stimulus positions being deten-

mined by the-response contingent procedure. The mean tnials to criterion

and the pattern of position rlesponding we::e similar fon the two groups

during acqrrisition. Howeven, the mean t:rials to neversal wene significantly

diffenent (fZ+.S for Gnoup NRC-RC and 178.7 for Gnoup NRC-NRC). G::oup NRC-RC

displayed. less position :responding dur:ing ::evensal. Spenling and Yodet'

concluded that differences in the amount of position resPonding ane not, by

themsefves, a sufficient condition fon the obse:rvation of differences in trials

to cnitenion. However, speed of learning is associated with less position

responding. They suggested that reduced position responding per"mits a

greate:r numbe:r of non::einforced responses ea:rly in revensal and this leads

to eithen a fasten ::ate o:r a greate:r amount of extinction of the previously

co:r:rect response ear:ly in reversal.

Despite the wo::k of Goer, lÍinefiel-d and,Jeeves and Spenling, thene

is plenty of evidence indicating that position :responding is often associated

with poor visuaL disc:rimination perfonmance. Efforts to determine mone

pr:ecisely the role of position responding have labor:red unden the difficulty

of manipulating position responding ind.ependently of visual choice responding.

The following chapten descníbes an appa::atus developed by llínefield and

JeeveS to study simultaneous visual discrinination independently of position

:responding.
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CHAPTER 2

THE APPARATUS: THE CTRCULAR MAZE.

Despite attempts to manipulate position nespondÍng by p::etr"aining

on by special stimulus p::esentation schedules, the niajo:r pnoblem in the

stud.y of position lresponding is the fact thatrin afmost all fonms of

appanatus used for the study of simultaneous visual discnimination

leanning in the nat, the visual discnimination task requires the subject

to make a choice which involves going to the left on to the night, i'e'

to make a position uesponse. It is possible to study visual discnimina-

tion leanning in situations whene thene is no position ::esponding' Birch,

Ison and Spenling (1960) stud.ied reversal learning unde:: single stinul-us

presentatíon using latencies as the lresPonse measure. Uhl (1964)

studied the effect of ove::training on reversal and nonreversal shifts,

also ín a single stimulus successive disc:rimination situatíon, but using a

fi:ee ope:rant measur:e of ::esponse. Howeve:r, companisons between data

gathened in situations such as these and data fuon two-choice simultaneous

discrimination experiments ane complicated by the fact that successive

rather than simultar¡eous Presentation of stimuli is used, and by the

necessity to use some other tlesponse measure besides the numben of choice

resPonses.

l[inefÍeld and Jeeves (lgzoa) descnibed a rrci:rcular mazerl

developed in srde:r to enable simultaneous visual discrimination to be

studÍed in a situation in wtrich the cues that might elicit position

responding atle considenably reduced.. Since this appanatus Ìras used in

alt the e>çeriments in this thesís it wilJ- be descnibeil in detail. There

have been some minor changes ín the appanatus since it was d.esc:ribed in .+:
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llinefield and ,Jeeves (tgZOa) due mainly to the need to alten the appanatus

to measu::e latencies. A plan of the appanatus is shown Ín Figune 2.1 and

photographs of the appanatus appean opposite.

Thê cincular: maze consisted of a centnal stanting platfonm

sun:rounded by f2 goal compantments, the doons of which cannied the dis-

c:rÍrninanda.= Ttre starting platform r^¡as a ci::cular g:rey metal platform'

12.5 crns in diameten. The platform rested on a single metal nod rising

fuom a heavy base, and stood about 70 cms fuom the floor. The starting

platfonm was sunllor:nded by the goal compantments, but was separated fron

thern by a 7. 5 cm air gap to discounage rats fuom trnunning on" without

looking at the disc::iminanda. The l-2 goal compantments welle constructed.

of 16 gauge al-uminium on a cincula:r wooden base. Each compantment was

9.7 cms high, 30.5 cms deep, 12.5 cms wide at the open end facing the

sta:rting platforrn and 24.0 cms wide at the closed, outen end. Each

compartment was sepanated into two pa::ts by a grey alurninium top hinged

doon. The a:rea behind the doon, the rrgoal boxrrrwas 19.0 cms deep.

The a:rea in front of the doon was 11.5 cns deep: this a:rea formed a

shelf in fnont of the doo:r. The d.Íscniminanda were painted or stuck on

to 9 x 7 cm metal plates which could be clipped on to the d.oo:r. The doons

could be locked fuom behind by means of a :rotatÍng arrn so that the nat on

the sta:rting platform could not see whethe:: o:r not the door was locked.

Ïlhen unlocked, the doon could swing fonward if pushed by the rat, but it

was prevented firom swinging backwands by smaIl late:ral extensions of the

compa:rtment wal1s which ovenlapped both sides of the doon so that once the

anirnal had ente:red the goal box it could not netneat. t[hen ]-ocked the

¿oon swr:¡rg forward a fuactÍon before hitting the locking arm. In this

case the nat was left sitting on the shelf befone the doon. The weight
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of the rat on the start:i.ng p)-atforra triggered a microswitch which

started two tjmers. A vane morurtecl on top of tJee door broke two light

beams and turned off the timers. The breakJ-ng of the first Light bean

occurred. just before the door hit tkre locking ann. ÎÌrus tJre latency of ar¡y

response - correc'b or incorrect - could be measured as the time whj.ch.

elapsed fror:n plaoement of tkre rat on the central platfonn to ii"s touching

a door. The second light beam v¡as broken v¡hen the door was tJrree-quarbers

open, r,¡hich was about as far open as necessary to aùnit ltte rat to the goal

box. This seco¡rd timer provided a measure of the latency of a cornpleted,

or revrarded, response. The timers made a l.oud clattering noise, useful i¡r

itself as a masking noise. A food pot containing sma1l peJ.lets of dry,

compressed food was pl-aced. in each goal bo:c.

To all-ow comparisons betv¡een the l2-door situaticn and the more

conventional 2-door situation, an unpainted, flexible, aluminirun screen,

f0 cns high, could be clipped on to two of the compa::tment dividing wall-s

a¡rd curved around the inside of the apparatus. This screen blocked off

a¡\y ten conparbnents, retained tLre air gap, and presentecl t'kre rat with two

adjacent comparLrnents. The top of the apparatus was covered with clear

perspex: hinged sectj-ons al.l-owed access to the goa)- conipar-trnent by the

experimenter, and. a circular J.id could be lifted up to allow tÀe experi-

menter to place tJre rat on tJ:e starting platforrn. The whole appara'bus

was 90 crns in diameter and. stood 80 cms of.f the ground. It was rnou¡ted on

castors which allowed. it to be moved or rotated.. The apparatus was

surrounded by grey curta-ins reaching over 100 cms up from tfte top of the

naáe to a¡ ah¡rninium circle attached to the ceiJ-ilg of ttre experimental

roon. Four partitions i¡ tJre curtains al.l.owed access to the apparatus,

but the pa-r'titions could be closed once ttre rat was on tJre starbing platforrn.

The loluer part of the apparatus was sumounded by grey curtai-ns to floor
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Ieve1. Illumination was pnovided by an ondinany electric globe situated

immediately above the starting platfonm.

lühat Winefield and 'Jeeves attempted to do was to:

(a) eliminate as many inrelevant intna- and extna-naze cues as possible; and

(b) molle specifically, eliminate cues to position responding, especially

kinesthetic and visual cues.

Apparatuses with multiple stinuli have been used before. Fields

(1935) used a five-stÍmulus appanatus which, he claimed, neduced position

nesponding. Fie1d (1935, 1954) neported data fnom expeniments using this

appanatus. Howeven, the stimuli vrene on a panel 2 metres wide and the

neduction in position responding seemed to be due to the fact that subjects

:ran along in fnont of the stimuli looking at each one in tunn. Lachman and

Bnown (fgSZ) also used a five-choice appar:atus in which five paths nadiated

fnom a centnal starting platform. Lachman was interested in whether,

in a multiple choice situation, nats would behave in a steneotyped manneu,

i.e. choose the same path on each tniaI, or whethen they could be tnained

to select differ"ent paths on successive tnials. Laehman and Bnown (1957)

and Lachrnan (1gOS, 1969a and b, 1971) neponted,fata on this problem.

Something closen to Winefield and Jeevesr ci:rculan maze was proposed

by Fujíta and Ishihana (1963) who initiated a long se:ries of studies ín a

semi-cinculan maze. The maze consisted of a stanting box facing eight goal

boxes in a semi-circulan anray 50 cms fuorn the starting box. The autho::s

studied a vaniety of factons in disc:rimínation lea¡ning,'includíng position

responding (FujÍta and Ishihara, 1964. Cf. also Fujita and fshihana, 1966,

Ishihana, 1962, 1965, 1966, I967a and b, 1968 a and b).

Pinally, Thompson (rgoz) and Ba:nnen, smith and Latto (rgzo) did

develop cincul-a:: mazes. Thompsonfs appanatus consisted of a mobíle cent:re
-:-*
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circle surrounded by an outen stationary cincle made up of 16 goal boxes.

Howeven, the innen cincle was bisected by a scrleen in the centne of whieh

was the starting box. Thompson was interested in sepanating stimulus

altennation'and response repetition and he found that :reinfonced sr:bjects

shor¡èd an increasing tendency to :repeat lresponses and a decr-easing tendency

to altennate nesponses. The Bannes et aI. appanatus consisted of a

ci:rculan platform surnounded by 6 goal boxes. Subjects we:re tnained to

enten one üark compantment and. to avoid the 5 illuminated compantments.

The authors were inter:ested in the effect of superion cofliculan lesions

on onientation to visual cü€s¡ The appanatus was designed to ensu::e that

subjects had to choose the cornect stimulus fuom a distance and jurnp towands

it, i.e. the task neguired accunate onientation. Although Barnes et al.

díd take ad.vantage of the fact that position habits could be p:revented by

placing subjects on the starting platfo:rm in varying orientations, they did

not place much st:ress on this aspect of the expenirnental design. Apant from

Bannes et al. (1970) none of the multíple stirnulus appa:ratuses descnibed above

p:revented position nesponding - indeed none of the equipment was designed

to etiminate such responding.

Thene have also been attempts to eliminate extraneous cues. The

most senious of these attempts we:re made during the itplace vs. ne9ponserl

contnovensy - a debate which was contemporary with that between the continuity

and noncontinuity theonies. The controversy l¡as concenned with whethen

nats learn a specific sequence of responses, on whethe:r they learn the

location of the place where neinfoncement can be obtaÍned. Restle (1957)

nevÍewed the question ar¡d his conclusion was,

tt...thene is nothing in the natr:re of a nat which makes it a rpJ-acer

learne:r, ou a fnesponser learr¡e:r. A nat in a maze will use all
nelevant cues, and the importance of any class of cues <iepends on
the amount of relevant stimufation pnovided as well as the sensQlTr
capacities of the animal'! (page 226).
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In othen words, the cont::oversy was a non-issue. Howeven, it did Iead

to efforts to control the cues available to subjects. Restle noted that

when expenimenters enclosed thein mazes in a homogmeous visual sun:round

(usually a inuslin dome) subjects seemed. to solve the problem on the basis

of nesponse cues (Blodgett and McCutchan, 1948; HiIl and Thune, 1952;

Schanlock, 1955i Thompson and Thompson, 1949). Place nesponding was

mone likely to occ1rr when ext:ra-maze cues l^re?e easily availabler ê.8.

nat cages (Ritcnie, 1947r' Tolman, RitchÍe and Kalish' 1946), windows

(B1odgett and llcCutchan, 1947; Blodgett, McCutchan and Matthews, l-949)'

objects in the room (Galanten and Shaw, 1954) or uneven room illumination

(Tolman and Gleitman, 19491 Tolman, Ritchie and Kalishr 1947).

Mone necent ::esearchers have utilised the techniques developed

duning the place vs. response debate. DrAmato and Jogoda (tg6O, 1961t

1962), fo:: example, developed a semi-automated Y-maze. The a:rms of the maze

wene of equal length and. the goal box on one tnial became the stanting box

fon the next tnial. The maze was ful1y enclosed and white noise masked

extnaneous sounds. Position r:esponding in this maze was claimed to be veny

neanly a puue rrtu.nningrr ::esponse, i.e. llesPonding based on kinesthetic

:rathen than visual cues. The conventional Skinnen box ::epresents the most

efficient development of the effo::ts to eliminate ext::aneous cues'

However, it is only necently that the Skinner box has been developed in

such a way that penfonmance in this situation can be compa::ed with

simultaneous, two-choice visual discnímination penfonmance.

The resea:rch d.escnibed above highlights both the possibility and

the diffierrlty of withhold.ing any pa:rticulan class of cue fnom the nat.

What the cinculan maze is designed to do is to neduce, as much as possible,

any cues that might be used as the basis fon position responding' Table 2'1

' '. -;,.
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lists most of the cues, besides the relevant discnirninanda, which a nat

might use. The table notes the conventional p:rocedu:les used to elirninate

on control such cues, and also any special aspects of the cinculan maze

desi.gned to do this.

TABLE 2.1

Ir:relevant cues in visuaL discrtiminatÍórt learnnÍng.

Innelevant cues

(t) lntna-maze:

(a) Visual (e.g. sides
of maze, accidental
ma::ks on maze)

(b) Tactil-e (e.g. feel
of the floon)

(c) Xinesthetic (i.e.
fuom subject itsel-f)

(d) otracto:ry (e.g.
odoun of subject,
other subjects, food,
discniminanda).

( 2) Ext::a-maze:

(a) Visua1 (e.g. from
noom fittings, cages)

(¡) otractory (e.g.
from othen ::ats,
experimenten)

(c) Ru¿itory (e.g.
f::om equipment, ai:r
conditioning, other
nats, expenÍmenter)

Conventíona1 control
measures

Rotation of discniminanda;
uniform coloun within
maze.

Unifo::m fLoon textu:re.

Rotation of discníminanda;
intenchangeable stanting
box/goal box.

Unifonn placement of food;
unifonm stimulus matenial;
sometimes, varied squad
orden.

Special precautions
in the cirrcula:: maze

Subjects face two
diffenent compa:rtments
each trial. No visual-
cues to position.

Squad orde:r vanied;
diffenent compartnrents
on each tnial.

Sonetimes enelosu::e of
maze a¡rd. rotation.

None.

Sometímes, masking
noise.

Maze enclosed in
cuntains; lighting
centnal; maze notated
daily.

Maze notated daily.

Masking noise fnom
tímens; maze .rotated
daily.

One of the mo:re difficult pnoblems that nust be faced in the

assessment of behaviour in the cinculan maze is the possibility that the nats
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use odoun - thei:r own or that of othe:r animals - as a discniminatony cue.

The 12-door sr:bjects may select any of the 12 goal compartments on any one

tnial, as distinct fnom the 2-door subjects who are nest:ricted to 2

compartments on any one brial, and a different 2 conpantments on subsequent

trials of that day. Hence thene is the possibility that 12-doo:: subjects

have mone oppontunity to use consistent odou:r cues.

The problem of the use of odou:r cues has neceived considerable

attention over. the ]ast few years (Cf. Schultz and Tapp, 1973 for an

excellent neview). It has been shown that nats use odou:r cues in seve::al

experimental situations: spontaneous alternation (Douglas' 1966, Stil1 and

gac4íIlan, 1969); single and double alter.nation (Ludvigson' L967;

Ludvigson and. Systma, 1967f McHose, Jacoby and Meyerr 1967); escape

leanning (King, 1969); latent extinction (Pratt and Ludvigson' 1970)

and delayed ::ewa::d (Ludvigson, 1970).

Looking specifically at the nofe of odot¡r cues in visual

díscrimination tasks, Phillips (1968, 1970) showed that when visual and odour

cues 1ed to the same r.esponse, learning set formation was facilitated' by

companison with situations in which visual and odour cues led to conflicting

responses. It is not clea:: how the odour cues operate. Lesten (1968arb)

suggested that they affect explonatorry responses. The::e Ís stnong evidence

that after the eanly tniats, when explo:ration is no longen a facton, the

od.oun associated vÍith non:reward on f::ustnation ( in the Amsel sense of non-

ñ¡Ifilnent of expectancies) functions most strongly as a'discníminatorny cue

(Mo:rnison and Ludvigsen, 1970; Collenain and Ludvigsen' 1972; I{assenman

and Jensen, 1969). ThÍs find,ing is of pa:rticulan impo:rtance to the present

thesis, since uesPonses to the S- in general, and f:rustrated nesponses to

the S- ane cent:ral issues



40.

Attempts have been made to control odoun cues, fon example Pnytula'

Bnidges, Andenson and Hayes 0972) used an exhaust fan and. for-rnd incr"eased

nr:nning speed in pa:rtial neinforcement acquisition and extinction. King

(fgOg) disassenbled his appanatus, hosed it l^Iith hot wate:r and d:ried it with

hot ain! Fr"om the point of view of the experimente:r using a conventional

apparatus, the only bnight note cones from a study by Means, Handy, Gabriel

and Uphold (fg7l) who found that odour cues wene less of a discriminatory

cue in mazes with wood.en floons. Pnesuma-bly the floor eithen does not

netain the odour as well as paper:, on its pe::manent natu::e results in odours

being confounded. Howeven, Means et a1. did find that the mor"e nats thene

were pnoviding an odoun trail, the easien it was fo:r subsequent nats to use

the cue. They concluded, as d.icì. Phillips (fsOe, 1970), that odour is a

weak cue but one sufficient to influence discnirnínation penformance. As

things stand, al-l that one can do is to aecept this conclusion and attempt

to infen the influence of od.ou:r cues fnom behaviour pattenns in the coullse

of leanning.

Buxton (1968) pe:rfonmed the fi:rst experiment in the Winefield and

Jeeves appanatus. He companed the discrimination and revensal pe:rfolrmance

of two gtoups of rats on a black-white discrimination task. One g:roup was

:run with 12 doons availa-ble; the control grouP vfas run with only 2 doo:rs

available. In the light of the gene:raIly held view that position

nesponding ís a source of interference in disc::imination leanning, Buxton

pnedicted that the l2-doo:r sr:bjects would. lea:rn both the'inítial disc:rimination

ar¡d the reve:rsal mone quickly than the 2-doon sr:bjects. In fact, thene was

no diffenence between the two g:roups on the initial- discnÍmination in te:rms

of tníals to cníteníon (rnean t:riaIs to crite:rion we:re 34.9 fo:: the l2-doo:r

sr-rbjects and 33.8 fo:r the 2=doon subjects) or in en:nons to cniterion

' =':'
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(ff.S fo:: the I2-door sr:bjects and 16.0 for the 2-doo:: sr:bjects). The

ease with which the ::ats learned the discrin:Lnation was surpuising when

thein perfonmance is conpa:red with the 64.8 ü:ials required fo:r a black-

white díscnimination in a linearl maze (Winefíetd and 'Jeeves, 1968) and 86.8

in a Y-maze (Mandle::, 1966). This napid leanni-ng made a compa::ison on the

basis of the p?ocess of leanning nathe:r difficult. 0n ::evensal, thene

was a clean difference between the two grloups, but in exactly the opposite

dinection to that pnedicted by Buxton. The mean t::ials to c:ritenion we:re

61.8 fo:r the l-2-doo:: subjects and 4t+.8 for the 2-doo:: subjects. The ernon

scorles were 38.5 for the l2-doon subjects and 27.5 for the 2-doon sr:bjects.

The explanation of these results pnoved a problern. The leanning curve

showed no difference between the Floups in the course of leanning. Position

:respondÍng on the part of 2-door subjects was slight (a mean of 1.0 days on

the initial dÍsc::imination and 0.9 days on the neversal task) and thene was

high connelation between position nesponding and tnials to cniterion.

Buxton concluded that the disadvantage of position responding in the 2-doon

subjects was offset by a mone senious disadvantage in the 12-doon subjects.

He suggested that the procedu:re used in placing subjects on the stanting

platfonm may have affected the nesults. The 2-doon sr:bjects htere placed

on the starting platforrn with thei:r baaks to the discniminanda: the l2-door

subjects wene placed facing a negative stimulus ín orden to pnevent them

Itnunning ontr without discniminating. Not only did this pnocedune establish

a diffenence between the groups, it might have encotrnaged'pe::sevenative

:responding in the 12-doo:r sr:bjects. 0n nevensal, the S- was now the forrnen

S+ and it had a fonmen S- on eithen side of it. In fact the 12-dool1 gllouP

díd pe:rseve:rate more than the 2-doon sr,:bjects (2.3 days as against 1.4 days).

Howeven, Buxton noted that his subjects typically changed thei:r orientation
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to the stinuli befone nesponding: hence t'his procedu:raI flaw may not have

distor:ted the nesul-ts.

winefield and Jeeves (1970b) neplicated Buxtonrs expeniment with

a slight probedural modificatíon. The 2-doon subjects we:re placed in the

appanatus so that they faced. the partition befween the two doons. The

12-doo:¡ sr:bjects wer.e placed in the appa:ratus facing a pa:rtition such that

they faced a stimulus configuration similan to that faced by the 2-doon

sr:bjects on that trial (i.e. S+: S- or" S-: S+). The:results of !Íinefield

and 'Jeeves (tgZO¡) agreed with Buxtonrs t:esults in some tlespects but not in

others. As in Buxtonts study, thene was no diffe::ence between the 2-doon

subjects and the l2-doon subjects on the initial discnimination task (¡nean

tnials to cniterion for the 2-doon subjects was 29.5 and fon the l2-door

subjects it was 35.3). 0n nevensal-, thnee 12-doon subjects showed no

sígn of neaching c::ite::ion aften mone than 260 trials, and tnaining was

discontinued. Apant from these 3 su-bjects the slowest leanne:r to reach

cnite:rion took I25 ürials. Although the d.iffenence in medians favou:red

the 2-door sr:bjects (SS.0, as a.gainst 74.0 fo:r the l2-doon subjects) the

difference between the gnoups lt¡as not significant.

lfinefield and Jeeves discussed thei:r :results in tenms of Maienrs

theory of fuust:ration (Maien, 1949, 1956). Since Maienf s theo::y will be

diseussed in greaten detail in Chapte:r 4., Ít Ís not pnoposed to discuss it

fulJ-y hene. Suffic:e ít to say that llinefield and Jeeves a:rgued that

pensevenatÍon in nevensal Ínvolves fnustnation in the sense of a I'fai.lu:re

ín the fulfiLment of e:çectancíesrr and. that this failure occurls on 100 pen

cent of the tnÍals. The 2-doon subjects can develop posÍtion habits which

gain 50 per cent neinfo:rcement, whe:reas the l2-door sr:bjeets are not able

to adopt such a forrn of behavior¡r. Moreoven, they argued, position
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responding nay facilitate learning in the 2-doon glroup by neducing the

tension in the fuustnating situation which exists aften ::eve:rsal.

Buxton (1968) had concluded his thesis with the comment,

rrlt is suggested that the study could be p:rofitably nepeated
with a more difficult disc:rimination. This would have two
effects: (a) Ít would make the leanning more p:rotracted thus
pe::mitting a betten companison of the cou:rse of Iea::ning than
is possibl-e in oun case; ana (b) it would inc::ease the
probability that strong position responses would develop and
all-ow a molle adequate analysis of their :role in discrimination
and :reversal lear:ning'r (page 46f ).

The present authon attempted to take up this suggestion by using

a honizontal-ventical discr.imination (Mullins, 1969) Mullins, llínefield and

Levy, 1973). This vÍas presumed to be a mo:re difficult discnimínation than

the bl-ack-white task used by Buxton and by l^linefield and Jeeves.

The main nesults of this expeníment ane summa:rised in Tab1e 2.2.

'IþETE 2.2

Tria1s to c:rite:rion on the initia] discnimination
ffiits -r.ever.sã1, Mul1ins (1969) .

N:

12

12

Discninination (H/v)

27.
7.

Reversal:

: 97.4
: 56.3

12-doon

X
S. D.

-x:
S.D. :

X
S.D.

X:
S.D.:

I
0

7
4

31
11

: 95.8
: 35.0

The most srrrpnising aspect of the results was that the ventical-

honizontal discnimination task was learned very quickly. The speed of

acquisition of the initial disc::imínation was as fast as'in Buxtonrs

expe:riment, although the :reve:rsaI took longen. Thene I.Jas no diffenence

in the rate of lea:rning between the J-2-door subjects and the 2-doon subjects

on eíther the disc:rimination on the revensal task. Non did strong position

pnefe:rences develop. In the 2-door gouP: the mean nuriben of days of
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position responding v¡as 1.9 days for the initial discnimination and

2.8 days fon the ::evensal-. The results of Mullins (fg0g) supponted

eanlien findings usíng the ci::cul¿¡ mazê insofan as veny napid. Iearníng

of the initial discrimination occun:red, and thene was no difference in

the :rate of learning between the 2-doon subjects and the l2-doon subjects.

Howeven, the díscnimination task chosen vras less difficult than had been

anticipated and the suggestion mad.e by Buxton was not really put to the

test.

The possibility that f:rustnation was a facto:: in the explanation

of Buxtonts and llinefield and Jeevesr (1970b) nesul-ts was tested by Lery

(fgOg, Mullins, Vlinefiel-d and Ler{y, 1973). Lely pnovided delibenate

fuustnation t::aining by using the classic f:rustnation inducing technique

of Maier" (1949), i.e. ::andom neinfoncement of the disc:riminanda to cneate

an insoluble problem. 2-doo¡ subjects and l2-doon subjects we:re given

19 days (190 tniats) of :random neinfoncement to give a1I subjects a chance

to develop stable resPonse ste:reot5tpes. In fact, 50 per cent of the

2-door subjects developed stable position steneot¡pes and 50 pen cent

developed symbol stereotypes: of the l2-doon subjects, 50 pen cent

developed symbol ste:reot¡pes and the remainÍng sr:bjects showed no sign

of developing steneot5ped responding.

The main results of Lery (1969) are summa?ised in Table 2.3.

On neithe:r task was thene a significant difference between the two gllouPs

of sr:bjects. As e>çected, the fuustnation tnaining pnoduced slor^ren

learning on the initiat disc::imination fon both grouPs. Símila:r1y, the

vaniance was much g:reaten than had been obse:rved Ín earlier expe:riments.

On the othe:r hand, the f:rustnation tnaining did not appa.nently irnpain the

Iea::ning of the revensa1 task. The difference Ín t:rial.s to cniteníon on
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TABLE 2.3

Tnial to crite::ion on the transfen

Tnansfer" task (H/v)

2-doon X
Median

S. D.
N

57.0
50.0
33.6
L2

Revensal

X :106.1
S.D.: 53.0
NzI2

12-c1oon Median?t:63.0
N:12

N

46.
11

au One subject failed to r:each cniteníon and
was subsequentty discanded.

the revensal task bet¡¡een the 2-doon subjects and the l2-doon subjects

was not significant. As in Mullins (fg6g), there was no significant

difference between the 2- and l-2-doon subjects wíth regard to the amount

of penseveration to the fonmen positive stimulus in the eanly stages of

reversaf tnaining. However, thene was more position nesponding on the

pa::t of the 2-doon subjects in this expeniment than in Mullins (fgOg).

The expeniments done in the cinculan maze to this point, left

sevenal questions unanswened. The suggestion of Buxton (1968) that a

none diffÍcult discnininatÍon should be used had still not been put to the

test. The reLationship bet¡¡een position ::esponding and fnustratÍon was

also unclean. The expeniments to be descnibed subsequently ane effonts

to answer. some of these questions.

Final.þ there j-s the overal-l c¿uestion of whether'the circular

rnaze does what it was designed to do, i.e. does it significantþ reduce

position responding? The earlier experiments j¡r ttre circular maze raised.

this question since a tendency, on tàe part of certain l2-door subjects2

to prefer some doors to others regardless of the synbol displayed. was

noticed, A satisfactory test of ttre extent to which the design of tLre

t27,r
S. D.

5

0
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apparatus and. the procedure followed were su.ccessful. is difficult

to achieve.

What, it is proposed to d.o in subsequent' experinents j¡

which there is a critícal- 2- versus l2-door conparison is to record

on each trial, both lJre initial- orientation of the subject with

respect to the doors and the actual door chosen by the rat. Thus it

is possible to deterurine tÀe amount of rrposition respondin$' displayed

by the l2-door subjects j:r the sense tlrat when placed faci-ng the

partition betr,¡een two doors tlee rat could go consistentþ to the J-eft

or righ.b door, i.e. it could ignore the other ten doors a¡rd ac'b as j-f

it were in a Z-door siü"ration. Comparison wíth the behavior:¡ of the

2-door subjects is then possible. Certainþ tùtis is not the onþ

forrn of position responding avaiJ.able to the l2-door subjects, for

exanp1'e, a rat could consistently go to the door on the left of the

pair of doors it was facing. The possibitities are enclless, but at
.ì I r- -f t- _4 -^^ -i!:^.^ --^--^^-^li-^-IeaS! a! WI-II Oe POSSIOI€ UO r/a-Áe a llteagul'e ()1 P()vlurolr L'cltl'uuLrrrrB

which compares, in a meaningful way, with the measure of position

respond.ing appl-ied. to the 2-door subjects.

Another form of systematic behaviour is a preference for one

particular d"oor - irrespective of the subjectrs initial orientation.

Thj-s is a pattern of responding which one would expect if subjects

were usj¡rg aud.itory, olfactory or tacti-Ie cues wÌ:-ich. were not apparent

to tkre experj-mentær. In the light of tkre ratts poor visual ability

relative to ours, the erctstence of visual cues r¿hich ca¡r be used. by

ttre ra-b and not de-bected. by the experimenter is unlikeþ. Hotuever the
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sarne carnot be said of aud"itoryrtactile and, especialþ, olfactory

cues. Of course such a pattern of behaviour is not possible for the

2-door subjects, since they face a differen'b pair of d.oors on each

trial- ancl the remaining doc¡rs are shut-off by the afuninium screen.

I{ence appropriate conparisons carurot be made betiueen 2- and l2-door

subjects. All that one can do is to note the extent of the behaviour

and nake an overall assessment of its i.u'iportance. The rneasure of door

preference wh-ich r,rilt be reported. is the mean mr¡nber of responses to the

roost preferred or most frequently chosen door on each day. This is but

one of a nunber cf possible measures, e.g. one could record. t'hre nunber

of different doors chosen or the number of times each door vas chosen.

A1.l these measures are distorted by the fact ttrat the probability cf aqy

particular door being chosen changes as tkre subject learns the task

a¡¡d narrows its choice fron the ful)- range of l2 doors to tLre 6 doors

displaying S+.

The trpost hocrt nature of tltis j¡vestigation of the

effectiveness of the circuLar maze has its drawbacks - if the maze does

no'b reduce position respondi-ng the whole exercise has been fruitless.

0n the otJeer harid., the economies achieved by simul.taneousþ testing the

effectiveness of lrh.e maze and. carrTing out e prograrnme of research on

the interaction of frustration, position respond.ing and learnilg make this

risk r¿or'r,Trwlril-e. Thj-s decision is rein-forced by the fact that the earlier

experimen-bs in tJre circul-ar maze did not reveal gIlglqfW systematic

behavíour by the l2-door subjects.



46.

CHAPTER 3

EXPERII4ENTS ON DISCRIMTNATTON LEAR}IING

VITTH REDUCED CUES TO POSTTION RESPONDING.

Experiment 3.1. The effect of oVertrainÍng on disc¡irni¡ation and neversal

leanning with reduced cues to position responding

The function assigned to position :responding in visual

discnimination learning by most theonists is neflected in the theonies

developed to explain the ORE. The ::elevant litenature has been

neviewed in Chapten 1, pages 11 to 20. Two aspects of this lite:rature

ane worth recalling:

(a) The wel-l- establ-ished fact that oventnained subjects have less

tendency to reve¡.t to position responding dr::ring rleverlsal learning;

(b) Despite the variety of theonetical viewpoints, this position

:responding is almost unive:rsalIy reganded as an interfening facto:r.

Fon example, Spence (in Reid, 1953), Ha::low (1959), l,landlen (fsoO, 1968),

and Suthe::land and Mackintosh (1971) all explain the ORE, in toto on in

pant, by assurning that the ::educed position llespon,ilÍng of the ove:rtrained

subjects r:ndenlies thein ímpnoved per:fonmance in neversal. In this

sense the wonk on the ORE accr:rately neflects the genenal assumptions

made about the nole of posÍtion responding in discrimination learrring.

Consequently, it seemed neasonable to canry out a study of the effect

of oventnaining on reversal lear"ning in a situation in whích visual cues

to position v\rere dnastical-Iy ned.uced on a.bolÍshed, i.e. in the 12-doo:r

situatíon in the cincular maze, and to compare penformance Ín this situation

with penform¿mce in the more conventional discnimination learníng situation.
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The precise predictions which might be made by vanious theonists

diffen. Let us consider thnee examples. On the basis of Hanlowrs

'rerror factonil theory, one might expect that oventrainÍng the 12-doo::

subjects would inhibit motle erron factors than training to cniterion in

the 12-doon situation. Howeve:r, it is not clea:r whethen on not over-

tnaining the 2-door sr:bjects would mor-e on less compensate for: the absence of

position ::esponding as an errlor factor in the 12-doon non-overtrained

sr:bj ects. So Hanlow might predict an ORE fo:r the 12- and 2-ð'oor grouPs

sepanately, ancl expect the worst per"fonmance from the 2-doollr non-ove::trained

group.

Fnom Mandler"rs point of view, the l2-doo:r subjects ane not able

to adopt a detoun strategy. Consequently, she would not predict an ORE

fo:r the l2-doo:r groups since ove:rfi:aining would not induce a ehange of

s¡:ratery, and indeed the incneased perseverative tendencíes of the over'

tnained sr:bjects might r:esult in the opposite effect' a lleverse ORE.

Given the fulfilment of the necessany conditions, such as ad.equate neward

magnitud.e, Mandlen would expect an ORX fo:: the 2-doo:r subjects. As with

Hanlow, it would be difficult to pnediet whethen overtnaining the 2-doon

subjects woul-d result in thein adoption of a choice point stnatery to the

extent that these subjects woufd penfonn as well as the l2-doon subjects.

On the whole then, Mandler would also pnedíct the wo:tst perforrnance from

the 2-door? non-ove:rt::ained sr:bj ects .

Finally, Suthenland and Mackintosh might expeetr'given the necessary

conditions, a conventÍonal ORE fon the 2-doon sr:bjects and a reverse ORE fon

the 12-doo:r sr:bjects. Fon the l2-doon subjects the:re ane few i:rnelevant

dÍmensions available and the most obvious i:rnelevant dimension, visual

cues to position responding, is not available. Hence, neíthen overtnained

nor non-oventrained. subjects should switch out the :relevant stimulus ' nl
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analyser. P::esumably oventr"aining wil-l incnease the response stnength

to the particulan values of the relevant dimension, consequently non-

oventnained subjects should find Ít easien to neve::se thei:r tlesponse

attachments. Both l2-door groups should reveuse fasten than the 2-doon

grouPs, again due to the neduction of in:relevant d.imensions in the 12-doo::

situation. Hence the speed of revensal p::edicted will be: l2-door non-

oventnained, l2-doon ove::tnained, 2-doon ovent:rained, and, wor"st of all ,

2-doon non-ove::tnained.

On the othen hand, the wo::k alneady ca:rried out in the circula::

mazer as desc::ibed in Chapte:: 2, indicated that the assumptions made about the

nole of position nesponding are not as well founded as had been pneviously

thought. Consequently an expenimental study on the effect of oventr:aining

in a situation wÍth :reduced cues to position respondíng should fu::nish a

furthe:r test of these assumptions.

In o:rden to maximise the'possibility of obtaining an ORE in the

conventional situation, i.e. with the 2-dootl glsoups, the necessary conditions,

as determined by pr.evious neseanch (Cf. Chapten 1, page 12), wene fulfi1led.

A dÍffieult discnimination and a ::elatively large rewand wene used. Non-

oventnained sr:bjects wene tnained to both a stnict and a mone lenient qritenion

ar¡d all sr:bjects wene nevensed to both a sfirict and a lenient cnite:rion.

The use of a difficuJ.t disc::imination made possible the testing of

Buxtonrs (fg6e) suggestion. If position responding facilitates díscnimination

learning by some mechanism - penhaps nelief of the tension involved in a choice

situation - then the 2-doo:: sr:bjects should learrr both the initial disc:rimina-

tion and the neve:rsal fasten than the J-2-doon subjects. On the othen hand,

Íf positíon responding pnovides nats with the means of b:reakíng a persevena-

tive habit - by pnoviding an alte:rnative l?esponse - the 2-doon sr:bjects should

penfonm betten than the l2-doon sr:bjects only on the nevensar task. ' '4'
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I'ÍETHOD

Expenimental Design

The-expenimental design was a 2 x 3 one with 2- on 12-doon glloups

given initial training to a lenient critenion (to/12), to a stnict cniterion

(22/2+), on to the st::ict cnitenion plus 120 t::ials of ove::tnaining. AIl

g?oups we::e given reversal t::aining and welle companed on the basis of the

number- of tr.ials taken to ::each a lenient Q0/l-2) o:: a sb:ict critenion

(22/24).

Subjects

The subjects were 34 ma1e, !'listan st::ain, hooded nats. They were

appnoxÍmately 100 days o1d at the start of pne-tnaining and were experi-

mentally naive. The sr:bjects wene houses individually in cages, lvith waten

available at all times

Appanatus

The appa:ratus was the circula:: maze descnibed in Chapten 2. The

discniminanda used in this expe:riment were light and dank g:ney plates which

wene clipped onto alte::nate doo::s of the maze. Pilot studies had

indicated that it took about 100 tnials fo:- nats to leann this light g:rey-

dank g:rey discnimination task.

Pnocedr¡:re

Since essentially the same procedrr:re, especially as regands pne-

braining, was used fon all subsequent e>4reniments,, it wÍll be descnibed in

detail hene and only b::ief1y refenned to hereafÈen"
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P{etrainj-nrì. Subjects were handleci. for approxi:uateþ five

mi¡rutes each day for about, a week. During this t1ne th.e ad }ib. weigttt

of each rat was deterrnined ¿r¡rd. gradual red.uction to 85 per cent of th-is

ad Lib. ueight was inj.tj.ated. Subjects were maintainerl at 85 per cent of

tireir ad tib. weight for tÀe remainder of the experirnent. Subjects were

fed compressed dry food 30 minutes after the experimental- session on each

day.

During pre-train:ilg the l2-door subjects were trained in t}:re 72--

door sitr-ration: the 2-door subjects r¡rere pre-trai:red witJe onþ 2

compartrnents avallabl-e. Subjects were allotl,ecl to 2- or l2-door conditions

accorrd"ing to random mrnrber tables. During pre-training ttre doors of the

maze lrere mid grey. For ttre first tvo days, subjects were trained to

leave the startilg platforrn ar:d enter a goal box with the doors of tl.e

goal comparbrnents propped. three-quarters open. Subjects were left j-n the

goal. box unti-l they would eat, or at least shov¡ no anxiety at such close

confinement. 0n the next three days, the doors were onþ a quarter open

so that subjeets had to push through the door in order to reach the goal

box. The doors were then closed, but no-b locked, for a furttrer three d.ays

r.r¡rtil subjects would, fairþ confj.dentþ, leave th.e starti-ng platforrn, push

open a door and eat in tfre goal- box. Ar¡¡ position preferences shown by

ttre 2-door subjects were noted. 0n the final three days, subjects

encor¡ntered occasionalþ l.ocked- doors to ensure that tJeey would continue

to respond after such a¡r ex¡lerience. At the sa¡re tjme the door locked for

tkre Z-door subjects on two thirds of the trials was tlrat on an ani-malrs

preferred síde so ttrat tkre 2-door subjects began the experi¡nent with their
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position tend"encies more or J-ess equalised, as indicated. by the tendency

of subjects to respond to t"he opposite side on the trial foIl.or'ring an

encounter v¡ith a locked. d"oor. 0n the d.ay following the completion of

pre-trailing subjects began discrimination training.

. Durj-ng discri¡nination

training 6 tigtrt and 6 dark grey plates were clipped ontc the doors in

an alter,nati-ng pattern. Hatfl the subjects had light grey as S+ ancl half

had. clark grey as S+. Subjects were run in squads of 2 or f with a¡. inter-

trial in'berval of aboub d minutes. The within-squad. order of subjects

varied systematicalþ from day to day, utilizing the various possi-ble

combinations of wj-thin-squad ord.er. The orcler in which groups t¡Iere run

was alternated betv¡een 2- and. l2-door groups fron day to day.

Subjects were given 12 non-correction trials per day rvitlt S-

always loclce<l - although there was food behj-nd botTr locked a¡rd unlocked

doors. The l2-door subjects were placed on the starting platf,orm facing

a different partition on every trial. Thus l?- trials ensured that each

of the J?- partitions (or 12 pairs of doors) woulcL be encountered. once a

day. For the 2-door subjects this proced.ure involved moving the screen

on every trial so as to expose a d.ifferent pair of doors. The order j¡¡

which the partitions were faced, varied from day to day accordi:r.g to

Fellorurs (1967) series. There was no liiriit to the ti¡ne al].owed. for

subjects to responcl. Correct responses were reward.ed by )O seconds access

to ttre contai¡rer of pellets of dry compressed" food which was in aI1 72

compartrrents. In tlre case of an j¡rcorrect response - indicated by the

subject pushing ttre loclced door far enough to turn off the first ti¡ner -

the subject was j:omediateþ taken frorq the maze and retrlrned. to tùre hone
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cage until 1fte next trial. The orientation of the naze i¡r the

experiment¿rl room r¡as altered daiþ.

Subjects hreïe rull. to a criterion of LO/)2 correct

responses on one d.ay. 0n tlre basis cf tLreir attaj-nment of this

cri.terion, one third. of 'Ure subjects were allotted to the lenj-ent

cri'berion group (6 U-aoor an<l 6 Z-aoor) a¡rd tkre remai.ni-ng subjects

continued to a criterion of 22/24 comect responses over tr,¡o

consecutive d.ays. 0n the basis of their attainment of tktj-s stricter

criterion, a third of the subjects were al.l-ocated to tLre strict

criterion group (5 l2-door and 5 2-door) and ttre remainder were

given ten days (tZO tria:-s) of overtraining.

0n the day follorving tlre end of discrjmination training for

each subject, the discrj¡r:lnanda were reversed, and subjects were n¡r¡

to a criterion of 22/24 correct responses over two consecutive days.

Tlre number of trials taken to attain a criterion of IO/72 correct

r:l-.r i- +h^ ^^rrÍdô ^f -a"r-r--ol 
'l^^øiññ !'ôd ñ^+ã/il¿99ìry¡¡O99 V¡¡ V¡r,ç U<Ð/ ¿rI UÀ9 VVU¡gv VI ¿vvv¿ùq¿ ¿VqJ^4¡¡õ Wq- ¡Mga
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RESULTS

Initial discnimination.

Th-e per-formance on the Ínitial discrimination task is summa::ised

in Table 3.11

TABLE 3.11

Tnial-s to crrÍtê::ion on thê in itiaL discr'iniûá.tion.

Gnoup Tnials to cnítenion

LO/I21 22/242

12 doon
G_ient c:ritenion

Stnict c::iterion

Oventnained

AJ-l I2-doon subjects

^ 
J^^åZ U,UUI'

-Gnient cnite:rion

Strict c:rite::ion

Ovent:rained

AIJ- 2-doo:r sr:bjects

X:
S.D. :

N:
r:

S.D.:
N:
1:

S.D.:
N:

87.2
34. I

6

9I.8
26.8

5

87. 5

60.r-
6

I : 88.7
S.D.: 41.1

N:17

86.8

: 75.0
z 24.6

t 82.6
z 24.2
:17

: I14.2
: 16.6

-X z LI7.7
S.D.: 26.8

N: ll

: 87.0
t 26.7

: 92.0
. : 23.2
:6
: 8g.7

.: 23.7
: 1,1

î
s. D.

N

I
s. D.

N

r20.7
634

6

84

Í
D.
N

Í
D.
N

x
D.
N

T
D.
N

S

S

S

S

28.2
6

.522
6

x
D

N

I
D

N

x
D

N

S

ù

S

Subjects were al-lotted to diffenent e>çe:rimental gnoups (Ieníent

c:ritenion, stnict cnitenion and oven-tnained) on the basis of theí:: attain-

ment of a c:ritenion of lo/lr2. The:re was no ovenall diffe:r'ence betweenì j.
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2- and l2-doon groups at this c:ritenion 1eve1 (t < t p < .05), nou ÎÍas

there any differîence between the th::ee expenimental gnoups (fo:: both the

l2-door subjects and -ihe 2-doon subjects, F< I, p ) .05). When the

:remaining sr:bjects neached a cniterion of 22/24 they were allotted to the

stnict cniterion group o:: the overt::ained group. The 2-doo:: sr:bjects

::eached this stricten cnitenion significantly faste:: than the I2-doo:r

subjects (t(20) = 2.594, p ( .01). ìF

Reve::saI

The results of revensal tnaining ar?e summarised in Table 3.12 and

Figure 3.1.

These nesults ar:e very difficult to intenpret. The fi:rst

complication arises fuom the fact that, in the 2-doo:: situation, the

conventional- situation, the ORE was not obtained. Indeed, the ver"y

rever?se was indicated. llhen one Looks at the l2-doon g:roups the situation

is even more complex. Thene is an ORE in that the overtnained group

nevensed. faster. than the st:rict c::itenion giroup. iioweveP, tTre ienie¡rt er.it-

erion group r"eversed even fasten. If the I2-doon and 2-doolr groups ane

compa:red a complex pictune again emerges. The over-tnained l-2-doon g?oup

:leve:rsed faster than the overtrained 2-doon group; the opposíte happened

with the strict critenion groups; and fo:: the l-enient cnitenion gr"oups the

2-doon group neached the lenient revensal criteníon fasten than the l2-doon

group, but it reached the stnict nevensal critenion slower than the 12-doo::

gr3oup.

* since in most of the tests in which it was appropriate, a clear direcÈional
prediction \¡ras made, the tests are one-tailed unless the contrary is specified'
parametric tests were employed in all cases where the distribution of raw scores

\Àras approximatety normal so as to give maximum po$¡er. However, if the distri-
bution wast. crear-ry skewed or truncated nonparametric tests were ernployed'
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TABLE 3.12

TfiaLs to ciiteriion ori neVenSal.

: 183.2
: 85.2
:6
: 329.6
: 106.3
.tr

z 232.8
: 61.4
:6

: 196.5
2 0t.t
:6
: 189.2
: 75.3
.R

X : 262.8
S.D. : 108.9

N: 6

54.

: 215.5
: 63.7
:6

2
5

:261.8
: 65.3
:6

: 204.5
: 74.5
:6
:211.5
: 74.5
:5
? 28I.7
:104.4
:6

Gnoup:

12 doon

2 doo:r

Tníals to cnitenion
rcltZz 22/242

Lenient cniterion

Stnict criterion

0vert::ained

Lenient cniterion

StnÍct cnite::ion

Ove::tnained

I
S.D

N

S.D
N

r
S.D

N

r
D

N

r
D

N

r
D

N

x
D

N

I
D

N

I
D

N

S

S

S

S

S

s

334
111

5

X
S. D.

N

Í
S.D.

N

In an effont to salvage somethÍng f:ron the data, a Duncan Multiple

Range test was done on both the tnials to the lenient ::evensal cniterion

and the tr.ials to the stnict nevensal cnite:rion. As negands tnials to the

lenient ::evensal cnitenion, the l2-d.oon st::ict cniterion grloup r^ras

signifícantly different fnom all othen gr?oups except the 2-doo¡ oventnained

gltoup. No othen compa::isons were significant. As :regards tnials to the

strict r.eve::sal cnitenion, the l2-d.oon stnict cnite:rion group was significantly

diffenent from the 2-doon st:rict and lenient cnitenion groups and the l2-d.oo:r

leud.ent cniterion group. No othen companisons p:roved significant.

The data on persevenation and position responding do not throw much

mone light on the matte:r. This data ís p:resented in Tables 3.13 anã 3'.14r''*-



TABLE 3.I3

Perseverative responding during reversal training.

55

z 9.8
: 10.d

: l?,.8

Group:

l2 door

2 d.oor

Group:

Lenien'b criterion
Stric'b criterion
Overtrained.

Lenient criterion
Stri.ct criterion
Overtrained

Lerrient criterion
Strict criterion
Overtrained

Days of > 9/V
responses to former

S+:

X

i
À

. ),)

3,3

3.4
6.5

TABLE 3.74

ïnitia]- disc rimi¡ation :

to Lo/12 tþ 22/24

No.of trials
before a correct,
response 3

.. 9.8
z ]-:O.2

:12.8

7.O

l5.6
Uç.O

8.3

9.O

27.7

Reversa]-:
þa ro/t2 þo 22/4

6L9

8.7

I
1
r\

i
I
X

I
1
X

x
X

1

3.7
3,+
).8

il ),L
1t 3.8

The dj-fference between tLre l2-door strict crj-terion groìrp and ttre 2-door

strict criterion group in te:ms of days of ¡rerseveration was significant,

(t(8) = 3.649, p 1 .OL, two-tailed.). There was no difference betv¡een ttre

2-d.oor groups j-n tems of d.ays of position responcilng (F ( l, p > .O5) .



55a.

As regards tìre effecti-veness of tLre circuLa': maze in reducilg

posítion respoirdíng (Cf . pages 45 f .), the amc¡r¡r'b of I'Position

respondíng" jrl the l2-d-oor subjects is sunrnarised j-n Table 3.I5.Obviousþ

there uas veïy little. The d.egree of door preference, again as descril¡ed

above, is summa¡:ised i-n Table ).16. At this point it ís too ea::þ to

draw a d"efinite conclusion, but the tendency of the 12--door subjects to

go to the same d.oor no more than three or four tirnes per 12 trials refl-ects

fav'ourabþ oo tJre effectiveness of the apparatus "

TAI]I,E 3"I5

in the 12
res

icle the

Group:

Leni-ent criteri-on
Strict criterion
Overtrained

Initial discrlnination Reversal

TABIE ).L6

Door nreferences in th.e l?--door subiects

prefelre{Jþg.L was choseq

Group:

Lenient criterion
Strict criterion
Overtrained

Tnitial discrj-nination Q.T.

X:).4

The d.ata on latencies on both tkre i¡¡i.tia]- discri:nination a¡rd the

reuersal revealed no systematic differences, It appeared that the dista¡ce

i
X

I

X

X

i

o,5

0.6
r.2

3.2
2.8

3.2

? I.3
:0
:0

Reversa].

î, z 2.7
Í:d.o
1 t 3.5

X

Ä

x
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between the stanting platfo::m and the doors was too short to allow any

díffenentiation between experimental conditions. This pnoblem beset aII

the subsequent experiments. Howeve::, the timers did provide a backglound

noise which effectively masked all othen auditony cues in the r:oom.

DTSCUSSION

This exper.iment must be counted as anothen failu:ne to replicate

the ORE. The numbens used in the exper.Íment were small because it was

Íntended to repeat the exper.iment and so obtain a nespectable numben of

subjects in each group. The resul-ts, howeven, indicated that this would

be a waste of time. The conditions specified as a nesult of p:revious

neseanch as being necessary fon the occunlrence of the ORE wene fulfilIecl

in this expeniment. Although, with hindsight, one might suspect that the

newand size was not lange enough. However, a mone reasonable conclusion

rnight be that the necessary and sufficient conditions fon the ORE ane still

inadequately detenmined. Overall the nesults of the experiment wene

disappointing. This is not so much because the r.esults wene not as

expected but nathen because they were so difficult to interpret in a

meaningful way. The 2-door. situatÍon, since it resembled the conventional

situation fon overtraining studies, r^ras to pnovide a contnol situation

whích would allow compa:risons to be made with pneviously published nesearch.

SÍnce the ORE was not observed in this situation the penforrnance of the

l-2-doon gloups became difficult to intenpnet. Consequently, the fact that

thene v¡as an ORE as regands the stnict c::ite::ion and the oventnained group

cannot be given nueh weight. This is especially the case in the light of

the fact that the lenient l2-doon gnoup reve:rsed faster: than the sürict

cniterion group.
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The most intenesting finding in the expeniment was the fact that

on the initial disc::imination, in tenms of tnial-s to the str"ict cr:itenion,

there htas a significant diffe::ence between the 2-door and 12-door1 groups

in favotrn of the 2-doon subjects. The J-ight g:rey-dank grey disc:rimination

did prove to be a difficult pnoblem. Thene was considerable position ne-

sponding by the 2-doon subjects, with a mean of 3.4 days fon the inÍtial

discnimination ancl 10.4 days fon the revensal task. The diffenence between

the 2-doon subjects and the l-2-doon sr:bjects in trials to cniterion on the

initial discrimination was maÍntained on the rever.sal task by those subjeets

which were not oventrained. The difference on the initial discrimination

suggested that subjects which we:re able to adopt a position response duning

the pne-solution penÍod we:re not only not disadvantaged in the 1eanning of

the task by thein positíon nesponding but they may have been positively

assisted. The diffenence between the 2- and l2-door groups on reversal

was in ag::eement with the earlier work of ÏÍinefield and Jeeves (fgZO¡), the

rnost obvious explanation of this difference is that the l2-doon subjeets

continued to respond to the forrnen S+ wheneas the 2-doon subjects we::e able

to adopt a positíon rlesponse.

0vena11 the experiment p::ovided no support for the idea that position

nesponding is necessanily detnimental to discnimination or r?evelrsal leanning.

Anothe:r test of the assumption was made in the next expenÍment.

Experiment 3.2. Nonrevensal shift Learning'wíth cues tö positiort nesponding

as the ínnelevant dimensíon.

Cr:nnent discnimination learning theo:ries assume that visual cues to

position contnol behavior¡¡¡ in much the same way as any other inrelevant

stimulus dimension. Ttre lite:ratr:re nelative to this issue is neviewed in .
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Chapten 1, pages 8-11. and 20-25. If this is the case, then one might

e>çect that:

(a) as a subject learns a visual discnimínation task in which cues to

position are i:rrelevant to the solution of the problem, the sr:bject will

leann to ignore these cues;

(b) having lea:rned to ignore cues to position on one task, the subject

will eontinue to do so on a subsequent task. Hence one might expect that these

subjects will solve a subsequent task faste:r than subjects which have not

lea:rned to ignone cues to position.

As negards (a), it is tnue that some theonies, e.g. Suthe::land and

Mackintosh (1971), put less stress on the subjectrs learning to ígnone cues fon

stimulus dimensions than on the subjectfs leanning to respond to nelevant cues

on stimulus dimensions. But even Suthenland and Mackintosh conced.e that a

sr:bject does lea:rn to ignore a stimulus dinension.

As regands (b), the pnoposition is difficult to test, The subsequent

task may be a reversal of the Ínitial discrimination or a nonrevensal shifE.

The forrne:: ís complicated by penseverative tendencies to the fonmen S+. Fon

the latter, it is d.ifficult to arrange an appropniate control gondition sueh

that the initial discrimination is lea::ned without the sr:bject learning to

igno::e position cues. In conventional 2-choice apparatuses, position

¡esponding is an r:navoidable com¡lonent of any discrimination leanning task.

If the cont::ol subjects do not fearn the initial discnímination, it Ís not

possible to contr:ol, in the expenimental group, for: positive t:ransfen due to

learning othen than leanning to ignone cues to position nesponding. Howeven,

the l2-d.oon situatíon of the cí:rcular maze does allow subjects to be trained

on the initial discnimination without their leanning to ignore spatial cues.

The sr:bjects can then be t:ransfenned'to a ne$I iliscrímination task in the 2-doon
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situation and thein pe:rformance can be compared with subjects which have

lea::ned the initial discnimination in a 2-d.oor situation, -i.e. subjects

which have fearned both to ignone spatial cues ancl to respond appnopriately

to the symbol discnimination.

METHOD

Expenimental Design

The expeninentaf design was a clloss-over. design in which two

guoups of subjects wene tnained on an initial discrirnination r:nden the

2-door or l2-doon condition. 0n their attainment of the leanning

c::itenion half the 2-doon subjects wene t::ansfe::ned to anothen discnimination

task under the l2-d.oon condition (Gnoup 2 + 12) while the nemainden of the

2-doon subjects wene tnansfenred to the new task under the 2-doon condition

(G:roup 2 + 2). Similar1y, half the l2-doo:: sr:bjects were tnansfenned to

the new task unde:r the.2-doo:: condition (Group L2'> 2) and half the 12-door

subjects wene t:ransfemed to the new task unde:: the l2-doon condition

(G:roup L2 + :-.2). The initial- discnimination was a patterrred disc::imination

and the tnansfe:r task was a brightness discnimination. The transfer task

chosen lras a nelatively difficult brightness discnirnination which was

intended to rninimise any effect of novelty when subjects wene transfen::ed

to this task under a 2- on 12-doo:: condition aften initial tnaining with

a L2- o:: 2-door conditi.on. Groups 2 + 12 and 12 + 12 míght also be

consÍdened as contnol g::oups to assess any novelty effect.

Sr:bi ects

The subjects in this e:çe:riment were 40 expenimentally naive ma1e,

Wisttb st:rain, hooded :rats which s¡elre aPproximately 100 days o1d at the
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beginning of pnetnaining. They were maintained at 85 per cent of thein

ad lib. body weight throughout the expeniment but had water. available at

all times.

Appa:ratus

The appa:ratus was the ci::cuÌan maze described in Chapten 2.

The stimuli used in the initial discnimination wene black and white patterns

of horizontal on ventical stnipes. The discnimination to be l-eanned in

the tnansfen task was between light gney and dank gr.ey. The honizontal

stimulus pattern consisted of 3 black and 3 white stripes l-.2 cm wide; ttre

ventical stimulus consisted of, fuom left to night, 1 whíte stnipe 0.6 cms

wide, 3 white and 4 black ventÍcal stnipes 1.2 cms wide and on the othen

side of the pattenn 1 white str"ipe 0.6 cms wide. The horizontal and ventical

stimuli are among those illustnated in Figune 8.1. The light and dark gney

stÍnuli used in the tnansfen task wene the same as the stimuli used in

expeniment 3.1. The results of Expeniment 3.1 had sholrn that this d.is-

cnimination was relatively difficult.

Procedure

Pneü:ainins. The pnetr"aining procedune used in this experiment was

the same as that used ín Expeniment 3.1. 0n the day following the end of

pnetnaining sr:bjects we:re t::ansferned to the initial disc::imination task.

Discnimination and revensaL ü:airiirtg. The details of discr"imination and

nevensal training wene the same as those descnibed in the pnevious expeníment,

except fon the following details. Sr:bjects were :run Ín groups of 4 with an

ínte:r-tnial intenva:. of 2 to 3 minutes. A co:rnect response gained the

subjects 15 seconds access to food. Fotlowing an incomect nesponse the
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subject was taken fuorn the maze and neplaced in the home cage until the

next tnial. Half the subjects had the ho::izontal stnipes as thei:: S+, and

half the subjects had the vertical stnipes as their S+. tlhen the subJects

neached a cnitenion of 22/24 connect llesponses oven two consecutive days on

the honízontal-ventical discnimination they wene transfenned to the light

gney-dank grey discrimination in such a way as to balance both J-eanning

abitity and symbol prefenences. Due to an administrative erl?oll one of the

2-doon subjects !Ías tnansferned to the l2-doon condition instead of the

2-doon condition resulting ín slightly unequal experimental gïoups.

Subjects were run to a cnitenion of 22/24 cornect responses ove:: two

consecutive days on the light g:rey-dank grey discnimination.

RESULTS

The nunben of tnials taken to attain cniterion on both the initial

task and the tnansfen task ane shown in Tab1e 3.2L.

The:re was no diffenence between the 4 expenimental gnoups on trials

to c:ritenion on the initial task (f < f, p ) .05). Non did the 2-doon and

l2-doon sr:bjects, when gnouped togethen, diffen (t < t, p ) .05).

0n the t:ransfen task the absence of any great diffe:rence between

the means of the foun gnoups was st::iking. The c:ritical companison for

the pu:rposes of this expeniment, was between Gnoups 2 + 2 and L2 + 2. In

fact this was the langest difference between any pain of means, but the

difference was not significant (t < f, p ) .05).

Since the role of position responding was the point of the expeniment,

the amount of position responding displayed by Gnoups 2 + 2 and 12 + 2 is shown

ín Table 3.22.
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TABLE 3.21

Tnial-s to crlterriori rorr the iÌlÍti¿il rdiscÉlrri¡ratiort (H/V)
and the er'task

Gnoup

2+12

2->2

G¡oup

2+2

: 50.56
: 28.0
.o

Initial discnimination
(H/V)

Tnansfer. task (Light/
dank grey)

:106.9
. : 38.4
:11

3

X:102.6
S.D.: 45.5

N:10

Tnansfer task

x
S.D

N

I
S.D

N

I
S.D

N

Ì
S.D

N

î
S.D

N

x
S.D

N

.0

.1
1

3t
I

10

x
S.D

N

I
S.D

N

7
7

49
36
I1

All 2 door sr:bjects : 50.2
.: 31.8
:20

l-2+2 : 48.tr
: 28.8

:10
12+T2 : 46.1

: 21.8
:10

All 12 doon subjects

TASLE 3.22

Posítion nesponding in G:roups 2 + 2 änd 72'+ 2
(Davs of > 9/I2 resÞonses to one side).

X
SD

N

109.2

47.t
24.2
20

39
10

2.7
2.9
9

Inrtial disc:rinination

: 3.7
: 3.4
:10

X
D

N

x
D

N

s

S

1.9
2.4
9

X
D

N
S

L2+2

In Gnoup 2 + 2 the íncnease ín position responding fuom the

Ínítial task to the tnansfer task was not sígnificant (t < 1, P > .05).

On the transfen task, G::oup 12 + 2 displayed more position responding than

--4-
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Group 2 + 2, but aga-i-n th;is difference was not significant (t ¿ 1,

p > .05).

there r,¡as no evi-dence t'ttat tlre results obtained were due to

stimulus preferences. 0n the initial discrj-mination tlre 2-door subjects

fourrd it easier to learn the task with horizontal as S+ than with

vertical as S+ but the d.ifference be'bween the rnean -brials to criterion

(Zg.g and 16.l respectiveþ), lras not significant. there was no

striking evid.ence of symbol preferences eitJrer on the initial task or

on the l,ransfer task.

The response pattern of t,tre l?--door subjects j¡¡ üris

experirnent was sinilar to that ín Experiment 3.1. Only 4 days of

trposition respondingtr were record.ed 'bhroughout the experiment. The

frequency of response to the most preferred doors is srüunarised in

Table ).2).

TABI,E ).23

Door prefere¿qe_s j¡ t4e l2-door subjects
Mea¡ no. of trials oer dav on which most
preferred door waq chosen

Group:

12 ò)2
12 + 2

2 à72

fuitia1 dis cri-riina'tion

3.2

3.2

Transfer task

2.9iX

x

X23.2
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DISCUSSTON

The results of Experiment 2 provided no supporb for the

proposition that posit*ion responding is a detrj¡tental factor in

discrimj¡ration J.earnilg. The same conclusion was reached on the

basis of the results of Experiment 3.1, but t'Lrose results werê,

admittedþ, djffj-cult to interpret. Thi-s cannot be said of tire

results of th-is experiment. There vras no difference i¡r the rate

at whích the 2- a¡¡d l2-door subjects learned the initial.

horizontal-vertical discri¡j¡ration. Thr.rs the four experi-nental

groups could be considered to have entered tLre transfer task on

equal terms. This made conparisons between their perfornance on

ttre transfer task relatively si:nple. The rate of learning the

*r.nof o¡ tqol¡ r.roc nomqrÞa}- -ìr¡ qìmi'l cn fn¡ e'ì -l ÕT^rrnc

The tra¡rsfer task chosen for tkris experiment was a

relativeþ dj-fficult one j¡r order to al.l-ow ti-ne for ttre effect

of novelty in ttre 12 à 2 group to dissipate. As a mat'ber of

observation, apart from the first few transfer trials, the

subjectst beharj-our gave no indication t'hat tLrey were upset by

the change from the l2-door situati-on to the 2-door situation or

vice versa. Moreover uo novelty effect was i¡dicated by
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compaÏ-isons between the penfonmance of the 12 + 12 and the 2 + 12 groups.

The 2 + 2 group displayed litt1e position nesDond.ing on the

initial task. This was not sunprising since the nonizontal-ve::tíca1

discnímination was not a panticularly difficult task. What was

intenesting was the fact that the group did not display significan'tly

more positÍon nesponding in the coulrse of the t:ransfen task, despite the

fact that the 1:ight g:rey-dark gney discnimination I^Ias a much mone difficult

task. The nelative difficulty of the initial and tnansfen tasks was

indicated by the mean trial-s to cnitenion fon the 2 -, 2 gnouP, 50.6 and

l-01-.0 ::espectively. The most obvious inte:rpretation is that t}te 2'> 2

gnoup did leann to ignore cues to position nesponding and that it trans-

fenned this leanning to the new task. However, the 12 -> 2 group did not

díspIay al-l that much position nesponding on the transfer task despite its

initial training in a l2-doon situation. Centainly the gnoup nesponded to

position cues mone than the 2'> 2 gnoup, as expected, but the differencet as

measuned by days of position responding, was not significant. If there

'.'-- ^^-i*r'rra {-n=¡a€a¡ €¡am +lto r'n-'+r'='l *¡ol¿ fn flra .|.nrnc€on f :clr €an fhawqù t/vg¿u¿Yv

2'> 2 gnoup, ít was not la::ge and it did not play a signÍficant role in

that gnouprs penfonnance on the tnansfen task. Nor: was thene any evidence

that the r"esults wene due to s¡rmbo1 pneferences.

lle ar:e left v¡ith the conclusion that thene was no diffenence between

the expenÍmental glroups on the transfen task, and that the absence on

presence of visual cues to position on the initial task made no diffenence

to penfonmance on the subsequent nonrevensal shift. It might be considened

nash to aceept too neadily the hypothesis of no differ.ence at this stage,

but the possibility that thís is the best explanation of the data must be

consídened seniously. Expeniments 3.1- and 3.2 naised se:rious doubts about
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the assumption that position nesponding is necessanily detnirnental to

disc:rimination learning and indeed the data f-rom the i:rítíal discnirninatÍon

in Expeniment 3.1 suggested. the possibility that the pnesence of cues to

position rnay facilitate learning. This conclusion wil-l be discussed

funthen in Chapten 6 when additional, nelevant data f::om the expe:riments

descnibed in Chapte:: 5 can be conside::ed.
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CTUTFTER 4

T}M ROITT OF FRUSTRATION AND TNCONSISTF,NT

REINFORCEII'IEiIII TN DI.SCRTMINAT]ON I,EARNING.

ItEveryone today is some kind of frustrati-on theoristrl

(nol-Ies and Moot, f972). This hmy conment occurred in the course of

a review of the literature on derived, motivation. It is not art

unsubsl,antiated. renark and it does ímpþ that yet anotLrer discussion

of fmstratj-on ought to be justified. The purpose of t'his review is

to i¡ltrod.uce a series of experiments which investigated:

(") two different frustrating operátions - one derived from Maierts

paradigm and ttre ottrer derj.ved fron Amselrs concept of frustration -
b<¡tti of wh-ich involved randon or inconsistent reinforcement, a¡td their

effect on subsequent d.iscrj:nination learning.

(¡) ttre jnteraction of posítioh responding with both frustration and

iearnilg.

Winefietd a¡rd. Jeeves (L969, I970b) discussed their work on

the role of position responding in discrimination learning in terns of

Maierfs (t949, 1956) ttreory of frustration. This was quite a reasonable

thing to do in the light of the relationship estabU-shed by Maier between

stereotyped position responding ald frustration. Influenced by lJl-nefi-eld

a¡rd Jeeves' a¡d. Maierts work Le.ry (1969) studied 1he effect of frustration

on behaviour in the circular maze. She used Maierrs technique of

presenting the subject r¿ith. an insoluble task to induce frustration and

her results i¡rdicated that this Li¡re of j-nvestigation was worth further

research. Moreover, the fact that the experìments d.escribed i¡t Chapter l
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of this tùresis supporteci. the previous research done in the circular

maze sugges'bed that frus'bration could. be a¡r irnFortant variable

interacting with both discrjmination learning arrd. posltion respondi.rag.

Consecluentþ, research into the role of frustration became a najor

concern of the present t'hesis.

Mai-errs theory of frustration is not the onþ such t'Ìreory.

Consequentlj¡ if u¡e are to research the rol-e of frustration i¡r

discrimination learni:rg it is necessary to consider otJrer conceptions

of frustr'ation and differen'b experj-nental paradÍgms for th.e study of

frustration a¡rd its effect on learnilg. Moreøver, some authors, ê.8.

Yates QgAZ) a¡rd. Ser¡ard. (f969), would consj-der Maierts experimental

situation to be one of conflict rather t'ha¡ frustration. Hence the

latter part of ttris chapter considers work that would be regarded. more

as the stu{y of conflict or uncertainty than of fnrstration.

The task of reviewing ttre literature on f¡ustration is not

rrnrìcr t"aì<en liohtlw- Fer,r nnncent,.q in nsrreholorn¡ harrr. been t:sed r,¡ith a.s_Þ.--nr-U---_--q

much a:nbigr.rity and by workers in such diverse fields. Fortr¡nate\y there

already exist several rerriews of tlie literature. Lawson and Manc (fg¡8)

presented a very conaprehensive review of the work done until L956. Sorne

j.d.ea of the variety of work which might be considered. r¡rder the heading of

frustration is indicated by listing the i-:adependent variables considered

by Lawson and Marrc. These j¡cluded.:

altered. amor.¡nt of rewarcl or dela¿r of reward; extinction (including the

partial rej¡tforcement effect); failure witùr the impl-ied pssibiliff of

success; the blocking or prevention of the conpletion of a response
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sequencei in'berruption of a response aroused. by goal s-bimul-i; fail-ure

on a task on which subjects had prerriousþ succeeeled; punistunent ancl

cor¡-flict situations: Yates (tg6Z) and Lawson (D6f) presented

excellent reviews of ttre work done on frustration, although these

authors often achieved their clarity of exposition by confining

tjremselves to the nain lines of research. The litera'bure since Lawsonrs

book is nol, weJ.l rev-iewed ancj. discussion is, for the most part, confined

to Amselrs theory of frus'bration (App1ey, L97O; Bitterma¡ and. Schoel,

I97O; Bol1es and Moot, L972; Strongman, 1973; Scull, Lgn). This

chapter wil-l not be an attempt to i.mprove on ttre earl-ier reviews, a

d"ifficult and pointless exercise, but wil1- sumna¡ise their fÍ:rdJ-ngs,

bring th.e discussion up to date, anct attempt to see how tkre current work

in this field night be applied to the present research. It should be

borne in mincì., in this context, v¡hat the present research topic is;

narneþ, the extent to which frus Uration is a factor in ,ùiscri¡ni¡raticn

J-earning, especialþ i¡r visual d.iscrjmi¡ation learning by rats. Topics

such as the frustration-aggression tJreory in first year college students

are unl-ikeþ to ttrroru much light on this problem and, corlsequentþ, will

not be discussed.

Ma:ierrs theorv of frustration

Maierrs work on frustration is an obvious starting point, both

historicalþ, as he r¡ras one of the earliest systernatic investigators of

the problem, and logicalþ, within ttre context of this th.esf s. Maier

began h-ls work witJr tt¡e study of reasonj¡rg in rats (Maier, 11929). He

soon became j-nvolved $J-ith tkre abno:mal aspects of anj-mal behaviour,
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includí¡g seizures (uai-er and Glaser, L9/+Oa), fixati.-rns (Mai-er, Gl-aser

and Klee, Lg/+o), md abortive responding (Maier, L94o). The Maier et

af (f9ZrO) paper introduced the elements which were to become basic in

Maierrs ttreory: na:neþ, the concept of an insoluble problem as a

frustrating situation, the aJ.J. or nothjrrg nalarre of the fixation

developed in th:is frustrating situation, ar¡d the quaurtitative

distinctj-on betr,¡een systematic responding to s¡rnbol or position cues

which characterises a learned response and. tlne fixated. restrnndiag

produced. by frustration.

F\r¡ther studies by l"laier and. hj-s assocíates considered.

hereditary factors affecting frus-bration (Maj-er and. Glaser, 1940b), the

effect of drugs (Uaier and. Sacks , I9/,,!) or diet (Vtaier and Ellen, I95La)

on fixated behaviour, tJre relationship between fixations and convulsions,

(Ua:-er and. Klee, L94la and b, Maier and Longhurst, 1947) a¡rd between

fixations and pr:nishrnent (Uaier and KIee, L9/û), and the effect of

gr,r.idarrce on fjxations (Ì'faier a¡rd Klee, L945, Maier and Ellen, 1952) .

A synthesis of Maierrs work during the 1940rs was presented. in his book

Frustrationf the study of behaviour: ürithgut a _soal (t94g) .

The basic experimental design used by }¡laier was a two stage

prrccedure based on a two choice discrimi¡ration usilg the Lashley jumping

stand. In ttre first stage (t6O triafs) ttre two choice. problem was

jrlsolubLe j¡l the sense that 50 per cent of responses to aÌÐr cue were

randomþ rewarded by access to food and 50 per cent were pr:n:ished. by

Ímpact with a locked door followed by a faII into a net below ttre

apparatus. lhis was Maierrs defj¡rition of a frustrating situation.
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The behavj-oural- result, in about 80 per cent of tÀe subjects, was a

stereotyped response to one particular side of tJ:e apparatus and, in

rnost ol,trer subjects, to a particular s¡nnbol. In ttre second stage the

problem was mad.e solvable by differen-bial rei¡forcement of ttre symbol

cues. In a typical experiment onþ IJ tþ 20 per cent of tJ:e rats solved

the discri.:nination problem withj:r 200 trials. The remai¡der persisted

j-n tbe stereotyped response ad.opted during the j¡rsoluble problem. Maier

characterised this beharriour as rrfixatedrr.

The basis of I'laierrs explanation of this behaviour was tLrat

behaviour ad.opted. i¡r a frustrating situatíon became fixated and that this

fixation could not be explained in terms of reinforcement contingencies

or motivation. Fixatecl. behavi-our r^tas seen as an end in itselC. Fi-:rated

behaviour and goa1. oriented. behaviour were considered qualitative\y

d:ifferent. Ho\nrever, tJ:e longer subjects llere j¡r a frustrating situation

tlre stronger r¡tere the fixatj-ons produced. (Maier and Feldnan, f948).

Two poi-nts of particull.ar relevance to the present thesis are

the effect of preuious performarrce on tlre consequences of frustration

a¡rd the possibility ttrat position fixations have some beneficial effects.

Maier and Klee (I9ç) found ttrat when rats were returned to an insoluble

problen after sohring a previous discri-nination (by guidance if necessary),

nost subjects persisted in ttre ki¡rd of restrþnse adopted just before the

i¡troduction of the jnsolubl-e prob).em. There \^Ias no disorganisation of

ttre response j¡r progress and. no tendency to return to prerriousþ acquired

responses. Moreover, when tlre subjects were again shifted. fron the

j¡rso1uble task to a soluble problem ttre subjects which had fixated j¡t the
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earlier phase of the experi-nent showed fewer fixations in ttre current,

phase, i,€. â. history of previous fjrcation, which had been broken by

guidance, conferred some degree of imnwrity to tùe effect of subsequent

frustration. Maier and. El1en (lgSZ) showed that rats r¿hich learned. a

difficult discrinj¡ration with guidanice hrere less inclined to fixate when

subsequen'L1y transfemed to a¡r insoluble problen t^han rats which had

learned. tLre initial discrj¡rination witlrcut guidance. Secondþ, Maier

arrd Klee (ltg4l,a and b) showed that the incidence of seizures i¡r ratn

decreased when fÍxatj-ons appeared. However, Maier (L949t p.81) stressed

ttrat although this may indicate that fixations serrre as an adjustrnent,

or a relief of tension, th-is relief is not rewardilg in the sense of

being drive red.ucing. Tension reductj-on mereþ accornpanies fj-xation as

an inciden'bal by-product.

Maj-errs (tg4g) book was greeted with sceptism by classical

learning theorists (".g. Mowrer, 1950; Hilgardrlg5O) and it was followed

by a liveþ debate. The main issue üras whether Maierrs fild.ings on

frustration could be adequateþ expleuined by the current theories of

learning witliout the need to resort to a separate category of behavi-our,

i.e. fixated beharriour (Farber, f9/8, Russe].l and Pretty, I95l,;

I(nopfelnacher, L952t 1953a and b; Eg1ash, I95\ L952, 1954; !,lilcoxon,

L952¡ Wolpe, L9Ð). These challenges to Maierrs theory have been well

rerriewed by Russelr (Lg5/), Staats (L959) and Yates (1:962, pp. j6-j6).

, Maier and h-is associates attenpted to ansrver ttrese criticisns,

to provide further evidence in support of the theory (Uaier and El1en,

L95Lb, I952t L954t tg56; E1-1.en, I956t Feldnan, 1957; Fel-dma¡r and

l^laite, 1957) a¡rd to j¡itiate a vigorous cor-uterattack on what Maier
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cal-l.ed rtpremature crystallisationrr of ).earn:i¡g ttreory (Maier, 1954t

lL9&, L96Ð. This work j¡:.cluded three papers which d.eveloped. ttre theory

qrrite considerabþ (iUaier 1956, Maier and. EIIen, 1955, 1959). The mai¡r

points of {Jre modification were:

(a) t"taier and Ellen (L95Ð fowrd tùrat a ratio of 80:20 or 20:80 of reward.:

pr,:nishment caused more fixations j¡r groups of rats witlr position

stereotypes tha¡r a ratio of 50: J0 and they argued that whettrer or no'b a

given ratio produces fixation depends rr.pon the subjectrs expectations,

i.e. ít depends on horu different a subsequent pattern of reward a¡d

purj-shment is from tlre preceding pattern.

(U) t'laier (tgS6) a¡rd Maier a¡d. Ellen (I95Ð furtJrer developed tLre concept

of a threshold. for frustration to e>cplai-n why sorne anj¡rals d.eveloped.

fixations and otLrer an-imals, in the same frr.rstrating situation, did not.

(c) uaier and. Ellen (L95Ð listed what they considered to be frustrating

situations: an insoruble problem, pressure to respond, preventlon of

escape, pr.urislunent, a¡rcl the nonfulfillment of expectancies. As Yates (tg6Z)

points out, frustration, once strj-ctly defiled, is now generalised. to aLrnost

anJr experience of fallure.

(A) Uaier and Ellen (L959), wrder the head.ing of 'rprinciples of

availabilityrr }ist the factors which determi¡re which response is fj;cated:

pl¡ysical nearness, biological ease, the response in progress, simpricity

of the response, trai.:ring, sex, bo{¡r structure, personalitJ¡, social ar.d.

cult¿rral i¡¡fluenceg. Such a }ist does make prediction either difficult
or so easy as to be ridiculous.

The recent r¡ork of Maierrs associates has tænded. to prescind
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from tkreoretical issues and. has been largeþ concerned with using

fjxated behaviour as a dependent variable in studying the behavioural

effects of such thi-ngs as ECS (fetaman and Neet, L957, 1960), various

drugs (Feldman, El)-en, Liberson ald Robi.ns, 1959; Feld¡na¡r a¡rd

Liberson, ].960; Liberson, t967; Liberson and. Karczmar, t969; Houser

arrd. Feldma¡, L97L) and brain lesions (Smittr and Feldman, f969).

Libersont s (tg6Z) work ís particularþ futeresting j¡r ttrat the

motivational aspects of Maierrs experirnental situation have been

sinplified by doing alray with food as a source of notivation and making

subjects jtunp to avoid shock applied to tlre starting platforn. Al-so

very persistent position responses are induced rvittrout the need for a

preliminary j-nsoluble phase, mereþ by consistent reinforcement of one

sÍde or the other.

However, the development of Maierrs theory of frustration as

such has continued. For example, Feldnan and Green (f967) attemptæd to

identify more preciseþ the antecedent conditions of fixation a¡rd to

describe the way in wh-ich they operate in temrs of a double approach-

avoídance confbct model. Second\y, Îa¡urer (L967) returned. to the problem

of the effect of prefrustration training on subsequent beharriour. Ta¡u:er

fowrd that 30 per cent of subjects faced with a symbol discri.:mj¡ration

were j:rcapable of solving the dj-scrj.ni¡ration even when ttrey had not

previousþ been exposed to frustration. Ma:ier and Ell-en (lg5Z) nad

found similar results indicating ttrat tl.e dÍfficulty of tlre discri¡rination

is a more irnportant factor tha¡r Maierrs earlier work had suggested.

Moreover, tlrere uras no sigtdficant difference between frustration and
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nonfrostration subjects i¡r terms of fjxations when both groups were

given pretraining on a soluble discrj¡rination. Th:is suggests the

"prophflactictr effect of a successful discrjmj-r¡ation against the

effects of subsequent frustration.

The situation studied by Maier was so complex that one

suspects tÀat 'bhe last r^¡ord has yet to be saj-d. as regald.s his work.

If his tLreory d.oes not survive his data will still require explanation,

and so far no one has accorxlted for all aspects of ttre data in one

simple expla-nation. Moreover, Ít can hardþ be denied t}rat Maierrs

!,rork threw a great deal of Light on the relationship between position

responding a¡rd frustration. However, the aversive factors operati-ng,

especialþ during the i¡rsoluble phase, ensured that position responding

í¡r Maierrs typical situati-on l¡ould not be regarded. as typical of behav-iour

during ar¡y discrininatj-on task. Maier may have conceded tltat a¡¡y

reasonabþ difficult task is frustrating, but ttris does not mea¡r that

his view of frustration can therefore be applied. as arr explanation of

behaviour in ar¡y discri¡ni¡lation task.

Änselrs theorv of frustration

.A.s Lawson (1965) pointed. out there appeared durilg the late

l;93}ts and dOrs a nunber of Íldependent theories of frustration wh-ich

shared several feat'¡res i¡r common with Maierts theory (Rosenweig, L9)4t

L938, lg$t Dol-lard, Doob, Mi11er, Mowrer and. Sears, L9)9; Barker,

Dembo and Ler,rj¡r, L9/+L). In a1l ttrese approaches to ttle study of

frustration, frustration l¡as defined by a reLativeþ si-rnpIe set of
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operations, it was j-dentified as a r:nique topic in ibs own right, æd

the problem t,¡as seen &s one of deterrnining the behavioural effects of

frustration. the therories proposed were ingenious but were not tested

ttroroughþ by exbensive progralnmes of research. A more significant

developnrent was the jntegration of the st',r{y of frus'bration r.rj-th more

general theories of lea^rning arrd rnotivation (Rohrer, l9/Ðt Sheffield,

1949, I95O, Broln and Farber, 1}51-, Chil-d a¡rd Waterhouse, L952, L953;

I'laterhouse and Child, Lgfi).

Currentþ the rnost influential theory of frustration is that

proposed by Abra.rn Amsel. In recent years research repor-bs in wluich data

is discussed. in terms of frustration are usualþ referuing to ttie nodel

developed þ Amse1 - cerbainly the definition of frustration used by hirn,

and in marJr cases his actual theory of frustration. Ljhe Child a¡d

Waterhouse and. Brovnr and Farber, Amselrs theory was a tr¡o factor theory il

the sense that frustration was consi-dered. both to increase drive leve]- and

to arouse unique stimulus-response conr¡ections. Like Brovm ;:nd Farber,

tJre theory was firmþ enbedded in the Hulliar¡ tradition.

Ansel defined frustrati-on as tra state which results from ttre non-

reinforcenrent of an j¡rstn:nental response wÌrich previousþ was consistentþ

reinforcedtt (Auisel and Roussel, 1952, p.363); or ae 'rthe absence of or

delay of a rewarding event i¡r a situation where it had. been presented

previously't (Amse1, L958, p.102). Amse1 and h:is associates have prodrrced

an impressive anormt of experimental support for the theory. Several

ttreoretical papers summarise their work and develop ttre ttreory and its
apptication to various learning phenomena (3:nse1, L958, 1:962, 1967, L972a
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and b).

AmseJ.rs tb.eory proposes that:

(a) ffre nonreinforcenent of a prevì.ousþ reínforced response produces

an j¡n¡ned.iate frustration reaction (5) ttti"h has a motive.ting effect

on ongoing behaviour because it is a sou-rce of generalised. d.rj.ve.

(U) I fre.ction of the prllrary frustration reaction is classicalJy

conditi-onabJ.e and the cond.itioned fractional anticipatory form of the

frustration reactior, (rU) is aversive in the sense that the subject

avoids, by r,rithdrawal or by making a competilg response, stimuli

which elj-cit ru. (c) ttrere are stimulus consequences of ru (su)

which can enter into associative control of behavíour. If an i¡rstnr¡nental

response Í.s subsequentþ reinforced then the aversiveness of the rU and

sF ruy be overcome so that eventualþ sU becomes a source of associative

strength for t'Ìre response.

Amselrs account of discri¡rination J-earning posits four discrete

stages in the forrnation of a discrimj¡ration. During t'he first ttrree

stages the d,iscri¡nina¡rda do not operate di-fferentially. In the first

stage, ttre d.evelopj¡rg, yet weak strengttr of expectancy (rO-sO) is

insufficient to elicit pri-rnary frustration on nonrer'¡arded trials,

After h i" elicíted on nonrewarded trials during the second stage, a

conditioned. forrn of the frustration reaction (rr-s') develops durjng

tJre th-i-rd- stage and produces conflict: both S+ a¡d S- elicit 
"n-"n

and rr-su, tùl.e former signallÍrrg approach to the goal and the l¿'tter

signalling avoidance of it, This confJ-lct is resolved a¡d the

discrjmination fo¡ured i:r the fj¡tal stage, Now onlJr rU-sR *d approa.ch
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are el;icited by S+ and a rF-sF and avoidance are elicited by S-.

The frustration effect is measured. ín a double nrnüIay apparatus j-n

which perforyrarce in ttre second nxrway is contrasted after rervard. and

nonreh¡ard. in the first rururay. The characteristic findi¡g is one of

faster running, presumabþ due to tJre nonspecific energising effect

of h after nonreruarded first runway trials. In discrj¡nj¡ration studies

S+ a¡¿ S- trials are given in tJre first runlâIay and the frustration

effect measured in the second. The nagn-itude of tl.e frustration effect

should. increase at first, as the strength of rO-sO on S- trj-als becomes

sufficient to elicit &, and then becomes stronger resulti:rg j¡r a mo¡e

iltense \,. Later on the rnagnitude of h should be reduced since S-

no longer ellcits the expectancy required for nonreward to be frustrating.

Thls pred.iction has been confimed by Ansel and lJard (f965) for a black-

wbite díscrimination.

Amselrs work has ha.d- enonnous influence. Phenomena for vrhich

expl-a¡ations have been proposed i:r terms of h:is fmstration theory

include the partial reinforcement effect, negative contrast effects,

the effect of delay of rel¡ard. a¡rd. the effect of overtraj¡rj¡g on exti¡ction

a¡d reversal (cf Amsel, 1967, Sutherland and Macki¡rtosh, L97I, chapter 10;

Scu11, L973; Black, ].:968; Dunham, t968; Bittennan and. Schoel, L97O, for

rerrier.¡s of these issues) . However, most of thís rese.arch does not

i¡rvolve discrimination )-earning and is not relevant to the present thesis"

The maj-n concern at this point is Amselrs gqgþ or definition of

frustration rather than h;ls experimental paradigms which have been

large\y concerned with nulway si-tuations.
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Amselrs position has not gone r:ncha1lenged, The nost

emba¡rassing contrary erridence has been the denonstration of the

rrsmal.l- trialstt paltial reinforcernent effect (Capaldi and. Hart, L962i

Capaldi and Deutsch, L967¡ Capaldi, Capaldi and Kassover, I97O,

Capald.i and l/aters, L97O, McCai¡r ancl Bowen, 1967; Mc0ain, ]968),

From a theoretical point of view Amselrs position has been weakened

by attacks on the tF-uF mechanism (Rescorla and Solomon, 1967t Brorun

ancl Farber, 1968) and by severaf very strong alternative explanations

of tlre partial rei¡rforcement effect (Loga¡ and. hlagner, L965; Capaldi,

1966, L967; Sutherland and. Macki¡tosh, L97L).

As far as ttre rrfrustration effecttt, tire partial reinforcernent

effect and associated phenomena are concerned, al explanation jl terms

of frustration must be considered seriousþ, but as onþ one of a

nurnber of alternatives. Scu1l (L9]]) assessed the situation quite

weIL when he poi.:rted ou'i,, i:r reference to the rrfrustration effectrt,

ttrat the double nr¡1!ray, j¡r which most of the data has been gathered, is

more conpJ-ex tt¡an had been realised. Consequently, the theories developed

to expJ.airr t'Ïrat data are eittrer too simple to cover alJ- th.e facts or tJrey

are so complex that it is impossible to choose among them at the present

ti¡ne. Before the topics of Arnselrs tJreory of frustration and of ttre
partial reinforcement effect (which has been so closeþ associated wittl

Amselrs theory) are closed two lines of research ought to be discussed,

both of which are relevant to tlris thesis by virtue of ttreir concern

r¡ith discrj-nination learning.

Child and !'Iaterhouse (tg5Z, L953) a¡rd Waterhouse arìd Child (L9Ð)
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anaþsed the effect of frustration on the perfonnance of a complex

taslc. Schneck and. Brw:-j¡rg (1970) attempted to do the same, but withi¡r

a Hull-ian framework - just as Amsel did for sJ.:npl.e rurrt*ay perfotmance.

They distinguished between tlee specifíc and the non-specifíc effects of

frustra'bion. The specific effect is produced by the interaction of the

competing responses ellcited by sF and the response rxtder observation

(usualþ latency). The effect facilitates or interferes w'ittr tJre

measu¡ed response depending on whether ttre response elicited by st is

compatible or not. The non-specific effect results from frustration-

produced j¡rcrernents Ín general drive, i.e. frustration Íncreases the

probabitity of competing responses elicj-ted by stimul-i other than sU.

The effect of such drive changes depends on ttre level of trajrr:'-ng and

on ttre nr¡nber and strength of competing respones. Hence, frustration

ear\y in tra.j¡ri¡rg should be more detrimental tkra¡¡ frustration l-ate j¡t

trai-ning when the difference between ttre strengths of conpetilg and

correct respones will- be large.

Schmeck and- I3runi¡rg (1968) tested. ttre assumption that the

effects of frustration are a function of the number and strength of

the competing responses. Their apparatus, for rats, consisted of a

simple ruru¡ay (as used by Amsel) and a conplex linear maze r¡'ith four

consecutive choice poilts each harring five possible responses.

Frustration improved ttre perfor:nance of subjects on the simple task a¡rd

i¡terfered wiùh it on ttre complex task. Schmeck (fgZO) d.emonstrated.

the same effect l¡r human subjects and he also found. erridence to suggest
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that incorrect responses themselves produce frustration reactions,

1.e. errors j¡rcreased the probability of future errors. Fila1-Jy,

Brurri.ng, Schrtech and Silver (1971) forxrd that i-f rats are taught a

discrj¡j¡ration and its reversal, t'he j¡rtroduction of frustration

impairs performance by compari.son with non-frustrated subjects or

wittr subjects which h¿¡re lear:r.ed onþ the j¡itial discriroj¡ration and

have no readiþ avail-able competing response. tr^lookey, Joyce and

Strongman (tglZ), however, continued the Ìine of research j¡ritiated

by Schneck by replacing the second al-ley of an Amsel-type double rwrrqy

witlr a conplex /+-uûit T,-maze. They found ttrat tkte variance, but not the

average number of errors, jlcreased after fmstration. Moreover, j¡

contrast to Schmect (fgZO), there r^ras no errid.ence that errors earþ in

the rnaze 1-ed to frustrati<¡n-j¡tduced errors. Houever, they agreed that,

irr a conplex situation, frustration is disruptive, but its effects are

nulti-directional.

The second li¡e of research is Suttrerla¡rd. and Mackj¡toshrs

(fgZf) explanatÍon of tJre partial rei¡-forcement effect j¡r ter¡ns of their

own theory of attention. Their elcplanation assumed that continuousþ

rej¡Éorced subjects learrn to attach their responses onlt, or rnailþ, to

outputs from anaþsers which consistently predict reward; whereas

partialþ rej¡forced subjects attach their responses to the outputs fron

mar¡y dlfferent anaþsers, since no anaþser can consistentþ predict

reiJrforcement. Durilg exti¡rction the series on nonreinforced trials

leads to the weakeni.ng of responses attached to ar¡y analyser l¡hich is

switched. j¡r and. this weakening continues to a J.eve1 at wbj-ch the response



8r.

r¿iJ.l no longer be perfo:rned even though the anaþse¡ still controls

behav-iour. At this point the continuousþ reinJorced. subjects stop

rrxuring. Si¡ce partialþ reinforced subjects have their responses

attached to the outpr-r.ts frpn mar{y different anaþsers, no arraþser is

fimly switched in a¡rd so that response is weakened slowþ to each of

tlrern. Thus ltle partial reir¡forcement effect occu¡s. Sutherland. and

Mackj:rtosh presented" eridence j¡t support of their ttreory from

ezperiments on tlre rrbreadth of J.earn-Lngrr, showing thrat subjects J-earn

about more cues u¡rd.er partial reinforcement ttrar¿ under contj¡ruous

rei¡forcement (Sutherland, 1966, McFar1and, 1966); and on the effect

of varyilg the number of relevant cues i¡ an attenpt to shov¡ that a

partial reinforcement effect occurs only when there are several possible

cues Ín the environment. Th-is latter evi-dence is i¡rconclusive. A thid

type of e>çeriment quoted il support of the ttreory is interesting in

that it consídered the sequential effect of giving both partial a¡rd

continuous reinforcement,. If durÍ-ng partial reinforcement subjects

learn to attach ttreir responses to nar¡y different cues subsequent

continuous reinforcement training shoul-d not alter ttrese response

attachments. Theios (tg6Z) and Jenki¡s (fg6e) founcÌ a partial

reinforcement effect despj-te a block of conti.¡ruousþ rej¡forced trial-s

j¡serted between the partial reinforcement' trair::ing and extj¡rction. If

contj¡ruous rej¡rforcement train-i:rg strengttrens a few doninant anaþsers,

ttre insertion of a block of partial reinforcement trial-s wiIL have little
effect i¡r tenns of causing the attachment of responses to ana\rsers

switched i-u to otlier sti¡nulus dimensions, Consequentþ, Sutherland and
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Mackj¡rtpsh r¿ou1d pred.ict no sign-ific'ant partial reirrforcenent effect

j¡r this situation. 0n tÀe otkrer hand, Sutherland, Macki-ntosh a¡ld

lloLf (L965) found tkrat a group given continuous reir:forcemenl, after

partial reinforcenent extinguished. at the same rate as subjects given

pa.rtial reinforcernent onþ. What we he,ve tLren is an explen¡rtion of

the partial rei.nforcement effect without ar¡y reference to frustration.

A sjniJ-ar poin1, wil-L be discussed in the next section - a reviev of a

nt¡mber or' studies in which random rei¡fortement is used. wi-ttrout reference

to frustration.

Non-differentia.l reinforeement as frustration

Most of the theories of frustration discussed so far have been

concemed with the effect of the nonfulJil:nent of expectancies on

perfonaance. Maierrs approach was an exception in the sense that he

studied the effect on subsequent discrini¡ration learning of prior

experience with a¡ i¡rsoluble problem. The study of behaviour in a

situation of non-differential or i¡r.consistent reinforcement has been

und.ertaken by other researchers, but r"rithout reference to frustration.

Because rarrdom reinforcement was used as a means of stu{ying other

effects rather than for its own sake, the research tends to be scattered.

arrd rrnsystematic. 
.

Krechevsþ (L972) studied. the effect of ra¡rdom reinforcement as

a mearrs of highlighting t¡ypottreses adopted by or originating fron ttre

rat, as distjnct from those imposed by the extrlerimental desi.gn. He found

tl¡at even though no response gailed. more tha¡r J0 per cent rej-nforcement,
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all subjecùs adopted one or more systenatic or unifo:rn patterns of

response. He concluded,

The rat, lrhen placed in an unsolvable situation, does not
respond i¡¡ a helter skelter chance fashion, but makes a
series of j"ntegrated unified. attempts at solution (page 61).

Krechevsþ (I%)) subjected rats to a period of randon reinforcement

r:nti] a persistent response t,¡as adopted (ou the average, efter )/.,,

trials). He fowrd. 1,krat when the rats were transferred. to a solvable

task the þpothesis necessary to solve the new task v¡as readiþ ad.opted,

irrespective of whether tJre Ï¡ypotlresis adopted rurder re¡dorn reinforcement

was appropriate in the solvable phase. Witkj"n (]-)lrO, L94I), holrever,

criticised Krechevsþ on two important poilts;

(") rrln the last anaþsis no situation is truþ j:rsoluble wr].ess it is
Smpossible for the anjm¿rl to learn aqytfrilg at all about itrr (p.459).

rf subjects ce¡not learn a specific sequence of responses, they may at

least learn about tkre situation duri¡rg random reinforcement.

(U) eefraviour ín an j¡rsofuble situation is not necessariþ the same as

beharriour duri-ng t'tre presolution perÍod of a solvable obserwation.

l^¡itkin found- t'Ïrat i-f all responses are rei¡forced durilg ttre pr.e-tra.iling

period, í.e. quite a different fomt of non-differential rej¡rforcement to

ttrat used by Krechevsbr rats behave i¡¡ a different marrner than when tlrey

learn a d.ifferential brightness or spatial discrj¡li¡ration. He concluded

t'hat choice-point conplexity, not goal attain:nent, is the d.eterrni¡ant of

systenatlc behaviour patterns.

A decade later Bitterman a¡rd. his associates took up ttre technique

of non-differential rei¡rforcement (in the sense of reinforci-ng all responses)
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to test tkie Hul.l-ian prj-nciple that perceptual learn.-ng cannot occur

without ùifferential rej¡rforcement (Hutt, L952). Bitte:rnan, Calvin

and EJ-am (1)fi) gave rats 120 trials of non-dlfferential reinforcement

either wit'h grey doors or witl: horizontal-vertical- discrjminarda

presented sj:nultaneousþ or successiveþ. The three groups were then

trarisferled to a conventional si:nultaneous oT successive discriminati-on

task with horizontal-vertical as tJ:e d.iscrjminanda. Subjects 'b::ained.

on one presentation method. a¡rd tested on anotlner learned. no faster, but

macle fewer euors than subjects trained with the grey doors - evidence

contrary to llul-J.rs proposition. Subjec'bs trained. and tested. with tJre

sane presentation netùrocl learned fastes-b of all. Bj.tteruan, El.am and

!'lortz (f9Ð) compared the effects of non-differential reward and.

punisbment. To avoid the non-diffe¡:ential prurj-shnent constituti:rg an

i¡solubl-e problem sitrration (of ttre type used by Maier), with concomitant

emo-bional effects, ûre non-differentj-al reward and punishment were given

in the context of a task in which the horizontal-vertical d:.scriminanda

were irreleva¡rt. Nondi-fferential rewarcl did not facilitate perforrnance

on a subsequent task, bui neither nondifferential reward nor non-

di-fferential punishment retarded subsequent discri¡ination learni-ng. It
d.oes not follow that non-differential reirrforcement has no effect on

subsequent discrimination, since reward and punisÌ¡nent may give rise to

signifícant but opposite effects which ca¡rcel each otJ:er. Bittennan ar¡d

Elam (]r95ù further shov¡ed that r+j-ttr increased amor:¡rts of non-d.j-fferential

reinforcement (fron 3 up to l2 days) perfornance on a subsequent
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horizontal-vertical task d.eteriorated, indicaNing t1rat the transfer

effect of non-differential reinforcernent is predominantþ negative,

but the deterioration was even worse for subjects pretrained with grey

doors. The dfect r,¡as not due to the afferent consequences of the

response, e.g. goal box colour (Oiff:ngs1ey, Fedclersen alrd Bitteflnan,

L954), md it ruas not due to the stimulj used (Crawford. Mayes and

Bitterm¿m, 1954), Bitterman and. gkn (f954) areued that:

(") The re'barrdation factor was due to attentional mod"ification (il

te:rns of perceptuaL selectirrity or an orienting response). It was not

due to posi'bion habit strength since position responding lras fairþ
constant for the first nine days a¡¡d during the l-ast three days it
increased for tlre horizontal-vertical subjects a¡rd decreased for ttre

grey door subjects.

(¡) The s¿ps¡iority of the horj-zontal-vertical subjects lras due either

to tbe earlJ perceptual differentiation by ttr.e horizontal-vertical subjects

surviving tire adverse effects of continued non-differential. reinforcement,

or to perceptual differentiatj-on occuring concurrentþ witJe tkre negative

effect of non-di-fferential reinforcernent,.

F\¿rther support for Bittermanrs discrimination þpothesís was

provided. by Elan and. Tyler (fg¡S), usj¡g monkeys, and Grosslight, Hall

end Scott (!95ù, using rats, who showed. that non-differential reinforcement

of the discrirni¡rand.a durjng trailing J-ed to faster reversal ttran partial

reinforcement. Calvin (L953), with rats, a¡rd Ca1vin, Perki.ns and, Hoffma¡r

(tgS6), with children, showed ttrat subjects which received non-d.ifferential

rej¡rforcernent on a1.l. trials learned a subsequent discri¡ni¡ation faster ttran
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subjects which had. two punishment trj-als rand.omly interspersed a.nong

tJre tv¡elve rewarded trials. Cafvi¡r et aI (1956) conclud.ed. that tJre

anowlb of positive transfer is iriverseþ related to the nunber of

solu'bions possible duriag non-differential- reÍrrforcement and d.irec bþ

related to ttre degree to which these had been, or could ber' explored.

Positive transfer occurs during non-d.ifferential training when a

solution is available; if there is no avail-abl-e solution, then negative

transfer occurs. They forxrd that non-differential rer¿ard and non-reward

urere no different as regards the effect on the perforrnance of subsequent

tasks a¡rd. both conditions l-ed. to better performance than a control

condition consistixg of transfer from one task 1,o another.

In a second erçeriment, Calvin et aI found no difference betv¡een

a group gi-ven non-diffe::ential tra-ining wj-tùr ttre discri¡rinanda of a

subsequent discrjmj¡ration task and. a control group, even though another

group given non-differential trai-aing with stiïul:i other than tlrose used

j¡ the subsequent task dj-d perforrr better tJra¡r the controLs.

Krechevsþrs ideas have been contjrrued by Lerrine. Over several

years Levine (t963a, L966, L969) has exami¡r.ed hr,unan discrjmj¡ration

learn-ing j-n tems of tlre testing of lrypotheses, where rrkSrpothesisrr is

defined- in Krechevslryrs sense of the word, and a non-continuity theory of

learning has been developed. In support of th:is theory, Lerrine studied

tb.e effect of randon reirrforcement on discrimi¡ration learning. Lerri¡re

(t962, l:963b) had subjects classify sÍmulus patterns over a series of

trials where responses were correct or j¡rcorrect at ra¡rdom. The subjects

were then shifted to a problen where some cues !,rere consistentþ paired
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r^rith reiriforcemen'b. Lerrine for¡td that, regardless of the nr:nber of

ranclom reínforeenent trials (r¿hj.ch varied frora d t<¡ 60), ranclom

reinforcenent always produced a decrement in subsequent performance a¡td

this negative transfer was constant. this finding was replicated by

Hol.stein and. Premack- (1g65) using sjx as well as two dj¡lensions, so the

result was not due to subjectst ability to remember the þpotheses

disconfirmed durj-ng ra¡don reinforcernent. Levile, Yoder, Kleinberg ancl

Rosenberg (fçe8) ancl. Glassman and Levíne (1972) established the

similarity between seven-dj¡rension, insoÌvable problens and eight-

di¡rension problens wh:ich are too difficul.t to so1ve. In a¡ effort to

throw more Light on {tle learning process Trabasso a.ud Staudermayer (fg¿S)

tackled the question of wj-thin and between problern effects of randorn

reinforcement. They found that when subjects u¡ere given differential

trainìng before the rand.on rein-forcement, negative transfer was problenr

specific, i.e. it occurred onþ when cues relevant to the solvab3-e task

:uere identica1- with cues occurring during random reinforcement. They

concluded that subjects rejectecl Ìqypotkreses based on irrelevant cues, but

tltat this rejection was temporary and occurred only if the problem or

dinensions remaj-n unchanged.

the pt¡ysiological effects of stress j-nduced by random reinforcernent

have been studied in some detail (u.g. Boles and. Russell, L97O, Mikhail,

I97L, Pare, L972). However, norious stjmul-ation is al¡rost always used. i¡r

the str¡rlies, making courparison with food notivated. discrj¡li.:eation 1.earning

ùi-fficul.t, The exception is a study by lovibon¿ (fç69) who looked at

changes j¡ the frequency of gastric lesions in.'ulcer susceptible rats as
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a fr.u:ction of various cornbinations of a light and a buzzev which had

been associated ir, previous train:ing with food and shock respectiveþ"

At 90 second intervals, during 2d hours of restraint, different' groups

receive,l: the liglrt and buzzer si:nultaneousþ, ttre light followed by

tl:re buzz,er, the buzzer followed by tkre light, the light alone, tJre buzzer

alone, or nei-ther the Light nor the buzzer (control group) " The greatest

numbe:: of lesions vlas associated uith tkre sjmulta¡reous presenta'bion of

liglrt and, buzzer (tfre rtconflict'r sitrration) a¡d the least nwrber of

lesions was associated witkl ttre light alone (ttre conditioned s-bjmulus for

feeding). The light seemed to act as an i¡ùribitor of anxiety since there

were vezy few lesions associated wittr the light follor¿ed þy tkre buzzer

condition. Lovibond conclucled that conflict phenomena generated in a

sti¡ulus pattern tended to elicit incompatible responses and no response

was abJ.e to achieve dominance. The incompatibJ-e responses did not ¡reed

to be of equal strength, as implied by nost conflict studies.

One interesti-ng devel oprnent in tlre area of aversive stinul-ation

is the work d.one on the phenomena of rrlearned. helplessnegstr (Overmier an<l

Seligman, L967, Seligman and Maier, 1967, Overrnier, 1968, Maier, Seligman

arrd Solonon, L969, Seligrnan, Maier and Solomon, 1971). Most of the initial
work was done with dogs and it was found that j^f the a¡ri-maIs were subjected

to a period of random txravoidablashock whilst strapped into a PavJ-ovian

type harness, two-third.s of the subjects were wrable to master a

subsequent task, usualþ an escape-avoid.ance shuttle-box task. The autttors

argued ttrat ttreir subjects J.earned that they were helpless in ttre randon,

r¡navoidable shock situation and that tlrey transferred ttri-s learned
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helplessness to the solvable escape-avoidance task. However, tLre

dogs could be taugh.t the escape-avoid.ance tasic using a gu-ldance me-b,hod.

or they could. be rrimrnunisedrt or rrj¡roculatedrr against the effect of

wravoj-dable shock by e;rperience with a solv¿rble task (Setignarr and Maier,

1967). Selignan, Maier and Geer (fg6a) po:ilted oub the similarity of

tlrese results to ttrose fou::d. by I'laier (yg+g). Hovrever, the explanation

of the phenomena, in tLris cåse, is entirely in associative terrns, whereas

Maier explained hís da'ba by reference to a quíte separate category of

behaviour, fixated beh¿rriour. The phetromena of learned helplessness has

been observecl j-n huma.n subjects (Foseo a:ed Geer, I97L, Thorrrton and Jacobs,

L97\ L972, Dweck ancl Reppucci, L9T). However, it does not appear as

clearly when rats are used as subjects and seems to be affected by factors

such as tlie strain of rat and the type of test situation (Anisnan ald

l,la].l-er, L97I, 1972).

Another experiment releva¡¡i to this review is a stu{y by l"landler

QgOq who used. a period of randon reinforcement (70 or 22O trials)

follorued by transfer to a black-white discrimination task to study the

relaticnship betrteen position habits and. errors in discrinj¡ration learni-ng.

By comparison with naive subjects, the ra¡ldomþ reinforced subjects shorsed

negative transfer, ttreir perforrnance ïtas highþ variable fron day to d.ay

and three-quarters of tkreur maintained position habits developed duri-ng

rand.om reinforcement for the first J0 trials of tùre transfer task.

Mandler argued that this overall irnpai-rment of learning was parüly

accorurted for by the carry-over of posítÍon haþ1ts (a detour based strategy

accontlng to Ma¡rdler: cf , Ch. 1 pages 15 and 16) fron the ra¡don
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reinforcernen'b stage to the black-white discrinj-nation, However the

Ímpairment is not ascribed to frus-bration but to the resista¡ce to

exti¡rc'bion of habits acquired under partial reinforcement conditions

or to rlsome tenporary deterioratiolr i¡r ttre discrimi¡rative processrr

(p.199) produced by random reinforcement.

A number of other sbud.ies have slto\^rn tùrat inconslstent

reinforcernent duri¡rg acquisition retard.s tkre reversal of a

sirnultaneous brightness discrimination in rats (Grossleight, Hall and

Scott, 1954, Grossligh'b and Rad]-ol, L956, L957, Kendler and Latchburn,

1958, I,lise, 1962, Erlebacher, 196)).

The final issue to be discussed j¡r this chapter concerns the

effect of randoro reinforcement on selective attention i¡r discri:nination

learnirlg. lhe work has been done in operant situations but it, is

considered. here because it is notable for a very closeþ argued discussion

about what is learrred. about relevant and irrelevant cues i¡r a

discrj¡aination úask. The question was raised by an experinent of Wagner,

Iogan, Haberla:rdt ard. Price (fge8). Two groups of rats, in a discrete-

trial operant situation, eittrer learned a tone discrini¡ration (the rttrue

discrfuni¡ationrr or TD group) or r^¡ere subject to a¡r equivalent nr¡nber of

trials during which responses to tones were ra¡rdonþ reinforced (tfre

Itpseudodiscrj¡rinationrr or PD group). A constant stimulus, a 1ight, was

consÍstentþ presented. with each tone for both groups. However, when

the light hlas presented alone, it had. acquired. greater sti¡nulus control

over PD subjects than over TD subjects. After th.e first test session,

half the subjects i¡ each group received further true or pseudoconditioning
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on the tone discrimination a¡rd. ttre renai¡rd.er lterc switched to the

opposite condition. A second. test session followed. this training.

I'or tìle subjects wb.ich continued. j¡r this original condition response

te¡:dencies to tlie J-ight were similar to those existing after Stage 1

and responses to the tones, presented alone, were either very accurateþ

differentiated. (TD group) or u¡differentiated (PD group). Subjects

wh-ich chaaged from the TD to the PD condition increased their responses

to the light a¡rd. tlreir discrj¡ri:ration between the tones deteriorated

bad.þ, but not as bad\y as tùre consistentþ randonþ reidorced group.

Those subjects which were switched from the PD to ttre ÎD conditi.on

dra:r¡aticalþ decreased their reslþnses to the tight and learned the tone

discrimination, but not as well as the consistently reinforced group.

l,Jagner et al argued ttrat a parll;ialþ reinforced cue Ís much less

1íkeþ to be an effective sti¡nulus j¡r isolation when it has been

experienced j-n coropounds cont¿ini¡g elenents more highly correlatæd with

reinforcernent tha¡r vrhen experienced in compoturds which do not contain

more valid elenents. They saw their results as supportilg theories,

such as Sutherland a¡d Mackj¡rtoshrs attention tùreory, which assume ttrat

ttre extent to which an anaþser is switched in depencÌs on tlre validity

of its outputs, or ttreories such as Restlers (1955) theory of discrj¡ri¡ration

l.earnÍng i:r v¡hich cue neutralization is assuned. to occur jn prnportion

to the nwrber and validit'y of cues more highly eorreJ.ated witkt

reir¡forcement. Throughout the discussion ttrere waÍr no suggestion ttrat

frustration v¡as a possible reaction of subjects being randonly reinforced.

or being switched. fron true to pseudodiscrimj¡ation.
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Thonas (t069) proposed a¡r alternative interpretation of

trrlagner et al.rs results. He argued that discri:nination training

pr-oduces a rrset to díscrjmj¡raterr or a rrgeneral. attentivenessrr wh-ich

encourages differential responding along all stimufus dirnensions,

includ.ing 'bhose not i¡rvolved j¡l such training. Subjects are assurned

to learn a nrle of the game - that there is reward to be gained in tLre

experj-rnental situation and tLrat exter'oceptive sti-rûuli can assist in

the pursr:-it of that reward. Such learrr-i-ng transfers 'bo neru problems

despite changes in the releva¡rt stimulus dimensj-ons or response

requirements. By the sane token non-differential rej¡rforcemen'b teaches

subjects either ttre insignificance of a stimulus or the futitity of

responding on the basis of such stimuli. Thomasrs approach contrasts

with selective attention theori.es which view attention as a selective

process narrowilg tùre range of stinuli whj"ch control respondilg.

Accord.ing to these tlreories increased attention to one dimension irnplies

reduced attention to another. Thomas did not derly that pre-discrimination

experience could. erùrance the distixctiveness of a particular stinulus

dimension but he enphasised those effects which transcend the specific

values of ttre training sti-nulus.

Eck, Noel. and Thornas (rg6g) and. Eck a¡rd Thornas (1970) found,

wil,Ìr pigeons, that successive discrjmi¡tation training'with tr¡o line

angles resuJ.tæd. in positive tra¡rsfer to discrimi¡ation performance on

djmer¡sions orthogonal to the inítia1 di-mension - wavelengtkr and brightness.

Friema¡r and Goyette (Wll) foilrd transfer of training effects when botle



93"

stirnulus mocl.ality and. response class (key press or chain pul1) were

changed. betr+een the two problems.

In the Eclt et aI paper, TD subjects were traj¡ed on a Li¡e-

tilt cì.iserimj¡iation fol1-owed by a wavelengtb discrj¡rination, with the

S+ from the initial dj-scrinination superimposed on botkl S+ and S-.

The subjects were then returrred. to the initial dj-scri:nination and,

finalþ, tkrey were shifted to a brightness discrj¡ri¡:.atlon, agail with

1"tre S+ of the initial discrimination present. The TD group learned

the v¡avelength and brightrress discrj.mj-nations as fast as a contrcl

grcup for which the initial S+ was not present duririg these

discriminations, a¡d more ra.piclþ tlra¡ a PD group which was randorn\r

rej¡forced on the }ine-tilt discrirni¡ation. Thomas, Freeman, Svir::icki,

Burr and. þons (tglO) reported. five experiments which showed, wj-th

pigeons, that successj.ve discr.imination traJ:dng along one djmension

sharpened generaU-zation gradients along a second test djmension, by

comparj-son witkr non-dj-ff erentialþ trai¡red. groups. In separate

experiments, the test d.jmension was either present but irreleva¡lt durÍ:rg

trair:-ing, or it r¿as introduced. later. The stu{y also demonstrated a

sharpening of generalization gradients irrespective of whether tJ:e

training and test dj¡rensions were fronr the same or different sense

mod.alities. Thoroas, Mi11er a¡d Sviniciri (1971) fou¡rd. similar results

with. rats. Subjects were shifted from a light iltensity dj.scri¡rination

to a tone discrimination - go far froru preventi-ng tl:e acquisition of

control by a constant, irrelevant stj:nulus, TD train:ing appeared. to
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have enhanced such corrtrÐI.

Thomas, Burr a¡d Eck (1970) extended tkre altærnative

ilterpretation of lJagner et alrs (fg6g) results. Sj¡rce bott: graups

j-n tira1" stu{y were trained. to respond to a compound (tone and. light,)

stimulus, the ligh'o al-one constituted a generali.zed stiurulus, Sj¡rce

discrimi¡ration trafujlg leads to sharper generalization gradienbs

tJ:an non-differenti.al train:ing, the change from the compound trainilg

stimulus to the generalized, Light-onþ stimulus produced a greater

decreme¡rt j:r the gradient of the TD group. This lower response strengtlr

to tù.e light by the TD group sjmply reflected heightened stjmulus control

by the conpound trai::j:rg stirnulus. The PD group, since its gradient

ancund the compotmd stj-noulus r¡as flatter, showed relativeþ J-ess

decrenent i¡r stj-¡nu1us control when shifted from the compound stimulus to

'blte Llgh.t-onþ stimulus. The PD strbjects had been taught to ignore

stinulus djJferences. The TD subjects were more discriminating a¡d so

responded less to aq)r generalized stimulus than tk¡e PD subjects. Thomas,

Burr a¡<l Eck repli.cated I'lagner et al-rs first experiment, wittr ttre exception

that ttre rats were testecl for response strength in the presence of both

the origilal light intensity ar¡d a novel, rìj¡mer light. This test

provided a generalization gradient measure of stimulus control by light
intensiff and it shov¡ed that TD trajnJrlg prcduced a sharper generalization

gradÍelt tha¡ PD trajrlirlg.

An explanation which attempted to reconcile the fildings of

I'lagner et aI and. of Thomas a¡rd. his associates vras suggestecl by Turner and.
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Mackintosh (L972). Honig (1969) had found that PD training wittr

wavelength discriminanda after TD training on a lj¡le-ti1t discrj:ni¡.ation

J.ed to a flattening of the lin,e-tilt generalization gradient,

Sirnilarþ if tJrere were strong but unid.entified, irrelevent stimuli

present i¡ the Thornas e'b al (fgZO) sj.tuation tùrey would. have been

suppressed by TD trai-ning but woufd have gained control durirlg PD

training. Sj¡rce 1,hese stj¡nuli would have been present on the test

trials, tLre TD group would have demonstrated. what control hacl been

acquired by ttre experimentersr const'alt, irrelevant sti¡ull but the

PD group r,¡ould have remained uder the control of the wridentified.,

irrelevant stj-muJ-i. lurner and lulackj¡rtosh extended Hon:igrs experfunent

by corxrteracting the effect of PD training by gi.ving subsequent TD in

the absence of tlre constant irrelevent stimulus. They for¡nd tkrat,

aÌthough control TD and. PD groups (replicating Thornas et aJ., 1970)

differed in respect to tJae generaLízation gradi.ent ancu¡rd the irrelevant

stimulus, this difference was eli¡j"nated by the j¡rsertion of TD traini-ng

between the j:ritial task and. generalization testing. Turner and

Mackj-ntosh arg:.ed ttrat Thomas et al.rs fi¡d.ing can be erçlained as a

test effect of PD trainÍng. PD subjects i¡r botb experiments had been

noticed to be responding at a high absolute rate. This responsiveness

is qrrite consistent with the proposition ttrat tìrere were wridentified-

and irrelevant stimulj in the experimental siüration which exercised,

qtuite strong stimulus control.

Since Tu¡ner a¡rd Mackj¡ltoshrs first experi:nent mereþ found
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no di-ffez'ence between PD and TD cond.itions s¡d did r.ot reverse ttre

difference found by l^lagner et al, the,y repeated tlre experjrent i¡r a

discrete trial situ¿tion i¡rstead of the free operant sj.tuation used

in the first experiment, They forxrd 'bhat PD traj¡ing resr-rlted. i¡t a

sharper gradient than did TD training and. they suggested lJrat, i¡r the

free operant situation, response-produced sti-muli may have been tkre

irrelevant sti¡ouli. Their overall conclusion tüas,

PD anj¡rals do not learn less about tkre constant,
irrelevant stinulus, therefore TD traj¡ring does
not establish a general set to attend to a1l-
sti:nulus d.j-mensions. (p.8)

Conclusi-on

This review of the literature on frustration and. i¡rconsi.stent

reinforeement in discrimi¡ration learning wiJ-l have achieved. its ¡lrrpose

i-f it has gi-ven an idea of the variety and conpler,ity of the research

which has been d.one j¡r this area. The work has ranged f:¡on the precisely

defined situation i:rvestigated by Maier, Amsel and their associates to

ttre stu{y of the effect of frustration on complex behaviour cajnried. out

by Schmeck and his associates. Frustratilg operations have been imposed

on on-going behaviour or they have preceded. learning tasks. Mar¡r

stud.íes involvj-ng random or j¡rconsistent rej¡forcement have beer¡

performed with no suggestion of frustration being involved (e.g,Krechevsþ,

1932t L93); Levine, L9Q, L963b; Seli-gman, Maier and Solomon, L97L;

Mand.ler, Li66; Wagner et al, 1968).

In ttre following chapter a series of experiurents is described
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which i-nvestigated: (a) ¿ifferent frustrating operations a¡¡d

theÍr effect on subsequent d.iscrinination learn5.ng, an¿ (u) ttre

interaction of position responding with both frustration and

lear:rj-ng.

The fol-lowing chapter 5 eonmencès on page lO6.
Page numbers 98 to I05 l_nclusive are not used,
as a result of textual revision.

Note:
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CHAPTER 5

i-t:
\i,

\'l ,r '

EXPERÏMENTS ON'THE EFFECT .OF FRUSTRATTON

ON'SUBSEQUENT DISCRIMINATTON LEARN]NG.

Refe:rence has aheady been made to the expeniment of Ler4r (1969)

which investigated the possibility that fnustnation intenacts with positíon

nesponding and theneby affects discnimination lea:rning (Cn.Z, p.44f).

In the second expeniment of llinefield and Jeeves (fgZOU), thnee subjects

out of ten from the I2-door group had failed to neach the lea::ning cnitenion

on a revensal task aften 260 tr"ial-s. Apant fuom these subjects the slowest

learnen in the glroup took l-25 trial-s to neach cn:'.tenion. This bi-modality

in the data suggested to llinefield and Jeeves an explanation in terms of

Maien-type fuustnation, and Levy investigated this suggestion. She adopted

Maienrs technique of inducing fuustration by,a peniod of :random neinfoncement,

and studied the effect of this fnustnation on subsequent acquisition and

:levensal lea:rníng. Lely for:nd no difference between 2- and l2-doon subjects

on eÍthen task. In other wo:rds thene sras no suppont for the p:redictions

that: (a) tne 2-doon sr:bjects woul-d learn faster than the I2-door sr:bjects

on both tasks; and (b) some of the 12-door sr:bjects woul-d fail to learn

to :levense thnough developing symbol fixations. However, the pattenn of

nesponding ín both groups did seem to be affected by frustnation. By com-

panison with the perforrnance of nats in ear:lien expe::iments in the circulan

maze, which involved símple discnimination acquisition and, nevensal learnÍng,

the fi:ustration tnaining produced slowen learning in acquisition fon both

grloups but had little effeet on rleversal learning. lforeoven, the 2-doon

subjects displayed mone position nesponding in acquisítion and nevensal,

but both 2- and l2-door subjeets displayed less pê:rseve:rative nesponding -¿
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in neversal. The pnopor.tion of 2-doon subjects adopting a steneotyped

position response in reaction to the insoluble pnoblem (50 per cent) was

much less than one night have expected fuom reading Maien, who found that

typically ab-out 80 per: cent of his subjects developed position ster:eotypes

(Cf. Mullins, Vlinefield and l,evy (tSZ3) fon the details of Leryts (1969)

nesults. )

The failure of the peniod of nandom::einfoncement to pnoduce a

diffenence between 2- anð.l2-doon groups was sunprÍsing. Pr:evious neseanch

had shown that position nesponding was not necessa::ily detnirnental- to

discnimination learning and the exaggenated position l?esponding which nandonl

neinfoncernent tends to induce was expected to highlight the difference between

the 2- and l-2-doon conditions. The fact that fewen 2-door subjects than

erpected adopted position habits nay have influenced the nesults. The

over:all conclusion adopted by Mul]-ins, llinefield and Levy (1973) was that

these ::esults supponted the earlien conclusions of Îlinefield and Jeeves

(fSOg) that position responding is a natunal rlesponse to f:rustnation, but

it has no direct effect on sr:bseguent learning. This one experiment,

howeve::, left the issue un:resolved and senved to indicate how complex was

the nelationship between position nesponding, fnustration and learning.

The e:çeniments neported in this chapte:r' were designed to thnow mone light

on the matten.

The most critical issue nevolved anound the d.efinition of frustra-

tion. Levy adopted Maienfs definition of fnustnation, oi. mone correctly,

of a fnustnating situation, and. assumed that a task is fnustnating if there

is no way in which it can be solved. An alternate definitíon of fnust::ation,

one which is associated with the wo::k of Amsel, is in tenms of the non-

fulfilment of expectancies. There is a neal distinction between Maier-

and Amsel-type fuust:ration since it can handly be assumed that o"ts "*puct 
---
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to be able to sofve any discnimination task in which they find themselves.

A nat in Maierrs situation of r"andom reinforcement is unden a conditíon of

stness, which may be la-belled fnustnating, but it is not necessanily

fnustrated fn the sense of not having its exþectancies fulfilled. Besides

extending the work initiated by Levy, the following expenimerrts examined

the effect on learning of two diffenent fuustrating openations.

In both openations the subject-s wene placed under a schedule of

nand.om :reinfor:cement - they we:re conf:ronted with an insoluble problem.

In one situation naive subjects neceived this fnustnatíon tr:aining. This

is analogous to Maier,ts fnust::ating situation. Howeven, it ought to be

noted that the situation díd not involve ave:rsive stimul-ation to the same

degnee as used in Maienrs expeniments - animals were not encoul?aged to jump

by an air blast and nonneinfonced nesponses did not involve a fa1l into a

net below the apparatus. Moreover, assessment of the effect of fnust:ration

tnaining was made on the basis of performance of a nonreversal shift task.

This diffens f:rom Maienrs practice of tnansfenning subjects fnom an insol-ub1e

task to a solvable one with the same discníminmda pnesent in both phases

of the experiment. A nonnevensal shift design allowed the use of appnopriate

cont:rol grolrps without any group being at an advantage on disadvantage as

a :result of pne-exposune to the test discniminanda. In the second situation,

sr:bjects mastened an initial discnimination task befone fuust:ration tnaining.

The effect of such p:re-t::aining was assumed to be the development of an

erçectation that newand would be systematically and diffeþentially pnovided.

The transfe:: to an insoluble p:roblem ,:resu.lted in the nonfulfilment of this

expectation. This situation is anatogous to that defined as f:rustrating

by Amsel. Centainly, Amse1 was Ínte::ested in the effect of pantial nein-

foncement on behaviour, especialllr as measured by speed of nesponse.

I :J:-
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Howeven, Amsetts definition of fnustnation (Cf. page 78) need not be

nestnicted to this situation.

On the basis of a wide iange of exper"imenta.l- r:esea:rch, apant

f::orn that of'Maien and his associates, one might expect expenience with

::andom neinfoncement to have a deb:imental- effect on subsequent learning

(Bittenman et aI, 1953; Calvin, 1953; Calvin et al, 1956; Levine, 1962,

J-963b; Holstein and Pnemack, l-965; Ovenmier. and Se1igman, l-967;, Ove::mier:,

1968; Maien et aI, 1969; Seligman et al 1971; Mandlen, l-966; tlagner et aI'

1968; Eck et al, 1969). On the othe:r hand many of these same workers

repont that the introduction of an initial discnimination lessens the

detnimental effect of nandom neinforcement (Maien and K-Iee, 1943; Tannen,

1967; Trabasso and Staudenmayer, 1968; Seligrnan and Maien' 1967; llagnen

et al, 1968). Hence one might expect: (a) different effects of these

fnustnating ooerations on subsequent discnimination leanning, and (b)

diffenent interactions between position responding and these frustnating

openations.

The previous wonk done in the circular maze, especially by Levy,

suggests that as fan as the intenaction between fuustnation and position

responding is concerned, sùjects fon which posftion nesponding is possible

will not be at a disadvantage. A clean p:rediction as negards the compa:rison

between Amsel- and Maien-type fuust:ration is not possible on the basis of

pnevious ::esearch in the circular maze.

To determíne whethen the above questions wene woÉth fi:rthen

:reseanch, two pilot studies we:re penforrned. The finst of these looked at

the effect of Amsel-t54pecfuustnation on subsequent discnimination and

reve:rsal leanning in the same way in which Lery (t90g) naa looked at the

effect of MaÍen-type fn:stnation. T?¡e second pilot study companed the

two t3rpes of frustration within the one expeniment.
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Fon the sake of ease of exposition, heneaften Amsel-t5pe fnustra-

tion - defined, ope:rationatly, as the development and nonful-filment of an

expectancy - will be refen::ed to as |tfnustrationrr, and Maien-type firustna-

tion - definêd as inconsistent on nandom neinfoncement, oll an insolvable

pnob1em - will be refer::ed to as rrur¡centaintyrt. This terminolory is a

matte:r of convenience and is not intended to imply that one openation is

more accurately descnibed as f::ustnating than anothen.

EXPERIMENT 5.1. The effect of the nonfutfil-nerit of expectancies on

subsequent discrimination learning under conditiorts of reduced spatial

cues: a pilot studv.

METHOD

Expenimental Design

Thene wene four stages in the experiment and they wene as follows:

Phase 1: a black-white discniminatÍon, learned to c::iterion by both 2-

and l2-door grloups in orden to ensune that subjects did have definite

expectations.

Phase 2: fuustnatÍon tnaining - 120 trials of random neinfoncement with

the black-white discriminanda pnesent.

Phase 3: a non-llevensal shift to a ho:rizontal-vertical discnimination in

order to assess the effect of the fuustnation hraining.

Phase 4: nevensal of the honizontal-ventícal- discrimination.

Strbi ects

The subjects wene 12 expenimentally naive, rnale, llistan st:raín,

hooded rats, which l^Iere aPplloximatel-y 100 days old at the beginhíng of
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pretraining. They were maintained at 85 per cent of their act lj-b. body

wei-gtrt throughou'b the experitent but had water available at al-l times.

App.arcbus

The apparatus was ttte circular maze described i-n Chapter 2. The

d,iscrini¡randa used j¡r Phases I a¡rd 2 t¡ere plain black or whitæ. The dis-

criminand.a used in Phases 3 and. d were -L,he horizontal-vertical- discriminand"a

used. in Bxperiment ).2,

Procedrrre

Pretraining. The pretraining procedure used in th-is experi.nent

was the sarne as that used' in Experiments 3'I and 3'2' 0n the day followi:rg

the end. of pretraining subjects were transferred to the j¡ritial discrjmination

task.

Phase-_L¡;!¡¡itial d_j-qcrimi:lgtion training. The procedure used

i¡r the i¡ritial" black-white discrininatlon was tj:e såÌne as that used i¡t dis-

crj-ni:ration training iri Er.perjment 3.2. hlhen subjects attaj¡rod a criterion

oî 22/Zl, correct responses over two consecutive days they were transferreclt

on ttre following day, to the ra¡rdom reinforcernent situation.

3þæ._Zi_ f{¿s_lrat_i_on trainins. Each subject was given 120 trials

(fO aays) of frustration training during which reinforcernent was randonly

dispensed.. On half the daiþ trials, tLre white doors were locked and the

black doors were unlocked and vice versa. For ttre 2-door subjects the door

on tLre right was locked on half the daiþ trials and the door on the left

¡ras unlocked. a¡rd vice versa. Both. ra¡rd.om reinfo:'cement ancì. the position

of the rrnlocked door were determi¡red by FelJ-owsr (tg6l) series, i.e. ttre

ra¡rd,om rei¡rforcement lra.s rro+v truly rarrdom but was such that no response

pattern could. gain reidoreement on more tha¡r 50 per cent of the d.aiþ trials.

Where possible, subjects v/ere nrn in groups of ).
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The fact that subjects completed Phase I training at diffenent::ates meant

that it was not always possible to nun them in groups of 3, but the inten-

trial ínterval of 2-3 minutes was always netained. Apant fnom the ::anclom

neinfoncement schedule, the subjects wenå: t:reated in the sane vray as they

we::e in Phase 1. 0n the day following completion of the 120 tnials of

nand.om reinfo:rcement, subjects we:re tnansfe:rned to Phase 3.

Phase 3: tnansfer^ 'Eask. Subjeets we::e tnansferred to a ho::izontal-

vertical discnimínatÍon and tnained to a leannÍng cnitenion of 22/24 co:rnect

oven two consecutive days. Fon half the subjects horizontal was the S'¡

and fon the remainden vertical was the S+. Subjects wer:e allotted to

these two groups on the basis of Phase l- sco::es ín order- to contnol fon

individual díffenences rega::ding stimulus preference and leanning abílity.

As fan as possible subjeets wene nun in groups of 3, but, in any case, the

Íntertr"ial interval of 2-3 minutes was maintained. 0n the day foÌlowing

attainment of the leanning cnite:rion subjects wene tnansfenned to Phase 4.

All othen details of the procedure werle as in the pnevious experiments.

Phase 4: r-eve::sal learníng. Following neversal subjects we::e

tnained to a cnitenion of 22/24 conrect nesponses oven two consecutive days.

The pnocedr¡:re used for revensal tnaining was the same as that used in

pnevious tasks. One 12-doo:: subject had not attained the leanning c::itenion

on the never:sal task after.240 tnials, whereas the next slowest subject

neached críte::ion in 192 tnials. Since this experiment was only a pilot

study, this subjectrs tnaining was tenminated.

RESUL.TS

The nesul-ts of Expeniment 5.1 are sunmarised in Table 5.1.
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TrláLs to criter^iorrlon ttre initial- discrnirnination

task (B/!l) the'tnansfen taSk (H/V) 'and'its neversa-L

Phase I (B/vI)

f : 48.8

S.D.: 16.9

X : 49.0

S.D.: 20.7

Phase 3 (H/V)

* : 47.3

S.D.: 37.6

X : 4l-.0

S.D.: 17.9

113.

Phase 4 (Reve::sal)

I : 111-.7

Median 92.5

S.D.: 60.0

Median: I19. 5

(r s raired to learn)

Gnoup

2-doon

(m: o)

12-doon

(n:o)

The::e was no diffenence between the 2- and l2-doon subjects on

the initial black-white discrimination on the subsequent honizontal-ventical

tnansfen task. (t < t, p ) .05 in both cases). In this sense the pilot

study supported the finding of Levy (1969) that the presence on absence of

spatial cues vras not cnitical.

Dr:r'ing f::ustnation trainíng (Phase 2) all the subjects continued

to nespond to the stimulus which had been their S+ in Phase 1, so the initial

discnimination learníng had led them to expect diffenential ::einforcement.

Howeven, the 120 t::ials of nandom neinfo:rcement seemed too long a pe::iod of

frustnatÍon tnaíning. Initially subjects showed distness and vigonous

::esponding, and then they appeared to habituate to the new 50:50 schedule.

On the- basis of this obse::vation a shonten peniod. of ::andom reinf-oncement

was used in laten expeniments to ensure that when subjects wet'e tnansfenned

to the solvable task the effect of the nonfulfÍlment of thei:: expectancÍes

would sti1l be stnong, and they would not have had time to change thein

expectancies.

By companison with the previous experiments done Ín the cinculan

maze, with honizontal and ventical stripes as the discniminanda, the tnansfen



114.

task in Exper"iment 5.1 was acquired mone slowÌy by the fnustrated subjects

than by naive subjects (Multins, 1969, Cf. Table 2.I, p.43 of this thesis)

and more napidly than by subjects subjected to Maier-t54pe fuustnation (Levy,

1969, Cf. Table 2.2, p.45 of this thesis). Howeve::, díffenent expenimental

condítions (e.g. stimulus size, deprivation level, cnitenion level, and tnials

per day) make these companisons unreliable except as indications fon laten

reseanch.

EXPERII\'{ENT 5,2. A compa::ison of the effect of two f::usû:ating oper"ations

on subsequent discrimination learning: a pilot study.

I"[ETHOD

Exper"imental Design

The expenimental design was a 2 x 2 design with 2- o:: l2-door

groups subjected to two different fnustrating operations - either 60 t::ials

of :random neinfoncement alone (uncentainty gnoup) o:: ::andom r"einforcement

pneceded by the acquisition of a black-whíte discriminatÍon (fnust::ation

g:roup). The 4 groups r^rerle compared on the basis of thein acquisition of

a subsequent honizontal-ver"tical disc:rimination. Hence the:re we::e three

stages in the expe::iment: Phase 1, an initiat black-white discrimination.

Phase 2, 60 trlals of

nandom neinforcement; Phase 3, transfen to a horizontal-vertical discnirnina-

tÍon.

Subiects

Ttre sr:bjects in this experiment we::e 14 exþenimentally naive, maile,

!{ísta:: stnain, hooded ::ats whích wene app::oximately 100 days old at the
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beginning of pretraining. They wene rnaintained at 85 per cent of their

ad Ii5. body weight thnòughout the experiment, but had waten available at

all times.

Aooa::atus

The appa::atus was the cinculan maze. The discniminanda used

in this expeniment were the black-white and horizontal-ventÍcal disc:rininanda

used in Experiment 5.1.

P::ocedu:re

pnetraining. The procedure fon pretnaining in this experirnent

was the same as that used in previous experiments, except that on the day

following the completion of pnetraining half the subjects began training

on the initial discrimination (fnust::ation g:roup) and the remainder (uncer-

tainty gnoup) were kept in their home cages until- the fi:rst fnustration

subject was ::eady to begin fuust:ration tnaining (4 days).

Phase 1: initial discr"imination. Th::ee l2-door subjects and

for:r 2-doon su-bjects were tnained to a c:rÍtenion of 22/24 oven two

successive days on a black-white discrimination as in Expeninent 5.1.

Phase 2: f::ustration tnaining. All subjects, a total of six 12-

doon subjects and eight 2-door subjects, were given 60 tnials (5 days) of

f:rustration training as in Experiment 5.1. Fo:r all groups the black-white

disc::iminanda wer:e present du::ing the random :reinfoncement. 0n the

completion of fuustnation firaining subjects were tr:ansferned to the

honizontaf-ventical task.

PheSe S:' tÍ'AñSfel" t¡ainins. All subjects leanned the honizontal-

ventical discrimination to a critenion of 22/24 co::nect over two successivè-.
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days. The pnocedure used was the same as that used in Expeniment 5.1.

RESULTS

The results of Expeniment 5.2 are sunmarised in Table 5.2.

TABLE 5.2

Tnials to cnite:rion on the initiat disc:rimination

task (B/vü) and the ù:ansfer task (H/v) of Expêníment 5.2.

Gnoup

Fnustration
Group

Uncertainty
Gnoup

2-doon

12-doon

2-doon

12-doon

Phase I (B/w)

f : 39.25

N:4

58. 3

3

Phase 3 (H/V)

I : 33.0

N:4

z 37.7

:3

: 46.0

:4

: 56.0
.e

X

N

X

N

x

N

x

N

Duning fuustration tnaining (Phase 2) the fnustration groups

continued to nespond to the stimulus which was thei:: S+ in Phase 1, as was

obsenved in Experiment 5.1. As negands the uncentainty gnoup, the 2-doon

sgbjects adopted position habits and the I2-doo:r subjects appeared to nespond

nandomly in the sense that they did not systematically choose any panticular

doon or symbol. The results of this experiment wene pronising in the

sense that they indicated the usefulness of fi:r'then reseanch. Looking at

the means, the different fuustration operations seem to have had diffe::ent

effects. The Maien-t3rpe f::ust:ration was more detnimental to subsequent

pe:rformance on the ho:rizontal-vertical task. Seeondly, the 2-door subjects

consistently perfonmed betten than the 12-doo:: subjects. Since this was
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a pilot study, the numbers in each gl?oup were small and statistical

significance r{as not to be expected. In fact, the difference between

the 2- and l-2-door subjects on the initial black-white discnímj.natÍon was

not signifióant (t(5) = 1.369, p >.f). A2x 2 analysis ofvaniancerby

the rnethod of unweighted means fon unequal cell fnequencies (Winer, 197I,

p.a02), of the trials to cniterion on the honízontal-ventical tr.ansfer task

indicated a nonsignificant effect fon the 2- vensus l2-doon variable

(f < t, p ) .05) and a nonsignificant effect for the pretransfer t::eatment

vaniable (r(r,ro) = 2.865, p > .05).

On the basis of the nesufts of Expeniments 5.1 and 5.2 it was

decided that a full scale experniment, with appnopniate control groups, vras

wo::th penforming.

E)GERIMENT 5.3. The Effect of differ"ent frustnäting ope:.ations on

subseq uent discnimination learninq with and without reduced spatial cues.

The indications fnorn Expeniments 5.1 and 5.2 wene that different

fnustnating operations had quite diffe::ent effects on sr:bsequent discrimina-

tÍon penfot?mance. It ::emained to be seen what these effect we:re nelative

to each othen. Ttris could be done only by compa::ing the effect of both

operations within the one expeniment, under the sane expenimental conditions,

and with the appnopniate contnol conditions. Thus the two experimental

conditions were:

(a) a frust::ation g:roup which leanned an initial disc::iminationr I^Ias

srrbjected to a peniod of nandom:reinfoncement, and was then tnansfen:red to

anothen solvable díscnimination ;

(b) an ur¡certainty group whiòh was transferred from an insoh:b1e pnoblem

to a solvable disc:rimination. .. _ii
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The contnol groups considered app::opniate we:re:

(a) a control for learning-to-1ea::n, which consisted of a simple non-

:revensal shift fnom a black-white discri¡nination to a honizontal-ve::tical

discrimination. There was the þossibility of positive t::ansfer fi:om the

initial black-white discrinination to the subsequent honizontaf-ventical

discrimÍnation and this tnansfen could eithe:: cancel out the detrirnental

effect of the intervening r"andom ::einfoncement on add to any facíl.itati.ng

effect of fuustration training. Hence this leanning-to-leann control

group was appropniate, pnimanily, fon the f:rustnation condition;

(b) a naive contr"ol group which lea:rned only the honizontal-venticaf

discrimination and its revensa.l-. This glroup was appropriate, p::imanr'-ly,

fon the uncentainty condition.

Despite the previous research done in the cincula:r maze, i.e. the

experiments reported so fan ín this thesis and those neported in Winefield

and Jeeves (tszo¡) and Mullins, winefield and Levy (1973)r the nole of

position responding in discnimination leanning nemained obscu:re. In none

of the e>çeniments perfonned to date had the nats with ned.uced spatial cues

leanned a discni¡nination mone quickly than those with spatial cues available,

and the::e Îrere some situations (a difficult initial discrimination and, occas-

iona11y, rleversal learning) in which the pnesence of spatíal cues seemed.

to facilitate leanning. Despite Lery (1969), who looked at only one form

of fnustnation, the possibility nemained that thene was a critícal relation-

ship between position respondíng and frustration. Consequently the 2-

versus l2-doon companison was retained in the pnesent expeniment in the hope

that there would be :revealed eithe:r an intenaction between positíon responding

and diffenent t5pes of f::ustnation orl a consistent ::elationship between the

presence and absence of spatÍa} cues across the four conditions.
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The expeniment was considened to be a test of the following

pnedictions:

(a) that any diffenence between 2- and l-2-door- groups would be ín favoun

of the 2-doo:: sr:bjects, inrespective of the f,nustnating openation;

(b) r-andom neinfoncement would have a det:rimental effect on subsequent

discnimination leanning, so that the fi:ustnation groups wouLd compare

unfavourably with their appnopniate controÌs;

(c) Amsel-t¡¿pe f::ustnation would not have as deletenious an effect as

Maien-type fnust:ration, or uncer:tainty, on subsequent learning.

METHOD

Expenimental Design

The design of this expeniment was a 2 x 4 desÍgn with 2- on l2-doon

gfoups sr:bjected to various pretnansfen tr"eatments and. companed on the

basis of penfonmance on a su-bsequent honizontal--ventical tnansfen task and

its revensal. The design of the expeniment is surn¡nanised thus:

Condition: Tneatmént:

Phase L Phase .2 . .Phase 3 Phase 4

F:rusü:ation

Leanning-to-leann
Control
[Jnce:rtainty

Naive contnol

BlW

BlW

Random
neinft.

Random
neínft.

HlV

HlV

H/v

Hlv

Revensal

Reversal

Revensa]-

Revensal

SubJects

The sr:bjects in this experiment wene 71 expenimentally naiver male'

lùista:r stnain :rats which we?e apprloximately 100 days old at the beginní¡g of
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pretraining. These were naintained at 8J per cent of their ad lib.

body vreight throughout the experimenb but had l¡ater available at all

ti:nes.

Apparat&ts

The apparatus was tJre circular maze. The discri¡rj-nanda were

the same as tùrose used i¡r Experimenl 5,2.

Procedure

Because of the n¡mber of subjects i¡evolved ttre experiment was

run in two stages with 39 subiects nrn i-n t'kre first stage arud 32 subjects

nrn in the second stage. Houever, all experimental conditions wele

represented in each stage.

P¡.gtrajninf,. The procedure for pretraining was tJre sarne as that

used i¡r ttre previous experiments.

Phase 1: initial discriq . Half subjects from bottl

2- and l2-d.oor groups, 18 rats from each, r¡¡ere trained. to a criterion of

22/24 correct responses over two successive days on a black-white

discrjmination, as in Experiments 5.1 and 5 .2. 0n the day followi-ng

attainment of ttre 3-earrring criteriont 9 l2-door subjects a¡rd ) Z-doot

subjects were tra¡rsferred. to the horizontal-vertical discrimj-nat^lon
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(pfrase 3) and the remaincler began frustration training (Phase 2).

Subjects were allotted. to tùrese concLitions on the basis of their

attainrnent of the initial- learning criterion.

Phase- ?: frustra!!-on trailine. Nj¡ie I2-door subjects

and 9 2-door subjects from Phase I a¡rd- 9 l2-door and 9 2-door

naive subjects were given 60 trials (5 Aays) of ra¡dom

reinforcement as in Experiment' J.2.

Phase ?: tr¿rnsfer trajni¡s . AJ.l subjects were treined

to a criterion of 22/24 correct responses over two consecutive days

on ttre horizonta.l-vertical d.iscrimj¡ration wit'Ìr the satne procedure as

had been used in th.e previous experjments. As far as possible subjects
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were raun in groups of 3 or 4 with an intert:rial intenval of 2-3 minutes.

Subjects we::e allotted to graoups with horizontal as S+ or- ventical as S+

as equitabÌy as possihle in onde:r to balance stimulus prefenences and

individual diffenences in leanning ability.

Phase r[: reve¡isal tnaining. 0n the day following attainment of

the tnansfen tnaining cnite::ion, all subjects wer.e trained to a critenj-on

o'f 22/24 connect nesponses over. two consecutive days on the nevensal of the

ho::izontal-venti cal- dis cniminatíon .

RXSUTTS

Rate of leanning

The nesults of Experirnent 5.3, in tenms of tnials to c::itenion,

ane summanised in Tal¡le 5.31.

Thene vras no diffenence in tenms of tnials to critenion between

the foun groups which l.earned the initial black-white díscrimination (F < 1,

p > .05). This was convenient in that these groups could be more easily

cornpaned on performance in the t::ansfen task.

Duning fnustration tnaining (Phase 2) tt¡e fuustration

grloups continued to r:espond to the stimulus which had been

their S+ during the initiat discnimination. The mean numben of responses

to the former S- was 4.1- and 4.6 fon the 2-doon and l2-door fnustration

gr?oups nespectj-vely over" the 60 :random neinforcement tnials.

A 2 x 4 analysis of vaniance, by the method of r:nweighted means

fon unequal cel1 fnequencies (llinen, 1971), of the h:ials to c::Ítenion on

the honizontal-ventical- transfen task indicated a nonsignificant maín effect

fon the 2- versus l2-doon vaniab]-e (F(1r63) = 2.617, p ) :05) but there was

a significant effect fon the pnetnansfer treatment va:riable (F(3163) = 11.120,
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TABI,E 5.}L

eri teri-on on tjne

f o- * o qL- /u /ff \ qnrl

N Phase r (s/hl)

9 i ¿54.2
S.D. z 26.2

ini'l;i al discri.mination task

/n l^r\ t.Ìro 'l-nq

T

Group:

Naive
Control

to

2-door

i J'e <nl i n ll.¡rne ri¡lent

Phase ( (Reversal

1 z 97.L

S.D. z I7.L

c?rever

Phase I $t/v)

X | 29.9

S.D. | 9.6

Frustration

l2-door 9 X

2-door 9

Learning-to-

l2-door 9 1

z 26.'l
z L7,5

1 z 17.6

S.D. : 16.7

¡J.

s.D.

:58.1
| 2l-.6

z 5).3
z ZO.J

z 57"4

z 2?..O

z 2/r.O

z 17.4

| 47.3
I L9.4

S.D.

D

1

D

X

SD

.3

.7
95i

D

1
S

X

s.D.

D

X

c!

e

S.D. z 32

¿ L)).8
: 27.1

: 110.1

z 54.4

leatn

X1

1X

S.D.

S.D.
Uncertainty

2-door 9

l2-door 9

2-door I

l2-door 9

S.D

¿ I)4.2
¡ 70.8

| 1 ly'+,O

z 39.'l
I :60.8 Î
S.D. z 25.3 S.D.

36.
15.L S.D.

: 100.0

z 3L,?

D

X

X

1

z /¡8.L
I r5.)

z 15L.5

z 78.3

p ¿ .OO5). The interaction effect was not significæt (F < 1r P > 
'05) '



722a.

Or'thc;gona1 pla:r:red comparisons (as ín hliner, L971, pa.ge 44,9)

v¡ere nade be'br*een the meeurs of the 2- arrd l2-door groups bu'b

ùhe dj.fferenoe,c r.qere not si.gnificant (t(ó3) < 1, p > .05 ; for

tlre frustration arL.d learn5-ng-to-1earn groupsi t'(63) = 1.5A.5,

p > .05 forbhe uncerta.i-nty groups; f(O) = )..))22 p .O5

for the naive control group). Hovever, the frustration groups,

wj-th the 2- a¡d l2-door subjects cornbined, uere si.gnificemtly

slor"er to reach criterion than the 1-ee,rni-ng-to-learn control

groups (t(63) = 2.Q7, p < .01) and 1,be u¡certainty groups

differed. signifj-cant\y fr:'om the naive control groups (t(e¡) =

3."/c)9, p < .005). I'inal.þ the groups which had J-earned. the initial

black-white discri¡aination acquired the horizonta.l-vertical-

discrinination faster tha¡r the groups which did not learrr tltis

initial. task (t(63) = 2I.338, p < .005). The course of transfer

acquisition by the different groups is illustrated j¡ Figures 5.31

e.:rñ. 5.32.

An enaþsis of varj.ance of the trials to criterion for

tkre reversal task reveafed a significant effect on the 2- versus

12- varia.ble (f (fr63) = 5.299t p <,05), a nonsignificant effect

on ttre pretrarsfer treat¡nerrt variable (¡'(¡r63) = !.577, p2 .0J) and

a nonsignificant interaction effect (n ç L, p > "05). The same

plarrned compari.sons as were macle on ttre horizontal-vertical

acquisition scores were made on ttre reversal scores, i.e. between
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2- a¡d l2-d.oor fru-stration (t(6¡) = L.JLJ2 p > .05), Iearnilg-to-

Iearn (t,-I, p >.05), r:ncertainty (t<t, p >.05) and naive control

grcups 1t(6f) -- 2,o33t p< .o5); between the frustration groups

and tlre learnj*ng-to-learn control groups (t(ó3) = L.474, p > .05)

and be'bween the wrcertainty groups a¡rd tkre nai,ve control groups

(t(63) = L536, p > .05). The onþ sj-gnifj-czmt differences were

between the 2- and l2-door naive control groups and between the

groups r¿ìri-ch learned the i-n-itial- black-r"¡hite discrínination and

tùiose r^rhich did. not (r(Ø) = 7.626, p ¿ .005) . The course of

reversal.. J.earni:rg for ttre ùifferent groups is íIfustrated i¡

Figure.s 5.33 and 534, The pattern of errþrs th.roughout the

experiment corresponded closeþ r¿ittr that of the trials to

criterion.

Position respondilg

The anou¡rt of positi-oi responding observed in the 2-door

groups is summarised i¡ Tab1e 5 32 in terms of the mrmber of

days on r.¡h:ich subjects chose one side on more th.an 9 out of l2

tri-a1s.

,d



FIGURE 5.31

ACQUISITION OF HORIZONTAL
VERTICAL TRANSFER TASK.

(Exp. 5'3 Phase 3) 2-Door Groups.
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FIGURE 5.32

ACQUISITION OF HORIZONTAL
VERTICAL TRANSFER TASK.

(Exp. 5'3 Phase 3 ) 12 - Door GrouPs.
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REVERSAL
VERTICAL
(Exp. 5'3

FIGURE 5.33

LEARNING OF THE HORIZONTAL -
DISCRIM¡NATION.

PHASE 4) 2 - Door Groups.
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Htr,VtrI-{UAL
VERTICAL
(Exp. 5'3

LtsAl-{NtNU Ut- il-its t-toRtzoN tAL -
DISCRIMINATION.

PHASE 4') 12 - Door Groups.

¿

U)
tu
U)zo
È
U)
TU
E

t--
O
LU
E
Eo
O

LLo

cÉ
tll
m

lz

z
IU

13

12

11

10

I

B

7

6

5

4

3

2

1

Þ
.0. oooo

,ùtt
I.t

Þ+Í
.ú

+ol

FRUSTRATION

LEARNING- TO - LEARN

UNCERTAINTY

NAIVE CONTROL

ÞsÐ

,s

tf

246

ey
(

/

.ú

;--.0 12

o.....'o 12

H12
cl- - -tr 12

*d

o

o

( ,Ú

,g

o

/

,D

È
o

CONTROL

8 10 12 14 16 18 20 22 24 26 28 30 32

DAYS (blocks of 12 trials)

DOOR

DOOR

DOOR

DOOR



72/r.

TABLE 5.32

Posi-tion r1sp-onrling bv 2-door sroupg
(Davs of more t]7a¡- 9/72 to one side)

Group

Frrstration

Phase r (s/fi)

12l,.7
Phase 2

X:O

Phase I @/v)

1:0.7
Phase (

1r2.9

Learning-to-
learn control i : 2.8 X : O./a, X i 2.9

Uncertainty 122.L122./ç125.o

Naive control i:1.1 i22.6

There vJas no signlficant difference betv¡een the frustration

a¡d learnllg-to-learn control groups as regards position responding

dnring tåe i¡ritial black-white discriroination (t(16) = L.'135, P >

.OJ, two-tailed). Si¡tce ha}f the subjects scored zero days of

posiLion responding in ttre course of ttre transfer task, a nonparalnetric

I(nrskal-lJallis one-r,ray anaþsis of variance (Siegel, L956, p.J34) was

used to anaþse the data. The difference between ttre groups was

significant (H = g.6LI, * = 3, p <.05). A one-vray anaþsis of

varj.ance on position responding during reversal trai¡ing was not

significant (F< 1, p > .05) .

In the l2-door groups, onþ 6 days of position responding

lrere recorrled throughout ttie entire experiment. the distribution
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of d.oor preferences is surnrnarised j¡r Table 5,33. The overall-

pattern close]y resembles that obseruecL jx Experi-rnents 3.1 a¡d

3.2.

TA-BIE 5.)3

nn¡rq 'i n l.he 'l Z-dof)onr.

Group

Frtrstrati"on

Learni:rg-to-learn
contro].

no - of 'brials per dav on which most oreferred.

doc¡r was chosen

Phase 1 Phase 2 Phase 3 Phese 4,

3.O 3,2 2.9 3,2

or sub

3.4

i a¡tcr

3.O 3.L

IJncertairt$r 3.O 3.2

Naive control 3.O ).3

Perseverative respondine

The amount of perseveration, in terms of both" d.qys on

wlrich subjects made more +nan 9/V responses to the fo:mer S+ a¡¡d

the nr¡mber of nonrewarded responses before ttre fj.rst correct response

following the reversal of ttre horizontal-vertical discrimi¡ati-on,

ís i¡rdicated i¡l Table 5.)4.

3.6



Gnoup

Fnustration

Leanning-to-
learn contnol

Unce::tainty

Naive
Contnol

Days of > 9/I2
to fo::men S+

1.25.

No. of tríals
befone a conr-ect
response

X : 9.0

f : 16.8

X : 19.7

Î : l-6.4

X : 18.4

X : 18.3

I :13.9

TABLE s.34
=i

Persevenative nespond:'-ng du::ing revensdl training.

2-doon

12-doon

2-door.

12-doon

2-doon

12-d.oon

2-door.

12-doon

: 1.9

z 2,9

r
x

72x

X

r

I : 3.1-

3.L
4.3

I
Ì

: 3.1
I6

Ã 2 x 4 analysis of vaniance on the days of persevenatÍve

nesponding nevealed no significant main effects on the 2- versus l2-doo:r

va:¡iable (f(rr6e) = 2.675, p ) .05) o:r pnetnansfer tneatment vaniabl-e

(f(grOe) = I.822, p ) .05). The intenaction effect was not signifícant

(f < f, p ) .05). Íhe only planned companison which was significant

was that between the g:roups with and without initial black-white tr:aining

(t(Og) = 8.281, p ( .005 two-tailed). 
.

The above nesults leave unansr^rered a numben of questions and

are subject to alternative explanations which can only be resolved by

funthen expenimentation. Consequently the detailed discussion of these

nesults will be postponed until these expeniments (Expeniments 5.4, 5.5

and 5.6) have been descnibed. Howevenrsome bnoad conclusions can be

fonmul-ated.
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(a) Random reinfo:reenent dÍd have an effect on the acquisition of the

subsequent discnimination and this effect l¡as more mankeä fon the üDeêr-

tainty groups than it was fon the fuustr.ation groups.

(b) Ttre presence on absence of spatial cues was not a cnitical facton

except in r"evensal lea:rning. SÍnce this nesult menely neplicated p::evious

findings, and at g::eat cost Ín time and enenry, the neve::sal phase was not

included in subsequent experiments. Howeven, fon relatively snall gnoups,

the differences between the 2- and l2-door uncertainty and naive control

glroups vüere pnomising. It seemed wor.thwhile to incnease the numben of

sr:bjects in these groups to detenmine whethen the nonsignificance of the

2- versus I2-doon effect was due to sarnple size. This was done in

E>çeniment 5.4.

(c) Those groups which Lea:rned an initial black-white discnimination wene

gneatly advantaged in leanning the subsequent ho::izontal-ventical discnimina-

tion. This effect showed up in acquisition, persevenation and ::evensal

scol?es.

One question which should be naised at this point conce::ns this

weak effect of:random neinfoncement on the fnustration groups and the apparent

irnpontance of the Ínitiat black-white discrimination, It is possible that

the nelatively fast acquisitíon of the horizontal-vertical discrimination

by the fnustnation groups as compared with the unce::tainty grloups was due

to the extent of the positive tnansfen fnom bJ-ack-white to horÍzontal-

venticaf. Cer:tainJ-y, the learning-to-leann group pnovided a control con-

dition, but only fon positive tnansfer due to the expe:ríence of lea:rning

a discnimination befo:re being shifted to the transfen task. It did not

cont::ol fon positive trånsfer due to the panticulan s5rmbols used in the

initial and tnansfen tasks, i.e. it did not exclude the possibility that
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a honizontal-ventical discninination rnay be easien if subjects have alneady

leanned to d:i.stinguish between btack and white. Indeed, Law (1954) showed

that subjects trained rqith black as S+ pnefe:: honizontal patter"ns and those

tnained r^rj.th white as S+ pnefen ve::tical pattenns. To a centain extent,

the question could only be answe::ed by doing anothen experiment with

different symbols. Such an investigation was inconpor.ated in Expeniments

5.5 and 5.6. lfíthin ex¡eninent 5.3, hor^reven, it was possÍble to tell- whethen

the panticul-an values of the stinuli used, on pantículan combinatíons of

these values used, had any effect on the leanning of the tr.ansfen task, despite

the countenbalanced design used to contr.ol this facton. ![hen the data was

brokel: down into subgr.oups on the basis of whethen black o:r white was the S+

and whether the subject was tnansfenred to horízontal on ve:rtical, the numben

of subjects pen gnoup was too smafl to allow a meaningful analysis. Howeven,

thene was some indication that subjects with white as thein S+ wer:e able to

Iea:.n the t:ransfen task fasten if honizontal was S+ than if vertical was S+.

This effect was mone notj.ceable in the 2- anð.I2-doon leanning-to-learn Etroups

than in the fnustratíon groups. These sub-gr"oups within the 2- and l2-door

conditíons were menged on the basis of which symbol was S+. The pattenn

which emenged is summarised in Table 5.31 The fact that the subgroups

were not equal in terms of tníal.s to cr.iterion on the initial task was due

to the ove:rniding concern to aÌIot strbjects equitabty to tneatment gnoups.

Anothen possible explanation of the r.elatively weak effect of

nandom ::einforcement on the fuust::ation gï'oups is the possibility that the

frustration subjects were not:really fi:ustrated by 60 t:rials of :random rein-

foncernent. This could be for two reasons: (a) the 50:50 newand:nonrewa::d

condition that constituted nandom reinfoncement pnovided rewa:rd with

sufficient fnequency to offset the fuustnative effect of nonnewa::d;



TABTE 5.35

T:ransferi due to symbol pt'efeferlces.

r28.

Mean tnials to critenion on
Initial task Tnansfen task

Direction of s5rmbol tr'ansfen

2 door Ss

Bl-ack to
ho::izontal

ventical

horizontaf

ve:rtical
White to

12 doon Ss

honizontal

ventical

honizontal

vertical

(
(
(

(
(
(

33. B

54. 5

49.2

83. B

41.0

64. 3

64,2

64. 3

27,2

28.5

14.0

26.8

l-5 .4
B1ack to

26.8

LT,2
White to

49.0

(b) the continuing presence of the stimulus which was S+ in the initiat

dise:ri¡ninatÍon provid.ed sub j ects with a consÍstent way of nesponding and

one that, from the natrs point of viewr Ìrês consistently rewar:ded according

to a pantial neinfoncement schedule. In othen wo::ds, it may not be the

expenience of being consistently rewanded on the ínitial task which helps

subjects cope with later fuustnation, but the p:resence of a stinulus which

has prevíously been assocíated with ::ewand.

Subsequent expeninents investigated these points by means of a

more nigonous random neinfo::cement schedule (E>çeriment 5.5) and by nandom

neinfoncement of stimuli othen than the stimuli used in the initial

discnirnination (Expeniment 5.6) .

(
(
(

(
(
(
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EXPERIMENT'5.4. 'RëÉl,icatión of the uncent¿lintv ¿ind naive contnol

conditioris frrom Experriment 5.3.

METHOD

The expenimental design, apparatus and pnocedu:re used in this

expeniment were exactly the same as those used for: the uncentaÍnty and

naíve contnol groups of Expeniment 5.30 except that Phase 4 (ne' sa1 of

the honízontal-vertical discnimination) was not netained. A fi.r.; ,-lren 23

nats of the sanre type and condition as those used in Expeniment Ii.3 were

distnibuted acnoss the four expenimental gnoups.

RESULTS

The results of both Expeniment 5.4 and the uncentainty and naive

control groups of Experiment 5.3 ane cornbined in Table 5.4.

A 2 x 2 analysis of vaniance of the hrials to cnite::ion on the

horizontaL-ventical transfen task, ::evealed a significant main effect fon

the 2- vs. l2-condition (F(1,54) = 4.746, p ( .05) and a nonsignificant

pretnansfen tneatment effect (f(1r54) = 1.323, p ) .05). The íntenactíon

effect was not significant (F < 1, p >.05). The same planned companisons

as had been made in Expeniment 5.3 were made between the individual means.

The difference between the 2- and l-2- doon unce::tainty groups was significant

(t(54) = I.773: p < .05) wheneas that between the 2- and l2-doon naive

contnol groups was not significant (t(54) = 1.320, p ) .05). Although

the pnetnaining main effect in the analysis of vaníance was not signÍficant,

the 2- and l2-door uncentainty groups we::e significantly diffenent fuon the

2- and l2-doon contnof groups (t(s+¡ = 2.302, p ( .05). These results do

suggest that the faih:re to fínd a signíficant diffenence between the 2-

and l2-door conditions in Expeniment 53 nay havê.'been partþ due to tþe fact,
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TABLE 5.4

T::iats to crtÍte::ion on the jt¡1áûSfen

têisk (H/V) of ExpenÌment 5.4.

Gnoup

Uncentainty 2-doon

I2-doo:r

Naive contnol 2-doon

12-door:

Phase 3 (H/V)

t:
S.D. :

N:

1:
S.D.:

N:

40.4

20.7

15

53.7

23.2

15

I : 36.0

S. D. : l-4.1

N :14

* : 45.9

S.D.: 18.5

N :14

that the numbe:: of subjects in the individual groups was not large. This

should be borne ín mind when the results of Expe::iment 5.3 a:re discussed.

EIGERII'ÍEM 5.5. The effect of rno::e severe f::ustration on subsequent

clrscnrmlnatron l-earnLnq.

Random r:einforcement is usually taken to mean that, on any trial,

the dubject has a 50:50 chance of being rewarded. This was the schedule

of nandom :reinfoncement used by Maien and it was the schedule of:reinforcement

that was used in the pnevious experiments repònted in this thesis. Howeven,

it is possible that such a schedule of random neinfoncement, pnoviding as

it does newands on half the dayrs tnials, is too generous to really frustnate
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the subjects. Consequently, a morle sevene schedule of ::einforcement

was used in this expenÍment..

},IETHOD

Expenimental- Design

The ove::aIl design of this expe:riment was essentially the same as

that used in Expeniment 5.1 and fon the fnustration and learning-to-l-ear:n

cont::ol groups of Experiments 5.2 and 5.3, namely, an initíat discnimínation

whích was lea:rned to cnite:rion by aI1 sr:bjects followed by eithe:r a non-

revensal shift to anothe:r solvable discnimination fon half the subjects

(the leanning-to-learn contnol group) on a peniod of nandom reinfoncement

befo::e the non::eversaf shift for the remaining subjects (the fi:ust::ation

g:roup). Two inportant changes rnade within this design were:

(a) the use of a mo::e severe or more fuust::ating random neinfoncement

schedule fon the fnustnation glroup. Instead of a 50:50 schedule a 25:75

::ewa:rd:nonreward schedule was used. No matter what nesponse l¡as adopted

d.u:ring fnustration tnaining, only 25 pen cent of the ::esponses ' on 3/L2

pen day, nesulted in the subject being rewa::ded. Since the stimuli used

in the initial discrimination remained pnesent duning fnustration training,

the nonfulfilment of the subjectfs expeetancies was assumed to be mone

acute.

(b) a mone difficult tr:ansfer: task was used in the hope that an extended

training peniod woul-d diffenentiate between the f::usb:ation and the control

group. The tnansfen task used was the light gney-dank gr:ey discninrination

used in Expeniments 3.1 and 3.2.

Hence the stages of the expeniment wer:e as follows:
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pèeçe_1: a horizontal-vertical discrjmination learned to criterion by

al-l subjects.

,: rand.orn reinforcement for 60 trials according I'o a 25275 reward

nonrevrard schedule for half tlie subjects (th.e fmstratj-on group) with tLre

horizontal-ve rtic aI disc rimj¡re¿da pres ent.

Bþgggl: non-reversal shift of all subjects to ttre light grey-dark grey

discrimi¡ration which was learned to criteri.on a¡rd used to assess ttre effect

of frustration training.

Subjects

T¡e subjects j¡r tkris experiment were /p experj.mentally naive,

ma1e, Wistar straJ:r, hood.ed rats which were approximately 100 days o1d' at

the begiruling of pretrainÍ:eg. They were maintained at 85 per cent of ttreir

ad lib. body weight throughoul, the experiment but had water available at a1I

ti¡res.

Aooaratus

The apparatus was the circular maze. The horizontal-vertica.l

d.iscrjmi¡ra¡da were ttre same as tkrose used in tlre previous experiments j¡r

thís chapter. The light grey-dark grey discrj¡ri¡ta¡rda were ttre same as

those used j:r Experiments 3.1 artd ).2.

Procedure

The proced.ure used. j¡ ttris experi-ment was ttre same as that used

for the frustration and learnilg-to-learn control groups in Üte previous

experjments described in tLris chapter. The rej¡rforcenent schedule used

in Phase 2 was such that only 3 rewards were prov-ided each day - one

occurri.ng randomþ in each block of /¡ trials.
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RESULTS

The results of Exper:irnent 5.5 are sulltrnanised in Table 5.5.

TASLE 5.5

Tr"ia1s to criteÉìori ófl the iriitla],dlsernfunlriatlon
(H/V)and the transfen task (fÍeht-¿a::k glrev) of E>çenÍnént 5.5.

Gnoup N Phase 1 (H/v) Phase 3 (light-dank grey)

Frustnation

2-doon 10

l2-doon 10

2 -doo:r 10 X

X z 42.2

S.D.: 13.4

X z 57.7

S.D.: 27.8

I : 134.2

S.D.: 56.7

I : 13I.4
s.D. 59.1

X : 125.3

S.D.: 41.6s.D

: 42.3

z 8.7Leanning-to-
]-eann

l2-doon 10 I : 56.9 I : 121.8

S.D.: 2l-.7 S.D.: 49.2

2-doon 20 X ¿ 42.3

S.D.: 1I.3All subjects

I2-doon 2A X z 57.2

S.D.: 24.9

The 2-door subjects leanned the initia] horizontal-vertical

discrimination fasten than the l2-door subjects (t(ee) = 2.383, p < .05).

Consequently, the four experimental groups coul-d not be equated in terrns of

trials to cnitenion on the initial task. Howeven, within the 12-doo::

subjeets and within the 2-door subjects thene was no diffe::ence between

fuustnation and contnol subjects on the initial task.



L3/+

A, 2 x 2 analysis of v¿iriance of thre trials to criterion

on the light grey-dark grey tra:rsfer task revealed tìrat neither of

1,Ìre main effects nor the j¡rteraction effect r+ere significant

(I'< I, p > .05 in a1.l cases) . It is possible -bhat 1,he use of t'Ìre

rnore flifficult transfer task Ìrad the opposite effect from what r,¡as

intencled., i.e. it may have obscured ar¡r dif'ference existing between

the frustration a¡rd. cont::o} groups at tkre begir:nj-ng of the transfer

task. Alterna.biveþ the 25:75 random ;'ej¡forcement schedule nay

have hact the same effect as a longer period on a 50:50 schedule

(Cf. nxperjment 5.L), i"e. by tkre time subjects are trafisferred to

the test task they have become so used" to j¡rconsistent reinforcernent

th¿rt it is no longer fnrstrating. However, in thr.e light of the

resLtlts of the previous experitnents, ttre more likeþ conclusion is

that an ini'tj-al solvable task preceding frustration, veakens the

effect of {,}re frustrating operation on a subsequent tra¡sfer task.

Arnong tLre lZ-door subjects ttrere v¡ere no instarrces of positj-on

respondilg. The pattern of door preferences is srrmntarised. j¡r Tab1e 5,52.

TABLE 5.5?

Mean of {',ri¡-ìs nel. rlav on which most oreferred. door was chosen

Group:

Frustration

Learning-to-leartr

Phase 1

3.7

)-o

Phase 2

/+.7

Phase 3

2.9

3.4
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nÆERI¡,tttlrtt 5,6. Ranclonr rei¡rforcement i-n the presence of novel

stimuJ.i ancl its effect on a subsequent discrimination.

In the precedj-ng ex¡reriments (Experiments J.1, 5-2, 5.3

and 5.5) thre frustration grgup was transferred from an initial,

solvable discrimination to a ra¡d.om reinforcement situation i:r

v¡h-ich the stjmuli used i¡l the initial discrimi¡ration were present,

but ra¡ld.omþ reinforced. The reason for th-is procedure was to

ensure 'liha'b ttre subjects came to tùe ra¡rdom reinforcement situation

r¡itkr d.efin:ite expectations. The results of Experinents 5.3 and

5.5. indica.ted that the effect of ra¡dom reinforcement on a

subsequent discrimj¡rati-on task was itself affected by this in:itial

discrimi:ration. It is not clear whettrer ttre initial discri¡ri¡ration

has its effect irrespective of the discrj¡rinand.a present during

rand.om reinforcement, or whetkrer it is necessafy for the same

stj$u1i to be present durilg random reinforcement
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as were Pnesent during the initial disc::imination. As has þss¡ said., it

may not be the expenience of acquínÍng the initíal discnimination which

helps subjects cope with laten fnustnation, but nathen the p::esence of a

stimulus to which the su.bject has l-eanned to make a rlesponse.

METHOD

Expenimental Design

The ovenall design of Expe::iment 5.6 was the same as that used

fon the frustnation and learning-to-leann control g?oups ín Expeniments

5.1, 5.2 and 5.3, except that the discniminanda for the initial task

(lange and smarl checkenboand pattenns) wene not pnesent du::ing the

:random reinfoncement. Instead they wene ::eplaced by the usual btack-

white discniminanda. Hence the stages of the expeniment wene:

Phase l: an initiar discnimination between large and smal-l checkerboand

patterrrs.

Phase 2: 60 tnials of nandom neinfoncement (50:50) fon the fnustration

group with the black-white discr"iminanda pnesent.

Phase 3: nonreversal shift of all subjects to a honizontal-ventical

disc::imination task.

Subiects

The subjects in this e>çe:riment were 30 experímentally naive,

male, Wistan stnaín, hooded nats which were expenirnentally naive at the

beginning of pnetnaining. They wene maintained at 85 pen cent of thein

ad lib body weight but had waten available at all times.
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Appanatus

The appanatus was the cinculan maze. The checkenboand

disc:riminanda consisted of alterrnating black and white squalres whích wene

eithen I.2 x 1.2 cms large (small pattern: 48 squares Per doon) o:r

4.5 x 3.5 cms lange (Ia:rge pattenn: 4 sguanes pelr door). The black-white

and honizontal-vertical disc::ininAnda we::e the same as those used in

pnevious experiments.

Pnocedure

The pnocedu:re used. in this expeniment was the same procedr::re as

that used fo:: the fuustration and leanning-to-.Learr¡ cont::cl- grouPs in the

pnevious expeniments.

RXSULTS

The nesults of Expeniment 5.6 ane summa::ised in Table 5.61.

TABLE 5.61.

Trials to enitenion on the initial discnim-ination
(Iange-small checkerboand) and the transfe:: task

(H/V) of Expen.iment 5.6.

Gnoup Phase I (1ar.ge-sma11 check) Phase 3 (H/V)

F::ustration

Leanning-to:
leann control

2-doon I

L2-doon B

2-doon 7

S.D.

: 71.0

z 25.2

X : 79.1

s..D..i.q2.+

:64.1
: 16.9

I z 32.8

S.D. : IB.5

I :36.1
S.D, t 32,7

X : 15.6

S. D. z I2.3

T

r

S.D

z 77.3

: 30.2

i
S. D.

: 55.6

z 27.8

XI2-door 7

S.D.
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There was no signifÍcant diffenence between the t* groups on the

ÍnitÍal discnimination (f < f, p ) .05) although the I2-doon subjects did

leann this disc:rinination fasten than the 2-doon sr:bjects (mean tnÍals to

cnitenion wene 67.8 and 78.1 tnials :respectively).

. A 2 x 2 analysis of var:iance on the trials to cnitenion nevealed

a significant nain effect on the 2- vs. l2-doon var.iable (f(f,20) = 5.245,

p < .05) and a nonsignificant p:retransfen treatment effect (f(1126) = 3.736r

p > .05). The interaction effect was not significant (F < 1, P > .05).

The planned companisons which we::e made between the g:roup means in pnevious

ex¡:eniments would have been meaningless in this case since both fuustnation

and leanning-to-1ea::n l2-door grloups acquired the tnansfer discrimination

fasten than the 2-doon groups. The planned companison fo:r the 2- versus

l-2-doon fnustnation and contnol gnouPs yierded t(26) = 1'759 and t(26)= 1'4gg

nespectively. ) Howeven, the learning-to-learn contnol groups combined did

l-earn the transfer task faste:r than the frustration grloups (t(26) = 3.868,

P < .oo5).

These nesults cneate certain problems of interpnetation, but they

d.o indicate that the acquisition of an initial discrimination does modify

the effect of frust:ration on a subsequent discrinination ir::espective of

whethen or not the stimuli p:resent duning random reinfoncement ane those

pnesent duning the initial discrimination. The difficulty of interpretation

springs from the fact that when the discniminanda pnesent du:ring the nandom

neinfo:rcement are differ"ent from the discrirninanda of the ínitial

discnimination the pnesence olr absence of spatial cues appeans to become

impontant. In orden to throw sorne light on the pattern of nesponding, the

course of tnansfen lea::ning is illust::ated in Figu::e 5.6 and the position

responding of the 2-doo:: subjects is summanised in Table 5.62. As fan as

the 2-door subjects a::e concenned, there vras no significant difference between



FIGURE 5.6

ACQUISITION OF HORIZONTAL
VERTICAL TRANSFER TASK.
(Exp. 5.6 Phase 3 )
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the amor.¡nt, of positi.on respond-ing d.uríng the initial discrini¡ra'l,ion

(ta1, p > "05) or on the trsnsfer task (t(13) = 1'009, p >'05)'

seven d.ays of position respondj-ng were record.ed for the l2-d"oor

subjects. The distribution of d"oor preferences is summarised' in

Table 5,67,

l_

lABIfl 5,62

the

Tlxo ment 5-6-(i) s of mone 9/w- to one si.cle).

Group Phase J- (J.arge-srna1-l check) Phase 2 Phase I $/V)

r

X i2.9 X

S.D. : L.7 S.D.
Frustra.tion

Learning-to-
learn control

Group

Frustration

Phase 1

).9

Phase 2

4.6

Phase 3

4.2

i
S.D. :

4,/+

).3

2 2.5

z L.7

Xz3.O
S.D.: 2.0

TABLE 5.6)
Door preferences in f2-door subjee-ts

ï
S.D.

z I.7
z 2.O

Lee^r'ning-to-
Iearn contro]. 2.9 ).8

The results of Ëxperiments 5.1 - 5.6 will be discussed i:r

the fol-lovring chapter. An attempt will be made to outli¡¡e the

ionclusions which ca¡r be draun at this sta.ge of the ttresis '
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CHAPTER 6

SOME CONCLUSIONS ABOUT THE EFFECT OF TRUSTRAT ION AI{D

REDUCED ISPATIAL CUES ON DISCRIMTNATION LEARNING.

The pneceding chapte::s have been concenned with two questions,

which, although distÍnct issues, have inplications one fon the othen.

These questions ane:

(a) tfhat is the effect of :reduced. spatial cues on discnimination lea:rning?

llhat nole does position responding pray in the learning process?

(b) lfhat is the effect of fnusil:ation on discnimination leanning? Ïfhat

ís the nature of the nel-ationship between position responding and fnustnation?

The question of position nesponding will be discussed finst since

it Ís the less complex of the two and has alneady been discussed in some

detail.

Quite a lange amount of data has Þeen gathened fuom experiments in

the cir"cula:r maze in which 2- and l-2-doon conditions r^rel1e companed. Some

of these companisons vrene complicated by overt::aining, fnustration on

transfen operations, but it is possible to conpane those involving the

leanning of a simple discr"imination by naive subjects, or the revensal of

such a discrimination. Tabte 6.1 summar:ises the find.ings of a numben of

expeniments invofving a simple discrimination'and Table 6.2 summanises those

involving nevensal learning. Thene vras a stnong tr.end in this data favou::íng

a concfusion of no diffenence between the two conditions. Where thene was

a significant diffe?ence it was in favoun of the 2-doon groups. These wene

instances involving a large numben of subjects (Expeniment 5.5) a ver:y

difficult discrinination (Experiment 3.1), or nevensal learning. Why

thene should have been a significant difference in Expe::iment 5.5 and not
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TABLE 6.I

Compafison ofjz- and l2-dooo .onuÍtioi" in vanious

discnimination riaÍve Étib écts

(Buxton, L968)

(llinefield ê Jeeves, 1970b)

(Expeniment 5.1)

(Experiment 5.2)

(Expenirnent 5 .3)

(Mu11ins,1969)

(Expeniment 3.2)

(Experiment 5.4)

(Expeniment 5.5)

(Expeniment 3.1)

(Experíment 5.6)

Discniminanda:

Btack-white

il

Ì.2

7r,
*.2

*r,
7,
Rt

-x2

iv
i,
*r,

*.2

*r,

N2

Ír,
i2
lr_,

x2

7r,

t,t2
7r,

*.2

*r,

= 30.6

= 32.8

= 35.3

= 29.5

= 48.8

= 49.0

= 39.2

= 58.3

= 53.7

= 57.7

= 31.8

= 27.7

= 50.2

= 47.1

= 36.0

= 45.9

= 42.3

= 57.2

= 89.7

= I:-.7.7

N=10

N=I0

N=9

N=I0

N=6

N=6

N=4

N=3

ilil

il

ilil

llil

lt il

il

Ho:rizont al- Ve::t ical-

il

Light-dank gney

Lange-small
checkenboand

78.r
67.8

N=l8

N=18

N=12

N=12

N=20

N=20

N=14

N=14

N=20

N=20

N=ll-

N=11

N=15

N=15

ll



Disc:riminanda:

Black-white

TABLE 6.2

Conparison óf '2- and ].2-d.oon conditions in
rrafiorls expeÍ'iments: never"saL leanning.

141

(suxton, 1968)

(!Íinefietd t Jeeves, 1970b)

(Mullins,1969)

(Expeniment 5,3)

(Experiment 3.1-)

xz

îr
*.2

2

t2

= 42.t+

= 59.0

= 52.7

= '/4. 0

= 97.4

= 95.8

= 100.0

= 151.5

= 21I.5

= 334.2

N=10

N=10

N=9

N=10

N=12

N=12

N=8

N=9

N=5

N=5

il

Honizontal-ventical

Light-dark g:rey

Median

nil

xz

*r,
7.2

I"L2

x2

*r,

one in Experiment 3.2, with just as many subjects, on in Exper"iment 5.4, is

panticula:rly difficult to explain. It may have been due to differences in

batches of nats, but such explanatíons lead to the same pnoblems faced by

Maien and Ellen (fgSS) when they attempted to list the var"iables which

might explain why a specific response is fixated by any particular rat.

Either: the beneficíal effects of spatiaf cues ane rather unstable on the

necessary and sufficient conditions for thein occurrence nemain to be

specified.

The findings of Experiments 3.1 and 3.2 must be added to the

evidence pnesented in Tabl-es 6.1 and 6.2. These expeniments we::e designed

to test directly the widely held view that position nesponding is detnírnental
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to discrímination learning in cases of oventnaining and non::eversal shift.

In neithen expeniment did the nesults support this view. Hence the conclusion

suggested Ín Chapten 3 ought to be àdopted: in most situations the pnesence

o:: absence of spatial cues makes little diffe::ence to the ratsr abíIity to

masten a.simultaneous visual discnimination, and., in some situations,

especially a difficult discrimination or revensal, the pnesence of spatial

cues may facilitate penfonmance.

A necent expe:riment cannied out in the circul-an maze does provide

suppont fon the trad.itional- view of position lresponding. llinefield (1973)

studied the penfotnnance of nats oven 12 nevensals of a black-white

discnimination unden 2- and l2-doon conditions. One ai¡n of this study

was to obtain a morle sensitive measure of l-earning than sÍmp1e discnimination

and, ::evensal penformance fon the comparison of 2- and 12-door conditions.

ÎIinefield found litt1e diffenence between the two groups on the initial

discnimination and the first nevensaÌ, as one would expect fn'om pnevious

work in the circular maze, but theneaften the penformance of the 2-doon

subjects deteniorated whereas that of the l2-doon group steadily inpnoved.

By the fifth neversal the l2-door subjects wene penfo::ming betten than they

had on the initial discnimination. Detenioration in the 2-doon subjects

was associated with incr"eased position ::espond.ing wheneas pensevenative

error:s declined fon both groups in a very sinilar fashion. llinefield

angued that the superion penforrnance of the t2-doon subjects suggested the

possibility of a mechanism which applies to the re-acquisition of p:reviously

Ieanned habíts but not to the acquisition of new habits (i.e. initial

discninination and first nevensal). C1eanly, further l?esearch with ser"íal

::eve::sal is requined, and is in hand, but the iesuJ.ts of the flinefield study

must be kept in mind when the data neponted in this thesis ís evaLuated.
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A second point v¡hich must also be considered concerns the

experirnental design used in the ¡rresen.t' series of experiments. The

conclusion of no dj.fference between 2- axÃ l2-door õonditions expressed.

above holid.s only if one accepbs tkrat the circul-ar maze does what it

rvas designed. to clo" i.e. signif icantJy red.uce positlon responcling.

The featl¿res of the apparatu.s, -bLre d.e'bail.s of procedure and the

measures to be taken rel-evant to ttris point are ou'bline<l" in Chapter 2.

The degree of{rposi.tion respondingil recorded, by the l2-door subjects

in the experiments described. in Chapters 3 a¡rd 5 was negh.gible, 0n

th:i,s score at }east, the maze proved. effective. As reg¿ìrds door

preferences among the l2-door subjects, tbe mean daiþ response to

the most preferred. d.oor ranged betv¡een 2.7 arli" Lr,6 over )3 grçups.

0n the average, subjects chose the same door no more than 3 ot /+

tjmes on a:.{f one day. The problern of de-berrnining, nattrematicalþ,

the expec:ted frequency of response if the subjectsr choice was indeed

random is formidable (cf. Hqys, L963, pp. L54, f55). However a

computer was used. to generate 1000 sequences of numbers between 1 and

)2- ín which arly number vtas equiprobable. three samples of l-000

sequences were taken. The prograrnme deterrnined the frequency of the

most common number fro¡n each sequence. The means of the three

samples were 2.8'/O, 2.89/+ and ?.882. The conputer procedure was

repeated but with 6 equiprobable numbers. The neanb of the three

sarnpl.es were 3.855, 3.8t39 arld J.876. These tv¡o sets of lnea¡rs

represent the tr¡o extrene conditions o-f the l2-door subjects, i.e.
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the sitr.ra'bion before the subjects have lean:ecl ar1yl,:ring about the

d.isc::imination a:rd are ra-ndomþ selec'bing af\)r one of tÀe 12 doorst

ancl tlie situation ¿rfter tfue subjecù'; have learned to malte a

choice of one of the 6 correct doors. Reference to Tables 3;L6,

j.Z), 5.33, 5.52 atß.5.62 shot'¡s that the rats behavecl about as

rancloinly in their choice of doors as one might expect. The

circular maze does reduce position responcling.

On the v¡hole then, tlie conclusion stated- above, has

reasonable support. It is not a trivial conclusion in ti'¡o senses.

Firs.,,þ, the assumption ttrat position responding is detrjrnental to

d.iscri-¡ni¡ration learnirg is made by a nr:raber of theorists of very

d.ifierent persuasion, and it underlies, in quite a basic fashion,

their tkreories of d.iscri.¡nination leanring (Cf . Cfrapter l-) . If it

is not supported. the theories are, to that extent weakened.

Seconclly, fron a nore practical poi:rt of view, there is evid.ence

that position responcling is nob confined to rats but extends to

children ancl even ad.ults (Zeanan a¡d House, 196); Hi1-1, t965;

Arnberg and. Rydberg, L972). .

The seconi question to be considered in this chapter æncerns the

effect of frustration on d.iscrirnination learni.;:g. This involves the results
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of Experiments 5.1 to 5.6 Expeniments 5.I and 5'2 were pilot studies

and rner:ely indicated the usefufness of fu::ther research on:

(a) the effects of diffenent frustnating operations on sr:bsequent

discnimination leanning,

(b) the effect of such fr"ustr:ating operations unde:r conditions of

neduced spatíal cues.

The majon study was Expeniment 5.3 and the nesults of this

expeniment showed that fnust::ation did have a deû:imental effect on subsequent

lea:rning, and that this effect vanied acconding to the type of fnustnation

pneceding the discrirnination learning. That the random neinfoncement

t:reatment had an effect is shown by the comparison of the Amsel-type

frusbration gtloups with the leanning-to-1ea::n contnol grouPs and of the

uncertainty gnoups with the naive control gr'oups. Planned comparisons ín

both cases welre significant. The implication of this find.ing is that,

despite the frequent lack of cla¡-ity a-bout what is meant by fnustration,

at least two diffenent kinds of fnustnating openation have detnimental

effects on subsequent learning. Secondly, uncentainty seemed to have a

mone detrimental effect than Amsel-type fnustnation in that the diffenence

between the fnustration gnoup and the appropriate control was mone manked

in the formen case. The basis of this nesult seemed, at finst sightrto be

the pnesence on othenwise of a stimufus to which subjects had leanned to

respond. In the absence of such a stimulus, subjeets, du::ing nandom

neinfoncement, nesponded on the bas.is of spatial cues, or¡ if l2-doon

subjects, in the more ol? less haphazard manner descnibed above. In the

prlesence of such a stimulus, subjects nesponded consistently to that cue

and wene rewanded for doing so on 50 pen cent of the tnials. It might be

consÍde:red, fnom the ratfs point of view, that the situation involved a

shift fnom continuous on 100 pen cent reinfoncernent to 50 pen cent
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reiñfoncement fon the same response, r:athen than a shift f::om a lea:r'ned

discrimination to an insol-vable pnoblem. This finding was consistent

with a vaniety of pneviously neponted reseanch. As fa:: back as Maien and

Klee (1943) it was found that when subjects we::e transferned. fuom a solvable

task to a nandom neÍnfoncement schedule, they pensisted in the response

adopted ín the initiat stage. Mo::e necently, Tannen (1967), who continued

Maierts line of nesearch, found that nandom neinfoncement had no effect on

a subsequent task if the first stage was prleceded by a solvable task.

Using avensive stimulation, Seligrnan and Maien (1967) found that pnion

experience with escapable shock immunised subjects against the rfleanned

helplessnesstr which usually ::esulted from such expenience (Maier", Seligrnan

and Solomon, 1969). The detnimental effect of::andom neinforcement on human

rea::ning neponted by Levine (rg0z, 1963b) was not found by Tnabasso and

Staudenmayen (1968) when discnimination tnaining pneceded randorn r:einfo::cement.

Finally, !,lagnen et aI (1968) found that the discrimination of subjects

transferned fnom the TD to the PD condition (from tnue to pseudodiscnimination)

dete::ionated, but not as badly as subjects which wene consistently, nandomly

reinfoiced. On the othen hand, Eck et aI (1969) found that pigeons which

were diffenentially reinfonced on a line-til-t discnininatíon (TO gnoup)

leanned a wavel,ength and a b::ightness discr.Ímination mone rapidly than

subjects whose initial experienee was random neínfoncement (PD gnoup).

Mandle:: (1966) using rats, found that a period of random r.einfoncement

preceding a bnightness discr.imination resulted in detenio::ation in penfonmance

by companison with naive subjects. These findings wene neplicated ín the

uncentainty and naive contnol- groups.

However, in a mone necent paper Mandler and Goldbeng (1SZS)

investigated the effect of pantial on continuous neinfoncement on the
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acquisition of a sr:bsequent disc:rirnination task: They found that,

innespective of whethe:: the partial on continuous neinfoncement was given in

the presence of one on both of the stimuli which constituted the subsequent

discrímination, Ín the presence ôf different stimuli o:: without distinetive

stimulÍ being pnesent at all, neithen partial no:: continuous neinfor.cement

had much effect on subsequent choice leanning. Pantial- neinfo::cement did

affect the latency of choice nesponding. Mandler and Goldberg argued that

the latency data, but not the choice data, vÍas compatible with Arnsel and

llandts (f965) application of fnustnation theony, i.e. that partial ::einfoncement

should retand subseguent discnimination because appnoach l:esponses become

conditioned to fnustnation cues associated h'ith nonrewand. Convensely,

the choice data, but not the latency data, r.rere seen as compatibte with

Suthenland and Mackintoshts (1971) attention theony which predicted that

neithe:: continuous nor pantial r"ewand, delivered pnion to discrimination

leanníng, would affect attention to the nelevant dinension and, consequently,

subsequent leanning.

Howeve::, in another necent paper, Waller (fgZS) made quite a'

diffenent pnediction on the basis of Sutherlancl and Mackintoshts (1971) theony

and, in an expenirnent simila:r in many lrespects to that of Mandlen and

Goldbeng, found quite diffenent resufts. llallen asstrmed that nandom,

pantiat reinfor:cement would diminish the stnength of attentíon to pnorninent

environmental cues and so affect discnimination leanning. fn his finst

experiment, Waller gave nats pantial on continuous reinfoncement eithen in

a grey runway o:r in one with vertical stnipes. 0n a _subsequent stnipe-

onientation discrimination task (45o to the left of ventical vensus 45o to

the ::ight), partial neinfoncement t::aining in the pnesence of stripes led to

infenio:: penfonmance, wheneas subjects given pantially and continuously
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l:einforced tnaining in the. grey lrunway penfonmed at a sirnilan IeveI.

In a second expeniment, Waller gave partial on continuous neinfoncement

in the presence of stripes r:andomly vanying in o:rientation. This tnaining

did not affect the acquisition, by either group, of a compound-cue disc:rimína-

tion task in which both orientation and width of stripes were :relevant. Non

did these glloups diffen fnom naive cont::ol subjects on this task. However,

subsequent single-stimulus transfer tests revealed that the partialJ-y

neinfonced subjects learned less about o::ientation than the othen g:rouPs.

lüal1en concluded that his nesults supponted Mackintosh and Sutherlandrs

(1971) theory. Partíal reinfoncement suppressed. attention to cues pnesent

in the nunway and so affected subsequent learning. In the absence of such

cues, pa:rtiat reinfoncement had littl-e effect on subsequent lea::ning.

The results of both Mand.Ier and Gotdberg (1973) and ÎlalIe:: (lgZg),

although differing with each othen, also differ with the findings ::eponted

Ín Chapten 5. Mandlen and Gol-dbeng found no diffenence between the effect

of pantial and continuous neinforcement on subsequent discnimination and

llallen found. a much more specific effect of pantial neinforcement than was

observed in the exper:iments reponted above. The most like1y e>çlanation is

that neithen Mandler and Goldbeng non Wallen allowed thein subjects fnee

choice during the initial training. Mandlen and Goldberg did so to pnevent

the development of position habits and so to avoid the possibility of the

netardation of subsequent feanning being due to position responding, as in

Mandler (1966). Howeven, the nesults of the 2- versus l-2-doo:: compa::ísons

discussed below, indicate that this issue is not all that cnitical. It

would seem that a general detrimental- effect of fnustration is only demonstnated

when the fnustrating openation is imposed on a fnee-choice situation.
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The pnesence on absence of spatial cues in Expeniment 5.3 at

least on the transfe:: task, did not aPPealr to be a signifÍcant facto:r.

It should be noted, hol'reven, that in every caser except the Amsel-type

fnust::ation, the 2-doon group lea:rned the tnansfen task fasten than the:12-

doon group. The :resul-ts of Expeniment 5.6 cornplicated this stnaÍghtfonwand

interpr:etation, but, overall, thene seemed to be little suppont either fon

the id.ea that positíon nesponding neflects an internal state of f::ustnation

(Mand1er, 1966), on fol'the alter.native suggestion, based on wo:rk in the

cinculan maze, that the plresence of spatial cues somehow all-ov¡s subjects

to cope with fnustnation. The nesults of Expeniment 5.3 contributed mone

to an understandíng of the effects of fnustration as such than to an unden-

standing of the nol-e of position responding.

Expeniments 5.4 and 5.5 wene in the natune of follow-up studies

which eliminated several possible explanations of the data of Expeninent 5.3.

Experiment 5.4 indicated that the nathen small- sample size had not had an

undue effect on the ::esults. Experiment 5.5 conside::ed anothen possible

e>çlanation, i.e. that the difference between the f::ustr"ation and unce::tainty

groups and the lack of difference between the 2- and l2-doon condítions was

due to the frustration group not being severely enough fiustrated. Maie:r

and El-l-en (fgSS) tra¿ found that 80z2O or 20:80 schedules of random reinfo:rce-

ment induced mone fixations than a 50:50 schedule. 0n the other hand,

Coghlan (fgZO) found a stnongen fnustration effect, in the Amsel sense of the

wond, wÍth a 50:50 schedule of pantial reinfor"cementthanwith a 20:80 on 80:20

schedule. However, a 50:50 schedule of inconsistent neinforcement in

Experiment 5.3 and a 25275 schedufe in Ëxperiment 5.5 p::oduced veny much

the same pattern of :resuLts. Indeed, the diffenence between the fuustration

and the learning-to-Iea::n cont::ol groups was less marked in Experiment 5.5

than in 5.3.
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Experiment 5.6 was designed to investigate the most impontant

aspect of the Expe::iment 5.3 results: namely the possibility that the

nesults of the fnust:ration and learrring-to-leann control g?oups Ìrelte

dependent on the pnesence, du:ring ::andom neinfoncement, of a cue p::eviously

associated lrith newand. In so¡ne ways the r"esults of Expeninent 5.6 menely

complicated the picture. Howeven, it does appean that, not only did fnustnation

still have an effect on subsequent discnimination learning when the S+ of the

initiat discnimination hras no longer pnesent, but, unde:: this condition,

the penfonnance of the fi:ust::ation groups detenionated to a level companable

to that of the uncer.tainty groups in Expeniment 5. 3. This conclusion ¡rnrst

be qualified in the light of thnee facto::s:

(a) It can be veny rnisleading to make companisons between groups fnom

diffenent experiments even when they alre run unden comparable conditions.

A glance at Table 6.1 indicates the variability of the nate of leanning

displayed by g::oups in diffenent e>çe:riments even when the discrÍminanda

wene identical.

(b) The effect of neduced spatial cues is quite significant in Expe:riment

5.6, whe:reas it had not been so in Expeniment 5.3. Moneoven, the effect

was in favoun of the I2-doon subjects in Expeniment 5.6, wheneas it tended

to be in favour of the 2-doo:: subjects in Exper"iment 5.3.

(c) If the per"fonmance of bo-Eh learning-to-learn contnol gr:oups in

Experirnent 5.6 had shovm similan deterioration, the nesults could have been

e>çlained in terms of some perceptual chanactenistics of the discriminandar.

i.e. that ther.e vras mor?e positive tnansfen when subjects shifted fnom

black-white to honizontal-ventical than when they shifted. f::om lange-smaII

checkenboard to horizontal-ventical. Howeve::, only the penformance of the

2-doon learning-to-learn contnol group suffened by companison with the
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lear:ning-to-leann control gfoups fuon Expe::iment 5.3. Indeed. it ought to

be noted that in all the ex¡leníments involving a non-nevensaJ- shift

(E>çeniment 3.2, 2'>2 and 12+12 gtoups, and the lea¡ning-to-learn contnol

grloups of Experiment 5.3, black-white to ho::izontal-ve:rtica1, Expenirnent

5.5, horizontal-ventical to light-dank grey, and Expeniment 5.6, la:rge-smalI

checkenboa::d to horizontal-vertical) there was no marked differ-ence between

the 2- and 12-door1 grloups, despite the fact that in at least two cases

(Experiments 3.I and 5.5) naive 2-door subjects could leann the discnimination

fasten than I2-doon subjects. As llinefield (1973) suggested in relation to

serial neversal, it may be that once 12-doo:: subjects ane switched in to

the relevant mod.ality on set of relevant cues, they a::e less pnone to

distr.action than 2-doon subjects which retain a tendency to nevert to position

nesponding.

ÏIith the above cautions in mind, it is stil1 possible to conclude

that fr.ustration had a detnimental effect on subsequent leanning inrespective

of the discriminanda pnesent duríng fuustration training since, in both

Experiments 5.3 and 5.6, the leanning-to-Ieann control groups did acquir"e

the subseguent discnirninatÍon faste:: than the f::ustration groups. This

genenal deterionation in the quality of pe:rfonmance as a nesul-t of fuustnation

with the specific reaction depending on cincumstances, is consistent with

the ideas of Child and llatenhouse (l-953) and Water"house and Child (fgSO) and,

more lrecently, of Schmeck and his associates (Schrneck and Bnuning, 1968, 1970;

Schmeck, 1970;, B::uning, Schmeck and Silve:r, 1971). Position nesponding is

not so much a reaction to fi:ustration as a neadily avail-able response

which is adopted j.n the absence of an established nesponse to some othen cue.

The failure to :replicate this finding in Expeniment 5.5 can be explained in

tenms of the al-tened conditions in that expe::iment, especially the

use of a panticula:rIy difficult discnimination as the tnansfen task.
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The discussion so fa:r has made the conventional assumptions alout

the effect of random reinfoncement, i.e. that it affects the rnotivational

on ernotional state of the o:rganism and el-icits what may be descr,íbed as

rrfuust:rationrr, trconflictfr or trutlcentaintyrr. As has been noted in Chapter-

4 thene Ís a lange body of reseanch which describes the use of nandom

reinfonce¡nent without any r"efenence to fnustnation. The effect of nand.om

neinfoncenent is considened enti::ely in associative tenms. The possibility

of the pnesent data being so descnibed needs to be consioened.

The effect of ::andom r.einfoncement, acco::ding to an attentional

model, such as that p::oposed by Suthenland and Mackintosh, would have been

to decnease on to extinguish attention to the nandomly neinfo::ced discriminanda

and to st::engthen attenti-on to innelevant cues in the expenimental environment.

Mandlen and Goldberg (1973) derived from Sutherland and Mackintosh (1971_)

the prediction that partial ::einforcement would have no effect on

subsequent leanning. Howeven, this could only apply to situations in which

pantial neinforcement was delivened in the presence of only one, or of none

of the stimuli relevant to the subsequent test discrimination. Mandlen and

Goldbengts application of this pnediction to the situation in r,¡hich the same

cues alre Present during partial :reinfoncement and disc:rimination leanning is

questionable. The interpnetation offered by WalJ-en (1973) seems to be a

mone reasonabl-e neading of Suther"tand and Mackintosh. !Íhen no analyzen

accu¡ately predicts the occunrênce of newa¡d and non-nelral:d, the stnength of

attention to pnominent envinonmental cues is weakened and many othe:: analyzens

ane switched in. Pnesuma-bly the subjects in the expeniments descnibed above

Ieanned that the cues present during ::andom neinforcenent did not ::eliably

p:redict reinfoncement. Since nats tend to nespond to spatial rathen than

syrnbol cues, position nesponding was a more likely form of behaviour unden
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such conditions - at least fon the 2-door: subjects. The I2-doon subjects

rnay have rnanaged to detect some consistent, nonvisual cues inside on

outside the maze, but these subjects also should have leanned that the

symbol cues d.id not pnedict neinfoncement. In the fr"ustr.ation cond.ition

in Expeniment 5.3, the subjects wene attending to the b::ightness dimension

and nesponding to one value within that dimension when they ente::ed the nandom

neinforcement stage. Du:ring random reinfoncement this cue ceased to

reliably pnedict nej-nfor:cement but no othen stimulus p:redicted :reinforcement

more ::eliably and so most of the subjects continued to :respond to that cue

and thein lresponses were rewarded on 50 pen cent of the tnials. ÏIhen they

wene t::ansferred to the horizontal-ventical d.iscrimination these subjects were

still nesponding to symbol cues and so they tear:ned the honizontal-ventical

discr"imination fasten than subjects in the unce::tainty o:: naive contnol groups.

To the extent that thein attention to s5mbol cues had been extinguished by

the 50 pen cent neinfoncement, they leanned the subsequent discnimination slowen

tha¡ the leanning-to-learn contnol- su,bjects. The deterionation of performance

of the frustnation gnoups in Expeniment 5.6 is explicable in the sense that

when the stimuli fuom the inítia-l discnimination wene not pnesent dur:ing

random neinfoncement, thene were no cues which neliably predicted reinfoncement

and no cues to which the animals were predisposed to r:espond., except, once

again, spatial cues. Consequently when transfenned to the horizontal-

vertical discriminatíon the pe::formance of the f::ustnation subjects, especially

the 2-doon subjects which could respond to spatial cues, applroached that

of the unce:rtainty gr:oups of Expeniment 5.3. The l2-doon subjects were

mone likely to continue to attend to symbol cues during random:reinforcement,

fon lack of othen available cues. Howeven, the de-Eenior:ation of the 2-doon

learning-to-l-eann control group nemains unexplained. E>çer:iment 5.5 also
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poses difficutly fon a non-fuustnatÍon exþlanation. fn Expenirnent 5.5

the mone nigonous random neinfoncement schedr¡te shoirld have incneased the

nate of extinction of attention to the sSrmbol .rr""; and so slowed the nate

of l-ea:ming on the Subsequent task. In faet, the learning-to-Iearr¡ contnol

groups and the fnusüration g:roups both'found the task equally difficult.

Ovenal-l then, a non-frust:ration exptanation of the nesults of

these expeninents does not add any more to oun r:ndenstancling of the ôata,

than does a fnust:ration explanation, but such an ex¡rlanatíon is mone

pa:rsimonious. If the postulation of a state ôf fi:ustnation does not

clanify otherwÍse inexplicable aspects of the findings, it may be betten

done without.
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CHAPTER 7

THE RETATTYE EFFECT-OF REWARD AND NONREIÍARD

IN' DISCRIMINATION'IËARNING.

Intnoduction

In a conventional 2-choice discri¡nination task, the subject

is pnesented with two stimuli and lresponses to one (S+) ane consistently

rewa::ded and responses to the other (S-) a:re not r-ewanded. Allowing

fon the individual pneferences fon s5rmbol or spatial cues which each

subject b:rings to the task, the'chances of the subject responding to

S+ or S- on the early t::ia1s are about equal. As the discrimination

is maste::ed, responses to S+ become more and more fuequent and nesPonses

to S- become less fnequent, presumably as a function of the consequences

of earlier. responses. The problem fon any theony of d.iscrimination

Ieanring is to show how responses to S+ and S- lead to this mastery of

the discrimination, and, more specifíca1ly, to say whethen subjects

learn to approach S+, to avoid S-, or^ to do both. This is a veny basic

guestion which is nelated to, but is mone fundamental than those

considered in the first half of this thesis. The topics considered so

fan have been the nole of a common error facton in discr"imination learning,

position responding, and the ::ole of one of the important effects of

making an eruon, fuustnation. The remainde:r of the thesis attempts to

assess the role of ::esponses to S-, or errons, in discnimination teanning.

The neinfoncement theo::ies of discr:imination lea::ning include

examples of the th::ee possible relationshiþs between S+ and S-.

Thogndíke (1932) studied. the role of ::eward and what he defined as
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frpunishmentrr in an expeniment with chickens, Conneet responses lrere

::ewa:rded by fueedom, food and company, while inconrect lresponses were

punished by 30 seconds confinement. As Postman (1947) nema:rked,

One may question the appnopniateness of the term
rrpunishmentrt ot ttannoyerrr fon the deseniption of

. an effect which is primanily info::mative in natune. (page 504)

Thonndikers nevised Law of Effect (Thonndike, 193I, 1935) put all the

emphasís on newarding a connection in o::der to stlrengthen it. The nole

of punishment in weakening an inappropniate response ol: connection was

almost denÍed.

Hanlow (f9t+g), on the othen hand, viewed the pnocess of

lea::ning as tra learning of nesponse tendencies that counte:ract the erroll-

producing factorstr (page 58). Leanning was considened to be an

inhibitory pnocess in the sense that a disc::imination will be master:ed

when all- erron producing factors have been counteracted so that S- is

consistently avoided. Indeed the name rtMoss-Harlow effectrr (after Moss

and Hanlow, 1947) is often used to desc::ibe results in which responses

to S- alre more important than nesponses to S+. Amselts (1958 ) Lg62,

1967) emphasis on the fnustnative effect of nonnewand puts him in the

same categouy as Harlow.

Finally, Spence (fgg0) assumed that nesponses to S+ and S-

wene of eguivalent impontance. Although the magnitude of the incnemental

effect of ::eward was assumed to be a bell-shaped function of absolute

response stnength and the effect of nonneward. was an incneasing linea:r

function of this absofute value, cornect r"esponsés and ernonsr as such,

vrere assumed to be of equal value. Suthenland and Mackintosh (1971) t

when descnibing the attention model of discnimination leanning, stated,
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lle haVe assumed that animals usually lea::n in a
simultaneous disc:rimination situation both to
approach the positive and to avoid the negative (page 71).

Clearly the assumptions made about the :relative weight of

rlesponses to S+ and S- are very basic assumptions. The nesolution

of the issue has p::oved panticula:rly d.ifficult. Firstly thene a:re

problems of definition which canrly oven fnom Thonndikers e:ra. The

consequences of a response to S- range fuom information feedback

(trwnongrtto human subjects on a stimulus change fo:: aniurals), thnough

failu:¡e to obtaÍn a::ewa::d, to some noxious event. At this latten end

of the continuum one geneually talks of punishment if the noxious event

is a severe shock. One might also talk of punishnent if an enl?oll

nesults in the subject falling into a net sever"al feet below the appanatust

as is the case in many versions of the Lashley junrping stand. To

descnibe negative feedback as punishment seems to be an over extended use

of the wo::d. Fon p::actical purposes one must dnaw a somewhat arbitrary

Iine, and fon the pur'¡loses of this discussion the emphasis will be

on the non-attainment of newar:d, which is the usual effect of a response

to S- in animal studies. However, other response consequences will not

be ignoned. In fact, a gneat deal of nesear"ch following Thonndikers

work focussed on the companison of motivational states, -i.e. hungen

versus pain on fea::, rather than a compa::ison of the associat-ive effècts

of nesponses to S+ and. S-.

Secondly, there is the pnactical problem of developing an

expenimental design which will sont out the effects of nesponses to S+

fnom those of nesponses to S-. One ðannot merely obsenve an animal in

the act of acqui::ing the discnimination since the::e is no way of telling

whethen a response to S+ is an appnoach response to that stimulus oll an

avoidance of the alternative stimulus, S-. Attempts to resolve the
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problem have included manipulation of the ongoing discrimination

situation to separate responses to S+ and S-, va::ious pretnaining on

feedback pnocedu:res, rnuJ-tiple stimulus situations which allow S+

and/o:: S- to be differentially weighted; and cue substitution pnocedr::res

aften. discrimination to assess the influence of S+ and S-. The

remainden of this ehapten will be a neview of the neseanch ín this

field. The cincular: maze offe::s the possibility of multiple stimulus

presentation without some of the problems besetting multiple stimulus

designs. A subsequent chapten desc::ibes experiments using this

technique.

Resoonses to S+ and S- in the counse of discrimination Ie;irning.

Thompson (1954) used what he descnibed as an I'ambiguous cue

discrimination pnobJ-emrf to sepa::ate app::oach and avoidance t:rials.

One stimulus, S+ or S-, t{as presented. on each trial. Chimpanzees made

fewer emors on approach tnials than on avoidance tnials. Thompson

was r:ndecided between the conclusion that newanded nesPonses to S+

contribute mone to leanning than non-r"ewarded respons€to S-, a

reinfoncement inte::pretation, otl the conclusion that S+ is mo::e

<iiscniminable than S-, a perceptual explanation. Thompson, in fact,

used a successive discnimination procedure familian in ope::ant

conditioning studies, and failed to pnovide subjects with an altennative

tlesponse, consequently inftating the r:esponse nate to S-. Ettlingen

(fgOO) came to a similar conclusion to that of Thompson. Using Rhesus

monkeys he obsenved, that S- was chosen on 64 pen cent of tnials, I^Ihereas

S+ was chosen on 36 per cent of tr.ials without the subjects touching S-.
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He concluded that lresponses to S+ lead to. gneate:r efficiency in leanning

than nesponses to s-. Moneove::, the greaten the sepanation of the

positive cue fnom the neward container the greaten was the decnease of

efficiency in penfotlmance by companison with the simil-alr separation of

the.negative cue fnom the ::eward containe:r. Howeven, Ettlingen looked

at the final 100 trials of the two tasks unden observation, by which

time the discnimination must have been well advanced and the effect of

responses to S- no longen critical. Fina1ly, Behan (1961) attempted

to disc¡.iminate between the effects of response to S+ and S- by eonrpaning

the per:folrmances of naÍve and sophisticated rnonkeys. Since the latten

.Iear:ned to avoid. S- mo::e quickly than the naive subjects, Behan

concluded that the S- did indeed have an inhibitory effect and that

this effect was l-earned. King (197I) replieated Beharts finding.

0vena11, the nesults of such di::ect approaches to the pnoblem,

as fan as animals were concenned, wene ambiguous o:: unimpnessive. The

study of human learning pnesents quite a differ"ent picture.

The Thonndike appnoach mentioned above has :received considenable

attention in the areas of discnimination learning and concept fonmation.

The mone :recent wonk has been initiated by Buss and his associates

(Buss, Bnaden, O::ge1 and Buss, 1956; Buss and Bues, 1956; Buss, Weínen

and Buss, 1954; Fenguson and Buss, 1959; ,Jones, 1961), who combined

positive and negative feedback (rlRight" or I'Wrong") with nonnewa:rd on a

condition of no feedback. Buss constructed a rrtheonetical venbal

::einfoncement continuumrt to show the nel-ative effectiveness of diffenent

valences of feedback. He conclude<l that rrllnongtr as a feedback condition

was a strongen negative reinfonce:: thai t'Righttr vras a positive ::einfo::cen

- the opposite ôonclusion to that neached by Thonndike.
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Howeveno Buchwald (tgSga and b) suggested that the initiatly

neutral rrnothingr! on no feedback condition acquined a value opposite in

sign to the type of feedback with which it was paired and that a

gneaten value of rrNothing' accompanied the trNothing-wnongrt cond.itíon

than the 'tRight-Nothing' cond.ition. rn laten studies Buchwald.

(fgOZ' 1966, 1967) showed that task and procedural diffe::ences (e.g.

alternative responses and delay of reinfoncement) affect the vanying

values of rrRightrt and "lrhongrr. Finally, Buchwald (1969) pnesented

a model designed to explain how ftRight" and. rrlÌnongtr affect subsequent

nesponding, based on the assumptions that a subject may necalJ- a

lresponse without neearling its outcome and that the pnobability of

nepeating a response that is necalled is independent of the outcome

of that lresponse unless it is also necal-led. He presented suppor"ting

evídence fon this modeI. Estes (1969) has developed a rnodel based

on a similar distinction between the associative leanning process and,

rewanding o:: punishing afteneffects, Conb:oversy ove:r the ::oIe of

feedback continues. A similan debate focusses on ve::baI discnimination

leanning (Cf. Ststrand, I^lallace and UndenÍood, 1966; Tulving and Madigan,

1e7o).

Ílithin a different context, the role of negative instances in

concept fo::mation tasks rnay be considered r-elevant. The eanly wo::k in

this area indicated that positive Ínstances were moiâe effective than

nega'Eive instances (Cf. Bou¡ne and Dominowski, 1972, fo: a neview of

the issue). Howeven, the fíndings of Bour-ne and Guy (1968), Bounne

Ekstnand and Montgomelry (fg0g) and Schroth and Tamayo (fgZe) índicated

a more complex view in which the natu:ne of th-e instance intenacted with
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the nule being leanned (".g. positÍve instances ane motle effectíve fon

conjunctives ar¡d negative instances are more effectÍve fon conditionals)

and with the memony conditions.

The whole anea of human 1eanring, in so fan as it concenns

the above topics, is in a lively state of flux.

Pne-discnimination expefiencé wlth Sf ¿ind S-

Moss and Har"l-ow (1947) intnoduced the technique of pnoviding

infonmation about eithen S+, S- on both on initial tnials and assessing

the use of this info::mation on laten tnials. They tnained nonkeys on

90 discrimination problems in which, on initial tnials of each pnoblen,

responses to a single stimulus were always oll neven rewanded. On

subsequent two-choice tnials this stimulus was s+ on s- nespectively.

Subjects given experience with s- we::e connect on 90 pen cent of the

finst test tnials, whereas subjeets given ex¡lenience with St were cornect

on less than 80 pen cent of the first test trials. Moss and Har'low

concluded that neward is not essential for disc::imination leanning ancl

that leanning what nesponse not to make on what stimulus to avoid is

mo:re impontant than leanning what response to make or- what stimulus to

appnoach. The Moss and Hanlov¡ study was replicated, with minon var.iations,

by Hanlow and Hicks, (1957), Blomquist, Deets and. Hanlow (tgZS) and Leany

(1956). However, Leary (1956) fou¡a that positive transfen fnom the

pre-discnimination phase to the discrinination task depended on S+ on S-

being chosen. Othenwise subjects tended "Eo respond to an unchosen S-.

Moss and Hanl-ovrrs nesearch cut acrloss an issue raised by

Lashley and !{ade (fg4O) who angued that neinfoncernent of a single

stimulus does not produce tnansfen effects in subsequent discnimination
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tasks which involve the pneviously rewanded stimulus and a new

stimulus. A sinilar a::gument has been nevived by Davenpont and

Hagquist (1968). In the counse of an experiment to test Lashley

and lIadets pnoposition, Lipsett (1962) found a revense Moss-Hanlow

effect fon finst g:rade child::en. This finding both undenmined Lashley

and lùaders position and intnoduced a developmental aspect of the nole

of S- in discnimination learning.

Thene are few studies using the Moss-Hanlow paradigm with

rats as subjects. Fitzwater (1952) gave thnee groups of subjects

single stimulus tnaining to both S+ and S- in the ratios of 5:35'

10:30, 20220 and 4O:0. By companison with control subjects which

wene given pne-disc::irnination expenience with S+ and a neutral stinulus,

the subjects ::eceiving experience with both S+ and S- penformed betten

on a subsequent disc:rinination, but the amor:nt of pnelimina:ry tnaining

nrade little difference to performance. In a replication of the

Fitzwaten study using childnen (g to 5 yeans old) as subjects, Evans and.

Endsley (fgOO) found that a low r:ewand:non::ewand ratio led to an

inCrease in the numben of co::nect nesponses, i.e. nonrewand was a more

important deter:minant of learning. Evans and Endsley suggested two

explanations of their data: eithen Lachmanrs (1961) suggestion that tl:e

acquisition gradient of oF-"F nesulting f::om nonreward is steepe:r than

the gr.adient of oG-"G nesulting fnom::ev¡ard, on that nonrewanded trials

elicit more attention or" or:ienting nesponses than ::ewarCed trials.

Mone necently, Tnaupman and lfong (1971) foturd. that if rats wene given

r:einfonced experience in a black alIey which became either S+ or S- on

a subsequent discrimination based on different rnagnitudes of rewa:rd,

the discrimination vras mas'tered more rapidly if the black al1ey became

s-.
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The classic Moss-Harlow design involves the intnoduction of

a novel- stimurus afte:: the pne-discnirnination training, i.e. the s+ o:r

s- e>çenienced in pnetraining is pained with a novel s- on s+ fon the

test discninination. Cnoss and B:rown (1965) attempted to avoid this
problem by insenting the information about s+ and s- between

discnimination and r.evensal tnaining. squinnel monkeys had 6 on I

discnimination tnials followed by 4 p::e-nevensal tr"ial-s which pr:ovided

positive (expenience with S+), negative (exper"ience with S-), rnixed on

no info::mation about the newa::d conditions holding duning the subsequent

nevensal tnials. Ove:: the course of 64 pnoblems they found:

(a) a reverse ORE in that ::evensal was faster after 6 r"athen than I

initial tnials,

(b) negative infonmation led to faster neversal than positive

infonmation,

(c) the complete absence of pre-reversal infonmation 1ed to the

slowest revensal leanning.

This study and resurt was replicated by cnoss, Fickling, carpenten and

Bnown (fg6+). Howeven, when this experimental design was used with

chil-dnen the }Íoss-Hanlow effect appeaned in chil-dren youngen than 4l

yealls (Cnoss and Vaughten, 1965), a neverse Moss-HanLow effect appeaned

in chil-dnen orden than 4! year^s (Vaughte:: and cr"oss, 1965; cnoss and

Vaughten' 1966), and there r4ras no Moss-Hanl-ow effect with e-ither age

grouP when children above and. below 5 years of age wene used (Vaughten,

1968). This furthen evidence of a developmental-aspect of the effect,

with less and less reliance on S- as age incneases, suggested the

possibility that thene rnay be a phylogenetic prognession. Howevet:,

the Moss-llanlow effect was not obse:rved. in ::ats when the Cnoss and Br:own
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design was used (Vaughten, Tye:r and. Halcomb, 1966). The nats in this

study wene given onJ-y two ÍnfonmatÍon feedback tnials and we:re not nr:n

to cnitenion on the nevensal task. ft may well be that the failune

to find a d.iffenence between positive and negative feedback groups was

due to pnocedunal details. Suppont fo:: this c::iticism was pnovided.

by Stevens and Fechten (1967) and Sasaki (1969). In both studies ::ats

we:re tnained on a bnightness discnimination, given 20 tr-ials pne-nevensal

expenience with nesponses to the former S+ being unnev¡arded and responses

to the fonmen S- being ::ewanded, and then ::evensed to critenion. The

Moss-Hanlow effect was obse::ved in both cases, i.e. subjects given non::eward

expe:rience with the fo::men S+ (the new S-) learned the neversal task fasten

than subjects given newarded experience with the forrner S-.

O1ton Q972) attempted a different solution to the pnoblem of

the novelty effect in the Moss-Harl-ow design. Rats wene given infonmation

about neinfoncement and nonreinfoncement and were then placed in a 3-choi-ce

simultaneous discnimination situation consisting of both alternatives

plus an additional one, so that avoidance of S- was not sJrnonomous with

appnoach to S+. In each expenimental session subjects wene given 2

fonced trials to S+ and S- and then 3 choice tniats. Howeven, although

a novel stimulus was not intnoduced, subjects wene placed in a novel

situation. The pattenn of nesponding (fewer nesPonses to S-, and an

egual numben of responses to S+ and the neu'h:al stimulus) indicated that

the nonreinfo::ced tnials cont:ributed mone to successful discnimination

than the neinfonced tnials, especially at the beginning of tnaining.

This finding was confirmed in anothen experiment which introduced a

50 minute delay between infonmation and disc::imination, and in a thi::d

experiment in which, on some ilays , info:rnation was given about neinfo::ce-

ment on nonneinfoncement white on other days it was not. The nuntber of
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choice responses to the stimulus indicating neinfoncement was

appnoxirnately the same i::respective of whethen inforrnation had been

given. 0n the ôthen hand, the numbens of responses to S- when

infonmation e¡as given was less tha¡ half than when information vlas

not given

The ove::al1 conclusion concerning this Ìine of resear"ch rm¡st

be that with non-human subjects, and pe::haps with ve::y young human

subjects, information about S- is more usefirl than info::¡nation about

S+ when a sr:bject must learn to discniminate between them.

Multip1e stimulus disc::imination Ieárning.

Quite a diffenent approach to those alneady descnibed is

nepresented by multiple stimulus situations in which the ::elative

impontance of responses to S+ on S- ane assessed by weighing one on the

othe:: stinulus and examining the effeet on discrirnination leanning.

Thís weighting is achieved by var"ying the number of S+rs and S-fs.

The majon advantages of this appnoach ane:

(a) Ongoing discrirnination is, directly stud.ied and the experimenten

need not nely on plle- on post-discrimination treatments on tests,

(b) No novel stimulus need be intnoduced, although this featr:re is

not always utilised.

The sevenal stimuli used in such designs may be repetitions of the same

stimulus on a set of diffenent stimuli.

Muttiple homogeneous stinuli Studies using diffe::ent numbens

of homogeneous S-ts could be considered to be concerned with od.dity leanning

whene the subject leanns to select the odd stimufus, Í.e. the unique S+

among an array of identieal S-rs. As such, some of the earliest neseanch



166.

on the ::ole of s- in disc::iminatíon leanning by chinpanzees was done by

Klüven (1933) who found that subjects leanned a disc:rinination fasten when

thene wene sevenal nathe:r than one S-. This work was extended by NÍssen

and McCulloch (1937) and McCu1loch and Nissen (1997) who found

discnimination facÍlitated with 9 S-:1 S+ and a conr.ection pnocedune,

and with 11 s-:1s+ and a noncorlrection pnocedune. simiranly smith

(1936) found that cats nequined fewen tnials to acquine a disc::imination

whene thene r^rene 4 S- I s rathen than 2 on I. The same finding has been

reponted for cananies with I S-:1 S+ (pastore, 1954), pigeons with

7s-:1 s+ (!Íilliams, 1967) and nats with 3 s-:l s+ (!üeaven and Michels

1961), ttitliams (1968) followed up his ea::Iier finding that pigeons

with 7 S-:1 S+ leann a simple discr"imination fasten than subjects with

2 s-:1 s+. He h¡rpothesised that since the subjects with z s-fs made

more er']1ons eanly in the task this led to S- becoming mor:e avensive

mone quickly. ÌIilliams (fgOg) attempted to offset this avensiveness

by subjecting the 2 S-:1 S+ group to a series of nonneinfonced. tnials
prior to the actual discnimination task (as in Moss and Han]owr lgGT).

The difference between the 7 s- group and the 2 s- gnoup was no longe:r

appanent.

The Weaven and Michels (1961) study consisted of 9 pr:oblerns in

a 4-choice appanatus with multiple S-ts (the stimul_i wene displayed

on a rectangula:: panel) followed by 4 problems unden single S- cond.itions

on vÍce versa. The facilitation effect occunned only in the fo:rmer case

i.e. muLtiple S- presentation followed by single S- presentation, and.

then only on the second and subsequent problems.

The most necent study in this tine of::esea¡-ch is that of

Schaeffen and Shandno (tg6g) who studied acquisition and nevensal of a
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black-white discnimination as a funetion of the numbe:: of S-rs

(t, z on 4). The appanatus in this study consisted of a semi-

cinculan a:rea with 5 goal boxes equi-distant fuom the choice point.

Fa1se walls could be insented to vary the numbe:: of choiceavail-able.

Subjects wene given 4 days of aequisition and 6 days of rever:sal- t::aÍning.

The nunber of S-rs bras not a c:ritical factor: in acquisition, but

neversal penformance improved. as a firnction of the numben of S-b.

Unfontunately, Schaeffe:: and Shandno did not train their subjects to

cnitenion on eithen task. Had. they done so they would have thnown

more light on the ::ole of r-esponses to S- in conventional discrimination

tasks. Also, they used a verl¡ easy disc:rimination which may account

for the failune to diffenentiate between the g:roups on the initial task.

The finding ís fainly consistent acnoss sevenal situations

- discrímination leanning is improved by increasíng the numben of

homogeneous S-rs.

Multiple hetenogeneous stimuli. The wonk described in the

previous section varied the number" of S-ts and kept S+ constant.

This puts all the emphasis on the nole of S- in the discrimination and,

obviously, consíders only one aspect of the situation. Just how

misLeading this can be is indicated by the vanied resul-ts of wo:rk done

on nultiple hete::ogeneous stimuli which has tended to weígh both

stimuli. This line of reseanch was initiated in the ea::Iy l960fs.

Coate and Gar.denen (1964) compared the penfonmance of g:roups with

3 S+:1 S- and 3 S-:1 S+ on a successive ope::ant discrimination task.

Inc::easing the numben of Sffs led to companatively poon penformance.

Gar"dener: and Coate (fg6S) found similan nesults in a study of simultaneous

discrimination leanning, Tnaining, in this study, vras given in what was

described as a rrchoice boxtt, although the situation was rnone like an
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opqrant conditioning situation than a conventional simultaneous

discnimination choice box. In tenms of level of penfonmance oven 432

tnials, and of the numbenÈ of tnials nequined to neach sevenal cnitenia,

penfonmance of the subjects with muJ-tiple S+ts was poorer than that of

subjects with multiple S-ts. Tn both studies Coate and Ga:rdenen

argued that since variability of S+ was associated with greaten

detenionation in per:fonmance than variability of S-, rewa::d fon resPonses

to a specific S+ was mone cnitical- than non::ewand for the avoidance of a

specífic S-.

Meyen (1964) also studied multiple stimulus discnimination

J-earníng when be attempted. to test Hullts (ISSZ) f+tn theonem, which pr"e-

dicted that discnimination between multipte stimuli in the pattern

S-:S+:S- would be more difficult than the conventional a::ray, S+:S- on

S-:S+. Six groups of nats wene tnained in a Gnice discrimination box to

distinguish between cincfes of diffenent sizes d.isplayed in the conventional

alrray on in vanious 3-stimuLus arrays. The perfonmance of subjects with

2 S-rs and I S+ on 2 S+rs and I S- did not diffen significantJ-y fnom

conventional control groups.

The rmrltiple stimulus technique has been used extensively by

.Jean Mand1e:: (1970, Lg7Lr 1973). Mandlen (tgZO) used a 2-choice

discnirnination task in a Y- maze, such that I S+ and. l- S- was pnesented

on each trial. Howeven, fon one gnouP of rats S+ valried fnom tnial

to tnial between three stimuli and with another group S- va:ried. The

stimuli used in two expe:rÍrnents wene honizontal, ventical and diagonal

stnipes, a btack t::iangle and cincle on a white ground and a checke::boand'

pattern. In both experiments the Constant S- g:roup (S S+:1 S-) leanned

the discninination faste:r than the Constant S+ group. Thene was no
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obvious relationshÍp between this r"esul-t and position nespond.íng, and.

it w." not explicable in terns of appnoach tendencies to novel stimuli.

As fa:r as a neiñfor"cement exþlanation waÉ concenned, the single st in

the I S+:3 S- glroup received mone than thnee times as many neinfoncements

as each s+ in the 3 s+:1 s- group, and yet subjects took rongen to leann

to nespond to it. The expranation suggested by Mandl-en henserf was

eithen a ¡notivational one - hitting a locked. door in response to S-

constituted punishment nathen than me::e1y non-::einfoncement, or an

associative one - fon the 3 S+:l- S- gtroup thene wene thnee times as

many nonreinforcements pen stirnul-us by companison with the 1 S+:3 S- gnoup.

The difference between her results and those of Gardener and Coate we::e

asc::ibed to appa::atus differences. The Y- maze used by Mandlen

emphasised inhibitony contnol since a resÞonse to S- either inl-olved

tturning anound and going back (co::nection method) or it invoLved detention

in the prlesence of S- (nonconnection method). Mandlen (tgZf) neplicated

the above nesult, and also found that the difference between the two

groups was no longen in evidence when subjects neceived p:rion t:raining

on a black-white discrimination. !ùeaven and Michels (1961) neponted a

simÍlar. finding. Oventnaining on the black-white discrimination improved

penfonmance on the muttiple stimulus task but without leading to a

díffenence between the g:roups. Howeven, Mandler (1973), in the course

of a diffe::ent experimental desígn, di,3 not r"eplicate the lg70 nesult.

ft is possibJ-e that- this was due to her: use of d.iffenent stimuli. ft- is

mone likely that it was due to the bias in hen method of selecting subjeets:

subjeets failing to leann the 3 S-:l- S+ task wene neplaced by new subjects.

The impor:tance of weighing both St and S- is indicated by a

study by Douglas, Bannett, Pnibnam and Cenny (f90g). These authons

varied only the nu¡nben of heterogeneous S-ts (1, 2 or 4) and found that
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the penformance ôf hippocampal lesion sr:bjects detenior.ated as a function

of the nr¡nben of s-ts.by cornpanison with sham on amygdeloid lesion

sr:bjects. Pribnam (tgZt) quoted this study as evidence when he argued.

that the hippocamus is cnitical in an organismrs et:ron evaluation system.

Howeven, it may well be that penformance would have dete:rionated. even motle

if the autho::s had considened. the case of multiple S+rs.

The results of studies using heterogeneous multiple stimuli

are molle ambiguous than those using homogeneous multiple stimuli.

Howeven, the mor?e tlecent, more carefirlly cont::oIIed, wo::k indicates

that the S- is relatively, but not absolutely, mone impontant, at least

as far as rats are concerned. This conclusion is not supported by the

work done with human subjects. House, Orlando and Zeaman (1SSZ),

wonking with a sample including a var"iety of mental retandates (t.Q. mean

= 44) found that perforamance und.er a corrstant S+ and S- condition was

bette:r than that unden a rraniable S+ condition (S S+:1 S-). pe::fo::mance

unde:r a var"iabl-e S- cond.ition (s s-:1 S+) began at the same Iow leve1 as

the varía-ble Sf condition, but impnoved oven nepetitions to the level of

the constant condition. The authons opted fo:: the conclusion that S-

was not used by subjects, and that the per:fonmance of the 5 S+:1 S- group

was due to app::oach tendencies towands the changing aspect of S+. WaIk

and Sa1tz (1965), using nonmal childnen of two age groups (S-O yeans and

8-9 yeans), reached a l-ess extneme conclusion. The penfonnance of the

youngelr child::en was unaffected by nultiple (2 on g) S+ on S- conditions.

However-, the olden child.ren we::e only able to solve'Lhe 2-choice discnimina-

tion task und.en the multiple St condition. Walk and Saltz- suggested an

explanation in terrns of the subjectrs past expenience with rewand and

pr:nishment. C1eanl-y, the developmental- aspect of the role of S- is again

in evÍdence.
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Cue st¡bStÍtutLon'techrri ues

The techniques so fan :reviewed have involved pne-

discrimination rnanipulation on dinect intenvention in the discnimination

process. The next area to be neviewed. invorves techniques which

assess the stimulus contnol exe::cised by S+ and S- aften the discnimina-

tion has been acquired. .tsy substituting a new stimulus fon st, s- on

both, choÍce behaviour on the next few tnials on the amount of disnuption

in leanning the new task a::e taken as an index of stimulus control.

The technique of cue substitution followed by choice discnirnination ¡vas

finst used by Chang (fgeZ, as in Wu, 1938) with rats in a Lashley type

apparatus. He found ambiguous on inconsistent r.esults and. concluded

that discrimination was not wholly eithen avoidance or approach leanning.

A similan nesult was observed in the second stage of Fitzwaterfs (1952)

expeniment which involved. r:epracing s+ on s- with a nelr stimulus fon

16 tnials. Subjects wene as p::oficient at appnoaching S+ as they wene

at avoiding S-. Stevens and Fechten (1968), however:, neponted mone

definite nesults. Subjects leanned a honizontal-ve::tical discnimination

in a nunway eithen for food on to avoid shock. Fon lhe next 10 tnials

eithen S+ on S- was neplaced by a new stimulus with altennate black and

white quadrants. The nats tnained with positive neinfor"cement made rnore

enr:otôs when S- was neplaced.. Howeve::, the opposite held for- subjects

tnained with negatj-ve reinfoncement.

lüith nonkeys as subjects the results were also ambiguous.

Behan (f962a), using a cue substitution technique,-found that subjects

:responded to S+ on 95.6 pen cent of the test t:rials and. avoided S- on

57.2 pen cent of those tr"ial-s. AvoÍdance of S- seemed to depend on the

extent to which the nonneinfonced stj.mul-us had been resþonded to in the

course of discnimination learning. llith anothe:r species (Mangabeys
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nathen than Rhesus monkeys) Beha¡ (fg6Z¡) found similan nesuJ-ts;

However:, Rees and Shnie:: (rgZr) used a 'ldisc:riminative switching

pnocedu:re" in which subjeets could switch back and fonth between S+ and

S- befo:re making a choíce. S+ and S- were neven pnesented simultaneously.

Hence. subjects continued to make responses with refer?ence to S- even

when the discniminatíon was almost mastened. Stimulus substitution

tests afte¡ this fonm of disc:rimination learning indicated that S-

contnol was much stnongen than S+ contnoÌ and was sufficient to rnaintain

penfonmance.

Work with monkeys using a ::e-training test nathen than a

choice test has not been much mo::e firuitful. Leary (1956) replicated

the Moss-Har"low effect in one pant of his study, but when S+ on S- was

pai::ed with a new stimulus after the acquisition task thene was only

slightly betten netention of S+ nathe:r than S-. Riopelle (1955) also

found little difference in performance following substitution of S+ on

S-. Howeven, Wa::::en and Kimball (1959), using kittens as subjects,

found. strong positive t::ansfer when the new S+ was substituted and the

oLd S- was retained, and l-ittle positive tnansfen if a new S- was

sr:bstituted and S+ was netained.

Once again Mand.l-en (fgOg, 1973) has done the most infonnative

work in the area. Mandlen (1968) gave rats tnaining to critenion on

oventraining on a black-white disc::imination followed by one of the

foJ-lowing:

(a) nevensal of S+ and S-,

(b) neversal of S+ to S- and new S+t

(c) neversal of S- to S+ and a new S-,

(d) new S+ and new S-,
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(e) netention of S- and a nelr S+,

(f) netention of S+ and a new S-.

Mandlen for:nd:

(i) an ORE fon all conditions,

(Íi) a decnease in the numben of e::no::s f¡om (a) to (f) fon the over-

tnained grouPsr.but the critenion g:roups rnade slightly molre errlo::s in (c)

than in (b) and in (f) than in (e), i.e. oventnained subjects vrere more

disnupted by changes in S+ and g:roups tnained to cnitenion wene mone

disnupted by changes Ín S-.

Mandlen (1973) folLowed up this result and hen pnevious findíng with

nultiple cues (Mandren, 1970, l9z1) by exanining two questions:

Fi::st, given that a nultipre stimurus task has been mastened,
how much has been reanned about the multipre stimuri companed
to the constant stimulus? second, if the constant stimulus
is the only stirnul-us that has been used in the fonnation of
the discnirnination, is that stÍmu-l_us mor:e effective in
controlling choice behavior:r when it has been leapned on the
basis of app::oach on avoidance responses? (page 113-114).

Following tnaining on eithen a 3 S+:1 S- on a 3S-:1 S+ discrimination

task, nats we:re tnansfer:ned to a 2-choice stirnulus discnímination task which:

(a) :retaíned the single stimulus (S+ on S-) paired with a new stimulus, on

(b) r-etained one of the multiple stirnuli (S+ on S-) paired with a new

stimulus, on

(c) intnod.uced two new stimuli (control group).

Only the latency data indicated that some response had been l-eanned with

:reference to the multiple stinuri, and this was taken by Mandrer: to

indicate that subjects had leanned to attend to the multiple stimulÍ

without leanning a consistent nesponse to them. The choice data indicated

that the discnimination had taken place on the basis of the constant

stimulus alone. Neither'choice no:: latency data cliffenentiated between
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the constant s+ and the constant s- conditions. Mandler: concruded

that the gneater nunben of tnials taken to learn a rnultÍp1e stimulus

task is a function of the time nequi::ed to isolate the constant

stimutus in this situation. Indeed, Nash (1970), using squir:rel

monkeys, arso suggested that subjects do not learn to nespond to all
stimuli of a set with equal facility.

A va::iation of the post discrimination test is that wheneby

resPonse tendencies to an individual S+ on S- ane determined without

s,bstitution of a new stirnulus. For example, suthenland. (1961) forrnd that
aften initial tnaining on a 2 choice discnimination, nats pnesented with
S+ alone on S- alone responded to S+ on 76 per cent of the 12 test trials
and to s- on 26 pen cent of the tnials, i.e. subjects had leanned to
sel-ect St and to avoid S- with almost equal accuracy. Sutherland, Cann

and Mackintosh (1962) canried out a similan expe::iment, except that
aften discnimination tnaining S+ on S- was p:esented alone for^ L2O tnials
(to days) and subjects wer:e neinforced fon responding to s+ on, when s-

was presented, fon responding to the opposite side of the maze which

consisted of a feeding tube but no stimulus. Oven the fir"st 50 tnial-s

arJ- subjects responded to s- on nore than 50 pen cent of the tnials,
i.e. s- seemed to nesemble st mone than the brank side of the maze.

These nesuLts we'e seen as consistent r^¡ith suther:land (196r) and formed.

the basis of Suthenland. and Mackintoshts (1971) assumption, mentioned. above,

that in a simultaneous discnimÍnation situation subjects learn a discnimina-

tion on the basis of both approach and avoidance.

Deutsch and Bider:man (1965) developed this t¡4pe of experimental-

design in theii investigation of the possibility that the ORE was due to
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changes in the aversiveness of S- as a function of over.tnainíng. Rats

were trained. concunrently on two disc:riminations (Iãr:ge-small squane

and horizontal-ventical. One discnimination l¡as pllesented on 9 tr.ials

pen day and the othen on 3 tnials pen day until sr:bjects r^rere responding

. co:¡rectly 80 per: cent of the time in the case of the mone t::ained

discnímination and 64 per cent of the time in the case of the less

tnained. disc::imination. tfhen the two S-rs were pnesented togethen Ll/tZ

nats chose the S- fnom the mone ü:ained. discnimination. Moneoven,

when one grouprs tnaining lras continued until rlesponse::ate on both

discriminations was almost equally accurate (8t pen cent and. 71 pen

cent) 7/L2 svbjects chose the S- fnorn the mone tnained. discrimination.

Deutsch and Bidenman conclud.ed that the negativity of S- was not monotonic

thnoughout acquisition. Bidenman (1967) neplicated and extended Deutsch

and Biderman (1965), using a 2 bar openant chambe:r. fn one expeniment

nats wene given foun times as much tnaining on one discrimination as on

another. !ühen the S-rs wene pained IB/22 subjects chose the more

tnained S- and when the S+rs v¡ene paired T5/L7 chose the mone tr"ained S+.

In anothe:: experiment all subjects neceived 128 tnial-s on two <liscniminations.

Vlhen the S-rs we::e pained 7/L7 subjects chose the mone trained S- and

when the S+ls wene pai::ed I0/I2 subjects chose the more tnained S+.

Biden¡nan angued that initially the negative value of S- is high, but as

training pnoceeds this function changes so that S- no longen serves as

an effective cue.

These ideas may sellve as an inbroduction to the study of stimulus

contnol data in openant situations which ane::elevant to this discussion.

Thè most intenesting lines of resêarch are concerned with the

rrfeatu::e þositive effectrt, with the inhibitory contnol of behavioun and

with erno:rfess discnimination leanning.
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Jenkins and SainsSsy (1969, 1970) and Sainsbury (tszta),

working wíth pigeoirs, found that if two displays a::e diffenèntiated by

a singte ôistÍnctive featu:re located on only one of the displays' e.g.

3 stars vensus 2 stans and one ci::cfe, the acquisition of a disc:rirnination

is fasten if the distinetive feature, the cir"cle, is on S+ nathe:: than S-.

They called this the rrfeatu::e-positive effecttf. Jenkins and Sainsbuny

(fgZO) found that when the distinctive feature'h¡as on S+, the subjectsr

llesponses convenged on it in preference to the common features.

Ïfhen the distinctive feature rdas on S-, the responses moved away from it

towands the common featur:es. They p::oposed a simultaneous disc::imination

theory as the best explanation of thein nesults: subjects learn to

nespond to the distinctive featu¡:e since a response to it is rewarded

on 1OO pen cent of trials, whereas a response to the common featur:es is

rewanded on only 50 pen cent of the tr"ia1s, i.e. on those tnials on

which tìe common and. distinctive featunes are presented togethen. The

fai;1"qry.tq acquine the discnimination in the feature-negative condition

was ascribed to the inability of the pigeon to form a conditional

discnimínation - the bird is requined to learn that nesponses to the conmon

feature must be mad.e cond.itional upon the pllesence (S-) on absence (S+)

of the distinctive feature. Howeven, in a situation involving successive,

napid alternation of the diffenent featulres on the nesponse key, Fanthing

(1971) did find that bir"ds could learn the discnimination in the feature-

negative condition. They were slowen, although not significantly so'

than the subjects in the featu::e-positive condition. Post-discrimination

gnadients indicated that the distinctive featune in the featu:re-positive

condition became an excitatory stimulus and the distinctive featune in

the featuue-negative disp.tay became an inhibitony stimulus. The common

features aequired an inhibitatony o:r excitatory function opposite to that
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of the d.istinctive featune. Fu::thertnone, Hear:st (1969) pnesented data

which was the opposite to that of Jenkins and Sainsburry (fgog, lgzo), Í.e.

a rrfeatu::e-negative effecttr, However, he angued that the differ:ence was

due to pnocedr::ral va:riations (continuous vensus discnete tnials and

diffe::ent inten-tnial conditions) and that Jenkins and Sainsburlrts (1970)

theorry could be neconciled with the data.

Sainsbury (fgZf¡, 1973) investigated the featu:re-positÍve

effect in chird::en, especially to d.etenmine why the featune-negative

effect was so slow to develop. He found the featr:re-positive effect with

4 yean o1ds, only mininally vrith 7 yean olds and not at .a11 with 9 yean

oLds. Sr:bjects which solved the featu::e-negative display seemed to use

the distinctive feature mone than the conrnon featu::es. They used the

distinctive featu:re as a cue in a conditional decision, i.e. ttif the

distinctive featu::e then nespond to the opposite displayrt, in the way

pned.icted by .Ienkins and Sainsburyts simul'taneous discnimination theory.

,Jenkins and Sainsbuny (1970) denied that their nesearlch had any

bearing on the question of whethe:: S+ is more or less impon'Eant than S-

in contnotling discniminative perfonmance.

The distinctive feature is conve:rged upon when it is on the
positive display and divenged fi:om when it is on the negative
display. It thenefore contr.ol-s penfor.mance in both arnangements
even though the end result is the development of a successive
discnimination in one case and the failure of a successive
díscnimination ín another case. Tn general, outr intenpretation
of the dispJ-ays as consisting of common and distinctive features,
:rather than as a single undiffenentiated amalgam, prevents us
fnom ::elating the nesults to traditional questions about the
nole of positive and negatÍve stinuli in discniminative conditioning.
It is possible, however:, that some expe::iments dinected towar:ds
these issues might be intenpreted in the tenns we have thought
appnopniate to the feature-positive effect. (p.268)

The lnethods and pnoblerns associated with the study of ÍnhibÍtony

stirnulus control are r:eviewed and evaluated by Heanst, Besley and Panthing
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(1970). The application of Heanstrs appnoach of obtaining excitatony,

inhibitory and intna-dimensional g:radients to discrimination leanning was

pnesented in Heanst (1969). Hea::st showed that it was possible to obtain

sepanate, empinical g:radients which provided stnong suppont fo:: the

Spence-Hull appnoach based on assumed or hSpothetícal gradients. He

also naised the question of whether excitato::y pre-tnaining was more

valua.ble than inhibitory pre-t::aining when both ar.e nequined ln the

eventual disc::imination, i.e. the same question asked by Moss and.

Hanlow (1947). Using pigeons in an openant situation, Heanst (1969) found

a reverse Moss-Hanlow effect, due, it seemed, to a highen absolute

diffe::ence in the nate of responding to S+ and S- on the pa:rt of subjects

which neceived excitatory pre-tnaining. Hearst (1971) studied the same

p::oblem with a more sophisticated design. Pigeons wene given excit4tory,

inhibitony, single-stimulus on extradimensional pre-tnaining on a line

length disc::imination befone t::ansfen to a successive discnimination.

Genenalization tests on line length vaniations vlere made at the end of

the expeniment. Once again Heanst found a nevense Moss-Hanlow effect:

the subjects receiving inhibitor.y pr:e-tnaining wene not consistently

supenion to the single-sti¡nulus o:: extnadimensional contnol gloups.

No lange on consistent diffellences in the shape on slope of the gener:aliza-

tion gnadients were found among the foun groups. Heanst (1969, 1971)

a:rgued that the :results were due to the fact that the g::oup which received

exeitatony pre-tnaining entened the test d.iscnirnination nesponding napid.ly

to S+, due to the pne-tnaining, and nesponding at I low nate to S-, since

thene v,ras a steep absolute gnadient alout 31, and S- was fan from S+ a.long

the l-ine length dinension. Subjects which necèived inhibitory pne-

hraining entened. the test discnimination with a low rate of::esponse to S-,
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due to pne-tnaining. The int::oduction of neinfoncernent fon nesponding

to s+ led to an increase in nesponding to that stimulus and, by

generalization, to an increase in s- ::esponding as welI. Thenefone,

nespondi.ng to s- had to be neextinguished and this impeded the

acquisitíon of the test discnimination.

Howeve:r, Heanstrs explanation ::elied heavily on the effect of

intr:oducing a novel- stimulus into the situation. As has been noted

above, this is generally considened to be a problem with the Moss-Han1ow

appnoach to the assessment of the rol-e of responses to S+ and s-.

Heanst has shown that, fon efficient successive discnimination*.lea::ning,

excitatory pne-training nay be more useñ:l than inhibitor:y p:re-tnaíning.

He has not pnoved that this is due to the p::ope::ties of S+ and S- independent

of one pa::ticulan expenimental design.

Finally" the neseanch on e:::ronless discnimination learning is
of interest in that this form of learning nepnesents the antithesis of the

wonk discussed in this thesis. (Cf. Ternace 1966, 1972 for neviews of
this line of ::eseanch). Er:::onless dÍscrimination leanning begins with

a situation in which some discniminative control alneady exists, usually

a velry easy discrimination, and the S- of a much more exacting discrimination

is g:rad.ually trfaded in'r. Eventuarly the subject is responding

diffe::entially, but witilout having mad.e many responses to s-. Terrace

(1966) lists sevenal observations which suggest that two diffe::ent sonts

of discniminative control aríse from conventionar and enronress

discnimination training. Neithe:: behaviourar contr:ast non the peak

shift wene obsenved following err"onless training (Tennace, 1963a, 1964);

subjects do not display the emotional behaviour and bunsts of pecking
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chanactenistic of sr:bjeets tnained with errorls (Ternace, 1966); and

penfonmance vùas not susceptible to dis::uption by dnugs which usually

have a rnanked effect on eni'on nates (Tennace, Ig6gb).

The theonetÌcal implications of enronless discrimination'

lean4ing ane not cl-ean at this stage. lùhat the phenomena d.oes indicate

is that nesþonses to s+ and nesponses to s- may influence quite

diffenent mechanisms of leanning. rn a :rathe:: indi::ect way this does

suppont the conclusions denÍved fnom eanlien neseanch.

Conclusion.

The conclusions which can be drawn fuom the literatune on the

::elative effect of newand and non::ewand. in disc::imination 1eanning must

be tentative. The main pr:oblem is that of designing an expenimental

situation which a1lows the effects of the two stinuli to be distinguished..

centainry, the nesurts of the more cal?efulry cont::olred expeniments

penfonmed and the mone successful expenimental designs, Í.e. the later
developments of the Moss-Har'low appr"oach and homogeneous and hetenogeneous

rnultiple stimulus situations, favoun the conclusion that s- is more

impontant than S+. In the following chapter a senies of expeniments

is descnÍbed in which the circula:r maze was used. to stu-dy multiple stinulus

díscnimination with S+ and S- diffe::entially wei_ghted.
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CHAPTER 8

E)GERTI4ENTS ON'VTSUAT DISCRIM]NATION TEARNTNG

}TITH .S+ 
ATID S- DTFTERENTIATTY'I,IEIGHTED

Introduction

The expeniments descr"ibed so fan in this thesis have

focussed on a panticular pnope::ty of the cinculan maze, i.e. its

reduction of spatial cues. Hence an integnal pa::t of the e>çenírnental

designs used in Chaptens 3 and 5 has been a companison of the 2- and.

I2-doo:: conditions. In fact it was fon this pì.rpose that the appanatus

was designed.

Howeveno the cinculan maze cÉm be put to a widen use. The

l2-doon condition is a situation in which sever"al different stimuli can

be p::esented sirnul-taneously. As the review of the liter"atune in Chapten

? indicated, multiple stimulus pnesentation is a veny useful technique

for the study of the nole of nesponses to S+ and S- in discnÍmination

lea::ning. Indeed. apparatuses which al1ow the simultaneous pnesentation

of rnultiple stirnuli have al::eady been used in several studies. Nissen

and McCull-och (1937) and McCulloch and Nissen (1937), using monkeys,

and Smith (l-936), using cats, p::esented subjects with a display of

sevenal stímuli. lfeave:r and Michels (1961) used a 4-choice appanatus

with nats in which the 4 stimuli werle presented on a nectangular panel.

The closest app::oximations to the cir.cular maze are the semi-cinculan

apparatus with 5 goal boxes equi-distant from the starting box used by

Schaeffer and Shandro (1969), and the circular appanatus with 6 goal-



182.

boxes usèd by Barns et a1 (1970). Thelrè wene a numben of ad.vantages

to be. gained by these multiple stirnul-us pnesentations. The

díscnÍmÍnation was studied as an ongoing pnocess. Thene was no novelty

effect due to the sudden inh:oduction of new stímuli on a sudden change

of the éxpenimental situation. Moneove:r, any o::den effects due to the

sequence in which the va::iable stimuli wene pnesented was avoided.

However, all- these expeniments studied the effect of varying the numben

of homogeneous s-rs. The:re has been no research done on the

simultaneous Pl?esentation of sevenal hetenogeneous stimuli. Hence the

use of the circular maze as a means of multiple stimulus pnesentation.

is an obvious extension of Schaeffen and. Shandrots work in the semi-

cincul-an aPPanatus, and its use with heterogeneous multiple stimuli is
an extension of Mandlerts (lgOB, Ig7O,1971,1973) studies of such stirnu].i

in a Y-maze. The study of hetenogeneous stimuli was chosen because,

despite Mandlenrs work, on penhaps because of it, the pictur"e in this
anea is less ciean and a number of very interesting questions have been

::aised.

Thene is the dangen that the l2-doon situation is so different

fuom the conventional 2-choice expenimental situation that the results

of lea::ning in such a situation ane difficult to intenp::et. Howeve¡,

in the expe:riments described ín Chaptens 3 and 5 the:re r^ras no evidence

that the r-ats in the l2-door groups behaved in an atypical fashion, and

comparisons between 2- and t2-doon conditions were usually not significant.

Hence the advantages of the cinculan maze fon the simultaneous presentat.ion

of murtiple stimuri do seem to outweigh any fear"s on this score.
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natio of S+ to S: in terrns of stirnulus vanÍability.

Ve::y few expeniments in the area of multiple stimulus

disc:rimination leanning have eonsidened a r?ange of vaniable stimuli.

lÍilliams (1968), using homogeneous stimuli, compa:red 7 S-:1 S+ with

2 S-21 S+. Schaeffe:: and Shand:¡o (fg6s) found that with Lr 2 or 4 homo-

geneous S- t s to 1 S+ pe::forlmance in nevensal lea:rning inp::oved as a

function of the number of S-ts. Douglas et al (fg6g) found the contnany

with l, 2 and 4 hetenogeneous S+rs to I S-. The pnesent expe::iment

compa::ed 2, 3 and 6 hetenogeneous S+rs to I S- and. vice ve::sa. Thus there

we::e six expe:rimental g:roups, i.e. 2 S+:l S-, 2 S-¡L S+' 3 S+:I S-t

3 S-:1 St, 6 S+:1 S-, and 6 S-:1 S+.

If, as the litenatur:e neview in Chapter 7 ind.icated, l?esPonses

to S- are relatively more effective in discrimination learning than

nesponses to S+, groups with a constant S- should learn a discr"imination

faste:: than grroups with a constant S+, since va::ia¡ility in S+ will be

less deh:imental- to speed of learning than variability in S-. Thene was

veny little evidence on which to base a prediction about whethen speed of

leanning woul-d be a function of the numbe:: of variable stimuli. What one

can say is that if subjects havê to leann the appnopniate nesponse to

each variable stinulus, the speed of lea::ning should be a function - dinect

on inve:rse - of the numben of rnultip]-e stimuli. But if, as Mandlen (fgZg)

suggested, discnimination takes place on the basis of the constant stimulus

alone, the range of vaniable on nultiple stimuli p::esented should not

affect the speed of learning.

Thene wene two p:roblems with the pnoposed expenimental design.

Fí:rstly, there was the guestion of app:ropniate control g?ouPs fo:: the

expeniment. In one sense this was a nonissue in tha't the Multiple S+:

Constant S- vensus Multip1e S-: Constant St design is abalanced one, and
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the impontant compa:rÍson was between these two conditions. Fr¡rther

contnols we¡.è not absolutely necessary, a:rd ane seldom used in expeniments

in this anea. In anothei" sense, a contnol condition which used

rnultiple on variable stimuli without weighting S* on S: l¡or:ld be useful.

Mo::eoven, Mandlenrs suggestion that the constant stimulus is a cnitical

facton adds fonce to this angument. Since the main expe::imental g::oups

involved 3, 4 and 7 stimuli, contnol g:louPs of 2 S+:2S-, 3 S+:3 S- and'

6 3+:6 S- were incl-ud.ed in the experiment. These grouPs involved 41 6

and 12 stirnuLi. The particula.n combinations of S+ and S- we:re

detennined by the natune of the maze, since an even number of S+rs and S-rs

was requined. Consequently the numbe:: of stimuli in the experimental

guoups were not matched exactly by the control grouPs, but at least

some indication of the impontanee of the constant stimulus could be

provided. by these cont:roI g¡oups. Finally, an idea of the nate of leanning

a I S+:1 S- task, i.e. the conventional two stimulus task, was determined

fnom the nesults of previous expeniments togethen with the ::esults of a

small gnoup of suljects in this experiment.

The second. problem in the expenimentat design concenned the

equívalence of the stimuli in tenms of theín discniminability on the

subjectst pnefe::ence fo:: one::athen than anothen. llith up to 12 different

stimuli invol.ved in the experíment, it is possible that some patterns may

have been more d.iscr.iminable than others, or that it may have been easier:

fon subjects to lea:rn to discriminate between one pai:: of pattenns rathen

ttran anothe:r. Fon example, a patter"n of diagonal stnipes may be easiq:

to penceive or remember than a pattern consisting of a white cincle on a

black backg:round. On it may be easien to fearn to d'iscniminate between

ho::izontal and ventical striped patterns than between cincles and squalles.



This Íssue could be settled by testing eaeh

stimulus in a se::i.es of l St:t S- tasks ¡ a

An acceptable altennative is to look at the

to the diffe:rent stimuli and to make a post

equivalence on this basis.

Ig5.

stimuÌus against everSr other

long and uneconomic process,

distnibution of nesponses

hoè assessment of stimulus

}IETHOD

E>çerimental Design

Basically the design of the expeniment involved:

(a) A 3 x 2 design with Z, 3 on 6 hetenogeneous stimuli and S+ o:r S-

constant.

(b) For::r control groups with S+:S- natios of I:Lr 222,323 and 6:6.

(c) The groups in all the conditions except the 3:1 condition lea:rned

a discrimination to a critenion of 22/24 cor:rect nesponses oven two

consecutive days. 0n attainment of this crite::ion the two groups in

the 3:I condition learned the reversal of the or:iginal discnimination to

a critenion of 22/24 connect oven two consecutive days. This was in the

nature of a pilot study to determine the usefulness of continuing this

]-ine of nesearch.

Subiects

The subjects were 114 expenimentally naive male, lIistan stnain,

hooded rats, whieh r^rer:e approximately 100 days old at the beginning of

pne'E:raining. The subjects wene maintained at 85 pen cent of thei:: ad

1ib. body weight thnoughout the expe::iment, but had water available at

al-l times.
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ApÞanatus

The apparatus was the cincular maze desc::ibed. in Chapten 2.

The stimuli used in the'expeniment a::e irrustnated in Figr:::e g.l.

These black and white pattenns wer:e such that in each case S0 pen cent

of the 9 x 7 cm plate attached to the goal box doon was brack and.

50 pen cent of the plate was whíte. The gïrcups ín the 2:1, o:r and

2:2 eonditions used the honizontar, ventical, chequenboand an¿ one

cincLe stimuLi. The groups in the 6:1 cond.ition used. these stimuli

plus the quad::ants, squar?e and d.Íagonar stimuli. The 3:3 g::oup used

all the 12 stimuli except the c::oss, the four cÍncres and the il::andomn

stinuli. Final1y, the 6:6 g::oup used arl the stimul-i shown in Figr::re

8.1-. The stimuli wene arnranged on the doors of the maze such that,
fon the groups in the 2:r, 3:1 and 6:r conditions eveny second. d.oon

displayed the constant Sf on S-. Eveny other. doon displayed one of the

vaniable stimuli such that each was nepnesented equally often. Fon

t}:e 2221 3:3 and 6:6 conditions the stimul-í were juxtaposed such that

as wíde a llange of the 12 possible painíngs of the diffenent stimuLi

as was pnactical was Presented. This was done in orden to conb:ol fon

possible p::efe::ence for: pa:rticulan pairings of stimuli. Fo:: example,

in the 222 condition, when ho:rizontal and vertical wene the S.tts and

chequenboard and one ci::cle vrere the s-|s or vice vensa, the sequence

of stimuri from doon 1 to doon l-2 was: ho::izontal, chequenboard,

ventical , one cir:cle, ventical , ehegue::boa::d, ho::izontal , one circle,

honizontal, chequenboa:rd, ver:ticaI and one cincle. rf this anrangement

had not been made subjects would have been presented with, fon example,

honizontal atways on the left of chequenboaz'd.
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Because of the very large nunber of subjects involved'

all condj-tions in the experiment coul-d. not be run at tJ:e sarne tine.

The 3:I g::oups ¡n¡ete run firsi to deterrnine whe'ther this lj-ne of

research j-n th.e circular maze was worth further investigation. The

results were encou-raging. I1e¡rce the 2:2 group a¡r.d then the 2:1

and 6:1 group were run fol-lowed by the 1:1 subjects, ü" 3t I group

anrl tlre 6'.6 group. This procedure raj-sed problems in the

i":eterpretabion of the results. It is possible that over the course

of the experi:nen-b, which took ó months, v¿rriations j:r lJre conditions

of the sub jects corrl.d affect the results. Th-is point nust be borne

in mind when the results of t'Ìris experi:nent, especialþ the

conparison of tlre 2:1, 3zI and 6:1 conditions, are discussed.

Ire!r"r*Ug. The pretraining procedure used in this

experi:nent was the sa¡ne as that used for the l2-d.oor subjects in

the previous experlrnents described in ttri'g thesis. 0n t'Lre day

follorving the end of pretraining subjects were tralsferred to tne

initial discrimination task.

Discrimination trainins. The detail-s of tkre procedure

used. in this experùnent v¡ere the same as those d.escribed for the

l2-door subjects in earlier experiments j¡r this thesis. Subjects

r'rere run j¡r batches of 2, 3 or 4 depending on the arralgernents

which had to be made to bal¿nce stimulus combi-natÍons. These
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arrangements are described below. In all cases the intertrial

interval was I fo 2þ mjnutes. Subjects were run to a learnilg

Sub-groups of subjects were presented. with different

stimulus arrays. Idith so many stùnuli it was not possible to

arrange a perfectþ corrn-berbalanced design, but there were three

or four sub-groups in each najor groLrp and so a reasonable

control for stj¡lu1us preferences could be organised.. The

assignnent of subjects to sub-groups within the nain groups

is shor¡n in Table 8.11.



TABLE 8.11

The distnlbutiort of súiJec,ts across conditLons

and sub-gr3oups in Expet'i.rnent 8.1.

S+

One cincle,
checkenboa:rd

Honizontal,
checkerboa::d

HonÍzontal,
ventical

Ventica3-,
one cincle

3 Ho::izontal

3 Vertical

3 One cir-cle

3 Checke::board

Ventical,
checkenboand,
one ci::cle

Hor.izontal ,
checker"boand,
one cincLe

Hor-izontal ,
ventical,
one cincLe

Ho::izontal ,
ventÍcal,
checkenboard

3 Horizontal

r88.

S-

Ho::izontal

Ventical

One cincle

Checke::boa:rd

One cincJ-e,
checkenboa::d

Hor.ízontal ,
checkenboand

Honizontal,
vertical

Vertical,
one circle

Honizonta]-

Vertical

Checkerboard

One ci:rcle

Ventical,
checkerboand,
one cíncle

Horizontal,
checkenboard,
one ci:rcle

Condition

25+: l-S-

23-:lS+

33+: IS-

Sub-g:roup

1

2

I

2

3

4

3

4

1

N

3

3

3

3

3

4

3

3

1

2

3

3

35- :15+

2 3 Ventical



Condition

33-:1S+.

6St:1S-

6S-:LSt

lS+:1S-

Sub-gnoup

.t

4

1

2

3

4

1

2

3

N

3 Cheôkenboand

Vertica]-

Checkerboand

One circle

Cheðkenboa:rd

One cincle
Honizontal

Horizontal-,
checkerboard

Horizontal,
ve::tícal

189.

s-

HonÍzontal,

Vent., cheek.,
one cincle,
quadrants , squal:e ,
diagonal
Ho:riz. , check. ,
orhe cincle,
quadrants, squane,
diagonal
Honiz., vert.,
o,ne cir.cle,
quad::ants , squalte,
diagonal

Horiz., vert.,
check. ,quad:rants ,

square, diagonal

One circle
Vertical
Cheeke:rboand

Vertical, one cincle

Checkerboa::d, one
cincle

3

3

3

34

1?t

3

3

3

3

rentical
ci::cle

, one

One cincle Honízontal,
ve:rtical ,
checker.boa::d.

Ve::tica1, Ho::izontal
checkenboand, one
ci:rc1e, quadnants ,
squane rdiagonal
Honizontal, Ventical
checkerboat-d, one
circle rguadrants ,
squalîe, diagonal
Honizontal, Checke::board.
ventical, one
circle ,quad:rants ,
square, diagonal
Horizontal, One ci:rcle
Ventical,
checke:rboand,
quadr:ants ,square ,
diagonal

Honizonta]-

3

2

2

4

I
2

3

I

42

23+ :23-
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Condition

23+:25-

33+: 35-

6S+:6S-

Sub-g:roup

3

4

2

3

4

S+

Honizontal, one
ci::cle

Ho::izontal , one
cincle, squar?e

Check., vert.,
guadnants

Horiz. , quad:lants ,
diamond

Check., square,
curve

Honiz., one
cincle, check.,
diagonal , clloss,
square

Vert. , quadr:ants ,
curve, diamond,
fou:r cincles,
::andom

Honiz., squaPe,
cross ,quadnants ,
curve, foun
cincl-es

Vent., one
circle, cheek.,
diamond , diagonal,
nandom

1

2

N

4

3

3

3

3

S-

Ve::tica1,
checkenboand

Check. , verlt. ,
quadrants

Honiz., one
ci::cle, squarle

Check., squale,
cunve

Ho::iz. , quadrants,
diamond

Vert., quadnants,
cu:rve, diamond,
four ci::cles,
random

Hor.iz. , one cincle,
check., diagonal,
cltoss, square

Ve::t. , one cincle,
check., diamond,
diagonal, :random

Horiz. , squarle ,
cnoss, quadnants,
cunve, foun
circles

3

3t

3

3

2

(t'.' 2 Ss were discanded, one due to an eye infection and the othen

due to faih:re to leann aften 360 tría1s with 172/360 connect. )

Reversal leanning. 0n the day following attainment of the

learning cniterion the subjects in the 3:1 conditiorr were tr:ansfenr.ed to

the neve:rsal task and..nun to a learning cnitenion of 22/24 cor::ect resPonses

oven two successive days.
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RESUTTS

The nesults of Expeninent 8.I are sunmanised in Table 8.12.

TABLE 8.I2

TriáLs to crritenion on the'lnltla]-
multiple stimulus d.Ísc::iminetictñ, Exþenimerit 8.1.

Gnoup :

25+:15-

23- :1S+

35+:1S-

35-: l-S+

6S+: IS-
63- : l-S+

1S+: lS-
23+z2S-

3S+:35-

6S+:6S-

N x

87.2

118.1

74.6

103 .4

86.2

I02.7

L+9.7

143,1

167. 5

Median:358.5

S.D.

23.9

47.L

26.0

s3.6

24.7

41.5

LrO C2t

49.8

85.6

11

11

L2

IO

L2

L2

69

12

L2

1l_

( ?t Pooled estimate of S . D. )

The fÍgure fon the I:1 condition on this table was de.tenmined on the

basis of the results of l2-doon subjects inExpe::iments 3.2, 5.4, 5.5 and

5.6 neponted in eanlien chaptens of this thesis (Cf. Tab1e 6.I1)plus

the data fuom the 7 subjects nun under: the I:t conditÍon in this

expeniment. Only 7 subjects Ín the 65+:65- grouP learned the task

afte::360 tnials, henôe only a med.ian scor?e is neported. The expenirnent

was discontinued at this point because there was no evidence that any

mone useful infonmation could be gathened.
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The majn point of interest in thís data is the conparison

of the Multiple S-r:Constant S- a¡d Mu1t'iple S-:Consta¡rt S+ conditions,

i.e. tLre 2:1, 3:1 and 6:1 conditions. For tttis purpose a 2 x 3

anaþsis of varia¡ce (Uy tJre nethod of unweighted means for unequal

cell. frequencies, Wiler, W7f) was perforrned. on the trials to

criterion for these 6 groups. Inspection of tJre means a¡rd standard.

deviations i¡r Table I )2- suggested that tbrese tr,¡o statistics i¡tcreased

in proportion to each other and so llere not ildependent. To

correct for tJre possibility that the r.urderþing distribution was not

normal the anaþsis was done on 1og transformations of the data. The

results of tJre anaþsis of variance j¡rdicated a significa¡rt effect'

for the Constant S- versus Constant S+ variable (F(1r62) = 5.839t

p - .05), a nonsignificant effect for the nu¡nber of stimuli variable

(n(Zr6Z) = !.O97t p > .05) and a nonsignificant interaction effect

(F.I, p >.o5).

The indications are that responses to S- were mor€

effective in the acquisítion of th.e visual discri-uination than

responses to S+. This result confirrred previous findings j-n tù¡-is
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area of research. Moreover, it corrfirrned those findings in a

situaticn unconfounded by the order effects irùrerent in the

conventional metLtods of presenting multiple stj¡nulj-. However,

the fact that the number of heterogeneous variabJ.e stimuJ-i

involved r.¡as not critical confirned the suggesti-on nade by

Mandler (nfÐ that ttre d.iscri.rnj¡ration is made on the basis of

the constant s'bi¡ruIus. lf tlie constant sti¡¡ulus is S- then

learning is faster ttran j-f the constant stimufus is S+.

0vera11, however, it is tkre constant' sti¡nulus which natters

rather than tÀe nr¡nber of vari-able stimuli invclved. This

conclusion received furbher support from the data of the

control groups. The 111 group may be regarrled. as a reference point.

tlhen more than tv¡o stinuì-i were involved the speed of learning deteriorated

severe\r. However, the difference betr¡een the mear¡s of ttre
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2;2 and.3:3 groups Ìras not significant (t'1, p 7.O5). Tlne 2'.2

md 31 3 groups, which i¡rvolved 4 and 6 stimul-l respeetiveþ, took

longer to acquire the discrimination than groups jJr üu Jtl and

6:1 conditiolrs which i¡tvolve ( ancl 7 stimuli respectiveþ. The

difference betr'reen tÌre combined means of the 3:1 groups ancl t'Ïre

mea-n of the 2:2 group was significant (t'(lz) -- ).274t p <.05).

The difference betv¡een tkre conrbined mea¡s of the 6: I groups and

ü" 3r3 group was a]*qo significant (t(¡¿) = 3.5L6t p<.05).

However, the problem of ilterpretation which arises from ttre

pr.oced.r:re of running the different conditions sequentialþ ratJrer

tlran concurrentþ is particularþ relevant to tJris part of the

data. The next experiment, Experiment 8.2, exa¡ri¡red ttre role of

the constant stimulus by keeping the ratio of S+:S- at' 2zI but

wittrout a constant stimulus being present j¡r the situation.

However, an issue which must be exami¡red before

proceeding is that of stj¡nulus preference. It is not possible

to deterrni¡e whether one stimulus is more d.iscriminable tha¡t

a¡rother. Nor is it possible to say, i¡ ttre Multiple S-:Constant S+
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situation, whether the subject is learning to avoid a1-l the

S-rs equalþ welI, since ttre subjectsr behaviour cqnsists in

maJcing responses onþ to the consta¡rt S+" Fjlalþ it is not

possible in ùLre Multipl.e S+:Constant S- condition to say

whether the subject has learned an equivalent approach tendency

to al]. the S+rs. Ilowever, itis possible to deterrnine

v¡hether one sti-mulus is responded. to on a disprotrnrtionate

number of trials. The 3:1 groups l.rere chosen for such an

a¡aþsis. The fact tùrat this group Ïras reversed nea¡rt that

more data was available for such an anaþsis. In the 3 S-: I

S+ group, for none of tJ:e lO subjects did a Chi squared test

indicate a disproportionate amount of responding to the 3 S-rs

i¡r the course of the i¡ritia]. discrlnination. In the

3 S+:1S- group, however, for d subjects out of 72- ttre Ch:i

squared test was significant at tL¡e .O5



194.

level. fi¡:rthermolle, over the two criterion days (the final 24 tnials

for each subject) 5 subjects, including these 4 sr:bjects, :responded.

to the same stimulus on mone than 11 of the 24 t:riaIs. The p::obability

of such a response disbribution is lesb than .05. Hence thene is evidence,

in tbe l"fultiple S+:Constant S- condition that subjects leann to respond

to one panticula:: S+ mor.e than the othe::s . On the othen hand, when the

disc::imination was ueversed the pensevènative nesponding of these sr:bjects

was not confined. to thei:: prefenned stimulus. On the avenage, 50 pen eent

of the responses of these 5 subjects we::e to non-prefe::red stimuli. It

can be argued that pensevenative behavioun is a good index of what a subject

has lea::ned. Overall, stimulus prefenence must be considered a complica-

ting facton in this expenimental design, but the evidence is not such as

to invalidate the nain find.ings.

llhen gr"oups 3 S+:l S- and 3 s-:1 s+ wene neve::sed the mean

tnials to critenion wene 178.3 and 198.9 respectiveJ-y and the standand

deviations Ïùel?e 44.2 and 105.3 nespectively. The diffenence between

the two gtoups was not significant (Mann whitney u = 57, P ) .05),

consequently the study of neversal learning of nultiple stimuli was not

punsued.

EXPERIMENT 8.2. The effect of the conStant stimulus in multiple

stimulus discnimination learni-ng.

In Expeniment 8.1 various natios of S+:S- and vice versa were

studied. !Íhen the constant stimulus was S- Iearning was facilitated

nelative to the condition under which the constant stimulus was S+'

It was concluded that, since variability in s= wê's mone detrimental

to leanning than vaniability in St, nesponses to S-, on errons t l^lelle

'r'nelatiVely mole ímpontant than conrect ::esponses. However, the fact that



195.

the d.ifference between the constant S- and the constant S+ condition was

unaffected. by the number of variable stirnuli, and also the pnognessive

detenio::ation of the control gfouPs aS the nrunber of stimuli inc::eased'

suggested. the possibility that the nesults of Experiment 8.I depended'

to some extent, on one stimulus in the situation being constant' If this

was so, the ::esuLts of pnevious studies of multiple stimulus discnimination

learning require some r.einte:rpnetation. In the studies reviewed in

chapten 7 various s+:s- ratios we::e used, but in every case multiple

stinuli wene pai::ed with a constant stimulus. It is not that the

conclusion concerning the relative impontance of enrons is in doubt, but

:rathe:r that the cond.itions under which the effect occu::s may be mone

nestricted than had been thought.

The presentation of several S-rs and one S+ oll sevel?al S+rs

and I s- is not the only way in which a particula:: s-:s+ o:r s+:s-::atio

can be achieved. The 2:1 condition can be used to illustnate this

point. In Experiment B.I the 2:l- condition consisted of one gl:ouP

with 2 s+rs and I s- and another grouP with 2 s-rs and I s+. The same

ratio is achieved by having 6 S+rs and 3 S-ts or 6 S-rs and 3 S+rs' This

was done in E>çeniment 8.2. If it is the ratio of s+:s- or vice ver:sa

whieh is cnitical fo:r a <lemonstration of the nelative impontance of

responses to S-, then one would expect the 6 S+:3 S- grouP to learn

the d.isc::imination faster than the 6 S-:3 S+ group'

METHOD

Expenimental desisn

The design of .Ehe expeniment consisted' of two g:roups: one with

6 diffenent strs and 3 different s-ts and the othe:r group with 0 s-rs and

3 S+ts. The subjects wene tnained to crite:rion on a simple disc:rimination'
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Sr:bi ects

The sùbjects were 24 male, Wistan st:rain, hooded nats. They

!{ere approximately 100 days old at the beginning of pr.etnaining and wene

expenimentally naive. The subjects wene maintained at 85 pen cent of

thein'ad lib. body weight throughout the experiment, but had water

available at all tirnes.

Appanatus

The appa:ratus was the cincula:r maze desenibed in Chapten 2.

Att the stimuli displayed in Figune 8.1 except the cross, foun cincles

and nandom stimuli wene used in this expeniment. As in E>çeniment 8.1

the stimuli we::e ar:ranged such that S+?s and S-rs were on alternate

doons. Thene we::e foun diffenent arrangements of the stimuli so that

four sub-glloups within each experimental group could be presented with

a different stimulus array to allow for stimulus preferences.

P::ocedune

Pnetnaining. The pnetnaining procedure used in this

experiment was the same as that which had been used fo:: I2-door: subjects

in previous expe:riments. On the day following the end of pretraining

subjects wer.e tnansfenred to the discnimination task.

Discnimination tnaining. The pnocedune used fon discrimination

training was the same as that used in Experiment 8.1. Sr:bjects vlere run

in batches of 3 with an inte:r-tnial intenval of 2 to 2Lz rninutes. The

assignment of sr:bjects to sr:b-g:roups within the two expenimental g:roups

is displayed in Table 8.2I.



TABLE 8.2I

ti. ai"t"ibution of lsubie"t" l""oo"" .".inaiìiors
and sr:brgnoups in Expeiirnent I j2.

S+

Horizontal, checke::boa::d
square, diagonal cr:rve,
quad:rants

Vert. , squarle,
one ci:rcle, diagonal ,
quadrants, diamond

Horiz. , ve:1t. ,
diagonal, curve,
quadnants, diamond

Check., one circle,
square, diagonal, curve,
diamond

I97.

s-

Vertical, one
cincle, diamond

Honiz., check.,
cu]Îve

Check., one
cincl-e, square

Horiz., vert.,
quadnants.

Condition

65+:3S-

63-: 35+

Sub-gnoup N

13

ó2

3

3

3

4

3I

2

33

34

3 Horiz., check
curve

Vent., one cíncle,
diamond

Honí2., check.,
square, diagonal,
curve, quadnants

Vent., square,
one ci::cle, diagonal
quadrants, diamond.

Honí2., vert.,
diagonal, curve,
quadnants, diamond

Check., one cincle,
square, diagonal,
curve, diamond.

t

Check., one cincle,
square

Honiz., vert.,
quadrants

The subjects wer-e t::ained to a learning cnitenion of 22/24

connect nesponses over two consecutive days.

RESULTS

The resutts.of Expe::iment 8.2 alre summanised in Table 8.22,

One subject in the 6 S-:3 S+ grloup had not maste::ed the disc::imination

aften 600 brials. The experinent was discontinued at this poir:t since
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ials to critér
StimútuS dÍScr:'minatiori .

TABLÊ 8.22

ion on'the rnultiÞIe

Experimerit '8.2.

Gnoup :

65+:33- Median

I
S. D:

N

Median

N

= 259.5

= . 280.4

= 104.6

=L2

= 242.5

=12
65-:33+

the ovenall :resul-t was quite clean. There was not a significant

differ.ence between the two groups (Mann lfhitney U = 53, P ) '05)'

Indeed, apa:rt fnom the subject which did not lear:n the discrirnination,

the difference belr+een the groups favouned the 6 S-:3 S+ group'

Hence, the::esults of this expeniment'ane not in accord with pnedictions

made above on the basis of the :results of Expeniment 8.1. In that

experiment, in the 2:1 condition, the 2 S+:1 S- gnoup mastened the task

in fewen trials than the 2 s-:1 S+ g:roup. since the 2:1 natio was

maintained in both experiments, the concfusion must be that othe::

factons besÍd,es the natio of S+ to S- wene invol-ved' Figure B'2 is a

gr.aphic repnesentaLion of the results of both expeniments in terms of

the nu¡nber of stimuli involved. This figune indicates the diffe::ence

between the Multiple s+: constant s- and. MultipÌe s-:constan't s+ groups

in Expe:riment 8.1, which was not affected by the numben of multiple

stinuli involved., but it also indicates how the ::ate of leanning

detenionated as a function of the number of stimuli involved when a
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constant stÍlnulus is not present in the situation. The poi:rt is rnade

graphicalþ rather than statisticalþ due to the na'bure of the data:

j.n tv¡o groups onþ med.ian scores were available, the various conditions

were not 11¡ sj.multaneousþ and in one group, tÌte 1:1 group, the meaJl l¡Ias

basecl on several experi:lents. llorvever, tkris issue will be taken up again

in Experiment 8.5.

The next experi:nent j¡r this series í:rvestigateci. another

implication of ExPeriment 8.1.

EXPERT}IiINT 8.3. rllho afPa c t nf rrn e nrrnlr¡trq of .S + arrd S- nrrual
gigggxnal2dign 1e arni+g .

On the basis of the results of Experi:nent 8.1 it was concl-rded

tlrat responses to S-, or errors, had a greater effect on the speed of

acquisition of a d.iscrjrination th¿rn correct responses, oî resporutes to

S+. If this is the case tJ:en rats presented. with a situation in wh-ich

most of the sti¡ruli are S-rs would be less disadva¡rtaged than subjects

i-n a conventional situation, in which there are equal nr¡nbers of S+ a¡rd

S-, or even by eomparison with a situation i¡r which nost of the stjmuli

are S+rs. In al-I previous experiments in the circular maze tlre l?--door

condition was such that hal-f the doors were locked and half the doors

v¡ere unlocked and. that S- a¡rd. S+ alternated. from door to d'oor. Ïn

Experi-nents 8.1 a¡d 8,2, S+ a¡rd S- were differentially weighted, but

only by valyjxg the number of S+ts, S-rs or both j¡r thè sense that the

6 r:nlocked' or locked doors displayed more or le'ss varied stimu].i'

Another 1,¡ay of weighting S+ and S- is to provid.e more of one tlran the

òtkrer i¡r te:ns of the nunber of unlocked or locked doors. In this

experiment subjects wer€ required to 1.ea¡n a simple horizontal-vertical
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d.Íscnimínation. However, instead of 6 horízontal and 6 ventical

stimuli the subjects wer-e p:resented with I S+rs and 4 S-rs in one

case and I S-ts and 4 S+rs in the othen.

Fon subjects in the I S+:4 S- group the task I^Ias ileasyrl

in the sense that the initial pnobabitity of thein rnaking a connect

response was .67, since 8 of the 12 door:s displayed S+. Convensely,

the task of the I S-:4 S+ g:roup was nade|tdifficultrrby the fact that

only 4 doors displayed S+. The initial chance of a co::r:ect nesponse

in this situation was .33. Howeve:r, in the light of the finding in

Expeniment 8.1, this disadvantage may be consider:ed mone appanent than

:real .

Fnom the r:esults of E>çeriments 8.1 and 8.2 it was clean that

the presence or absence of a constant stimulus may be an impontant facton

which complicates the assessment of the role of responses to S+ and S-.

In this experiment, however, one stimulus, S+ on S-, was molre prlevalent o:r

more numenous than anothe:r, but thene was no manipulation of the

constancy o:r va::ia-bility of the stimuli. fn other wo::ds, S+ and S- wene

diffenentially weighted in a situation in which the constancy or variabilíty

of the stimulus was not an issue. Hence the assessment of the relative

impontance of nesponses to S+ and S- was uncomplicated by this facto::.

Similanly the questíon naised in Expeniment 8.1 a.bout the problem of

stimulus preference o:r disc::iminability did not anise in this expeninent.

Honizontal and vertical wene the only stimuli involved and a counten-

balanced design tlas aruanged to control fon stimulps pnefellence.

.I{ETFIOD

Expe::imental design

The è>çerimental design consisted of two grouPs: one group had

I S+rs and 4 S-rs and the other gnoup had 4 S+rs and B S-ts. Subjects
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leanned a honizontal-ve::tical d.iscnimination unden these conditÍons to a

cnitenion of 22/24 connect responses oven two successive clays.

Srrbìects

The subjects wene 24 expe:rimentally naive male, llista:: stnaÍn,

hooded nats which wene app:roxlmately 100 d.ays old at the beginning of

pnetnaining. They wene maintained at 85 pen cent of thein ad lib weight

th:roughout the expeniment but had waten available at all times.

Apparatus

The appanatus was the ci:rculan maze described in Chapten 2.

The discriminanda used were the horizontal-ve::tical discnirninanda used

in p:revious expeniments. The stimuli were aruanged on the doons of the

maze such that the honizontal stimulus ilas on eveny third door and the

ventical stimulus was on the two inte::vening doors on více versa.

P::ocedu:re

Pnetraining. The p::etnaíning pr.ocedune used in this expenirnent

was the same as that used in p:revious experiments. 0n the day following

the end of pnetraining subjects were tnansfe:rned to the discrimination

task.

Discnimination tnaining. The subjects v¡ere lrun in batches of

3 with an inter-'b::ial- inte::vaI of 2 to 2% minutes. Half the subjects had

honizontal as thei:: S+ and half the subjects had ventical as thein St.

The details of the pnoced.u:'e fon disc::imination tnaining wene the same

as those used in previous expeniments. The subjects wer:e b:ained to a

leanning c::iterion of 22/24 cor:rect r:esponses oven 2 consecutive days.
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RESUTTS

The penfolrnance of the subjects r^¡as scored in tenms of

thei:: attainment of increasingly sh:ict cnitenion levels z 12/24, rs/24,

20/24 and 22/24 ove:: two successive days. Howeven, since the I s+:4 s-

g?ouPs had a chanee 1evel of penformance of L6/24, the finst two levels

a:re meanÍngless fon these sr:bjects. Table 8.3 summanises the

penfonmance of the two groups. This table also indicates the likelihood

. 
TASLE 8.3.

Acquisition of the horizontal-vértical
discninination, Exper.iment 8.3.

Gnoup:

8S-:43+

12/24

X :15
S.D.: 13

(ll=rz) p :

BS+:4S-

(r = rz)

Tnials to crite::ion

L5/24 20 /24

-X z 24.7 X z 37,2

S.D.: L2.9 S.D.: 14.7
p:.003p<.

S.D.: 2L.7

p : .063

22/24

1 : 42.0

S.D.: II.4
p<.

I : 45.1

S.D.: 26.L

.6
o

.063

p : .005

of attainment, by chance, of the particulan c:riteníon given that the

pnobability of a conr:ect response r^¡as .33 or .67.

Thene was not a significant diffenence between the gr:oups on the

attainment of the conventional c:rite::ion of 22/24 (t < t, p ) .05). Non

was thene a significant difference between the gnoups on their attainment

of the less strict critenion of 20/24 G(ZZ) = I.L77, p ) .05).
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Figr::re 8.3 il-lustnates quite well what occu:r::ed in the course

of the experiment. The sta:rting points in the lea:rning curves diffen

in the way in which one would expect on the basis of the two g::oupsf

initial pnobability of nesponding connectly. Theneaften the I S-:4 S+

group.showed napid impnovement ove:: the finst 5 days, whereas the

I St:4 S- sr:bjects were slow to impnove thei:: pe:rfonrnance.

The fact that the d.isadvantaged I s-:4 s+ grouP mastered the

disc::imination as fast as the B S+:4 S- gnoup, plus the fact that this

groupts ¡.ate of improvement was most marked over the first few days of

the experiment when ernolls were most cormon, leads to the conclusion

that naking erllors is a more effective way of lea::ning than in making a

high pnopo::tion of co::nect ::esponses. Moneover, this demonstnation

of the gneaten impnotance of errrors as against co::rect nesponses took

place in a situation uncomplicated by variable stimuli.

Howeve::, some nesenvations ought to be kept in mind about these

::esults. There was not a diffenence in favour of the B S-:4 S+ gnoup.

The above conclusion is based on the failure to find a difference in

favour of the B S+: 4 S- group. It would be mone impnessive to show

that not only does the gnoup with mone S-rs catch up with the gnoup with

fewer S-ts, but that a gnoup with more S-ts can master a discnimination

task more ::apid,ly than a grouP with few S-rs. Expeniment 8.4 attempted

to denpnstrate this by incr:easing the :ratio of S+:S-'

EXPERTMENT 8J4. The effect of uriêq tiáI numbens of :S+ and S- on

discniminâtion Leanningl a neplication.

The aim of this experiment was to replicate Experiment 8.3

with a diffe::ent S+:S- ratio. The ratio in Expeniment 8.3 was 2:I,

nesulting in g:roups with B s+rs and.4 s-rs on I S-rs and 4 s+rs. In
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this expe::iment a natio of 5:1 was inves'Eigated. Thus there we::e two

groups with-l-O S+rs and 2 S-rs o:r l-0 S-rs and 2 S+rs. 0n the basis of

the :result of Expeniment 8.3 it was pnedicted. that the 10 S-:2 S+ group

would maste:r the ðiscnimination faster than the 10 S+:2 S- gnoup.

METHOD

Expeninental deSign

The design of this exçeniment was the same as that of

Expe:riment 8.3, except fon the faet that thene were now two grouPs

one with 10 S+ts and 2 S-rs and the other with 10 S-rs and 2 S+rs.

Subjects

The subjects we:re 22 expenimentally naive ma1e, Wistan stnain,

hooded rats which wel:e approximately 100 days old at the beginning of

pretraining. They wene maintained at 85 pen cent of thein ad 1ib weight

thnoughout the expeniment but had waten available at all times.

Appanatus

The appa::atus was the circular maze described in Chapten 2.

The discniminanda used in this experiment wene the hor.izontal--vertical

discr^iminanda used in Expeni¡nent 8.3, but in this case the horizontal

stimulus occut'::ed on only two doo::s and the vertical stimulus occu::ned

on the intervening five doons on vice versa.

P::ocedune

Pnêt:ainirig and disc:riminátiori tnaining. The same pllocedure

fon pnetnaining and discnimination training was followed in this experiment

as had been followed in Experiment 8.4, except that the subjects in this

expeniment were r:un to a c::itenion of 24/24 cor:nect resPonses over two

successive days in or.den to pnovide funthen information fon companison

between the gnoups.
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RESULTS

The nesuJ-ts of Expeniment 8.4 a::e summanised in Table 8.4.

TABLE 8.4

Acquisition of the honizontaf.:vêr¿tlca1

discnimination, Expeniment'8.4;

12/24 Ls/24

Tnials to c::ite:rion:

20/24 22/24

Gnoup:

10S- :23+

(n = tr)
X : 28.3

S.D.: 16.3

p = .0002

X : 31.6

S.D.: 17.6

p < .000001

24/24

f :44.3 i :46.8 I :64.3
S.D.: 15.4 S.D. r 13.6 S.D.: 18.6

p < .0000001 p < .000000I p < .0000001

10S+:25-

(x = ll)

X : 25.8

S.D.: 17.6

P = .200

* : 62.6

S.D.: 2L.8

P = .011

As in Table 8.3, the value of p given is the probability of a subject

attaining a particular cniterion by chance. The same phenomena as occunned

in Expeniment 8.3 was neplicated. The contnast between the two groups is

shown most c.l-early by the leanning curves in Figune 8.4. Again the stanting

poínt of the two cu:rves accurately indicates the ínitial pnoba-bility of a

eo::nect response. This was followed by a dnamatic imp::ovement by one grouP'

10 S- :2 S+ , but by a veny gr"adual impnovement by the other- gtroup. The

improvernent in the 10 S-:2 S+ group was such that this guouP rnastened the

discnimination as fast as the 10 S+:2 S- gnoup (t < t, P ).05). Howeve:r,

the diffelrence between the groups in tenms of attainment of the conventional

critenÍon of 22/24 connect responses was significant (t(zO) = 2.990, P ( .01).



ACQUISITION
VERTICAL
Exp. 8.4.

FtG. 8.4
OF HORIZONTAL -

DISCRIMINATION.

21

11

0

I
1

U)
UJ
U)zoÀ
U)
UJ
E

-{s-
.ry

t-
8B
Efr
Ot
O

6
ll.O5

rr4
LtJ
m5D
5çlz

2

z
ul

-*-Ð--Íú

o1234567
DAYS (blocks of

D- - | 1OS.'2S-
H 10S-:2S+

12 trials)

9101112131415o



206.

The pnediction that a shift fnom a 2:1 ratio in Expeniment

8.2 to a 5:1 natÍo in Expeninent 9.4 wourd lead to the ro s-:2 s+ group

nastening the discr"imination fasten than the 10 s+:2 s- gnoup was not

fulfilled. The stniking similanity in penfonmance of the g s+:4 s-, the

I S-:4 S+ and the I0 S-:2 S+ groups on the horizontal-venticat discnimination

is a point whÍch will- be fi::¡then discussed laten in this chapten.

Thene nemains one fu:rther aspect of the pnoblenr to be investigated.

This final expe::iment in this senies combined the two methods of weighting

S+ and S- which wene studied. in the above expeniments. Expeniment 8.1

and 8.2 involved 6 S+rs and 6 S-rs, but the variability of these stimuli

was manipurated. ExperÍment 8.3 and 8.4 invorved only two stimuli,

honizontal and vertical, but the numben of times each occur:r'ed in the

l2-doon situation varied. In the ::esults of all fou:r experiments there

was evidence that nesponses to S- were more effective than nesponses to

s+ as far as lea:rning was concenned. rn the finst two expeniments,

howeven, this finding was complicated by the possibility that the effect

occun::ed only when one stimulus in the situation was constant. In the

last two experiments the effect was quite strong but not so stnong as to

read to a significant difference between the two groups. rt remains

to var:y both the number of locked and unlocked doons and the numben of

stimuli on those doors.

EXPERIMENT 8.5. The effect ori discrriminátion learnnine of differ"ênt

numbe::s of S* arid S- when stimulus vaniabi lity is he1d constánt.

fn this expeniment the I S+:4 S- and I S-:4 S+ conditions were

netained. Howeve::, the I s+fs and the B s-rs wer.e composed., not of a

constant stimulus but of foun instances of two stimuli. The 4 S-rs and.

4 S+fs consisted of repetitions of the same stimulus. Thus no stimulus
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vras any more prevalent than any othe:: stimulus. Each stirnulus in the

situation was displayed on only 4 doons, innespective of whether it was

S+ on S-.

Ihe ai¡n of the expeniment was to replicate the effect obtained

in Expeniments 8.3 ar¡d 8.4, i.e. the:rapid impnovement of the I S-:4 Sf

group by cornpanison with the I S+:4 S- group. To do so would. demonstnate

that the nelative irnpontance of e::rors in d.iscrinination learning is

not dependent upon the pnesence of a constant stimulus, or on one stinulus

being molre pllevalent than another. Thene was also the possibility

that the nesult pnedicted in Exper:iment 8.4 would be achíeved in this

situation, i.e. that the I S-:4 S+ group would master the discnimination

fasten than the I St:4 S- g:roup when the stimuli occu::red equally often.

METHOD

Experimental- design

The expe::iment consisted of 2 groups: Gnoup B S-:4 S+ was

presented with I locked doo::s and 4 open doons. The I locked doons

consisted of 4 instances of each of 2 stimuli. The 4 open doors consisted

of 4 instances of a singl-e stimulus. Gnoup B S+:4 S- was pnesented with

8 open doons and 4 locked doo::s. The B open doors consisted of 4

ínstances of 2 stimulÍ and the 4 locked doors consisted of 4 instances of

a sÍng1e stinulus.

Subjects

The sr:bjects we:le 24 expenimentally naive, male, ![istan

stnain, hooded nats, which l^Ierae apProximately 100 days old at the

beginning of pnetnaining, They were maintained at 85 pe:r cent of thein
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ad tib bodyweight thx'oughout the expeniment but had waten available at

all tÍmes. One sr:bject f-:rom the B S+:4 S- g::oup became too savage

to ha¡rdIe aften thnee days of discnimination training and coul-d not be

:retained in the expeninent.

Apparatus

The appanatus was the ci::cular maze descr"ibed in Chapten 2.

The discniminanda wene tbe horizontal, ventical, checker.boand and

guadnants displayed in Figune 8.1. The stimuli wene ar.nanged on the

doons of the maze such that S+ l.¡as on every third doo:: and S- was on the

two intenvening doons, o:r vice versa. The stimul-i which senved as S+ and

S- va::ied from one sub-group to anothen in o::der to balance stimulus

pnefenences, and the stimuti were juxtaposed such that as wide a range of

the 12 possible painings of the diffenent stimulÍ as !'ras practical was

pnesented.

Procedr:re

Pr:etrnaining. The pretnaining pr.ocedr:re used ín this experiment

was the same as that used in the previous expeniments. On the day

following the end of pnetnaining subjec-ts wene tnansfer::ed to the

discnirnination task.

Discr"irninatiori tnaining. The details of the pnoce,clure used

in this expeniment we::e the same as those used in pnevious expeniments.

Subjeets wer?e run in batches of 3 with an inter-tr"ial interval of 2 to

2l minutes. The assignment of subjects to sub-gnoups within the two

expenÍmental g::oups is displal's¿ in Table 8.51. The subjects wer"e
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tnained to a l-ea:rning cniterion of 24/24 correct responses ove:r two

successive days.

TABLE 8.51

The distribution of subjects acr.oss condLtions

and sub-g:roups in Exper:iment 8.5.

Condition

8S+:45-

BS-:43+

Sub-gnoup N

13

2g

33

43

S+

Vertical,
checkenboa¡r'd

Honizontal,
quad::ants

Ventical
quadnants

Ho:rizontal ,
checkenboand

Honizontal

Vertical

Checkenboa:rd

S-

Horizontal

Ventical

Checkerboa::d

Quad:rants

Ventical,
Checkenboard

Honizontal,
Quadnants

Ventical,
guadnants

Honizontal,
c}recker.boand

3

3

1

2

3

3

3

4 Quadnants

RESULTS

The penformance of subjects in Expeniment 8.5 $ras scored in the

same vray as that of subjects in Experiments 8.3 and 8.4, i.e. in tenms of

thei:: attainment of cnitenion Ievels of 12/24, 15/24r 20/241 22/24 and

2+/2+ co::rect l?esponses oven tr^ro consecutive days. The nesults of

Expeniment 8.5 arle summarÍsed in Tabre 8.52. sínce the BS+:4s- gnoup

had an ínitial pnobability of a con::ect uesponse of .67, the fi::st two

cnite::ion levels are meaningless for this gnoup.
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TABLE 8.52

Tnials to c:ríte::ion on the multiple stirnulus

d.iscnimination. ExÞe:riment 8.5.

L2/24 rs/24
Tnials to Cnitenron:

20/2+ 22/24

* : 28.5

S.D.: 28.5

X : 49.3

S.D.: 30.9

p = .003

f : 60.5

S.D.: 29.0

p < .00001

X : 67.6

S.D.: 29.8

p < .00001

zLO

24/2+

I : 85.7

S.D.: 34.9

p < .000001

BS-:4S+

(}[=rz) p=.063

8S+:45-

(n=rt)

The dÍfferences bett^¡een the two grouPs in the attainment of the

critenion levels of 20/24.' 22/24 anð' 24/24 were not significant (t < I'

p > .05 in each case). This finding and the pattenn of the learning

curves, illustnated. in Figure 8.5, indicate that the same effect occurned

Ín this expeniment as had occu::ned in Experiments 8.3 and 8.4.

Consequently, it seems that the effect is due to some p:ropenty of

nesponses to S-, or eruotls, rathen than to expenimental conditions,

such as the prevafence of a panticulan stimulus.

DISCUSSTON

The main point of the experiments described in this chapten

was not to initiate a new line of research, but ::athen to examine a long-

standing issue und.en more refined expenimentaL conditions. The conclusion,

simply stated, I^Ias that even unden the mone canefully controlled'

condítions the eanfien findings that nesponses to S- are molle effective

f : 60.4

S.D.: 27.9

P = .063

X : 79.5

S.D. : 25.4

p = .005

X : 98.6

S.D.: 23.3

p < .0001
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in discriminatíon leanning than responses to S+ wene supponted.

Howeven, in anothen sense the conclusion was not so sirnple. In

Ex¡re:rÍrnents 8.I and 8.2 the ::elative impontance of nesponses to S-

was eomplicated by the pnoblem of the :role of the constant stinulus

in the Multiple S+:Constant S- versus Multiple S-:Constant S+ design.

In Expeniments 8.3 and 8.4 the weighting of S+ and. S- involved. one

stinulus being more prevalent than anothen.

As the litenatu:re neview in Chapten 7 nevealed., thene has

been little work done in the fiel-d of multiple stimulus disc::imination

leanning with a nange of heterogeneous S-rs. One airn of Expeniment 8.1

was to fill this gap. Mo::eoven, this exper:iment not only looked at

the effect of sevenal hete::ogeneous S-ts, but the design was counte:1-

balanced to investigate the effect of varying both S+ and S-. E>çenirnent

8.1 was also unique in that it involved eontr:ol g?oups in which the numbe:r

of stimuli was varied r^rithout S+ on S- being weighted. The nesults of

Expe::iments 8.1 and 8.2 jr:stified this more complex expenimentql design.
although one should. not overlook thê procedurai problems in Experi$erit g,f.
Not only did the number of stímul-i involve<1 in the Mu1'tip1e S+:Constant

S- on Multiple S-:Constant S+ conditions prove not to be a significant

variable, but the deterioration in the penfonnance of the control gnoups

as the numbe:: of stimuLi incneased contr.asted with the absenee of any

dete::ionation Ín the expenÍmental gnoups as the nurnber of stÍmuli incneased.

Expe::iment 8.2 further demonstrated the flexfüÍIity of the

cincular maze. The same natio of S+:S- could be stud.ied unde:: quite

dj.ffenen't experimer:ta1 conditions. Whe:reas in Experiment 8.1 thnee

stimuli constituted the S-t-:S- ratio of 221, in Expeniment 8.2 nine stimuli

constituted the ratio of 2:I, and the natio was such that there vras no

constant stimulus in the situation. 1'his allowed a test of Mandl-ents (1973)
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suggestion that the constant stimulus l^¡as a c:ritical vaniable - an

interpnetation also suggested by the results of Expeniment 8.1. Wene

it not fo:: the fact that the Moss-Hanlow effect has been demonstrated

in quite a range of expe:rimental designs besides multiple stÍmulus

discnímination situations, one would have suspected, on the basis of

the ::esults of Mandlen (1973) and Experiment 8.1 and. 8.2, that the

phenomenon was an a::tefact of the multiple stimulus expe:rimental design,

and that íts demonstration depended on there being a constant stimulus

pnesent in the situation. It would be wonthwhile 'neplicating the

design of Expeniment 8.2 with a::atio of 3:1, i.e. a comPar-íson of a

6 S+:2 S- gnoup with a 6 S-:2 S+ g:roup. liowever, the fact remains that,

even when there was a constant stimulus pr.esent in the situation, a

constant S- facilitated pe:rfonmance ::elative to a constant S+.

Experiments 8.3 and 8.4 represented an attempt to avoid the

pnoblems posed by the findings of Expeniments 8.1 and 8.2. In Expeniments

8.3 and 8.4 an attempt was made to diffenentially weight Sf and S- in a

situation in which no one stimufus v¡as more constant or molte vanied. than

any othen stimulus. The two expe:riments demonst:rated that the rrdis-

advantagedrr gnoup rvith mo::e S-b than S+ts could master the discrimination

as easily as a group wíth ¡none S+tS than S-rs. Once again, howeven, the

change in the r"atio of Sl:S- o:: vice vensa finom 2:L to 5:1 made little

d,ifference to the speed of learning. Table 9.1 demonstr:ates this point.

The scones fo:: the I:L natio are denived firom th::ee ear-lie:r extrleniments

in which naive l2-door subjects lea::ned a hor:izontal-vertical disc::iminatÍon.

Admittedly, the::esults would have been easien to intenp::et if a 1:1

contnol group had been include<l in E>ççr:iments 8.3 and 8.4, sínce companísons



2L3.

TABLE 9.1

Tnia1s to c::itenion for vanious S+:S- natios

Ratio of S+:S- Mean tnials to
cnitenion

Expenirnent

5:I 25.8 8.4 (Gnoup
t0S+:2S-)

2zL 45.1 8.3 (Gnoup
8S+:45- )

l:1 50.5 3.2, 5.4
and 5.5

Lz2 42.0 8.3 (Gnoup
8S-:45+)

1:5 46. B 8.4 (Gnoup
10S- :25+)

across dífferent e>peniments, using diffenent batches of nats, can be

misleading. Apart fi:om the case of the S+:S- natio of 5:1, whe::e the

initial leve1 of chance perforrnance was aÌready 20/24, the mean tnials to

cnitenion of the g?oups are rematlkably simil-an. It ought to be noted

that the situation studied^ in Expenimen'ts 8.3 and 8.4 approxímates to

that used to study oddity learning. The task in these expe::iments fo::

hatf the subjects was to select a few S+b fuom among sevenal S-b. The

reseanch ::elevant to this expenirnental situation is r:eviewed. in Chapten 7

unden the heading ofttMultiple heter:ogeneous stimulirr. The ovenall

conclusion f::om that resea:¡ch was that cliscr"imination lea::ning impnoves

as a function of the numben of S-rs. In Expeniment 8.3 and 8.4 the

reverase condition was also unden investigation - half the subjects were

::equined to avoid a few S-rs pnesent among several S+fs. From this

point of view the nesults sunrnarised. j-n Table 9.1 ane panticulanly

intenesting. The speed of lear"ning a simple discr.imination was littIe
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affected by whethen thene were few S+rs and many S-rs oI' many S+ts

and few S-rs.

Expeniment 8.5 was a final attempt to define the role of

tlesponses to S-. Experiments 8.1 and 8.2 wene cornplicated by the

pr^oblem of the effect of the constant stinulus upon mul-tiple stimulus

d.iscnimination. Experiments 8.3 and 8.4 involved one stimulus, S+ on

s-, occu:rning mone often than the othe::. In Experiment 8.5 there we::e

mone S+rs than S-ts o:: vice vensa, hence S+ on S- was diffenentially

weighted, but no one stimulus was more Pnevalent than another - each

stimulus occu:lned equal-Iy often. The nesult vÍas a re-occurnence of

the phenomena obsenved in Expeniments 8.3 and 8.4 - the gnoup with

fewen S+rs mastered the discnirnination as easily as the grouP with no::e

S+ts than S-rs.

The overall conclusion, thenefo::e, confinms the position

adopted by eanJ-ien workers in this field, i.e. responses to s-, errons'

are molle inpor.tant in the acquisition of a simultaneous visual

discnimination in rats than A::e responses to S*, co::nect resPonses'

Incneased vaniability in S-, or an incnease in the number of S-ts

nesults in deterioration on facilitation of learning nesPectively'

Histonically, reseanch into the role of en::ors in discnimination

Iea:rning has been pensistent over a number of years without being con-

centnated at any one time. This is not to deny the value of the

sr:bsta¡rtia1 contnj-butions mad.e necently by Cnoss and' his associates

and by Mandlen, but in genenal it is fain to say that the p::oblem has

been with us fo:: a long time without being solved to general satisfaction.

The history of the question neveals a senies of expenimental desígns

each one intended to sont out the effect of a nesponse to S+ on S- fuom
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all the confound-ing variables, and each experimental design was

beset by its ov¡n parbicular problems. The present thesis contributed.

to this body of research by further refining arr experj.mental design,

nameþ, mul-tipl.e sti¡rulus discrimination.

It is possible to suggest further research along tkrese lines

using rats as subjects. In the light of the suggestion by Deutsch

a¡¡d. Biedern,an (f96¡) tJeat the negatívity of a stinulus changes as a

function of overbrair:-ingrOreversal or shift task night be used- to

assess such changes. However, the more interesting extensions of

tþe work described. j¡r this thesis would be with other species besides

t¡e rat. Research in this area has been characterised by the use of

a lride ra.nge of species, at least by cornparison with na¡\y other areas

of discrjmination learning. Also, the developmental aspect of the

research j:r this area has been remarked on in Chapter f. The

refinenents to the experimental design discussed j¡¡ this thesis ought

to be applied. both to other species ancl. to developrnenta] studies of

'the prcblen.

One can onþ speculate as to why responses to S- are more

effective ttran responses to S+ in the course of discrj¡ri¡ration

learning. An explanation in terrns of frustration is a plausible one.

Responses to S- nay result j¡l an aversive condition, frustration,

which is more conducive to avoidance learni¡rg than the satisfaction

gai-ned by responding to S+ is conducive to approach learn-i¡g. A:e

evolutionary explanation is another approach which focusses on the

d.evelotrrnental aspects of ttre Moss-Harlow effect. The suririval of
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ttre more primitive species depends more on avoiding

tend to be fatal, ttran on getting ttrings right. A

orgariism ca¡ afford. the hrxury of a few mistakes as

on acquiri¡g th.e coffect, r€sponse ' However, these

mi-stakes, which

more developed

it concentrates

are speculations.

Tluis thesis has not attenpted to explain gþ¡. responses to

S- are more i-mportant than responses to S+, a¡rd the results of the

experlments described i¡ tlds chapter do not indicate ar¡y parbicular

e:çlanatíon. The problem so far has been one of deuronstrating

convincj¡rgþ that responses to S- are more important than responses

to S+.
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CHAPTER 9

SUMMARY AND FINAI CONCLUSIONS

The overall concenn of this thesis has been to study the

nofe åf errorls in visual díscnimination leanning in ::ats. To this

end the effect of f::ustnative nonrewa::d on a discr"imination task, the

role of sÍmple, nonlrelral:ded :responses within a disc::imination task and

the role of a majon soullce of e:rno::s, position:respond.ing, have all

been considened. The ::esults of the experimentation we:re often

contnany to what one might expect on the basis of pnevious::esearch,

commonly held theonetical positions and |tcommon sensert. Detailed

statements of the concl-usions based on these results have been fo::mulated

in eanlie:: chaptens. What will be pnesented in this chapte:: is a

::eview of the l¡hol-e thesis: its aims, methods and :results and the more

important conclusions and implications of those expeniments.

The line of neseanch pursued in these expe::iments was initiated

in the Adel-aide labor:ator"ies by l{inefield and Jeeves who designed the

cir"cular maze and supe::vised the early ex¡:eriments penfonmed in this

apparatus. The cincula:r maze was intended to pnovide a situation which

allowed the simultaneous pnesentation of visual on symbol stilnuli in

the absence of vÍsual spatial cues to position. This made possible a

companison between the penfol?mance of subjects which displ-ayed the

position responding charactenistic of the rrpne-solutionrr phase of vísual

discrimination lea::ning anci that of subjects which d.id. not have available

the spatial cues on which position nesponding could be based. A number

of othen intna- and extr:a-naze cues were atso eliminated by the stnuctune

and use of the maze.
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Since the circular maze allowed the sinultaneous p::esentation

of twelve stirnuli, it could be used to study multiple stimulus

disc::imination lea::ning, especially the effect of different weightings of

st and s- on disc::irnination rearning. The advantage of this adaptation

of the maze was that one of the most fi'uitful methods for studying the

relative effect of nesponses to S+ and S- could be used' Mo::eoven' since

the maze avoided va::ious methodorogical pnoblems, the multiple stimurus

procedure could be imPnoved.

Howevenrintenestreanlyinthe:leseanchProgramtlayinthe

role of position nesponding in discnimination lea::ning. The eanly

ex¡leniments pe::forned in the circulan maze suggested that the assumption

commonlymadeaboutthatnoleri'e'thatposition::espondingwas

detrimental to learning, vlas not valid. The neduction of spatial cues

to position did not facilitate learning, and indeed it seerned possible

that the very oPPosite might be the case'

Theassumptionthatpositionrespondingwasde.Eninentalto

discnimination learning is a par"ticula:rly widespread one' It has been

inco::porated in most of the major theories of d'iscrimination learning'

fuom the time of K:rechevsky and spence to that of Hanlow'and suthenland

and Mackintosh. The assumption is not an llnlreasonable one' Position

nesponding is a very strong phenomenon in the sense that it occurs very

fnequently, even in sinrple discrimination tasks, and it can be r:emarkably

persistent. llhen a subject nesponds consistently to a set of irnelevant

cues' at v¡orst, i.L appears to prevent the animal leanning about the

nelevant cues ín the sj-tuation and. at best, it delays the adoption of

the response appl3op::iate to the task. Hence the first ¡wo expe¡iments

d.escribed. in the thesis concentnated on the issue of position responding

in d.iscnimination leari'ríng.
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These two expe::iments studied the nole of position nesponding

in two expe::imental situations in interpnetations of which the assumption

about the detnimental effect of position responding has been most nota.ble.

These situations were the effect of ove::tnaining on reversal leanning and

the study of nonnevensal shÍfts. 0n the one hand the r-elatively small

anount of position responding d.uning reversal after overtnaining and on the

othen the inc:reased. speed of reversal leanning aften overtraining have been

seen as suppo::t for the pnoposition that over.t::aining facilitates nevensal

lea:rning by minimising position nesponding.

Expeniment 3.1, howeven, pnovided no suppo:rt fon this theory.

T?re expeniment was not a successful one in that the ORE was not obsenved

in the 2-doon subjects. Consequently speculation on the effect of

neduced. spatial cues on reversal training was made difficult. However,

on the initíal, difficult discnimination in this expeniment the pnesenee

of spatial cues to position actual-ly facilitated díscnimination leanning.

This finding suggested that, fan fuom intenfering with learriing, position

responding constituted a tnansitional nesponse stratery while the rat

mastered the nelevant disc:rimination task. The fact that this fonm of

behaviou¡ pnovides a ::easonable rate of ::einforcement (SO pen cent of

nesponses are rewalrded) on the possíbility that- it relieves the tension

or unce::tainty inhenent in any difficult task may be the ::eason why

position nesponding is a useful stratery.

In Experiment 3.2, nats which had learned to igno::e spatíal cues

to position in the course of acquiring a disc::imination, $Ielre companed on

a nonreversal shiÊt, with nats which leanned the initial discniminatÍon

in the l2-doon condition and so did not.l-eann to ígnore spatial cues.

If position responding is detnimental to learning, one rqould expect that

subjects which had Learned to igno:re spatial cues on one task would
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tnansfen this leanning to the subsequent shift task, and so leann that

d.iscrimination faste:: than subjects which had not lea::ned to ignore

spatial cues. In fact, no such diffenence in the rate of lea:rning

on the tnansfen task was obsenved.

" The conclusion drawn fnom Expeniments 3.1 and 3.2 was that the

commonly held view of the detrimental effects of position responding

was not justified. If an assumptíon made about a phenomenon as strong

as position nesponding cannot be supponted, assumptions made about othen

fonms of systernatic behaviour in rats ought to be questioned. Moreoven

the issue is not confined to nats. Position nesponding and other

systernatic behaviour patterns have been obsenved in othen species,

in childnen, both ¡ronmal and:retarded, and even in adults. The mene

fact that these behavioun pattenns do not contnibute dinectly to the

solution of the task unden obse::vation should not lead to the assumption

that they are detrimental to the leanning of that task. As a :result

of the influence of Maier, the next phase of the reseanch program focussed

on the ::o1e of fuustnation in discnimination lea:rning and on the inten-

action of fuustnation and position nesponding. Just what aspect of

fnustr.ation ought to be ::esea::ched was a pnoblem in itself since the

whole concept of frust:ration involves a complex and often confusing

angument. From the eanly work of Maier to the curnent theories of

Amsel-, ttfi:ust::ationrr has been used to descnibe wobsenved ernotional

.states, to charactenise expe::imental openations which are assumed to

pnoduce fnustnation and. to e>p1ain particular patterns of behaviour which

ane said to nesult fuom f::ustnation. Mo::eover, thene has been a good

deal of theoretical and empirical work which has never been discussed

unden the heading of fuust::ation but which involved similan expenimental

designs and simila:r behavioun.
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However, the appnoach adopted in this thesis has been to

concentnate on the fuustrating effect of placing nats unden a schedule of

nandom::einfoncement so that no matte:: what pattenn of behaviou:r was

displayed., no motle than 50 pe:r cent of the tlesponses were rewanded.

The effect of this fnustrative nonrlelra::d was assessed in terrns of per-

fo::mance on a subsequent visual discnimination task. A situation

analogous to Maie::ts eoncept of f::ustnation was studied by confnonting

naive sr:bjects wíth the ínsoh:ble task, and one analogous to Amself s

was achieved by finst teaching the subjects an initial disc::irrination

and. then disconfinming their expectatíons of systenatic newa::d and

nonr:ewa:ld by t:ransfenning them to the insoluble task.

Position nesponding and fuustr"ation have been ineseapably linked

since Maienrs wo:rk on fuustnation. In Maie::rs nesearch steneot]ped

position responding was reganded as a reaction to a firustrating,

inso¡:ble task. It was refatively easy fon Maien, and sr:.bsequent worker:s

in this field, to assume that position responding was a neaction to

olr an expnession of frusb:ation. A rat in a very difficult or insoluble

task, o:: after a reveusal on non::evensal shift from an already mastered

discninination neadily adopts a position habit. Eanly experiments in

the circulan maze and two piJ.ot studies (E>çeniments 5.I and 5.2)

indicated. the usefulness of using the circular maze to study the effect

of fuustnation on lea::ning and to investigate the :relationship between

position nesponding and f::ustration. Thus, nats subjected to the

fnustnating openations were studied. under conditions of neduced spatial

cues and their pe:rfonmance was compa::ed with that of subjects in the

more conventional 2'doon condition.
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Experiment 5.3 was the majon study in this series of

experiments. The expeniment was designed to compare, on the basis of a

honizontal-ve::tical tnansfen task, the effect of the two different

fi:ustrating operations descnibed above with per:fonmance unden

appnopniate control conditions, i.e. the tr:ansfen task learned by

naíve subjects on by subjects tnansfer"ned írnmediately f:rom the initial

task. The results were that both fuust::ating oper.ations had a deleterious

effect on the acquisition of the subsequent tnansfen task, but this effect

was not as manked in those gnoups which came to the insoluble pnoblem aften

mastening an Ínitial discnimination. Secondly, the 2-doon glloups, fon

the most pa::t acquired the test discnimination faster than the l2-doon

g:1oups, but not significantly so. 0n the neve::sa1 of the test

discrimination, howeven, the superio:rity of the 2-doon subjeets v,Ias

significant.

Subsequent expeniments in this senies concentrated on vanious

aspects of the above nesults. Expêniment 5.4 reduced. the possibility

that the results we::e due to the groups being too smalI. Experiments 5.5

and 5.6 we:re concenned with the effect of an initial discnimination task

on fr-ustnation t::aining. It becane appanent that the advantage expenienced

by subjects which had mastered a discnimination task before confnonting

an inso}:ble pnoblem depended on the presence, during rand.om neinfo::cement,

of a cue to which the subjects had lea:rned a particulan :response. If such

a cue vlas present these sr.:bjects wer.e a-b'Ie to cope with a veny testing

nandom neinfoncement schedule without deletenious effects on subsequent

discnímÍnation leanning (Expeniment 5.5). If such a cue was not pnesent'

position nesponding was a neadily available fonm of behaviou:r fon 2-doon

subjects, æd in this ease position nesponding did seern to delay thein

ânnrrr'siríon of the test discnimination bv cornoanison with l2-door subjects.
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Ìfhat díd these experirnents contnibute to a betten unden-

standing of the nole of firustnation in discrimination learning?

Firstly they cleanly show that the effect of fur¡stration on a subsequent

task is det:rÍmentaI. Fnustnation might facilitate the pe::fonmance of an

ongoÍng task by inc:reasing dnive, incentive or pe:rsistence; on it

might have a quite d.iffe::ent effect on nesponse latency ::athen than

choice. But it is aa an explanation of subsequent penformance - the

effect of oventr:aining on a subseguent nevensal or the effect of some

cha:ractenistic of an initial discnimination on a subsequent tnansfen

task - that fnustratíon is most freely used. fn this situation, one

which has neceived ::elatively little investigation, fuust::ation appears

to have a detnimental effect.

Secondly, it is not enough to talk of rrfnustration'r as if this

is a univocal concept. The effect of fuustnation on leanning varies

acconding to how fnustration ís defined.. A host of experimental

openations could be considened frustrating - punishment, extinction,

time-out firom positive neinfor.cement, revel:sa1 of an esta-blished

disc:rimination, conflict etc. The experiments descr:ibed in Chapten

5 looked at only two fuustnating oper-ations and found a manked

diffenence between them.

A thind point concerns the :relationship between fnustnation

and position nesponding. If the evidence gathened in this senies of

experiments is added to that of Expeniments 3.1 and 3.2, the conclusion

must be that the presence of spatial cues to position is seldom debrimental

to discrimination leanning and that in a demanding sÍtuation, such as

a velry difficult or insotr:ble pr:oblem or a nevensal task, the availability

of cues to position responding may be an advantage.
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Finally, the impontance of eanly and successñ¡l expe::ience

in a learning situation ought to be st::essed. The undenlying mechanism

may be more complex than it seemed at first, but its effectiveness in

offsetting frustnation makes it wonth emphasising.

. The question of the role of simple errlolrs, orl rlesponses to S-,

in a discnimination task occupied the remainden of the thesis. To

some extent inter.est ín this question spnang firom the usefulness of the

circula:: maze fOn such a study. A fess p:ragmatic reason was that, while

an immense amount of nesearch has gone into the nole of nesponses to S-

in mo::e complex situations¡ ê.8. extinction, r:eversal , etc., we know

veny little about the effect of nesponses to S- in the coullse of a simple

discnirnination. The history of nesearch on this topic had shovm that'

fon infrapnimates and very young children, learning vras molle a matten of

learning to avoid S- than of leanning to appnoach S+. This relative

impontance of :responses to S-, or? erlrolts, !{as called the Moss-Hanlow

effect. However, this conclusion r^ras based on a vaniety of expenimental

designs each of which had methodological pnoblems, usually involving

novelty on onde:: effects. One of the most successful of these expenimental

designs involved the study of multiple stinulus disc::imination lea:rning.

This method allowed the nole of errlors to be studied without intennuption

of the ongoing discnimina'tion task. It achieved its effect by differentially

weighting S+ on S-, usually the latter, and then assessing the effect of

the variability of the stímulus on penfo::mance. The use of the cir:cula::.

maze fon the study of multiple stimulus discriminatÍon learning allowed

fon S+ and S- to be diffe::entially weighted and the whole stírnulus arnay

to be simultaneously pnesented to the subject on each tnial.

In Experiment B.l- both S+'and S- were diffenentially weighted

to va::ious degnees. In acldition contnol groups ín which both S+ and S-
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wene vanied without being diffenentially weighted wene pnovided. This

design was considenably morâe compnehensive than any which had. been used

in pnevÍous studíes. The :results of this expeniment confirrned the

finding of previous neseanch: fon ::ats errorss are more impontant on

mone influential in discnimination learníng than a:re conr:ect uesponses.

Variability in S- had a detnimental effect on learning by companison with

the effect of va:rialility in S+. However, the Moss-Harlow effect obse::ved

in this expeniment was not affected by the deg::ee of vaniability of S+ on

S-. Moreove::, the penforrnance of the contnol gr.oups, for which no one

stimulus was constant, dete::ionated to an extnaondina-ny degnee as the

numbe:r of stimuli involved increased. Cleanly, it was not the effect

of vaniability of S+ or S- which needed closen examination, but whether

the constant stimulus played a more important role than had been

suspected. Expenirnent 8.2 added weight to this suspicion since the

Moss-lla::1ow effect was not obse::ved in a situation in which the va:riability

of S+ and S= was differentially manipulated but in such a way that ther"e

was some deg:ree of variability in aII stimuli.

Ex¡reniments 8.3 and 8.4 were designed to diffenentially weigh

S+ and S-, but without stimuJus var:íabitity being a facton in the

situation. This was achieved by var"ying t-he numben of S+ts and. S-ts,

on the ratio of S+:S-. The result pnovided furthen suppont for the

idea that ernors are mone impontant than connect nesponses: subjects

with the odds weighted heavily agains't them leanned the honizontal-

ventical discnimination as easily as subjects Ì,¡ith.mone S+ts than S-f s.

Expeniment 8.5 cornpleted thís senies of experiments. S+ and S- wene

differentialJ-y weighted by rrarrying the numben of S+ts and S-ts, but no

stimulus occun:ed mone often than any other. The nesu.l.t confi::med the

ea:rlie:r findings and demonst:rated that they wene not an a:rtefact of

st-imulus fnequency.
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The overall conclusion of this phase of the reseanch program

was one of support fon the ideas of previous workers in this field.

This suppo::t can be given with a great deal mone confidence as a

::esult of imp::ovements in the expenimental design which wer.e intnoduced

in the above expeniments. Howeven, this ::esean:ch needs to be extended

well beyond the study of disc::imination learning in nats. The Moss-

Hanlow effect seems to be affected. by phylogenetic diffenences and, with

human sr:bjects at least, by developmental differences. The mone

complex expenimental designs used in this thesis need to be applied

to the study of these phylogenetic and developmental changes. Finally,

it ought to be necognised that the Moss-Hanlow effect is, in a sense,

contr:ary to what one might expect on the gnounds of common sense orl

exper:ience. lle tend. to think of learning as essentialJ-y a pnocess

ofrtgetting it nighttt. The assumption is appa::ently valid. when applied

to ad.ults but not to young ch.ildren. Since this assumption is often

inconponated in instnuctional methods, the a-bove finding has implications

for educational psychologr. Learning situations fon veny young

children should, whene possible, emphasise S- and the consequences of

responses to this cue.
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