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ABSTRACT 

Pigeons were trained to discriminate between two 'displays differ-
,entia ted only by a disti~ctive feature on the p~sitive display~ The 

development 0f a simultaneous discrimination was measur~d by the percent 
of key pecks on the positive display that were directed to the distinctive 
feature. The effect of a) tl:te' sequence of po~ii:ive ~nd negative trials, 
b) the ,number of negative trials, and c) the shape of the disHnctive 
reature on thE! dev.elopment of discrimination were examined. 

(' 

An alternating sequence of a block of positive trials and a block 
of negative trials wa's interrupted by'session breaks either between 
positive t:r\als, or between, positive and negative trials. The loca'tion 
of the session break preserved or prevented within sessioh trans-
itions from negative trials to positive ttials: Sequences ~hat pre~erved 
the within session transl.tion from negatiye .to positive trials were 
highJy effective i.n producing control of key pecking by the distinctive 
feature. Sequences that prevented within session trQnsitions from 
negative to ~ositive trials were, les~ effective, particuJaFlY,when the 

" shape of the distinctive feature was less preferred, The. more trials 
in the Regati~e block the m0re rapidly discrimination occurred. HoweVe~, 
not evep' the longest block was capable of ,producing control of key pe<;,Jdng' 
by ~he Jii'Ss pr('f~r.r«~j' distinctiVE:> feature whC'n the session brenk pre
vented a within session transition from negative to P?sitive triais. 

The pteparation employed in this' exper,.iment was particularly 
sOitable for evaluating the effect'of sequ~ntial variables,on stimulus 
contrpl. \~hi-le differen.tia.1 responding 'between positive and negative 
displays' can pe controlled. by the sequence 'of re"inforcement arid non
,reinforcemeIlt ,itst;lf, differential 'responding within' tl,le positive ~ispl~y 
cannot. 
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Figure 1. 

Figure 2., 

Figure 3. 

Figu're 4. 

Figure '5., 

Q 

Idealized shape~ of gerteraliz3tinn 'gradient~ obtained 

after simple conditioning and after discrimination 

training with a random sequence of S+ and S- trials. 

,Tope panel: Arrangements of S+ and S- trials to which· 

. 
different groups were exposed. 

'Lower panel': Two pairs of display used as stimuli. 

The location of the features'on the display was 

varied' at rand~m from trial to trial.' 

Mean percent of responses OQ S+ ~rials that were 

directed to the L)F (dot) dllrinfi the first'and second 

. bloc~s of positiv~ trial~ on edch session of 

discrimination training. 
~., 

~1('an p,ercent of responses on S+ 'trial's that were 
. .' 

directed tq the OF (star) during the fi rst and' 

l?eco~d blkkS of positive trials on e<teh session of 

discrimination tratning. 

flean n~mber ~.f response to S-' d ispl HyS (or eac,h . . , 
~ession of discrimination tra~nlng lrr expcri~ental 

, ' . 
" groups (dot as OF on, positive displnys~ . 

Hean number of reqponses .to S- for, each session pf 
. '. 

discrimination t,raining in tile e'xperimentaI groups ..... 

(s~ar as of on ,posi~ive trials). 
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Figure 7. 

., 

J 

Figure 9. 

Top panel: t-ledlll1 number (Jf S- trials presented 

before reaching the shift crit.'erion for c<1ch 

experimental group. 

Lower panel: Median number of active S- trials 

before reaching the shi"ft criterion (dot is DF) for 

each experimental grollp. IntlJviduill diltn is shown 

by dark dot .. '). Active S- tri,ills are trials with nL 

le.lst onc keypeck '" 

> Left panel: Nedj"n number of S- trials present~d 
.", 

.before re~ching the shif.t cr iter ion for aach of 

the. PNP Groups". 
t. 

Hedian number of active S- trials 

before reaching the ;hift criterion for each of 

the PNP .Groups. Individual data shown L~'y dark 

dots (star is the OF). 

Top panel: 'Mean percent of responses on S+ trinls 

that were direr ted to th~ DF (star) during sessions 

17 and 18 of dis, ,1m inn"ti~n t ,n '1 n g with non mndom 

sequences and during each of the six training 

sessions ''lith a random sequ-en£:e. 

- Lower'panei: Mean number of s- responses during 

,,? 

sessions 17 and 18 of di~criminatt~n training wit~ 

n~nran~om sequences and during the six tr~in~ng 

sessions wIth il random sequence. 
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8ucc(.'ssively prescnled stimuli is to pn>sent them in all irn'guLll' 

) OIellt \vith the other. PJvlov'~ so-call,,'d method 01 \'onlrdsl \'xplifil>s 

the procl'dllre in cLlssicaj condition.ing: CS j + trials (rcilJfol'cC'd) .11',,' 

parallel arrangement in operant conditioning involves pl'riods of . } 

I' r.:inforCl'ment of the responsl" in the presence 0\ ,Sl+ i;)t\.>rmixed Hith 

other·periods whcll S2~ is pr('sentcd \,ithollt reinforc.l'ml'nl. In eAch 

\ \ C<lse 'the result of training, assuming dppropriatt> par.lIl1l·tl)r~, is d 

\ !!,o/no-?,o per[onn,I[)'cc; ·the response lo th\-, positive stimulus is 

, 
nljlinluined while the response to thl' negative .stjnHlllls Ls ('liminilted 

br at least reduced. 

It is \ve11 knOl"n tlw.t tr,lining with a mixtll're of S\+ <In<1 52 

tri:ds can produce <l gr'C}lPr Iwrform,iIlcC' diff€'rclH Ll! lo Sj-S2 than 

is found aftcr'~impl(> ('lmditioni11g to S1+ fol1o\oJC'd by .I tl·~t 01 

'-- . 
pcrf(irmance with S1 .and· ~2' Intermixed training seleclivl'l~ reduces 

t~e tendency to rdspond to S2' For example, if $1 Wl'rc a tune at 

1000 Hz an~ ~2 a ~one at 3000 H~ t~e repeated reinforcement ~f' a 

" ,response to,SI w0uld, in a typical case, produce d Htr0ng tendency to 

respond' \.,rhen s; was presented., The S2 strength would have two' 

. . 
sourc('s: J) stimulus gL'nerilli2<lt~on based on lh~' ~illliLtrilV' heU"<'l'll 

SI aud 52' and 2) ,ondirionin" t?n~nn.UditO'Y r,·au""o ",. 'he 

oxpcriment a 1 s itnation t ha r "') ",a: i;d _ bot h S 1 and 52 p ,·,'son "" i "'" , 

~ ..... 

'. '. 
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, 2. 

or, in'olher ,,,prds, conditionin" lo c()ml1lon fcatlln's. \tll('n thl'se SOllrCL'S • 

. ' 

sharp stimulllS control t.hese s()urcf'S of strength must bL' reduced. The 

+ -
intt'rll1i~t\lrc' (If Sl and S2 trials during training.C'an accomplish L1ll' 

lH'cdNI redU(,tion .111(1 thereby product' iI gn',tt increHse in stinlullls 

control. 

AI tl!(llll;1! it is knO\.,rn that intetspersin!3 52 
, + 

trials '''ith Sl 

trials prodllc('s strong slimulus control, tllP process by ,,,hich 

intl'rspL'rsion nc('ornplishe.s its effect.j~ not well understood. A 
'-.., 

bctt~r lll}(]prst<lnciing of the process will req'ui're systcmatH data on, 

-,l>hL' cffe.els of di[[cront. ci('grees of interspersion, or Ill,ore generally, 

on t,he c·rfects of varyi!Jg' the locaqon or Sz tr Ltls '\vithin thc 

trajning scquencc. The principal purpose of t/Jc present experim('n~ is 

to obl<rirr such informllt i()I)' .• 
The usu.:d strat.egy of pre\fious research on the 'location of 

S'2~ trials has been to vary the deg;ee of interspl'fsion of S2 ~ with 

, + 
S] trials dllrin~:training ancl then to tcst st.imulus conlr(?1 i·n d 

~ep'lr.lte ph'Jsc, .. i~or subjects trained with minimal intt'rspcrsio(1 of 

. + k S] and S2 ' th(~ trials arc prepentec! ·in uninterrupted bloc s of one or' 

the olilt'r triciL typc .... This seqllence, like every n.onrandom sequence 

of trials, ~ntrodllces the possibility that respondil~g will come under 

the control of s('qll~n.tial cues for reinforcement and nonreinforcement. 

Then' is :Jmple l'vidC'nCl' that J rprtial go/no-go .diBcrimil1<ltion can 

develop on lhe ,?asjs of re>gt,llarit ies i,n the sC'qucnce of reinforced 

and nOl1'reinfQrced,tria1s ,,,,hen no differential 'trial.stimuli are 

prescnt (c.g. Verp]ank, 1942; Jenkins, 1965; Capaldi, 1971). Moreover 

\ 
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• 
rwnreiIlfor( l'd trials fire :!lso dist inguislH'd by disc'rimin<1bly dHfl'rent 

tri,ll stimuli. 

The possibility of effectiv(> sequentiaj C"Ues ml..'ans that in 

.. . 
ordl'r to obtain .111 uncnnfoun<ied M';Sl'SSm~>nt of c(llltrol by til(> dtscr~-

minative stimlili. it is nt'ces'-;ary ttl di):>cfSntilHl(' training under tlw 

by nwans of <.,t illl11111s g(;,Iwr<l1 ization l<'sts in which reinlorcvlllt'nt is 
:) 

discontinuC'd ,1Od till' formt'rly'positive and Ill>gative stimuli arC' .& 

prescou>d '-l()g(>tlwr with a range of intl'.l"medi<1te stimulus vCllucs in (l 

In the prC'scnt ,experimen.t a new proc('dure is used to .stlIdy 

" ,~ 

3 • 

ttlL' Cff.N·t 01 the loention of S2 triClls on -discrimibative perfOrmilI1Cc.· 

TIH' ne'w pr(l('(>d.ur.-e :11 10\0/s oQe to eX<1mil1e the development of CI discri-

min,llion b .. 1S(.'d on the Sl~S2 trial stimuli .without .. In intl'rruption of 

training hy a ~,;\"itch from a. n.onrandc)m to a r,1noom sequence of trials. 

Befort> d<.'scribing the ne'" procedure it \Vill be USI>ful to review the 

~ , 

principal n'sul ts that have been obtained to dal" in experiments 

emplOYing a separate test of stimulus ·('ontrol. 

,All ev,11u:H ion o~. the q effect of a parpcular seque!1ce of '~.l 
+ 

ancl'S2 trial$ typic~lly entails comprirlng gtadients,of generaliz~tion 

after ca("h of thre<: tr .. lining conditions: 1) simple condiqon.ing 

+ . 
with St presentations only. 2) fully intcrspers~d presentations 

of Sl + ,lnd S2 -. ilnd J) a part icul;u nonraIldom sequcIlcc that invol ves 

rcduced interspersion obtained by a sirygle or repeated alternation of 

Q • 
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~. / 
blocks of ~l and S2 ·trials. C,'mp(lrisons nllKmg t1l(>S~ gra<iil'nLs allOl"s 

OIll' to d:-'~CSS lit(' effects on stimulus Gont.ra! of a giv9n form of 
.c; •• 

reduced intersper~4on in relation to the effects of fully interspersed . 
presentations of S2 . 

The stimulus generalization gra.dient obtained after fully 

7 interspeTsed training (somet~mes crilled the post ~iscrimination ~ ... 
gradient) commoill y differs from the one obtnined after simple copditioning 

in several respect'S. Till:> differences are ,brought out in Figure 1 

which shows, in ideal iZ('d form, typical gradiqnts of general izat ion 
(' " 

after each type of training. /' 
I, 

Insert 'Figure I about here 

-----,--
'The H:terature in which generalization gradients arE' compared.(} 

• ha~ developed a nofuenclature. not completely standardized, which 

includes the following terms. \.Jhen compared. wi th the gradient obtained a 

after simple condi.tioni.ng the post discrimination' gradient is said to 

shOl" ~!la~pening of .Eontrol, selectiv~ reduction of r~sponding at 52' 

~)C'v;~~i_(~~~~Jea~ and peak shiJL Sharpening of con~roJ refers to 

the,steep~r dedine in respond{rig as onti! !naves away.from the stimulus 

valu'c at \vhich maximal re,spondi! o~curs'. ,A~ a res-ul t, a lnrget' 
, .-

percenl of' the tota 1 responses in the cnl,;ire gradien,t occurs' at the 
',,' 

point of maximal responding, Selective reductl0'l'h;ts bcen,variot.,Jsly· . ' 

d('fined (and 'sometimes no.t defined) but for thE' purpos.~f> of :this 
, ~ 

FCvie\v' of preVio) experiments 'ole consider that selective reduction 

occurred at 52 if tho,pe~cen~'redu~tion in.responding from Sl to 82 . ' 
was gr~atC'r in tilE' post discriminatio~ gradient than in the gradient 

' . 
I 
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obtaiIied .11 tcr simple, conditionil';, Pcnk. shift o('curs \.Jlwn til(' point ,-------

of maximal rcsponding is shifted from SI in a dirt>cti()),l,,,way I·rom S2' 

Elevation of tile' P.E~_ occurs when the total amount of responding at 

the point, of maximal n\-qoonding is greater in the pos~ discrimination 

gradient than in graciient afle,r simple conditioning. 

It is convenient to review ~xperiments on the effect of the 

sequencing of S2 trials under three categories: 1) those in \oJhieh 

only one block of S2 trials is p-scsented (mass!:C!d extinction), 

2) those inwllich interspersed discrimination invylving one S (sny 

S -) precedci\\ massC'd exLinction on :;') (massed extinction preceded 
x ~ 

+ by ,int'erspersed training) and 3) those in which blocks of Sl trials 

are repeatedly alternated with blocks of S2 trials (repeated blocks). 

}!assed extinction., Honig, Thom~ls and Guttman (1959) were the. 

5. 

first to ev~]uate the effects of mns~ed extinction on the gen~ralization 

gradient.', ThQy 'reinforced' pig.eon~' on, a variable interval schedule for 

I 
pecking a key illum!nated by a narrow band of wavelengths centered at 

+ 
550 ,n111 (S 1 ). After 10 sessions of training (simple conditioning) 

, , \ 

half of th0 subjects wcre'exposed,to a single extinction session with 

the kcylight at 570' nm . (S2:-)' Generalizat ion g.radicnts along the 

wdvelength dimension'were measured the next day, All s~bjects then 

, + 
received further training with Sl imd S2, interspersed followed ,by 

a s('cond test of gpnerallzation, When (,o,mrar('~I,with the gr:Jdient 

(lbtained ill Ler simple conditioning the gra~~en{ afte! i.nterspersed 

disc.rimina,tion training showed all of. the' effects illustrated in 

Figure 1. 1'h,e post discrimination gradient WtlS sharper, showed peak 

shift, an elevation of ~esponding at the peak, and a selective 

reduction of responding at S2' None of thes~ byproducLs pf,intersrersed 

" 
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discriminJtion tr,lining :lppe:lrco rl'li~bly in the g'nldi(>l)lS obtained 
I 

after 11I:l~sed ·('xt inet ion on 52" cOmPared with simpL!' conditi<.>ning, 

massed extinction resulted in a . lower tendency to ~espond at all 

. 
stimulus values but the percent redut·tion w.as, just ilS' large at ,51 as 

at 52' The experimcqt provided a cleAr demonstration of whal !tad .., 
been suspected: a single block of e~tinction on ~2- is less effective 

in increasing stimulus control than is interspersed training With. 52 

It raised. the stronger possibility that without intl>rspersion (I.e, 

trials ha'd no selective' effects on , ' 

the profile of responding to stimulus values. The weaker conclusion 

hus Iwid lip in subsequ~nt research but the ·stronger one has nolo 

lionig et al. stated a general c-onclusion in a way that was' 

later c.hallenged. They concluded that the effect' o·f dis('rim~nation 

+ _. 
training. with interspersed 51 and 52 presentatfon,s WOlS more than 

cOllld he accounted for', by a combination of excitatory' effects at Sl 

6,: 

and inhibitory efiec~s at S2' Th-at conclusion assumed that ext inction 

was sufficient ta make S inhibitory, but that is an assumption 
x 

that requires' ~ separate tcst . 

. \~C'isl11an and Palmer (1969) examined the question of Hhethcr. 

mass(>(l ('xt inct~(m p·roduces inhibiJion with a pr~)Cedlire for testing . . . 
inhibition that was described by Jenkins and Harrison (1962), In 

th is procedure th<;, nonreinforced st il1llllu8, S.z' c()tlsis,ts of $1 plus 

a second stimulus. fn the l.]ci5m'1I1 and Palmpr t'xp{>rimcnt Sl,was a 

blank white pigeon key ami S2 'vas a ver.tieal black line on the S.lm(' 

'''hite background. The'added stimulus is chosen so that iL l;an be 

vari<.'d dur(,~g a g('ner<.iliznt~oll test without making th~; ~2 present.:ltion' 

as a \.,hole any more, or 'less, like 51 (the added Stilll!llus is said Lo 
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7. 

he ortll()!;0Il.l1 to Sl)' If il test ,)f g(>neralU:ation ovcr lim- oril-nLltions 

Wl'n' to sllOl" a U-shapcd gradie~lt with a minimum ilt S2 (til(> \,('I~ti('.t1 
• 

orientiltion of tiH' line in the present example), one wOll.ltl conclude 

that respondint\ WilS inhibited by S2' Since the incre>C1se '{n respoilding 

is not due to more excitation fr<:m S] il must be due to h'ss inhibition 

from S2' Weisman and Palme'r gav'(> one group of pigeons discrimination 

training \"ith interspen:;c(\ SI+ ,111(\ S2 periods .and obtained aU-shaped 

gradient pf inhibit'ion over line orientation, A second grollp, 

, 
recC'ivC'd massed C'xtincti,on on ~2 and it showed only a z('ro level of 

r<.1spondi!lg along tli'e entire stiilllllus d~mension, They concluded thilt, 

. ~ . 
ma.ssed extinction was not sufficiC'nt to llwke the nonreinforced 

stimulus inhibitory, lIea.r" t (I972) . , has " correctly, qllestione>d this 

concllliiion on ~he> ground; that floor effects may mask possible 

r 
inhi.bitory e[fec ts, Tire fael remains, however, that the sallie test 

yielded evidence of inhibition after interspersed training and nOlle aftE'r 

. 
extinction. One could conclude that the effotts of 

'\ , .. 
nonrcinr'or~'ed. 52 trial's on' inhib.itory cont r01 by S2 <iepe>n<is on 

whether the trials OCC'UI' in il sinr,1<.> block (mflssed ('xl inclion) or 

• iln' in.ler~pcrsed with SI+ trials ilnd it is therefore> not safe tei 

assume til,lt massed' E'XLiI~ction is suffi,cent lo pt"OdliCe inhibition. 

. . 
N!IS~e~.cxl~l~_t ion preceded .... ELEl..tl" l~s.l?~.r..:?.ed _t..r.,<' il]2.!~g", Fr ie>(\1IIa)1 

ilnd Guttman (I 965) showed that some of the cf feets on the general ization 

,gradient produced ,';y interspersed train.i.ng with S2 can nlso be 

proclllcl'ti by a mass('d e>xtinction on S2- i.f the massed extinction is 

~. preceded by inlerspersed discrimination training un an unr('lalcd 

In OHC ('xpcrinwnt,' It.JO groups were finn traincd to 
" 

peck ill a 550 nm keyUghl" for food'reinforccniL'nt on a varjdbll' 
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int(·rv.!I S( 1Il'1\\l10. They tl\('1l n:, .. jVt·d intt·rspersed discrimill.lt ion 

training bd\"C'cll til(' ,)SO III1l keylight (Sl+) ilnd the samc light 011 

wh iel! il d.lrk cross (5 
x 

\V.lS sllp(>rimpo~ed·. TIll' experimental group 

8. 

then rt'ceived a single t,O-min extinction session witl! a 570 nm keylight 

(S2-) while the. control group rcc(>ivecl no treatment. Ceneralization 

~radi('nls \oJpn' obtaincd during extinction in a separalC' test session. 

Cradi('llts f rom the ('xperimental ~roups \"cre sharp('r than for the 

control and sl!o\oJed a peak shift Wlll're.ls thosp in the c()l1trol group 

did not, Th(" authors conclllded that the inItial int('rspenwd 

disC"l:imination tr.Jining on thi.' unrel~lt('d stimullls had prodl~eecl a 

state of susceptibility to specific extinctive effc~ts on S2 during 

Ill.lssed extinction. 

Yarczo'-!'er (1974) also examin\d the pffect of prior discrimination 

ll'.Iining in un ('xperimcnt \"ilh pigeons and used 'stimuli simLLH to 
., 

th·ose used by ,Friedman ane) GutLman. 'rhere were four groups. TIl(' 

fin;L \",18 trained only on \+ (simple conditioning). The B(>cond W<lS 

trained on Sl+ and then ~iven a si~gl~.ma~s~d extinction on $2-" 

TIl(' third and fo'urth grollps first r~cl'ived in,tc>rspenwd pres,l'ntations 

of $1 aiH\ S and then a massed extinction on S2' The third group x • 
, ' 

r(,c.~iv('d rt'inforceUlent on SI+ and nmncinforceUlent on sx-' a~ did 

the co,rresponding group in til(> Friedm,lI1 and Cuttman cxpcrinl(~.nt (dif-

ferential training). Tn t~e fourtH group, however, Sl and S were 
X' 

equally reinforced (~onnlfferenti~i lraining). The rc>sults were 

sllr.prising on hoJo,counls. Firsl, simple ('onlii,ti6ning fol1()\~ed by 
I • 

m.lssed ext inetion prodllcpd gradiC'ntis that werC' clearly' sharp~lr than 

lhose oi>l.-tined aftt'f sin~pl(' (,oll(lid()nil~g <11011(', Ya'rczo\~(>r suggesleJ 
I 
I 

'. 

" 
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that lll' notainl'd sharpl'ning as I he resul t of massed l';U illct ion 

wh('n'd~; Iioll i g ,pt '11. did not bec<1us(' he suvjcctC'u his pigC'OIlS to 

n more complete ,('xtinction on S2' The s('eond surprising n'sult 
~ , 

wa& that bc;th groups e.xp()s~d to Sl and Sx pr~or to massed ext inction 

sholied siwrper gradieIlts than the other g.rOllps. The absolute level 

of responding 'was greater in the group differentially trailwd 

(S). +, 'Sx-; bUl in tprms of rC'lntive gel~eralizatioIl gradients ~pel'c(>nt 

o total responses at ('neh stimulus test vnlue) it m,ide Il() difference 
\ 

9. 

whether Shad bCl'n reinforced 'or nonr('inforeed. It n(Jw seems possible
x 

thilt the '('ffeet of prior, interspet'fwd disc.rimination training on 
, ..... , 

" 

the efi~ctiv('ness of a ~ubsequent massed extinction is si,mply due to 

tile reinforced exp.osure to different stimuli rather_5han to differential, 

go/no-go, discrimination training between those ~limuJi: 

!~~eated blocJ<s. \.Je now r,C'vic\v two expcrin~ents lhat provide 

a comparison of the effects of training on interspersed S1 +, S2 

+ presentations with training on repeated alternatlng blocks of $1 

and 52 presen~ations~ 

Yilrczowcr and S.witalski (1969) trained goldfish to no~e a 

+ 
key 'illumi,ni1ted with light at 550 nm, S1 ' for a food reward. In 

+ 
each of 25 sessiolis, one group receiv,ed 20 S} trials only (simple 

+ 
condit iOllillg), ,mother rC'ceivcd thy smn~' block of'S1 tri<lls followed 

by :m equal block of S'2 - trials (590 nm), and a third group received 

A partial go/no-go .. 
di.scrimination developed in hoth groups tl,wt receive'd 52' trial~. 

Ho\~ever, wl~'en S2 l,rial's occurred in;'J single blo~k at the end of c.ach 

sC'SSiOI1 the discrimination <tppC'orcd to be based iorgely on ,the 
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r,lther th,1Il Oil thp'chdngl' in the vislIai stimulus. I'his \oJ<lS Silggt'Sll'd 

by the fact lhat d high percl',ntage (If all S' 
, 

rL'spon<;(.>g 0ccurreQ on 
" 

the first [('w lwnrei'nforced trial<; (62% in thl! first 5) \<Jht"reas when 

tll!.' S trials were interspt'rsed, the percentage of ill I ,S trials 

. 
responded to w~s aot greater for the first 5 trials than for later 

tdal's (25? i!l the first 5). General ization gradients on \<Javl'll'ngth 

shOWl:'d ,1 selcctive [('duction in responding in the vicinity ~)f S2 

when compared with simple conditioning, for both tIw bJock~d and 

interspersed, presentat ions of $2-' lIo\<J('vpr,' the splectivp reduction 

. 
was signi fic<lntly greater after interspersed training tlwn after 

. 
b.lc;5ckecl ,training, Only inU.'rspersed training produced a significant 

overall sharpening of the grnuient when comp:lred with simplp 

conditioning. .. 
TIJ(' most fnstrllcl ive experiment to d,1te (10 the efFects of 

ldal sequencing on stimulus t~ontrol \.Jas reported by Ellis (1970),; 

The experiment provides comparisons among .simple conditioning, 

interspersed discrimination train~ng; and training with repeated 

alternation of b'locks ~f positive and llcg<1tive trials in fOllr 

diffl'I't'llt drr:1ngC(ll~nt:-;. In one group, labelled 1\1:' (ncquisition-: 
, 

extinction), each sessi(~n consisted ~f ,I blo<,'k of. positive trials 

followed by <l block of ne~ative ~rials so that the only within-

session transition was from ~l+ to Sz Ii.. second g,roup (EM 

, 
.' 

The remaining grO!lpS (AEA <Iud' EAE~ received both types of lr8nsition 

in each scssion. 'In order to e~aminc the d~velQpment of s~imulus 

control, fotlr separate genc>ralizatic)n tests \<Jere given afle>r 
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11. ' 
, I 

diffl'rl'nt :l111tllllH'> of training. 1n the )ast phase of the pxperimpnt, 

~,lIbjects 'Were placed on a random sequence> of pORit~ve ,1I1d negative' 

'trials, Tlw.'initlal go/no-go performance OJ:! tile random sequence 

,pro,videR [mother asse~ST1lcnt· of control by the trial stimuli since 

11 

sequ("l1tial cues <:Ire rClIIo'ved., The experiment invoJved th(' pig('on's 

k,.ey peck to I ights of differenl brightIwss, A go/no-go disrri{nindlion 

developed in ,Ill experirnent.ll groups, The d('ve.1oplIlenl \",IS more rapid 

in the group \vilh iI~tcrspcr.-.ed S2 trLlls than in otlwr groups, but by 

#' 

thp end of 1!! $t'ssJon of lrnining all ,groups \"erp'-showing approximately 

the same overall differencc in I~esponding to sl+'and S2- Thp 

Q ",. 

,gcneraUz<lt ion test data shO\ved; h()w(':,er~ that the go'/no-go yc;rformal1L'C' 

\oIdS 1110re und('r the cont r01 of tI!!' ViSlid I st illlllluH i-n groups ,that had 

been cxposed to tile transition from n.egntiv(> to positive trials \dlhin 

sessions (!~II, t\f~II, EAE) than in the group thdt recC'ivcd the posilive 

'to IlC',g:ttiv(' Lransi-tion only betwee,n scssi0ns (AI~)'. (.]hen compdrecl I"ith 

the gradient after simp1e conditio.n~ng the groups'l,ith the Ell 

transition sllm"cd sharnC'ning, peak shift,'('lf'vat:ion of till' IH>:jk, and sf'jC'clivl? 

r('(,lllcl.:inn of responding At S2 . The ,\E group, on the other Imnd, 

sll(med l1C'ither shart1'en'ing, pcnk shift, nor elevdtion of the peak although 

by tlll"C'nd of tp.<:l Ll\g .there was sel<;~t~ve rcdll,ction of responding at Sz 

Performnt1ce on the t"nndom sequence I"as consistent wilh general ization 

test data,: ,the J\E gr.oup responded i.l1d'iscdmin,dte~y to positive and 

• 
nC'gativ(' trials during the' first· s(>ssion (In thc' random f>cquC'n('c 

wh('reas the' groups ,lrained with a \oJithfn-s.C'ssi()11 EA trilDsiti'on 

'mai'ntained lh(>jr diCferential"performil'llce. The results show in a 

convJncLng.w:J.Y that the negaLive to, I)(\sitiv(' transition \vith·in il 

• 

. -
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I 

sL's~i(l1l mdkl's ,I vprv sui>slalll ial'·li t ferc'nCl: lo .lite d('gr<.'(· 0/ st imulus 

('olltP'ol lh.ll i~ d('v(,lopC'o ~fr(llll rE'pciltcd cAlios.llre to posit ivt' dlHI 

n(> g,ll i Vl' t ria 1 s . 

• Th.lt tltt' transition from IH.'gativ(' to positivl' periods has .1 

pm"c'rflll influence on stimllius cc'ntrol I"IS also denK>11SlratC'd in an 

eXIH'rillwnt by R(lSPIl <lnd T<'I"I"a('(.' (1975). This l'xpcrimcl1t in \.Jitirh 

i!l rhe vicini·t y. of S2-' and p<'ilk shitl.. Afu'r cxtensivp tr,tining on 

, + . 
SI SOI~l' groups l'c>~'eiVl)d ollly extinction on S2 (m,ls<wd l'Ktinction) 

trC',ltmL'nts imllll'diatcly fpllol.Jing (>xtinC'"tioll Oil S.) . Among Ules\, 

+ 
tn':1tments lVas a I-('tllrn .to reinforced responding to Sl III this 

case', the' training Ims comparable to a single: cyC'"le of AEA tr.lining ... 
in the,experiment by Ellis. 11111('11 comparc>d I,ith simple ('onditioning, 

nt<lssed cxlinct ion produced S0m{' BE'leet iVe> reduct iOIl in l-l'spoll<iing in 

12. 

the vit'illity 'Of Sz ·but it produc('d neitlwr peak s!lift nor inhibitl)fY 

gr,ldicIlLS. The n'turn to Sj+ at \hc end of C'xtinction, ('Vl'n though tIll) 

()xpOSlIrc h~,lS Ilmi,ted to three one-minute periods, resulled in' a 

greater sl'lective reduction at $2' peak shift, and initibit0ry grn<iicllts. 

Surprlsingly" similar effe{:ts were obtnined when the post extinction 

treatment was;} return to $1 but \vithollt further rC'inf(lrcement, or 

rile fn.'c d<,'li\'~ry of IInsign<.illed food. I.l'dving.aside lhis pULZlillg 

[ilet, the results, like, t.hos(: <.,r El.1is, pOlnt to the Ivithin-s()ssion 

trnllsition from nonreinfol"<'()lllellt to reinforccment <IS ('SPl'CLllly 
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(' f'f ec t i vt: in till' dl'Vl> 101'1lll'n t 0 f t i IllU I liS con t I'l' I . 

'I Ill' rt'vic\.J of prc-violls literature Oil tIlt, "l"lll('llcini: of 

po~itive' and l1l'gdLivl' trials' leads to' the foll'owing Sllllnl1,HV. 

\~hl'n ('ompan>d "ith simple conditioning, discrimination 

" 
lr,lining with positiv(> and negative trials interspersed is commonly 

fOllnd to incrc.!s(' stimlllll'i (,1H1tr(lI , to pnl(flwp !l shift in .thl' 

point of Uldxim.ll.rcspontiing d\V.lV from the lH'g.ltive·sti!1lullls (peak 

shift), .1l1d tIl elevate the level of respol"l'l.ling ~lt till' peale 

Intl'rsp('rs('d di';crimindlion training md\' ,il"o Ill.lk(' ~hc 11l.'gd~iv(' . 
stilllll'L'tlS illhUJitol"v. Hassl>d pxtinctiol1 on tIll' negativ(> sti~l1l1l..1lf; 

\ " . . 
(no rHurn to p.ositivt' tri;lls pdor to It',;ting .; 

, 
to intf'r<,;pl'rsed tl"dining ;l1thOllgh llnder «(lilditions it rrrodul'Ps 

in ,1l1 dttcl1uatcd form ('('rtain of till' ('ff('cts prodllcco bv interspprsl'd 

tr,lining. lIonig et ill. ,,(19)9). found IHl in('rpil~l> in ('ontn>] to rC~lIlt 

from ma<.;sed ('xt inction bllt incrt'.Js(>'i have 'bePll rOll,nd in <';011le sub~('qll,'nt 

experiments. Th& effectiveness of ma~sed' ('}..tinction may be Cl1hilll,C"ed 

by prillr trninillg i!1Volving an 1.lllrp1.\tecl ncgat iv\' st1Jllulus (Frjedm.l11. 

,mil Cllttll1dll, 196')) but thAt d()('~ !1l't ilppPilr to 1)(' ,) n(,cP~silry 

cllndition for obtaining ,m incn'ns~> in (pntrQI frPIll massed ('xtil1cti('n 

(Yarcz()\vcr. 1974). I"Pilk shi ft somer ill](><'; n'slilts from 11I.188ed ('X't inct ion 

int('rspl'rscd discrimination training. Elev,ltiol1 of till' ratl' 0f 

r('~pooding ilt the maximal point on t1w gClwr;lliziltion gradil'nt hilS 

r('sponding ilt ,111 poin'u:; I"hell comparvd I~'ith simpJt> conditioning 

(lloll i g cl ill; 1 \)59.; Y;l rC7.(l\.J<'r. 1974; Ell is. 1970). lln<!ct" cond it Ions 

" 

I ,. 
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Thl' rcpl'litinn of l.Ji.thin S('ssjol1 tr,ln<;itions trol11 posit-ivl' 

to lll'g,lt ivp trLtls does nol incrl'.lsc st imulus cnntro'l to til(' l':<ll'nt 

<I(>V(' I (1(1'; h"Il'O t'd71 
t rid 1st (' I I (ll-ll'd b :',' 

on tht' ('11(' val lit' (,f nonreinforcenll'llt fot' slIbsc<]upnt n()nrC'infnrCL'IIl('nt 

(YarcZOlv(;r and Sw.italski, 1%9; Ellis, 1970): TI1(' missing 

i ngr(:d it'llt is till' III i l h i I1-S('ss io~) t. r,ll1S i l iOll fr(llll nC'ga live to po;; i l i Vl' 

the discrindndtivL' stimuli prl'~H'nl('d on till' l!'i.al (Utis, 1<J70; 

those of m:J<;st..'d ('xtinctiol] or of tndning lvith repl"at('~ altl'rn,l'lion 

of blocKs of trials, brings into play s(,veral pllsstbll' cOlltrihut rng 

f act'(lrs, TIlL'rt' Iv ill b'c d if fl'll'lH'l'S in the Humber ,wel types (If 

lr,lI\siliol1, in the lengths of runs of positive and 11l'gativ(' lrials, 

',llld in til(.' <llll(lunl of responding on negaliv(' trials. Complexity is 

rl'dul'('d I"hen t Itt' l ra in i ng seqIH.'nc('s to he comp.l rpd h.lve till' S,lme 

(ll:Ul'l"ing ()I po~ilive and (ll'g,llivl' 'tri.lls i1nd difler only in hOI. the 

( . 
sequellc(> is segmented or hrokl'1l up by till' Slopping and slarling of 

s('%ioJ)s. Tht' experiment by Ellis (1970) illu~t.rdt(>~ this stragegv 

sinCl', lvilh minor t'X'cepliPlls, til(> variolls trctltments diffpl" only in 

tl'nns pf \vhl'rL' 'lht, .lllprll,lting s'l'qul'l1ce of pC')sil iv(' and Iwgativl' 

J " , 

~ 

\ 
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t r L d '-, is i n t (' r r 1I p tl' d b'{ t h (' c, ('~, i (l n \J r c, I k. <, • A I til Oll g h t his V,j ria b I p 

it<;cl t intl"dll(l"> more than one' kind 01 differellce .it is m1.llvtically 

more mallagl',lble than nlte'rillg the ("omposition of the tri.ll sequences. 

Further, ~('gmcnt,ltion is important: interrupting till' sl'qucncc in 

.1 \vily that prevents \vitllin-session trtmsitions from ncgati\'l' to 

p,)~;itivl' trI,1ls greatlY, rl'dtlccs thE:' devp1opm('nl of stimululj ('ont~ 

\vhl'11 cnmp,lred \.Jith interruptions that allll\v \vitilin-scssion trdnsilions 

[ r o III po" it i Vl' . to I\(' }".Il i ve t r i.ll s . 

Lhl' Sl'qll('llce 01 t ria Is by till' hel\vl'l'Il-Se'SS ion brl'dk. in such a way 

ilS to allow·or to prevl'nt within-sesRion transitions from IH.'gativ(' 

triills to'positive trials. The' course, of discrimilliltioll training is 

comparl'll \Vill'n, in pach session, a block of S2 trials OCCl1r~ )H't\ve('n 

+ +. 
two b,locks of S] or only after ill [S} tria·l,s have been pl"l'st'nte'd. 

One can consider the variable to be the location of the block ,of 

neg3tiVE' trials within the sessio!1 or, equivaJently, the' IDcation o[ 

t Ill' sessl<~n brealt in the sequence of t r tn! '"'. The design of. the 

experi,ment also provides information on how the dcvplopmenL of lIH' 

~ . 
discrimination is a(fl'cted by the numher of S2 trials 'in the block. 

As ~uggl'st('d by lfczo\ver, the effects of continupus extinction migh~ 
hq stronger after prC?longc(] exposure to S2-' Finally, tlll' effect pf 

\ 

the lOC',ltion and number of S2 trials per scssiOn,\v,lS pxandned for 

a readi ly f()rm~'d disc,riminatiol1 and one that fllrms mon' slowly. 
<\< 

I\n important objett ive of the present r.esearch is methodologic,11. 

\~(' wish to examine the .po'ssihility pf obtaining a continuous asse'ssmcl1t 

of the dl'vl'loplnc'nt of discrill1in,ltion whcn the positive and (H.'(',dtivci 



, , 

tri1]5 are presented in nonrandotn sequeqces; specifically, in.alter-
\ 

natihg blocks of positive and negativ~ trials. A method that allows 

continuous measurem~nt is likely to be more sensitive and more 

0('onoll1i.cnl to use than the' p'reviolls method of sC'paratc training and 

t('stin?" but th(' method must overcome the difficulty that in 

16. 

nonrandom seqGences tile pres~nce or absence of reinforcement predicts, 

nlth(~I~ ;mp('rfectly, reinforcement or nonreinforcemenl on the next 

triaL Therefore, the development of a go/no-go discrimination 

cannol be lInpqllivocnlly attributed to control by the trial stimuli . 

• 
The pn'sent e.xperiment atte~pts to overcome this difficulty 

by the use of a feature-positive discriminap~n task (Jenkins and 

Sainsbury. 196~, 1970; Wasserman, 1974). In this tnsk, a pair of 
~ .' 

displays sharing .common features is distinguished by a distinctive 

feature on the positive display. For exa!llple, both displays may oont~in 

the common feature of dots while the distinctive feature, sny a star, 

appears only on the po~itive ~isp]ay. In the course of learning a 

discrimination between such dIsplays ~resented successively, ~he 

location of the peck within the posit~ve display switches (rom the 

common f~~ture, to which the pigeon was initially trained to responJ, 

to the distinctive feature. Although reinforcement is not made to 
. 1, 

depend 011 the 10CJtion of' t!te peck, t,he response tracks ,the distinctive 
" ' 

feature as it is moved from place to plac~ on the displai ~ver a 

series o( trials. The shift from the common to the distinctiv!,! 

feature typicaJl~ occurs bef~re responses :to the negative display 
I 

show a subst~al decline. In other words, a simultaneous discri
~ 

manation within the positive ~isplay precedes the go/no-go 

. discrimination between t.he positive and' negative disploys. Althougb 

'\ 

\ 

( 
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the gO/"J}o-go discrimination can be based in part on regularities in 

the sequ·ence OF positive and neg.ative trials, the simultaneous 

discrimination must he based solely on file display stimuli. The 

de~elopmer{t of tho simultaneous discrimination is therefore expe_cted 

to provide a continuous measure of discriminative control by t~e 

distincti"Je' feature U11der bfocked sequences of positive and negative 
': I 

" 

tiials. In order to:examin".e the rel4tion between the sHnultaneous 

disc-rim"ination 'and co~~rol by. the dis,pl~y stimuli' in the g~'/no-go 

discriminati'on .. the present 'experiment includes ccrtain,groups that 
r." 

wer7 placed on rand9m sequen'ces of positive and' negative tritls 

after ,prolonged ttaining on blocked sequences. 

) .. 
I 

" 

• 

'. 
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Hethod '. ", 

Subjects 

The subjects were 72 experimentally naive adult White King 

pi'geons obtained from the Palmetto Pigeon Plant, Sumter,S~uth 

J 
Carolina. They were maintai~ed at approximately 80-8SZ of their free 

feeding weight with Purina Chow Checkers. 

~pparatus and stimuli 

Four standard pigeon chambers obtained from L~high Valley 

Electrbnics were used. The response ~ey ~as a translucent squar~ of 

plastic 3.5 cm on a side, divided into four square sectors. Each 

~ector operated as a'separate key. Black metHI strips 2 mID wide 
.> 

separated the sectors and reduced the possibiljty that a single key 

peck would operate more than one key. A force' of 15 gm operated the 

"" 
keys. The displays to be discriminated'were back projected on the 

key by a Kodak Ektographic RA-960 project?r with a 120-volt, SOO-watt 

light bulb. It was run, however, at a'ppr.oximately 25 volts. Exposure 

. was controlled by an external shutter. The displays (see figure 2) 

. " 
- consisted of a brightly illuminated geometric figure at the center of 

three ~ the four ~ectors. The background remained dark. The figures 

. }n.sert Figure _ 2 about here • 

were a circle 0.5 cm in diameter or a five-pointed star of the same 

irea. T~ere w~re two typ~s of displays: those consisting only of 

common features and those consisting ~f common (eatures plus a 

distinctive feature. Hhen the common feature was a circle, for 

example, the common-[eatures-only ~isplay showed three circl~s. 

" 
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I 
The, common-feature-plus-distin~:t be-feature display showed two circles 

and a star. The position of the disnnctive feature and the posiqon 

of the blank on the kcy varied randomly from trial to trial. A 

masking noise of approximately 80 d8 was supplied to each chamber ~y 

a speaker~mounteq on the panC'1 containing ·t}1(> response key. The 

, . 
working comp'artment was diffusely illuminated at all times by a number 

1820 bulb housed in a reflector and mounted 5.5 em above the upper 

edge of the key. A PDP-8E computer scheduled the presentation of 

thc displays and ,the ~Iel Ivery of the reinforcer, and stored the number 

and location of responses on each trial. 

Design 

Es~entials bf tlte design are shown in ~igure 2. Each session 

of training in experimental 'groups'consisted of two blocks of 12 

posftive trials and n block of 6, 12, 24 or'48 hegative trials. On 

positive trials the display consisted of common featu~cs plus the 

distinctive feature; on negative trials it consist'ed only of common 

features. Tile block of negative trials was pla"ced between two ,blocks 

of posi~ive trials (PNP: positive, negative, positive), or after two 

blocks of positiMe trials {PPN). In PPN sequ~nces,'the second block 

of positive' trials followed the first without interruption. The dot 

was the distinctive feature (star common) for half the 'subjects; the 

roles o'f 'dot and star were interchanged for the remaining' subjects. 

The combinations of two locations of the block of 'negative trials, 

fOllr lengths of neg<llive blocks, and the two representations 'of the> 

dis,tinctive feature, ",lakes 16 experimenta,l groups. Two control 

groups, one w.ith the dot as the dIstinctive feature and one with ,the 
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star, received n~ negative trial~. Four subjects were assigned at 

random to each of the 18 groups. 

Procedure 

Birds were trained to approach quickly and to eat from ~he 

food tray which contained Purina Chow Checkers. The tray opening was 

lighted whenever the tray was in the raised position. The birds were 

first allowed to eat from the .tray which was'beap~d with grain and 

. . 
jwld in the raised position. The tray was then operated intermittently 

for durations that were reduced gradually to a final value of 5 s~c. 

The tim!" between reinforcers-was varied. The mean time was gradually 

increased to the final value of 60 sec. One c r t .... o sqssions 'were 

required to complete tray train~ng. A discrete tri~l~procedure was 

us€d for the initial training of the key peck Rnd in all S\.l~s(quent 

training. Trials were marked b~ the lighting of the display for a 

maximum of 8 sec. Intertrial. intervals were v3Fiable with a me~n ot 

64 sec and a range of 8 to 360 ·sec. The compar tment was. 1 igbted 

tiHOUf,i1011t the SEssion. Responses betweE:n trials had 0(1 effect. On 

positive trials, thro~ghout the eyperiment, there was bolh a response-

depende.nt and a response-independent rEinforcement contingency. 

Positive trials Hcre terminated anrd .i!llmeciately rei"nforcE'd b) t~c. 

comple.tion of a r~s'ponsf rec:uirement .or they wer'e terminated and 

reinforced at the end of 8 sec, whichever came 'first. The resronse-

ind('pendent contingency alloH~ the initial acquisit·ion tc be accc'mplished 

through autoshaping. Negative "trials remained on for 8 sec.· regardless 

of responding and were terminated without reinforcement. 

Five to six s~ssions of pr~liminary training were given. 
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Each sC'Bsi(l1l of preliminary trnillin~~ cOllsist('(' of 36 r<>infor(E'd'tri"ls 

('11 tl'e cOIrnnon-fea'ture display (later, during training, to b~ the 

negative display). A single response was required for early termination 

of the trial during ~he first 

session, and ~herenfJer, four 

two sessions. Beginning with the third 

responses were required for early 

terminnlion. After 'preliminary training, subjects with the cot as 

o the djstinctive feature received 10 sessions of training. Thor.e '\lith .. 
the star received 18 session~ of trait1ing follcwed by 6 lrnin;ng 

sessions In which 24 pcsitivl' and 21, neg.Hive trials were prE'Fented in 

random sequence. 

RE>su l'ts 

Dlocked sequences 

By tbe last prctraining session almost all trials (mean of 99 

percent overall) were terminaled b) thE completion of four pecks 

. 
before the maximum trial duration of 8 sec elapsed. Responses were . 

. 
predominantly directed to a feature rgther than to a blank sector, on 

'vhie! only Z percent of the total occurre(~. Dur ing the inter trial 

reriodE, when the entire key was dark, resronses wer~ very infrequent 

and they rdmained infrequRnt throughout the experiment. 

Responses to distinctive f~atu~~e. TIle percent o.f responses to 

tbe distinctive (eature is. shOlm by sessions or'training in Figures 

'3 and 4. When the doL was the distinctive ,feature, (Figure 3) the 

Insert Figures 3 and 4 atout here 

foJ lO""ing trends appeared. In every experimental group respo!lses came 

tD be directed almost exclusively to the distinctive feature. The 
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22. 

control group, hihLch received on1\' positive trials, also showed an 

incH'<lst' with training in the percent of responses directed to the 

distinctive feature, but the increase was' less than in any experimental 

group. Preference for tile distinctive feature developed more rapidly, 

meaSured by sessLons, fhe greater the number of negative trials in 

the block. The location of thl' 'negative hlock produced a clear ('ffect. 

For each pai.r of groups with the same number of trials in the negative 

block, the group with the negative: block between positive blocks shmved 

a more rapid development of preference for the distinctive feature 

than did the group with the negative bl(')ck at the end of the session. 

Finally, there was a tendency for the preference to develop more 

quickly in the second block of ~osjtive trials than in the first. 

This was espeically marked early in training for groups which received 

a large block of negative trials between positive blocks; i.e. group 

\~hen the distinctive feature was represented by the star 

(figure 4) a strong pr~ference for the d~stinctive feature developed 

only under the most favourable condit~ons of training,. The star was 

avoided in favor of the dot in the ab.sence of any negative trials. 

This is shown by the very low percent of responses to ~he star' in 

the initial block of posit!v~ trials an~ throughout ~raining in the 

. 
cOLltroL group. The initinl pre~erencc For the dot was COl1vt'rted to a 

very strong prefetence (or the star only wheh the block of negative 

trials was long and when it wqs locrited between the posit~ve blocks.' 

It i,5 particular.ly striking thct the shift did not occur, or occurred. 

onl~weakly, when th~ block of negative trials was .presented after 



all po~,itivl' trials. \.Jith negati,/p trials between two block" of 

positive trinls, preferynce for the distinctive feature developed' 

more quickly in the second block of p'ositive trials thar. in the 

first. Preference remained stronger in the second block throup,hout 

tr;;ining except in the most favorable condition (4?t. negative trials) 

wlwre tlH' prefpyence t'vcntually becamc' very strong, and equally 

strong, in the first and second positive blocks . 

• Th(\ mean percent of positive-trial responses that were 

directed to til(' distinctiv{' feature, averaged over ten s('ssions, is 

given f()r t'dch experimental group along with individual menn scores, 

" 
in Table]. A sunmlary of. the analysis of var lance of these means is 

given in Table 2. Highly significant main effects were obtai.ned for 

-------_.---
Insert T<1bles I,and 2 about here 

the number of negative trials in the block, the location of the block 

and ,the representation (d6t and star) of common and distinctive 

features. The .significant .interaction of locat ion with feature 

reflects the greater effect of location when the d:lstinctive feat-vre 

was tbe st.1r than \.;hen it was the dot. 

Responses to ne~1.tive trials. The'meaCl number of resp<?nsu; in 

the "C'ntire block of negative triclls is shown by sessions in Figure 5 

(dot as distinctive (~ature) and figure 6 (stnr). Consider first the 

resultS when the distiqctive feature was the dot. A general declin~ 

Insert,. Figures 5 and 6 about here 
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labll.' 2 

Ana lys is of variance: Neall Pe rcenl of Responses 1:0 the Dist inct i ve Fe,ltur(> \ 

~ 
• 

--~----------
Source DF HS F p 

- - -- ---------~------ -~----- ------------- - -----------

Numi>C'r (A) 121,615.0 5.15 • (Joe; 

LO(',lt ion (B) 1,121,750.0 , 47.48 .OOI 

Feature' (C) 4,501,420.0 190. (;3 .001 

A X B 32,416.0 1. 37 

A X C 3 13,037.3 0.55 

B X C 191.076.0 8.09 .01 

A X B X C 3 16,b88.0 .71 . 
Error 48 23,624.3 

Number: number of negative trials presented each s('ssion (48, 24, 12 or 6). 

Location: position of the sessjon break: PNP or PPN. 

Feature: . shape of til(' dist inc! ivC' ,feature, dot (st .Ir as the common 
fl'dlurC') or star (d()t as the, common feature). 

NOTE: An aila1 "sis of vari,lO('e performed on the arc sine transformation ()[ the dat.l 
shows the same' main effects and the same inl£'raction . 

. ... 
.- .. 

.~ 
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in n{'gaUve-trial responses occurred over sl:ssions although <.!rratic, . ~ 

upw.'lrd jumps in responding sometimes occurred even after very low 

levels had'been reached. The decline in responding was more rapid when 

tlie negative block WClS presented after ,positiv(> blocks than when it was 

presented between positive blocks. 

The,mean l~vels of responding on negative trials when tIle star 

was the distinctive feature (Figure 6) was generally higher than when 

the dot was the distinctive feature. Otherwise, the trends were 

similar; in particular, the decline was more rapid for negative blocks ~ 

in the after position than in the between position. 

These results show that a go/no-go discrimination is formed in 

all groups, but they do nol, of course, establish that the discrimination 

is controll~d by the Same cues in different conditions of training. 

The mean total number of negative re,sponses over 10 sessions of 
" . ' 

training i:-; shown', for cacl,l group, along with individual totals, in 

Table 3. The one, bird in Group PPN
48 

\vith on extraordinary total of 

Insert Table 3 about here 

---------

a~ 7,000 responses was not included in Figur,e 5 nor in statistical 

analyses of negative~trial responding, An analysis ,of variance of mean 

negative-trial responses is given in Table 4. Significant main effects' 

, " 

, In:>t'rt Table 4' about here 

of the numbe'f of negative'trials in a block (tl~e more, trials per block 

the greater the total number of' responses), of the location of the 
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Tab 1.~ 4 

Analysis of Variance: Nean Number of Re-sponses to S- Trials 
I 

------------- ------~---

Source DF 

----
Number (A) 

Loc:1lion (B)' 

Fe<1ture 

A X B 

A X C 

B X C 

A X B X 

Error 

1)OTE: 

(C) 1 

:1 

3 

C J 

47 

The (> x t n'me 
group mean. 
Error would 

• 

~IF c ..... F P 
---------

183,519.0 2.89 .OS 

'392,502. U 6.19 .02 

476,100.0 7.51 • OJ 

65,610.0 1.03 

2,264.0 0 0.04 

690.0 0'.01 

33,'346.7 0.53 

6'3.425.1 

score in group PPN4~ was substitute~ hy the 
The dC'grees of freedom corre,$ponding to 

be equnl to abc (n-l) -1. 

, , 

'\ 



block, and of the rcprcsent':ltioll of the distinctive fedlure were found., 

The same analysis was carrJed out on the mean total 'number of 

negative trials on which at least 'one response occurred. The results, 

which arE' shown in Table 5, show 'the same pattern of significance but 

at higher levels. 

-----~--

Insert Tab Ie 5 about here 

Shift in relation to,n0gative-trial resp~ms'es. The results 

already presented show that condit~bns faVoring the shifl lo the 

distinctIve feature' tC'ndecl to produce higher levels of .responding on 

negative trials. This suggests the hypothesis that the shift was 

d,irectl"y dependent on the amount of negat.ive trial responding. The 

variables of location of the block o,f negative trials and th-e number 

of trials .in the block wo~dd, 'on this hypoMlesis, exert their effect 

on the shift through their effect on the amount of negative trial 

responding; The hypothesis would be strongly slipported if in the 

several groups the shift occurred after the same total number of 

ne,ga.~ive trials on which at l~ast one response had occurred. Such 

. 
trials will be ref~rre~ to as active trials. The upper part of Figure' 

7 shows the total number of negative trials (active plu's inactivo.) 

---------
Insert Figure 7 about here 

------------------~,.~------~--------

that wer~ presente~ before the shift to the dis~inctive feature 

reachpd 'a criterion .• The criterion was 80 percent or more of the 

responses in a block of 12 positive trials din'cted to the distinctive 

~. , 



.... 

1'.1')le 5 

Alldlysis of Variance: Ne311 NlJmbl'[ of'Negative Trials with At least 
One Peck 

---- ----~---

Source DF HS F P 
----
Number (A) 3 8,835.} 8.54 .00l 

Loc<ltion (B) 7,119.2 6.88 .,002 . 
Feature -<C) 1 11 ,409.5 10.84 .005 

A X B 3 788.8 0.76 

A X C 3 184.1 0.18 . 

B x·c 4.5 0.00 

II X B X C 3 7/16.1 0.12 

Error 47 1:034.1 

r 
NOTE: Thl' extreme score in group PPN

48 
was subst i tuted. by the 

group mean .• The degrees of freedom corres,pond Lng to 
Error would he equal to abc (i1 -1) -1. 
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26. 

featurp. /l.s" thE:> length of .the n( gative block WclS increased, the !lumber 

of neg~ltivc trials required to prod,\lce the shift tend(>d to increase. 
/~\ 

'I "I, 1" 'I h ! I I'ore !lcgaLIVl' trIa A'-were requlrC( ,'on t e average, wlen t H>y 
\ 

prescnltcc.l a-ft"et" l;Qi>iti~e tr,ials than when they I"erp presl'!1ted betwel'!1 

positive trials. 

The number of active trwls pri,or to the shift is shown in 

) 

the lower half of Figurc 7. The average number of active trials 
\ 

n>mainl>J roughly constant across different lengths PI' n('giltiv(' tria'l 

l;ll~cks anJ across till' two loc,)tions of the block. Hitll the negative 

block hetwl't'n positive blocks 1Ill' !Twdian I1Ull1bPl' ~)[ ,)ctiv(> trials to 

the shift WJS 1'3:5; IVith the.neg,1tive block after the positive brock 

it \o/as 19,5. In view of the variabili ty evident in Figure 7, this 

relatively small difference would not be grounds for rejec~jng the 

hypothesis that the number of Jetive, U',ial s 'required to' produce the 

shift is ~onstant, 

Th~' hypothesis can be rejected, however, on the results 

obtained \"Iwn the distinct ive feature was reprefented by the slar, '. 
Of the 16 blrds trained with the negative block after positiv~ blocks 

only 2 met the shift criterion. Despite the failure to shift, the 

number of active negative tria.ls in each of these groups eventually 

~xcee?ed. tI}C n,umber required to produce the shift in the comparab,l~ 

group with the negative block between p05itive blocks, The nu~ber of 

<lct1Vl' negative 'trials is not the sale determiner of the shift ~nd. 

tlw:hvpothesl,s mus~ ,therefore be rejected. 

There is a much weaker ,hYP?thC'sis that might s,t ill prove 

acceptclble. The length, a'llhough 'not the position, of the block 

, 



"', 

n. 

of l1C'gdlive trials might afTl'ct till' shift entirC'l\',through thl' alff'd 

(If length on the number of act ive trIals pcr session. Figure 8 shows 

further data on this hypothesis from the groups trained with the star 

as till' distinct ive feature and the negdtiv~ bloCK I'ocatl'd betwCl'n 

positive blocks. The trends arl' roughly similar to thOSl' obtailwJ 

) Inserl Figure 8 about Ill're 

\Jith lhe dpt'as tIl<' distinctive feature. The results prcr;l'nll'd in th~ 

left piIIll'1 SllOH that more trials are required to produce the shift Hhell 

L1ll' llulIllwr of trials Ill'r block Has 12 or more than wiwn it W,IS 6. TIll' 

re~\Ilts in the right rim('l show that ~Hhcn act ive trials .. onlv nre 

counted, the 'effect of block length was reduced and might be nil. .t/II • 

AlthO~lgh tile data \ven' tllO variahle to provlde strong support, .the 

hypothesis n'mains tenabh' tlwt. lIw lengt'h of the block of neg.ltive 

trials affl'cts the rapidity of t.he shift entirely through its ('ff('ct 

on ~he number of active negative tria.ls per sessiOl~. 

Random sc>quence 

, 
Inst'rt Figure 9 aboul here 

shows the Fercpntage of responsl's to the distinctive feature ,in lhe 

last two sessions of training under the,blocked sequence (sessions 17 

and 18 ard i~ the last 6 sessions of trainin~ with the random 

sequ,clln" '(sessions 19-24). Groups that had been train('d'lvith the 

negative blo~k of tri~ls,between posJtive blocks maintained their 
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till' di~tinctivl' tl'allll"l'. Thl' lonlrol group was exposed to lh'gd~ivl' 

tri;)]c; tor the! ir:-;t I imp in tlw r,lIldont scqlll'IlC('. It also rapidly 

pt lilt' r,''-,I!lts fllr tlH' ('ontrol ~'rllllp \"ilh till' avcr.lge results for 
--

• ,lfll'r positivv tridls contl"iblltl'd tel <1 pn'fl'rCPCI' for the ;Iislinctivc 

" 1 ('atllrl',' A gll',ltl'l" l1ulllbc.1" 01 distinctive fl'aturl' resp,cnsl's were mack 

dll~'ing til(' 6 ~l'SS ions II f r,lIld.lnt t ra ining" in t hCH' l'xrerirnel tal gr,ou[-,s 

th,1I1 in till' control l~r(l\IJ).. The Pl'l"c5:'nt of H'.->pons('s to PH;' distincth'(' 

fl't1tllre in llll' (irst sl'~sion on til(> random Sl'qlll'nCl' is shown in T.I"I(> 

() An .J1l.Jly~is of vdridlh'l' ~)r tt.e mean nllll,b('r 0'[ responses to the 

Ins('rl Tabh' 6 about hen' 

distilll·tive feature in the firsl session (or'experimental groups shm,,(>o 

till' locat ion 01 tht' lH'gal ivc-tri<ti block in previous training to bl:.' 

signific,l\1t: F (1,24) = 23.11, ~ < .001. The length o( till' negative-

trial bl,lck W,IS not significant, nor was its interaction \"ith the 

posit i,ll,l' 01 till' blllck. The' IIIP,lI1 number of d i:-:t incl ive [<-'<ltllr(' re~ponses 

in the cotllrol group was signific,lI1lly I('ss than the me.lll number fOl' 

tl,e (':-'jWrillll'llt.ti groups that \,,('re pr('viollsly trained with tltl' .nl,giltiv<! 
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Table (, 

P('rCl'llt 'of Hp;;pOllC,PS on S+ TrLIIs thnt were dir('ctl'd to the 
I)i<;tinctivp jo'P,lLurt' in tIl(' First SP<;SillIl of Exposure to a 

!{:mdolll Scq{)(>llce 0 f S+ ,mJ S- Tr i.ll s 

___ . __ ._S~!.l~ . .Ley_t_<; __ . ____ ... _ l-Ican 

2 3 4 

I'N I' 
. I, R 

100 40 100 94 83.5 

PN 2t,P 93 98 .., q7 100 97.0 

.. ('NIl 93 80 87 7'3 83.3 

I'N I' 
£> 

100 100 96 100" 99.0 

I'I'N 1,8 
50 ' 52 '29 33, () 

Pl'N
Z4 

66 89 82 92 82,3 

I'I'N 12 78 75 25 58 59.0 

I'PN 
6 

'87 'i8 0 14 39,8 

Con t'ro I 22 () 12 19 11,3 

, 
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block afle'r positive trials (l(18) '" 2.')1, p .(25) as it obviously W,IS 

hetw('cn positive lrials. 

tl\{' ne'g.Jtivc hlock be'twe(,ll positiv(' bl(){'ks m,lintaineJ their go/no-W) 

discrimindtion with little' or no 'disruption. In contr()st, those traitwd 
." 

with the Ill'g,llive'-tl"ial block afU'f positive' trLlls sh()\ved a Llrge 

incq-',Is(' in responses to ne'g,llive' trials ()n the' first session, followed 

by ,I rapid reductioll. The rl'du(j'tion in responses to negdtivl' trLl\s 

p,ll',J1leled the shift to the distinctive fe'ature within the pllsitive 

trials. The' control group showed by'filr the highe~ in·itia] ll:'vel of 

-responding on negative trials. Table 7 giv('s the dilt,\ for r('sponse's 

Insert Tab} e 7 about hen.' 

. 
()n Iwgative trials in the first se>ssion of training on the> ranJon) 

s<->qu('ncC'. 

) 

lin analysis of v()riancc of the meilns for the experimental groups , 
showed th,ll only -the position of th(' negative-tl'ial block in 1~n.'vi(lllS 

training WdS signi'ficant: !'. (l,2!,-) '" 'll. 35, p .005. Th(' meiln llllmb-er of 

lH'gativ(' lrial- n'spt'n:'H's in the ("(>nt r() I group \~as ohvio\lsly significantly 

great<-r. than 'in till' experim(,l1tal groups lrainl'd with th(' neg<1l ive block 

between p(~~dtiv~ bloeks. It was also significantly greatl'I' than Lht' mean 

for ;~ll th(' experimental groups trained with the negative b-loek ,aftC'r 

pORitlv~ blocks (!(18) 

, . 
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Tabl (' 7 

:A 
Responses on S-Tria1s in th-e Fi rst Session 

" to a Random Sequen~e of, S+ anp 

. I , 
Group 

1 

·f>N
48

P 13 

PN Z/ 35 . 
I:N 12P, 37 

PN P 
6 ' 21 

~ 

PPN 
48 93 

PPNZ4 236 

PPNi2 86 

PPN , 6 15. 

C'ontrol' ,'313 

~ 

" 

Subjects 

2 

227 

b 

100 
I 

56 

52 

141 

103 

200 

369, 

" . 

3 

a 

2 

, :37 

34 

124 

44 

171 

208 

'·290 

. . 

. ' 

4 

21 

7 

. 18 

1 
'", 

397 

38 

227 

~ '120 

301 

.f" 
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12.5 . . 
48.0 

• 
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114.8 

146.8 

135.8 

318.3 
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DiscII';sion 

lJle pri.ncipal results ma\ be. summarized as follows. Th(' shift 

to the distinctive feature was affected by the stimulus character'lstics. 

of the distinctive and common ff'atures, by the 'locatioll of a block of 

ner-ative tritlls within the session, and by the number of neg(1tive 

tdals in the block. A !1luch more rapid shift, to the distinctive" 

feature was rroduced by training under the combination of dot as 

distinctive feature and star as common feature than under the reverse 

.. 
comb ina t ion .. The do t, probably because of its mO.re rounded .shape, \vas 

preferred to the star as a target of pecks. A block of negative trials 

placed beu.Jeen tuo blocks of positive trials was more f: ffective in 

producing the shift than was the same block placed a'fter the blocks 

of positive ~rials.· T~e shift to:the less preferre~ sta~ as a 

Gistinctive, feature almost always failed· to occur when the block' of 

negative trials came after the positive blo~ks whereas it oC('urred 

regul~rly ~hen the bl~ck of negative trials ~ame between the block of 

positive [Tinls. The shift to the more preferred do~ as a di~tjncti~e. 

featurf' \.Jnf .brought about. by a negcitive block in ei~her position ·but 

the strif~ occurred more r·apidly w,he\)- the negative block came between 

. the positive blocks than when it came after the positive blocks. The 

mor~ trials in the negative block the ~ore rapidly, measured by 

sessions, the shift o.ccurred. Ho~ever, not even the longest block, 

. . 
'which \.J<lS 48 trials twas capablc of producing th,e Bhift_t.o the less 

preferred. s·tar as a distinctive feature when .the ~lock occurred 

,~f~er all po~itive trials. 

During trai!1ing with blocked sequences all groups showed (l 

~ 30 _ 

.. 
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progressive reduction of ~sponding on negative trials. The· negative 

• block in the between location generated a larger total number of 

neg<ltive respcl1SCS than did the nE'gative block in the after location. 

However, the greater effectivEness of the PNP sequence in producing 

the shi-ft cannot be solely due to the greater total number oJ nef<!t±ve 

responses which it generates. The shift to the star failed to occur 

in the PPN groups even though the total number of negative responses 

eventually exceeded the total· reached when a clear sLift di<,l o("cu'r in 

s\lbjects that ~ received the negative trials in the ,between position. 

We may conclude that negative-trial responses in the PNP sequence 

contribul~ more to the shift than do'negathe trial responses in 

rhe PPN sequence.. 

Preference for the distinctive feature 'within the positive 

'display during the exposure tc blnck sequences was clos~ly rel~ted to 

perfqrmance OIl the go/no-go discriminatIon when subjects Wl're later . 
exposed, to the random sequence. If the response had 'shifted to the 

distinctive fealure during blocked seqqences the go/no-go performance 

was maintained Gn the rando~ sequence. If the shift had not occurred 

the. go/no-go performance ~as disrupted by a sharp increase in 

. responding on negative ~rials. However, even when the negative trials 

failed to produce a shift during training with the blocked ~equence 
, . 

they did facilitate .the subsequent development of the shift under the 

random sequence and the eventual elimination of negative trial responses. 

The pres~nt.results on the effect of trial sequence on the 
, 

development of stimulus control agree wit~ the gen~ral trend of . 
, 

,previollply re,ported results. 
. . 

We find, bs others have found'with 

, < 
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diffeq'nt; procedures~ that \ ... II('n " session of traiI'ing consists of a 

block of, posi,Live trials foll.owed by a block of negative t.ri:11s some 

• 
increase in stimulus control is broughe about by tile negative block. 

, 
In ngreem(>nl with Ell is (1970), we find a much greater increase in 

stimulus control \ ... hen th~ negative block is placed.between ,ositive 

blocks ,so that a tran~ition from negative to positive trials "occurs 

"'ithin a session. 

The sequencing of positive ,md negative trials has closely 

reldted effects on the shift to the distinctive feature and on 

control by the display stitnuli over the go/no-go performance. That 

, 
makes LIte shift especially useful for studying the development 'of 

control by disRlay stimuli when the trial '$e~uence is not random and, , 
as a consequence provides a pGtcntial source of stimulus control over 

a • 

the po/no-go perf.ormance ... Ther~$is, how,ever, "a limitation to the vse 

r 

of the ·shift as a measure of control by display stimuli. Th.e absence' 
" 

of a, shi ft does not. mean that thl' d i~p~ay st imuli haye acquired no 

control. Subjects tHat; failed to shift when expos,cd to a.block o'f 

negative lrials aiter all the positive trials, were quicker fhan 

controls to sllow ~t:rmul..us contro,t'imdeJ" random trainirg; they were 

quick'er to shift and to stop responding on neghtive trials. Something 

was leArned 'as t!le result of e~,po1-;ure' to negative trials 

even', though the learnihg was insufficient to producC' a ~hift . 
. ' 

A theory for the special C'ffectiven~ss of a within session 

transili,ol1 f,rom ne'gative to positive trials hds not been offered in 

previous work. We lurn now to the bearing of .the present results on 

theory. It is imp~rtant to recognize that, with unimporLant excc,ptions 



i'n til<' first and last ,session of traininR, the sequence 'of positive 

and negative trials was exactly the same in PPN and PNP gro~ps. 

The groups differed in where the'sequence WilS interrupted by the 

between-session break, A theory of the effect must therefore explain 

why tile location of the ses~ion break in the'training sequ~nce is 

'importdnt, Four consequences of the location of the session break are 

ideI,ltifit'd and their possible bearing on p~rforma~ce is fbnsidered. 

of positive trials after negative trials is always marked by the start 

of a new 5('88ion. To pre-diet the r'esumption of reinforc;ement it is 

only I1PCCSsary to notice that a st'ssion has be.glln and the bright 

figures a~e on t-he key. The start of the 'session, considered to be 

a stimulus, makes'the distinctive' feature redunaant as a signal ('Jf 

reinforcemekt:JIt could, therefore, interfere with th~ acquisition of 

control by the distinctiVe feature. In contras~. to predict the 

, ' 

resumpt ion of reinforcement in PNf gr~up::; it is nece~sary to not ice 

that d,distinctive feature now appears on the display. 
, ;' 

,9nly the 

distinc~ive feature marks the beginning of the second block of positive 
> , 

~rials. n~e theory formulated by Wagner and Rescorla (Rescorla and 

Wa~ner, 1972; \~agner and" Rescorla, 1972), for tile development of 
, . 

signal vJ]uc' in classical conditioning wiLh multiple 'signal sources 
, 

is capable 'Of generC}ting the needed pre,diction that a s~imulus' which 
., 

,,' ~ 

makes another one redundant wi'lJ interfere. The, acquisiti(')J1 of signal· 

value by the second stimulus is blocked by a stimulus that lIa's 

already acquired signal'yaille for tlI~ same reinforcing event. 

.. 
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Bp('auc;p rlH' session. start has, h-om pre training onwards, signalled the 

tIlL' beginning of reinforced trials, it could serve to block acquisition 

by the ui~lilh t'iv~' feature which i~ not introduced until the l,rainillg. 

sessions. 

The Plore rapid development of stimulus cnntrol whe;! the dot, 

dS COIll\ldrL,d with the star, served as dist inctive feature would be 

repres(>nted fn the \~agn(>r-:-Rescorla mouel by assibning the dot a 

higher salience. The theory would then generate the required 

prediction that the session start as a signal ~xerts u stronger 

blocking effect 011 the less sal lent star tiwn on the 'more salient 

dot 0). 
The principal ~ends In the present experiment could be 

'encompassed by the \~agner-Rescor1a theory hut there is some question 

about the a.ppr?priateness of the coordination of the experimental 

events to the theory. The theory is usually applied when the 

blocking stimulus is concurrent with th~ blocked stimulus and that 

was not the case here. Neely and Hagner '(1974) ha~e. howevpr, trJ:1t~d 
" 1 . \ schedule of reinforcement as a stJmulus in an application of tl~ , 

Hagnet-Rescorlq theory to 6locking. Their extensioh pf.the concept 

(I) An oveo,hadowing account alf,'o compatible \~ith the RescorLJ
Hagner formui'i.lt-iol1. is p~ssible. In nonrandom seqllences the 
reguldrities of reinforcement and nonrcinforl'emenb generate cues that 
can be' cond·{t ioi1ed .and can contro~ re~pond ing as efficiently as the 
display stimuli. Tt is po~si.hle t~et1. that the stimuli produ.ced in 
a nonrandom sequence of S1 ~rt~ S2 trials ~ompete with -the display. 
stimul i' for .the control of responaing. A) though in the context of the 
pn~sent experiment the- blocki11g account and the overshadowing account 
predict roughly similar behavioural outcomea, the two alternatives can 
b0 confronted. Consider a ~ingle alternation arrangemenk. l~e 

session start is no longer a reliable' predictor for reinitiation of 
. reinforcement so blocking should be attentunted. A'ccording to the 
o~ershadowing hypothesis hawever, the pattern of r~inforcement and 
nonreinforcement is still regular and predictable and would interfere 
with condilionfng to the cli,sVli.lY cuc. 
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()f stimlllll!-' is similar to the on,> proposed·hcr('. One might a1'so 

question the approp.riateness of attributing the effect of inter-

changing the representation of common and distinctive features to 

the ,gn'dter snl ience' of the dot. Salience is commonly related to 

d iscriminabpity governed by the contr,ist between a st im~lus nn.d the 

'background. Th(>r~ is no rcason to· think the dot .more visible than 

the stnr. Rather, the dot is more attractive as a target for the peck 

than is the star .(Fantz, 1957). The relevant attribute is preference 

r,ither tholl!, sal ience, but the \~agl1er-Rescor la theory has no place for 

preference' be~nuse its experi~ental bns~ is classical conditioning 

with diffuse, nonlocalizable stimuli. 

2. In ('he PPN groups the session break l~ads to more rapid 

. -extinction bf responses on the negative trials thad in PNP groups . . -----r----;---:---

I,n ('xpcriments on repeated acquis.ition and extinction the time be.twecn 

extinction trials and the resumption of i-einforcement has been shown 

to influence resistance to e.xti'nction. A short' wait between nOI1-

reinforced trials and the resumption of reinforcement generates 

greater resistance to exti~ction than does a.Jong wait. According to , ' 

Capald i (Capaldi, Leonard and. Ksir. 196&; LeoTJard and Capa.1di, 1.971) 

extinction rate is directly ·related to the difference. between two 

" inte(t ~jal intervals (ITl):· a) the ITl between the last nonreinforced 

trial and the next reinforced trial (NP-ITl) 'and b) the ITT 

be'tlycen two successive nonreinf<'Jrced t'rial~ (NN-ITl). Capaldi assumes 

thi'lt the length of the reinforced IT1, the NP-ITI, acquires as.sociative 

strength which gl'lwralizes to. the length of the NN-,ITls. Resistance 

Lo extinction dev.l'lop·s when the NP-ITl length is similar 
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t(1 the NN-ITI l'engths, as in PNP <;equ'cnces, hut not when there is 

a great discrepancy betweell" t'vo IT! lengths, as in PPN 'Seq'ucnces. 

rt remains to argue that greater resistance to extinction in PNP 

gr.oups is favorable to the develupment oC stimulus' control by the 

distinctive feature. The argument mi~ht be that the bird is more 

effertiv('jv exposed to the common features on trials when it is 

responding to the display. We cannot entirely c1iH'ount the 

possibility that this' accounts for the greater effectivencss of 

the PNI' :irrangcjllcnt ,but one finding mil itates againsr it. \ve Iwve 

seen that in t-lie case where the shi ft d~)es not develop (PPN groups / 

,with'stnr as distil,lctive feature) the total number of negative trials 

with rpsponsl's E,'ventually exceeds the ,number required to produce a 

shif~ in PNP groups. t"t is still possible that other parameters of 

negalive trial respond~ng (number per block or distr~blltion over 

\ 

sessions) are controlling the shift but th~n tl!e relation becomes 

more complex, and less attractive as an explanation of the' 

superiority of ,'the 'PNP arrangement. 

3. Hec~use of the location of the session break thc memory 

of the last N-trial when the first p-~ occurs will be Older in 
'~ 'tt 

PPN ~?.l.!'ps than' in the PNP. gr~u~: A(pla'llsible hypo'thesis is that 

~ess ~f discriminatI.on requ~re~ a c~mp~rison of. thl? c:ontents 

.of the reinforced and nonreinforced displqys. Since tila presC'lllations 

arc slIcces'sive, the c;mpa;ison must 'inyol~e memory. The temporal .. 
conditions ror the comparison of a previously reinforced display 

, 
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I,,'ith ,Cllrn'nt nOllreinforced displlY are the same in different groups 

since that comparison is based on the PN transition, but the 

temporal conditions f.or the comparison of .1 previously nonn'inforct'd 

dh;p},IY with iJ cllrrt'nt n'inforced display arc not the same in all 

groups. Th~s comparison. Ivould be based on the NP transition and 

it would 1)(' favo,red only in the I'NP groups. There arc nO'I~l'li 

dt.>veiopcd accounts of animal discrimination learning bast'(\ on a 

comparison procl'ss involving memory so the matter is left lvitli the 

1II('rc recognition thilt,siJ<:h a process might C'xpIain ti.l<' superiority 

of til\.' p;-.;p ,1I:'rangcment for tile developmellt of stimulus control. 

lJ)_ r_l~;p_on~ _~) __ t I~ ,,<:,,(~l\mo_n_leat~1.!cs d_~ ing the: second bloc k of 1'- t r 1.115 
~? 

":vi 11 be s'tronger' in the l'PN-gro~s than in the' PNP groups. The 

tendency to respond Lo the common feature is reduced by the N-block 

but it undoubtedly r'ecovers' from the end of one session to the next. 

Tlw rl'coverycould be due to the passage of t iml? or to ~he start of 
, 

a sCBsion' as <1 signal for positive trials, or both. In any case, 

thcn~ I"U t be a strong tendency to respond to the common' [entures when 

positive tri,als begin and in the. PPN groups reinforcement ,"ill 

keep it strong throughout b~th blocks of positive trials. ln the . ' 
PNP grinq>::; the B·itua'tion ,duri,ng the second block 01 positiye trials 

is different.' Because the second blor~ dire~tly follows N-trials 

the tend01lcy to respond to, the common features ~~,il be low(>r than 

it is in the PPN groups. If it is fUI'tller assl..!llled that the dii>tinctive 

feature" gains more excitatory strength the weaker "th~ common, feature, 

then one can see why the rNP arran"g~nient is more favorab.le to: th\:? 
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shifL lhdl1 tlll"PP~ <lrrangcment. 

, <% 

There are reasons .to believe thls further assllmption. For ant', 

if tile ('Xcltatory value of the common feature is lower, the Lotlll 

excit,ltory vallie of the posi,tiuc trials will he reduced. The \"',I1';ner-

Reseorla (heory provides tht' require,d prcdict,ion that the lower the 

total t'xcitatorv vCllll("of thc display as.l I"hoie, the grea'u>r the g,lin 

for tIll' distinctive, featurC' on a positive trial. \~agncr, Saavedra 

.Ind L('hL'nn,lrl have demonstrated eln c.ff(>ct .of this kind ltl 

r(,(,(,Ill expcriml'nts on 'classical conditionjng to compounds (Wdgner, 

1971b), A consideration'l1Jore spl'cific 'to'lhe type of display used 

I)(>r(' 1(':1(/s to the same conclusion. Spatial separClt ion allows the 

response to be directed at one feature, The 1m.;('r t'he strength of 

the common fC'atures, the more likely"it is that the response \"ill be 

directed to the distinctive feature. The effect of the rc~n(orccr 

might f)(' ch,lI1neled,to ,the f(.'ature that cClptll,red the respon:;;e, ;In 

assumption c{llDmonly made in simultaneous discrimination learning, 

The s()-call ed choice scheme de,scrib~d by Jenkins and S,'linsbury 

(1969) for feature positive HAd feature negatlve discrimindtions was 

based on this ~ssJmption of selective channeling. Althollgh Jenkins 

, , 

(1973) taler showed that the effect of a reinforcer is not €J;<clllsively 

. channeldl to the feature that was the target 0'£ the response, it 

relll<lins plausiblp that the effect is concentrated on the larget: 

feature, 

For present purposes it 'is not necessary lo be specific about 

til(' challlding process. I t is only necess;) ry to <ISSU\IlC that the grca'ter 

th~ cxciLatQry value' of the COllnlIon fealures the more e~f('ctively it 

• 
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blocks ,1<.:quisitiol1 of l'xcitatory vnlul' by the distil1clive fl'ilture. TI'i~ 

account, cenlering on tile commoll features as Cl blocking Sti1111IlllS, 'is 

, , 
capabll' (,f in,tegLlting tilt' effects of tile I'I'N ,lIld PNP arrangelllt'nls 

on the dE''Jelopmpnt of control b:l .... ~.'~ __ distinctiv(' [e"llun>, There is 

direct l'vidl'I1l'C tlwt a recovery in excitatory valup of the commO,n 

[("Iturps llClllr l)Clwvell s(",s ions, We have noted t h,lt in PNI' groups the 

commoll fCdlurc "is rl'<;polldl'd to less often in thl' lasl block of p-

tn,lis, \.Jldell follOl.Jed N-trials dirl'ct lv, than in tIll' first block (If 

o l'-trLIIs, \"hieh comes aftet' the session break. The account ,l1so 

idcnlifiC's the conditions that should fnvc;r the appcarnncl' of ,I shift 

in thl' vl'ry first block of positive trials following Cl single"exposure 

to the Ill'g,it ive b10ek. The shift would of course be favored by a, , 

distinctive featur,c with n preferred shape (dot vs. st.:,1r). It would ,. 
lw Llvored by longer' series of negativ<.' trials in' the l~lock follOlved 

, 

by'dl1 immediate presentalion 'of positive triwls. before Cllmmon features 

recovpr strell~tll. Res~lts'bearing on thes9 ~xpcctations are presenled 

il) ']',lble 8 which shows for each experimental :group thl~ .mean percent, 

Insert Table 8 about hl?re 

~------.~-~~'-----

of dis~incljve feature responses in the firsl posilive block of 12 

trials after the first negative block. Althougl1 the resuits <Ire 

not smootll, t~e expcct0d trends are clear. An analysis of variance of 

thl' Inc",m pe~cenls showed significant effects, (J'f the shape of' the 

distinclive f~'atllre, (p <.001), the IHlInher of tdals in the negCltive 

block, (p <.005), and the location of the session break, (p <.05). 
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I,h(,~t' t,l( Lore, would 'be expected lo exert their effect throughout, 

tJ,lining. ~!orl' thdn thdt, selective clwntwlling of the reintorcl'r 

implh:s d positive teedDdck pro('ess. If the distinctivl' fe.ltun· gains 

more, Llll' common [('attires gain less. On the next P,xposlIre to positive 

trials til(' c()(mnOIl features nr(' eVl'n lo\.;er in valu('; the dist inc.l..ive 

il'dlUl"l' gdins l'Vl'll more, ,lilt! so till' nrocess builds on i·tst.'If. The 

other silk of the coin is that selectivity"'m.lkes possible- a ]wrsistenl 

f,dIUl(' t(l shift t(l the disl,illClivl' jp.llurl' dL'''pite~ continucd tr,lining. 

Unll'»~' C;O.11Il' of thl' reinrorcil1l~ cl ll'cl is cltnnneled to thv di»tin('tivl' 

(lvt'.r seS5 ions, t he ]~ r<'cess 0 f 

bllilt!in)', tlw, l'xdt;\to'ry vallie of the ,distincti\tP featun> ,1t the ,expense 

of the common fcature will not t,lke pldee. 

linder the least fav()~;)ble training conditions the sllift failed 

to develop dcspite repC,llcd training in tile pn,'Sl'lH experiment. 

Periwps it \';Oltld occur eventually, but even if t'l'te ~hi[t_ failed 

lndefinitely Lhis would not be hard to understand taken alone. It 

\"ould bc puzzling, hOlVcver, .when takcn together \.;it!r the> oJ)scrv.alion 

that substantial savings \vere apparent on tr:1I1s[cr to a rand~m .sequence. 

Thl~' savi ngs suggest> th<ll something was learned about the status of 

the display -features. If the le·arning process begins, why doesn't 

it buj 1<1 \vilh~ ~raining until 'the shift is cornp'!ctc? One possibility 

.- "-
is that the eli slinet ive feature is complele] y blocked and. the transfer 

is due to (l' ch,ll1ge in lhe status of the common Jeatu[(s brought about 

(#' 

by l"('jleated conditioning and exqnction. Yet blpckpd stillllll i-have 

nls() resulted in ~nving.<; in [J d j f[erent 

.. , 



, 
[lll'p;lr,ltioll (O,I{). \~h('n followillg compound training a bl()(ked 

ttillllllus 1.J<lS rClnforce'd alone, condHfonin.g, dl'velope>d faster than ... . 

in another group for which thE' S'ilIllC ~timullls \\IdS a n0vcl (,Ile (Kamin" 

19(8). Too 1 i tt It' LS known about 1.Jl!al is rpsponsihlc for the> savings 

to l.Jdrr,I'lll ill1 l'xtl'ndl'd discussion. Thl' IIl,lttl'r is worth noting, however, 

lll'C,lllSl' persistent intl'rml'tiiatc st,llps of discrimination lC'drning pose 

(\ ~l'ri()u~ probklll for current conceptions,of the discrimination learning" 

pr()Cl'S~ . 

\~e h;IVl' completed ollr disclls'.;jon of how the loc,ltion of thL' 

sessioli break might h<1vC its effects. Til(> fourth accollnt, which 

hdS lll(,' location or tOll!.' break af~ecting the stn'ngtiJ of tilL' common 

feaLlIn' ,lIlt! the strength of the C0l1111l011 fcatlln's detl'rlllining the extC'nt 

\ ~ 

to which it blocks the distinctive fCCllur(', is the most attrac,tive 

one. This accollnt provides an' unuerstancli'ng-or1mw--t'-he' ~~~~~Irtpt 

vai-iahles ,1ffcC't thL' shift to tile distinctive feature in the very 

first block of positiv(' tri"al~ [allowing a single exposure to negative 

.trials. Le<1ving aside. the' least developed account in tprms of memory 

sessions training allow some aspect of the training regime to opcrdte 

.1S a c(~l1IpC'ling signL}l for reinforcemenL or l1onreinforcement. 

Jf the account centered on the common features is corr'eet the 

within session transition from negative 'to positive trii'ils is not 

necessary for eff~ctive discrimination training. It is only one of 

s~'veral \v<Ws to keep the strength of the common feature"s at a 

relatively low level during positive trials: it will be of interest 

LO learn whether other ways or' rnanipul .lUng .the strel)gth of 'the common 
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