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STRUIUS CONTROL IN pmsom AFTER MEND@ DISCRTMIMATIVE TRAINIMI
Matthew Yarcaower and Karen Cux-t@3

Bryn Mawr Collage

The éffécts of anount of training '&;"ééﬁitimed inhibittm and on
degres of stimlus emtrol"@g studied us:m° pigeons. -

The a.bility of an S= assoe&ataﬂ %ﬁ.th nmmreinfmmt f.o supprass
positive reinforced bohavior wes acqnired very rapidly during discriminative
training, Tnoreased S+, S- training appeared to wesksn this conditioned
' inhibitory affest while at the aaﬁe time more S+ training spperently increased
the ammm?; of eximl inhibition (nm«cmﬁiﬁmed inhibition) of positively
reinforoed behavior by a novel atﬁ.tmluso '

Behavioral contrast and incremental generaliszation gredients slong the
S~ dimansien (:'mhib&,tary dimensionel control) were ebgent at all sﬁagea of
training. Behavicral contrast and inhibitory dimmsional contwol are therefore
not necessary emcomiteants of cmdit.imﬁ inhitition by an Se.

A newr uethod of sssessing the suppr@ssﬁ.ve effocts of stimii dux'ing
gencralization tests was doscribed.
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The purpose of the present axpemimmt was to study the effeot of amomt
of training on the degree of control over key-pecld.ng behsvior acquired by
each of two st.iumlns dimeniions in the course of discriumingtive training.
Little work has ﬁeen dene on the. problem. and vhat data there are donot
peruit unéquivocsi c_:mélusims a"é':out'; the ééiation botwesn stimlus control and
amount of training (Farthing and Hearst, 1969; Terracs, 1966; “Yarczower, 1970),

In the first of two experimemts reported by Terrace (1966), generalization
gradients after 60 sessions of disriminative training revealed nelther a
displacement in the pesk of the gradient nor an asymmstry iw the distribution
of responses. In the second experiment. 15 discriminative sessions yielded
pesk shifts and aéymamcal genm'aié.s:ats_m gradients; continued discriminative
training /60 sessions) eliminated the peak shift but not the asymnetrical
generalization gradients, The lack of amfmmeu'y in the gre.dients after
extended training in the first exg:eriment' could have resulted eithar‘ from a
lack of inhibitory control by the S-Aor'frem highly specific cma by the
Sw. In the gecond experiment, in w’aich asymet.ry was still present in the
generalization gradients after 60 sessians of discriminative training, it is
likely that inhibitive control by the S~ was still prasent. Terrace coitld not
direstly test this possibiiity, but Farthing et al. (1968) obtained date |
which led them to suggest that greater smounts & diseriminative training
yields ", . » increésing spacificiﬁ of extitatory emtrol by S+ and inhibitory
centrol by Se o o o (pe 751)c In any "cése;, their data gave no reason to
beliove that inhibitory control by S- disappears with extended training.
Yercgower (1970), howsver, feund f£lat functions in gencralization tests
conducted after beshaviorsl contrast had been oliminated, but eleer evidence
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of inhibitive stimlus control in tests conducted while behavier cantrast
was still present. o : o

The present experiment was intmded ’co pravide further infoz'matim
about both excitatory and mhxbitor& sti.mnlus control efter axtended |
discriminative traminge Ideally in. such a study, the S+ and s- dlmmsions
should be orf.hogcmal in ordexr that var_iatiens along ome dimension in the
generalization tests do not alter the ¥elationships betwoen the mo dimensims.
With orthogenal dimensions, the siﬁuaz"s;wiﬁf a stimlus on me dimsnsian to
those on the other dimension is the seme at all points on the dimenbiaons
Extended training yields such low l.wels :élff'raspmdlng in the praéehe_e of the
S that the consequent low rates of respanding in g&xe:ea]izaﬁi'cn tests may
render the. obtained gradiants difficgit;_ﬁo' interpret. To combat this problem
in the present experiment, stimnli m the’"s; diwension (line t?:it) i;gré
superimposéd on é. stimlus from the S+ &im‘enslcn (color). This‘ m-ocedﬁre,
which was intended to inerecase the ovsarall level of respending during testing,
bas other 1mplieatlons which will be censidered later.

METHOD

Twenty~three experimentally nai_ve.Sj.Ivez' King pigens two to three years
old were masintained at approﬁmately 80%,05' thed.r freeofeeding-ﬁgdy walghts
throughout. the e@perimsnt. The expéﬂm@tal chambers were mede of Ploxiglas
and measured 36 om = 36 em x 38 ou, Tho chember, within which tho pigeon
was placed, was ifself within a lerge chambez‘ zede of wood wi&.@ldte’x
lining that atteansted sounds from ontsiéé ‘the chamber. The larger cb.amb:er
wag 38 cm x 43 em x 71 om, ‘Ihe,z:'espaiwe ‘panel contained a stanéa,rd Gerbrands
pigeon kiy that was made of clear Plexiglas and behind which wes a projector
made by Tndustrial Elcetranic Engincers Coo; Model No, 10-1279-1829K, that
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could project any e of nine white line tilts and any one of three colors

or any coumbination ef coler and whi.te line tilt. A Ishigh Valley Electrmics
Co. @ain feeder was located below the z-espcnse key.

Procelure |

A1l pigemsfiex'smagazine trained en the first day and giVeh 25 reinforce-
wents on each of two days in which each key peck in the pres&c’é of a gresn
kay-light was followed by ascess to the food magazine for 3 sec.

The birds were divided into ’wo groups. an experimental group of 10
birds that received discriminative training and & camtrol group of 13 ‘birds
that did not recoive discriwinative trainmg.

Birds in the d;nperimntal group began diseriminative 'braming following
the second day during which each ksy peek had been reinforcedo A vaz'i.able-
jnterval (VI) l-min scheduls of refmi‘orcemnt in the preseace of 2 green
Key-1ight (S+) was dlternated in quasi.»r_andom order (Gellermsm, 1933)~,w1th
an extinction schedule in the presence of a black key with a 5 mm whitte
verticai '.Liné (S—)o Each session consisted of 10 pericds of S+ and 10
pericds of S- presentations. The duration of each stimilus pericd was 30
sec, There was & S-sec ti.\aeo-'ont' (T0) pericd betwesn stimlus pi*‘esentaﬁims
during which the key ligh’'s were off and food reinforesrs wiore not availsbla,
The birds in the control group were given 10 periods of S+,

Each group of birds was divided into two subgroups which differed from
ong another with respsst to whan gempg]imatim tests were first 'éivep. Fer
one subgroup, generalisation tests were carried out after ecach of three
stages of training: early (after ene sesgion); middle (after 25 sessiems);
and late (after 60 sessions). The other subgroups vwas given gemeralization
tests after only two stages of training, middle end late. Generalization
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tests cmsisted of the presentatiom of nine test stimli: green (the S+
during training), range, red, a vertical white line on a dark background (the
Se for thé bir&s of the experimental group_) and five di‘fferéit white line
oriéntatiens (vertical, 40 and 80 degrecs to the left and right of vartical)
on & green beckground, Stimulus '_present;stions wese sepe.ratéi by Sesec TO
period and were 30 sce in duratim. Foed reinforcers were n}ias*véi'lable"
during the gmeralisstion tests, Bach me of the nino test stimili was
prosented six times for a total of 5% test trials. o
| | RESULTS =~ _ |

Fig 1 ‘showsv’t_;he wean respunse retes for the subgroups of 55.@3’ teswd

af tor éach of 'thréé stages of training. Mean response ¥ates in tha ;&es&xce

Insext Fig 1 sbout heve

of S+ increased significantly with training. Although the mean respmse.
rates were higher for the eXperimental ﬁhan for the ccntrollbird's during the
fivst 27 ‘sessimms, the differances between the groups were not statisticslly
significant (p > 0,05) as evaluated by a repeated weagures anslysis of variauce
(Bruning and Kintz, 1968), |

The upper panel of Fig 2 shm the mean number of responses cmitted
during genérelization tests with the S+dimmsion (alor) far both the-
expertuental and the control birds. A zfgmted measures amlyés.; of varience

Inse:t_" Eig ‘2 gbout here

of thefa.e‘ abgoluie scores yielded .F r’aﬁoa that were st&tistiqally significant
for the min effsets of Stages of Tmining F (2, 2) = 11&0'3-3',' 2 < 6;91, Stimli,
F (2, 24) = 47,14, p < 0,001 and for the intersction of Stage With Stimli,

F (4, 48) = 14,05, p < 0,001, Thug, there wes a significant incresse in the
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total nnmber of mspcnses emtted dux'ing geaem}imtim tssta with innreased

traini.ng (Stages). a significant generalisatim gradient (Stimli); and 2

| signi.fic}mt. chenge in theshape of the generalization gradients with increased
~ training (Stage x Stimuli intersction). »;iv; addition, an analyieis of the

relative generalization gradients (per 'ééi;t of total raspmses) shown in the

1m:=-portim of Fig 2 ylelded 2 signifi.cant Group x St}mn-: ﬁméﬁm,

F (2, 24) = 6.29, p < 0,01, vhich ‘wa.eaﬁfes- that the mean relative géne@élimtim e

gradients for the expeﬁmtal bixés vas sﬁeepaz- than for the cmtrol bﬁrdso
In this ana]ysis, es in that f‘o# the absolute nmuber of responses, the main
effect of Stiwli, F 2. 2’4) = ‘;3()a _g < Oc001 and the in'heract&m of Stage
with Stinmli., F (te 148) = 3,16, B < mez5, ‘were both sigﬁ.ficmto e
I an inhibiti:ve stium:a.us is om that ", . . develops during eamtimsng '

the capaci‘qy deerease responss strmgth below the level cecuz'ring u'hen i‘.hat
stimlus is absen?." (Hearst.. Besley. mﬂ Farthing. 1970, po 376), ‘i'hm it
should be pasaible to measux-e the degme tc which a atimlns hag acqnired
inhibitive pmperties by the em‘tent ;tpvmich it suppmases .Opermt behaviox'
'during generalization tosts., In- thepa'esmt atudy snpparessiﬁz cf'behaﬁor |
duri.ng tests of generalization was mamx'ed by the dawwnt- in x'esponding to
a green key light (S+) produced by the wperimpositim of a line tilt (Se)e
The emount of suppression was Q&lﬂﬂateéby the ratio A/A*B. i.n vhich A

refers to the numbaz' of respmses to the ga’ee‘a key~light with supe@impos«ad

- line til't, and B to the number of a*espmses “to the green keyalight a,lfme

(8+)o With mmdu;alsupweszim th&_xj&tio-&s 0.00; with no suppresaiom i% is
0.50, Ratios groater than 0,50 indicate more responding to a line 41t than
to the S+ alme. o o -

The suppreseicn ratios of the contz*ol biids provide an es%imhe of the

disruptive effecta of the int.roductim of: Iine tiit indepwﬂmtly of any
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property of line tilt sequired in- ﬁ'aining. The differmoe in snppressim
ratics betwean the esperimental and centrol birds provides an Mdax of the
suppresgive effect of line tait whiet;- my be attribated to the dimmtive
tvafining given the exparimental animals. a

Tnsert Fig 3 about heve

The suppression ratios during genez'%}lizati.m tests produced by the two
training pa;ocesuées are shownin Fig 3. The major difference baween the
" o p@ocedures seens to be early in trai:ning, at which point the i.nhibitive
effecta of the S- appear to be maxiaalo- A repeated measures amhexs of
variance of the suppressicn ratios ysemga a signficant Groups effect, F (1, 12)
= 7,88, p < 0,025 and an interectics of training procedures "(Graips:)‘ with
sucunt of training (Stages) which was of enly marginal significante, F (2, 2b)
= 3.00, 05 < p <0,10, A me-»tailad tatest (Broning et al.. 1968. Po 112)
of the d&ffemzxee betuwreen the 'bm groups early in training yielded a sig,nificant
difference (p < 0.05), Diffmcas in mean suppression ratics * betueen the
two groups at each of the other stagest of training were no'l; statis'qically
significantly the saue test. It is possible that the lack of significant
d1fferences betwsen the two groups at the niddle and later stages of training
was due to the repeated generalization tests under conditiens of nonereinforce=
ment which may have preduced a greater decremant in regponding for the Mids
given enly S+ training then for the birds given discriminative training. Pig U

Ingsert Fig & about here

depicts thg suppression raticn for the two groups of bix'dé vhich tile'xfg‘:-not
given generslization tests carly in training. A repoated measures snalysis
of V‘ariance of the suppressiem ratios ﬁelded & significant Groups effect,
F (1, 7) = 7.16, p <0.05, Nolther the main effect of Stimli nor the
interaction of Stimmli x Groups weré. sf;aﬂsticauy significant, Differences
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in suppression produced Ly the two training prosedures ware therefore present
after the early stages of training for birds tested first at the middle stago

of tralning. DISCUSSION

The abllity of a stimlus aséociat'ed. vith non~reinforcement to suppress

behavier can be acquired quite rapidly during discriminative training. In

the mresent study, the S became an "inhibitayy stimlng" (Hearst'ét,al., 1570)
after the first session of discriminative training vhich hed consisted ¢f five
ninutes eaxposure to the S=, Taken as a whole, the genm*alizgtim test data
support the suggestion that the inhibitory property of the S- was weakened

with further teaining. Although the atéolite level of behevioral inhibitlm
increased (the suppression ratio deoveased) with further training, it did not
inereage differentislly for tho two groups. Suppression of behavior by the

novel gtimlus (the S- for the disoriminative training group) increased with
further training for the birds in the cantivol greup. This increasa 1n suppressiom
was correlated with increased rates of mﬁmﬂﬂzng to the S+ end wi.-éh incrossed
excitatory dimansionsl control (steepor genaralisation gradients slamg the 5+
dimension). This: inhibi.tim is more properly 1sbolled "exmal inhibitim¥;
Inbibition pa'oduced by discriminative treining (canditioned ith:?biﬁon) was
greatest early in training and did not inorease with i‘urther training, In fact,
it would appes> that conditimed inhibition (az reflected by tha differences

in supprossion betwean the two treining procedures) decreased with further training.

"Tahibitory dimensional sontzol® (Hesrat ot al., 1970) was absent at

all stages of discriminative training, L.e., varistim along tho line tilt
dimension 414 not produce an incrementsl generslisation gradient. The absence
of dimensioal control by the line tilt dimengion prevlides a coﬁpwism

between the developmmt of excitetory and inhibltory dimengicnsl eamatvol.

A comparison botwean the degree of cxeitatory dimensione) control and the
cenditioned inhibitory property of Se suggests that they may have been negatively
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correlated. Suppressim by the S- was ms~imal early in training and

wveakened with extended training while emeitatory dimensimsal control was

weak early in training but increased with axtandel training, . A numbse of
intarpretationsof different offests of disoriminstive training bave
emphasised the c¥itical nature that S- wvegpording plsys in gmducing these
effects (Terrsse, 1971; Weiss, 1971; Yaécz.’vwi Diskson and Gollub, 1965);

It should be noted howsver that changas S.n the inhibitowy property of the Sw
were unaeeomani.ed by changes 3.n the l.ewels of S- respanding. Respmse

rates in S- were at the minimal level almost et the beginni.ng of dlsori.n.inatwe
training,

The results of the present study besr some similarity to those Feported
by Davis >(i971) o In thet stody, birds given discriminative training yielded
no mhibitozy 'diméxsimal centrol. Davis also reported thgt ‘the S éﬁpg?essed
behavior although it was not possible to assess how mich of the respmse
decrement was due to the disezﬁ,ﬁnaﬁive"tﬁtaining and how mich was to -extemmal
inhibitien or to a generalization dmt produced by & novel stimilns.

Finally, increased discriminative ﬁaining has sometimes eliminated
behavior contrast (Terrace, 1966; Yercsower, 1970) and 8emtimes not
(Hoarst, 1971). When behavioral contrest hes been raduced or Aeliuﬂ.n;a:t‘e_é,
peak=shifis and inhibitory dimemSiemal conteol have lessened :o'r aasépwai
(Terrase, 1966; Yarcaowar, 1970).  When behavioral centrast was presgnt,
peak-chifts and ixihibitwy dinensiomal cantrsl were also in evidence (Héaz*ata
1971; Terraee, 1966; Yorezower, _1970)-.; : 'I'he dsta of the present study ésn be
interpreted to support the edditimal suggestion thet the ability of the S-
to suppress bshavior dess not depand t;ipcgi the presance of ‘behavicral contrast
(as assessed by a comparisen of S+ rates betwesn the control and Mmmtal
groups) nor upocn the presence of inhibitery dimamsioal eontrol. .
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CAPTIWS FOR PIGURES

Fig 1. Msan éespcnse rato es function of training. The filled cﬁcles
with a solid line are the rates in S+ for the group given S+, Se training.. The
open circlss ave tb.e rates for the group given only S+ training. The £illed
eircles with tho dottsd line are the rates in S» for the group gi#en Sty Se
training. | o

Fig 2, ' The upper panel. cantains the sbsolute genevalisation gradlants
along the S+ dimenston (color) at different stages of training for the group
given S+, S= training (£illed oiroles) and for the group given only S+ training
(open circles) o o

The lowar panel contains the relative gensrslization gradisnts based upon
the sane dats as shom in the uwoper panols

Fig 3. GCeneralisation gredients of supprossion are shoun for the group
receiving caly S+ training and for the group rereiving S+, S- training, Tho
suppression ratio was obtained by calenlating 'E%"ﬁ , vhare A rofars to the nunbsr
of respenses during generalisaticn tests to the line tilt stimlus sugerimpesed
o the S+ (grem) and B refers to the number at‘ responses euitted during
generalisation tests to the St Counplete sgppé*essim is irdicated by 0.00 and
no suppression by \0.50. Hore respmses to e 1ine tilt than to the S+ stimulns
is indicated Ly x’@tiés greatey than 0.50. Generalization gradients at gach
of tho thres stages of wraining are shoun for the groups tested early in
tralning and thoen retested at each subsoguent stage.
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Fig 4. Generelismation gredients of suppression are shown for the group
receiving only S+ training and for the group receiving S+, S- training. The
suppression ratioc was obtained by eaiculatﬂng -ﬁvg», vhere A refars to the number
of responges duping generalization tests to the line tilt stimnlus supsrimposed
on the S+ (green) end B rofers to the nunbsr of respnsas endtted during .
generalization tests to the S+. Complets suppression is indicated by 0.00 end
no suppressicn by 0,50, More responses to & line tilt than to the S+ stimlus
s indicated by ratics greater than 0,50. - Generalisatios gradisnts are showm
after the middle and lste stages of training. These groups ware not tested
cerly In training. o
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