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ABSTRACT

'Four experimental groups and a control group of five pigeons

X

each, were trained to successive}y‘discriﬁinate a veftical~amber line
from one oriented either 30 or 60 deégrees righf. Depending on group,
pecks were intermitténtly reinfofceé@%§iéi€ﬁer 2.5 or 5.0 seconds
access to the food hopper. During discriminétion forﬁétion the S's
wefe provided{with a second reéponse key, a,peck,upéh which provided

a five second timeout (T.0.) from either the positive or negative

'

stimulus, Rate of responée on either the T,0. key or the discrim-

ination key was monitored throughout. After.the discrimination had-

S

. TR . . e
formed all S's were given a post-discrimination generalization test

to assess the effects of the experimental procedure on the shape of
the generalization gradient. Although psak shift was not obtained,

the results signifiéantly support the hypothesis'that by-products~of

" successive discrimination training (i.e., gradient shift, behavioural

contrast and S- aversiveness) are functions of magnitude of rein-
forcement reduction and the difference between S+ and S~ along the

pre-discrimination generalization gradient.

iii
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" INTRODUCTION

In successive discrimination training, a éubjecﬁ is alternately
presented with two stimuli, S+, which is correlated with reiﬁforce-
‘ment, aﬁdfs-,vwhiCh isVcofreléted.With'nonreinforcement ér extinc-
tio;. Thfée well known ”byiproducté” accompany'thé development of
di%ferentiai stimulus contrdi in this procedure, Thesevare known
respecfively as peak shift, behavi§ura1 contrast and 5- aversivéness.
A"Peak shift! refers to the displacement §f ppst-giscriminatioh
generalization max ima away from S+ in a direction opposite S~
(Hanson, 1959).1 "Behavioural contrast' refers to the increase,
during discrimination training, in the rété of responding of an
' organiﬁm in the S+ condition aé-a.function of extinction of respon-
ding in the S~ condition (Reynolds, 1961; White, 1971).2 ”Sf aver-
‘siveness" refers to the tendency of the stimulus corre;ated with
extinction during discrimination training to become "nokioﬁs” by
ﬁhat training (Rilling et al, 1969; Terrace, 1971). Opérationally;»
this amoun:s to-the tendency;of the exéerimental‘organism to "escape"
from §-; for example, by peckiﬁg a key which produces a brief time- |
- out from S;. According to Terrace, each of these phenomena are
%elatively impermanent: Behavioural contrast and peak shift dis-
appear witﬁ gxteh&eq discrimination training (Terrace; l966a) and
S- aversiveness gradually diminishes soon after discriminatidn
-for@ation‘(Terrace, 1971). Moreover, none of these by-prodﬁcts
develop if the discrimination is‘acquired without '"errors', that-is,

reSpénses to S- (Terrace, l966a).37
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With regard to the origin of ;hese by-broducts Terrace (1971,
1972) ‘has advanced the view that;~during successive discrimination
training, nonreinforced responding ﬁo S- renders it tempbrarily'
aversive and inhipitory.' The inhibi;ory~gradient éentefing around
S-'ié then said to interact with the S+ excitatory gradient and
force the maxima of the subseqﬁent post-discrimination generaii-
zation gradient beyond the S+ value. The view that extinction
;enders S- at least temporarily aversive is supported by the Qbser-
vation that, during and aftér’standérd successive discrimination
training, emotiOnal_respohses (wing~f1a§ping, turning away from the
‘response key, etc...) afe ffequent in the pfesence of 8- (Terrace,
1966¢c). Such responses were ndt observed during or after ”egror?
less" discrimination training (Terrace, i963a). Terrace has also
shown that aqministration of tranquiliéing aéents to discrimination
trained pigeons impaired diécrimination‘performance’only in those
subjects who had learned the disérimination-in the‘staﬁdara or
”errorful”-fashion (Terrace, 1963b). Specificélly,bthese subjects
resﬁmed pecking S- while under the influence of thé tranquilize?.
Terrace argued that the tranquilizer reﬁdered S- somewhét less
aversive and, therefore, léés inhibiting with respect to S~ respon-

ding.i

Additional support for Terrace's hypothesis has been provided -
by Rilling et al (1969) and Terrace (1971). ‘These wfiters reasoned

that, if S- becomes aversive during successive discrimination
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training, S's should learn a response which briefly eliminates S-.
In these studies S- could be eliminated for brief intervals by a

»

pe%k;on an additional response key. Both of these studies obtained
that resulé. ‘Without exceptioﬁ‘all g's indeed did learn to escape
S- by peckiqg the additional key. The latter study by Terrace is
of special significance since‘it also demonstrated‘that pecks on
the '"'escape'' or timeoqt.key Qefewgtrictly aependent‘upoﬁ the
.contingeéncy between key pecks and timeouts from S- énd, therefore,-
could not be attributéd’to either frustration produced activity or
to the reinforcing probefties of stimulus change. 'This.ekperiment

"~ also demonstrated that the timeout response is strong enough to be

maintained on a fixed ratio 5 schedule of reinforcement. .

A'study by Gruéec (1968) demonstrated the apparent -equivalent

-

effects of nénjcontingent shocks and large numbers of non:éinforced
res;onses td S;. Grusec trained’two groups of‘pigeonsvto success~
iQéIy discfiminate two wavelength stimuli, the first gréup learning
thé discrimination by th%ﬁstandard procedure (i.e., extinction at
S-) and the second'by Terrace's errorless-fading procedure, In a
subsequent generaliza;ion tést the standardbgroup produced 4 large
peak shift and the errorless groﬁb prodﬁcéd a negligible shift,
Half of each group ;hereafter received hon-cop;iﬁgeﬁt shocks in the
presence of>S- ﬂﬁring continuqd’discéimination training and then,
élong with the nonshock groﬁps, given a second generaiization test.,

The errorless~shock group produced a substantial peak shift and the
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error-shock group produced.a larger peak shift than in the first

test. The two nonshock gréups produced gradients that were only
negligibly different from the first test. Grusec interpreted these
results as substantially supporting Terrace's hypothesisvthatQS-

. (

aversiveness underlies peak shift,

4

Although Terrace's "S- aversiveness' hypothesis seems substan-

Eially well supported by experimental data, his views concerning the

detefminaﬁés"of S- aversiveness are not. ‘Terrace has argued that

S~ aversiveness accrues as a function‘;f response extinction at §-

(Terrace, 1966, 1972). That is,vif a great number of nonreinforced

responses occur in S-, it becomes an aversive stimulus. TIf only

a few or no nonréinforced responses occur in S~ (for gxample, as

in errorless discrimination training), S- remains neutral. As

Rilling, Kramer‘gnd Richards (1973) have pqinted—éut, this implies

;hat S; aversiveness is directly related to the number éf extinction

respopses emitted in its presence. 1In a recent test of\ thd po-'

thesis, Riliing et al trained four.étoups of pigeons to’successively
. , -

discriminate two wavelength stimuli. The groups differed only with

respect to the manner in which S~ was introduced, The groups were

diséinguished bvahether S- was introduced after few or many

"S+ only'" sessions (''early vs late") and whether S- was abruptly

introduced or gradually faded in ("céﬁstant vs progresgivé").

During discrimination trainingvi's were provided with an additional

response key, a peck on which resulted in a brief timeout from S-.
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A correlation coefficient between number of S- responses and number

e

of timeouts from S- was then calculated to determine the degree of
/

) /../I . .
relationship between these mé€asures for all S's. The resulting.

correlation coefficient, +.06, led the authors to conclude that

=

'""...these data do not support the view that ‘the aver31veness of a -
stimulus is proportional to the number of unreinforced responses

emitted in its presence.¥ Terrace himself has recently been unable

.to demonstrate a relaEionship between S- responses and by-products

of successive discrimination 1earning (Terrace, 1973), but has
speculated that lack of a simple relationship may be due to indi-

vidual differences in ''frustratiom tolerance'

It is commonly believed that by-products of successive discrim-
ination learning are a function of the same underlying variebles,
(Terrace,‘l966c). This view draws support from the observation
that peak shift and behavioural contrast typically covary. That
is,'they éppear and disappear together in "errorful” successiye
discrioination traiﬁing and neither appear at all in "errorless"
successive discrimidation rraining (Terrace, 1966c). Moreover,
any condition which renders one component of a discriminative
multiple schedule aversive (1 e., electric shock) produces botﬁ?

phenomena (Brethower and Reynolds 1962; Grusec, 1968; Terrace

1968).

~

T\
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Both peak shift and behavioural contrast are most character-

istically observed in a successive discrimination procedure follow-

ing introduction of nonreinforcement or a severely reduced rate of .

, reinforcement in S- (Terrace, 1966). This fact led Reynolds (1961)

to suggest that peak shift and behavioural contrast are functions
L) - '<\’77

of one of two possible operations: (1) reduction of rate of rein< -,

forcement or (2) reduction in the rate of responding. Reynolds

favored the first possibility. After revieying,the evidence rele-

_vant to both hypotheses, Terrace (1966b) concluded that reduction

in rate of responding was the critical operation. Terrgce's

conclusion apparentl; sgemslfrom a series of experimenps he conducted
on '"errorless'' discrimination léarning. In these exper iments

Terréce showed that, under appropriate training conditions, pigeons‘
can learn to successivgly,discrimindte a stimulus correlated with

reinforcement from a similar stimulus correlated with nonreinforce-

‘ment with few if any errors, i.e., responses to S-, and that

behavioural contrast and peak shift, (as well as emotional responses
in S-) are seen after errorful, but not errorless, discrimilnation

learning. Terrace implicated response reduction rather that’

’

reinforcement reduction apparently because both errorless and

i H

errorful discrimination training correlate nonreinforcement with

"S-, but only errorful training correlates extinction, a reduction

in rate of respondind, with §- (Terrace, 1966c;1Weisman, 1970).
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Although Terrace is quick to acknowledge that rate of réspond-

ing and rate of reinforcement typically covary, he has argued that

&

@

any oéerazion which reduces raﬁe of responding without reduéiﬁg

rate of reinforcement; for example; a differential reinfércemeht of
low rate procedure (a DRL schedule),'will produce péak shift and
behavioural contrast (Terrace, 1968). Using such a schedule as one
coﬁponent of a two component multiple schedule (mult'VI 60. sec, DRL),
Terrace cénfirmed this hypothesis, but only for those S's who, as a

function of prior "S+ only" traihing, transferred a relatively high

-rate of response to the stimulus correlated with the DRL schedule

>

(Terrace, 1968, 1972). It should be noted that a DRL schedule
Ty .

e

N - Id
requires an interval of at least t seconds between responses for

reinforcement. Responses in that interval preclude up and coming

- reinforcement and reset the interval timer. It follows then that

any subjecf who initiaily.brings a high rate of response (and thus,
co@mensurately’short interresponse times) to the stimulus’correlated
with the DRL‘schedqle will experienceisome degree‘of nonreinforce-
ment (i.e,, extinction)ﬁbeforé adapting‘to‘the schedule despite
attempts to maihtéin equal rates of reinforcement betﬁeen components,
Thus, Terrace's experimenﬁ is. not a convincing, unconfounded demon=-
stration of peak shift énd behavioural contrast as‘gglg functions of.

response reduction.4 Since this study, two experiments (Halliday

" and Bdakes, 1972; wilkie, 1972) have been done in which response

rate in the S- component of a multiple schedule was, after baseline
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training, reducéd by administering food-reinforcement in a ''free'
or noncontingent @annér. Such a procedure feduces gate of.responge
without’reducing rate of reinforcement; Iﬁ neither case was

behavioural contrast obtained.

In another study, Nevih (1968) tfaiﬁed pigeons on a two compo-
nent multiple gchedule with equal variable-interval reinforcgment -
%P the presence of regpectively; a white key and a kéy illumiqatea
“by. a black liﬁe against a white background. Nevin then reduced
responding in the second comporient of the schedule either by non-
reinforcement or by differential reinforcement of its nonoccurance,
technically, a differéﬁtial reinforcement of other behaviour pro;
cedure (a DRO schedule). Rate of reinforcement in the firsf compo~
nent and in the DRd remained constant throughout. Behavioural

contrast and inhibitory stimulus control along the line orientation,

dimension were obtained only when responding was reduced by nonre-

inforcement.

Although it seems that the reinforcement reduction hypothesis
-is well sﬁpported by recent'feséarch, and the response féductioni
hypothesis only feebly so, it remains true that prediction of
magnitude of by-products'of successive discrimination learning from
a knowledge of degree of reinforcement reduction is ex;femelyr_
precarious. VTo:be sure, this might be due to large indiﬁidual

differences in frustration tolerance as Terrace (1972, 1973) has
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suggested, but less ambiguous explanations are possible,
The following hypotheses are proposed.regardiné the determin-
ants of by-products of successive discrimination learning when S+
and S- are from the same stimulus continuum:

7

(1) Peak shif£ and behaviou;al contrast are, foilowing
Tefrace, functions of S- aversiveness and covary with_it.
As S- aversiveness wanes, so alsoidoes pegk shift_and
behavioufal contrast.

(2) Also, however, S- aversiveness is a function of °
"conflict', at S-,‘between generalized exéitatory and
inhibitory fenglencigs.5 This is dge‘tp the. fact that §-
is initially lécalized somewhere along the S+‘§rediscrim-‘
ination generalization (i.e,, excitatory) gradient‘befote'
initiation of discrimination training and, thus, develop-

ment of thé decremental or inhibitory gradient at §S-.

As a function of these opposing tendencies a conflicting or
¥

competitive state of affairs exists at S- shortly after discrimin-
. . ¢ ° -

ation training begins. It'ié suggested that S- aversiveness is - ;
proportional to the height of_;he'S- value. on the S+(pre-discrihinF
- ation generalization gradienf. Inbthese terms §- aversiveness, and
as a consequence,rpeak shift and‘behavioural contrast are functions

of overlap between the excitatory gradient centered at S+ and the

inhibitory gradient centered at S-, As these gradients steepen

N
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. . . N - S
during discrimination ‘training, as they héye been shown to do

(Farthing and Hearst, 1968; Hearst and Koreékq; 1968), gradient
overlap dimiﬁishesvand S- aversiveness subsides. : Thus, it is

* suggested that by-products of successivéadiscrimingtidh learning
are not simpiy-functionsvof reductibn of rate or magnitude pf
feinforcement. They are, instead, functions of reinforcemén£ .
reduction (and inhibition) in’the presence of a stimulus with an
initial, specifiable excitatorx value. fhe effects Qf reinforcément

)

. ‘ _
reduction summate with that value to, generate by-products., This

~

ﬂcy of this hypothesis.

.

study was‘conducted to assess the coge

Since an adequate evaluation of these hypotheses demaﬁdsvéﬁ
unéonfoundeiﬁaséessment'of various .combinations of»two continuous
vafiablés (i.e., réinforCement magnitude reductibn and stiﬁulus
difference), an appropriate experimental tactic ié the so-called
"randomized block design'., 1In such a desigﬁ unconfounde@zassesément
of combinations of the two levels of the two independent variables
can be obtained by'bloéking on the two levels of reinfotcement re--
duc;ion magniﬁude and nesting the two levels of S+/S- differences
within each block. Such a’deSignkis independently sensitive to each
of the possible main éffects arid the pdténtial interactions. ‘For

these reasons, this design (aﬁd a control prbcedure) was employed

to investigate the above hypotheses.

et e - - e e e e e dr R
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METHOD
Subjects: - \ L
The S's wefe 25 male and female white king pigeons reduced to
' and majntained a£ 75% of their f;ee feeding weight. ’Body'weightfwas'
maintained at this level throughout thé experiment by sgssionai anda

postsessional feeding. - T e

Apparatus: . : : ’
’ The experiment was conducted in a GnasenZQLadler three~key .

operant conditioning station (model E1100PE). White noise was
,piped into the station from a Grason-Stadler noise generater‘(mbdef
E829E)‘tb mask extraneous laﬁorato¥y souﬁds. The center key was
transilluminated by a Grason-Stadler multiple stimulus projeétof
(model 20378) equipped to project a 1 iﬁcﬁylong;‘l/lé inch.wide
~amber line in 12 péséible orientagions against a'black baékground;
The twélve possible orientations wéfé as follows: 0<degrees (verti-
cél), 90 degrees (horizontal), and 15, 30, 45, 60, 75 degrees left
and right, These stimuli were initiélly adjuéted as closely as |
possible for equal brightnesé_apd‘were checked frequently’with a
photométer to ensurerthey femained so. During the’discfiminétion
phasé Qf‘the experimént the right response key was ope;ative, illu-
minated By a white lighf, and progfammed, if pecked, to P?oducéva

5 secon& timeout (T.O;) froﬁyéreQailing center key stimulation. It
was covered and inoperative during all other;phases. .The léft key
was covered and inoperative throughout the expgriment. Vériable-

Ty

L

L

3



- eliminated only its own light for 5 seconds. Responses on this key

- ‘ "/‘ 12

interval (VI) reinforcement was programﬁed By’a Grason-sfﬁdler
(model 1079) celluloid tape réader. After initial key Seck train-
ing, centef key stimulatio; was programmed in blocks of one minute
duraﬁion and separéted by a five second inter-itimulus interval

during which the experimental chamber was entirelybdark.

_Procedure:

Phaseﬂl: §fs were randomiy assorted to four groups consisting .
of different comﬁinafions'of-s+{S- différgnces (0 and ‘30 &égfges
right or Oiand 60 degrees-right) and reinforcepent magnitude (2.5
or S.O secbnd hopper time). Thu?, groups were designated respect-
ively: 3‘0-2.‘5, 60-2L5,‘ 30-5.0, and 60-5.0. Five §"s>were alsd;‘
assigned to a-éontrol group, designated 'C", which was identical:'to
the 60-5.0 experimental group except that pecks on the right kéy
did not produce timeouts;frdm the discriﬂiﬁative stimuli. gis were

then ;magazine trained and shaped to peck the center key upon which

.an amber line in the vertical orieﬁtation’was,projected. Following

. o . - f . .
key peck training, responses were reinforced for one session each
. o

on multiple VI 15 sec, VI 15 sec and multiple VI BOISec;'VI_3O sec

échedules of reinforcement. - Thereafter all reSponSés in the»base4
: o ' 7
line phase were reinforced on a multiple VI 60 sec, VI' 60 sec

schedule of reinforcement. S's were trained on this schedule for

15 consecutive sessions in order to obtain a stqple measure.of

¥

.baseline response rate. Baseline was determined by caICulating

2
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mean rate of response over the last five sessions.

-

. 4

Phase 2: The timeout key was uncovered and rendered operative

“and S+ was irregularly alternated with an S- orientation ofieithér
- : . Sk v
30 or 60 degrees right. The duration of stimulus presentation wasg

60 seconds. Presentations were separated by a five second inter-
. o - £ 5? i -

stimulus interval during which the experimental chamber was entirely
il : b A ,

dark. Responses in the S+ condition continued to be reinforced on

a variablé-'intefval 60 sec schedule of-reinforcemeht,.while all

responses in S- went unreinforced. Response rates were monitored

-

in the respective discriminative stimulus conditions. Also, number

FR . : o
of timeouts from the respective discriminative stimuli was followed.
) i o ' T - : T Lo
S's were trained on the discrimination procedure until response

rate in the S- chdition had fallen to 10% or lower of résponse

%

rate in S+. Contrast effects were determined by calculating mean

S+ response rate over, all discrimination sessions to criterion for

each subject and thenlsubsgraéting baseline estimate (phase 1)

v

from this value. The difference was then transformed into percen-.

tage increase, o v ‘ ¥ -

Phase 3¢ The pimeoutvkéy was rendered inoperative and a post-

discrimination generalization test, consisting of 12 cycles of 9
randomly sequenced line orientations, was administered to all §“é.

The orientations were O de?&ees (vértical) and 15, 30, 45, 75 degrees

left and right. During théitest, stimulus duration wasrreducei from

s . -4

e T e s e A
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60 to 30 seconds. All test responses went unreinforced. Response

rate in the presence of-all stimulus values was monitored.-:

S
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RESULTS

For reasons not entirely cleér, peakvshift'was not obtained
(sge Guttman, 1965). However, substantial gradient shifts were
. obtained. hGradient“shiftQ refers to the reallécation of genera-
_lizatién test responses from symetrical tp'nons§metrical aistribu-
gion around S+ as a function of'dis;rimination training; (It‘should‘
be noted here that Bu;ter (1963) has shown thgt pfe-discrimination
generalization:gradiénts along the‘orientation of a coloured line
are essentially symetrical.) The relative‘magnitudes of gradiént o
;hift were: gfoup 60;2.5, g;gZa group 30-2.5, 5.3%; group 60?5.0,
11.3%; and group 30-5.0, 20.2%. 1In allvcases gradient shift was
to ﬁhe left, i.e., in a direction ;pposite S-. After arcsin trans-
'formation, an ;ﬁalysis of vafiance’revealednthat those gréups ‘
diffe;ing’only in ﬁagnitude of reinforcement reductio; in 8- diff-
V ered signifipanpf; in degree of gradient shift (F(1/16) = 21.0,
p <.001). Those groups differing only in degree oﬁ S+/S8- separationr
Qere aléo signifiéangly different~(§(l/i6) = 5.69, p<.05).. An

analysis of reinforcement magnitude reduetion x stimulus difference

revealed no statistically significant differences.

Behavioural contrast effects were obtained ,in all groups and '

are as follows: group 60-2.5, 27.0%; group 30-2.5, 42.0%; group

60—5.0, 54.1%; and group 30-5.0, 101.6%. An analysis of variance

revealed that~§hdse groups differing only in magnitude of reinforce4

b
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ment reduction differed significantly'in extent of behavioural
contrast effect (F(1/16) = 10.1, p<.0l). Those groups differing
only in degree of S+/S; Separatiqn'were also significantly diff-

erent (3(1/16) = 5.25, p <.05). An!ﬁhalysié of reinforcement mag-

- nitude reduction x stimulus difference disclosed no statistically

significant difference.

Aé‘ope;ationalLy defined in the introduction, sgbstaﬁﬁial S~
aversiveness effects wefe‘obtained in all groups and are, in terms
of mean number of timeouts from S- perbdiscrimination session:
group 6042;5, 29.3; group 30-2.5, éﬁ;l3 group 60-5,0, égég; and
group 30-5.0, 86.2. An analysis of variance dis;losed that those
groups diffefing only in magnitude of reinforcement fedugtion
differed’sigqificantly in pumber of timeéuts from S~ (F(1/16) =
100.83,'R;<.001). Those groups differing only in degree of S+/s-
Separatibn.wére also found tb be significantly different (F(1/16) =
21.62, R«(;OOI). Réinforceﬁent m@gnitude reduction‘x stimulus
difference was found tp be stétistically»insignificént. ‘Timeouts

from S+ were, in every group, negligible (i.e., approéching zero) .

Hence no analysis was required.

A t-test was done between mean timeouts in group 60-5.0 and
a control group identical t0”60~5.0'excepfjthat no contingency
existed between pecks on the second key and timeouts from the

discriminative stimuli (group "C'). Mean sessional timeouts for
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the former group 69.3, and mean number of pecks on the '"second key"
for the latter group was 2.1 (range: froh 2.6 to 3;25.' The com-
parison betWeen‘theSe groups was significant substantially beyond

. 001.
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DISCUSSION

With the exception of peak shift, the results support the hypo-
thesiskadvanced‘in the introduction. With.reggrd,to the failure ﬁo
obtain peak éhift, it should be noted that/peak shiff/was originally
obtained along the wavelength continuum (Hanson, 1959). Subsequent -
reseérch in which peak éhif; has been convincingly demonsfrated has,
by and large, employed wavelength. 1In this.Qien,-Gugtman (1965)
has argued that peak shift effects may be restricted solelyvtovthe
wavelength continuum. Although since tﬁen at ‘least one reseagcher
has obtained a,pégk shift along the line orientation»dimension‘
(Bloomfield, 1967), severa; others have failed to do so (Guttman,
1965; Hearst, 1968, 1969). A possible explaﬁatiqn‘of these rather
diverse findings is that peak shift is‘only a special case of a
more general phénomenon.6' This view is consistent with Terrace's
(1966) suggestion that gradient or ”areah shift ", ..may prove to be
more sensitive than the iécation‘bf the peak as a méasure of the
effects of discrimination training.” 1In support of his argument,
Terrace pointe& out that not all g's‘tréined to discriminaﬁe
successively between two similar wavelengthustimﬁli produce a peak
shift in the post-discrimination geheralization gradient but that

all produce some degree of gradient shift.

The idea that S- aversiveness originates from conflict set up
by interacting or overlapping excitatory and inhibitory gradients -
differs from Terrace's theory in that S- %Wersiveness results from

"

N
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development of inhibition (and thus, opposing response tendencies
A

and conflict) at S-. Terrace has taken the opposite view, namely,

. - 7 .
that inhibition at S- is a function of S- aversiveness. Since

=T

Terrace argues that peak shift is caused by S: aversiveness, it is ._

'
¥

difficult for him to account for reports of peak shift obtained
within the context of aversive .conditioning procedures (Siegel, :

1967; Cowan, 1968). 1In this type of study the peak of the post-

' 4

discrimination generalization gradient is shifted away from an S-

+

which is correlated with the nonaversive condition. S+ is the

LY

aversive stimulus. Because interacting excitatory and inhibitory
, £ 4 ; i
gradients are present in discriminative,K aversive conditioning

procedures (Desider\to,'l967), reports of peak shift effects are’

readily explicable in terms of the present model.

Ihg present model also has implications for“severél conﬁrover-
sies in the area of discrimination learning which, in large éérg,
revolve around the Hull-Spence theqry of discrimination 1earning:
That theory explained discrimination learning in terms of the sum-
matibn of separate generalization gradients céntering; fespec;ively,
at S+ and S-, and predicted a decrease in fesp&ﬁSe strepgﬁh iﬁ:S+
as a function of discrimination training. What is usually.obtained,’
.howevgr,vis‘an increase in S+ response strength (i.e., behavioural
contrast). In terms of the present model Huii-Spence diScrimination
theofy failed to take into cénsideration the transitory‘emotionalj

¢ . ,
ramifications of conflict, or opposing résponse tendencies, set up
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by gradient interaction.

It is commonly believed that Huii-Spence discrimination theory
cannot account for peak shift. For example, as recentiy as 1973 |
Purtle, in a review of the p%ag shift literature,’has stated that
:"Spencé'sv(i937) Eheory of indepeqdenély geheraéed gradients of
;excitation‘and inhibition coﬁld not accouht for peak shift since
peak shift could not be’des;ribed as tﬂé summatién of the process

of simple ekcitation and inbibiiionLJ (Purtle, 1973);. (Also, see
Herbert and‘Krantz,~l965;'Honig, Thomas and:Gutt@an, 1959.)
Regardless of whether this pojint is strictly true or not, the
'?resenﬁ account suggests th;t ii is s t necessary for the "simple" w

graqients of inhibition and excitation, gé such, to summate into‘é

”péak shifted" post-disérimination generalizatiOn gradieni. From .

the pbint of view of tﬁe presént theory, peak shift, and forﬁth;tN

matter behavioural contrast, are accounted-for:in tgrms 6f a third

ifaﬁgitdry "aversiveness' gradient emeréing out of the interaction

or overlap of phé simple excitatory and inhibitéry gradienté. When, .
. , ‘ :

-as a function of extended successive discrimination training, these ‘'
. . 5 3
!

simple gradients steepen (Farthing and Hearst, 1968; Hearst and
Koresko, 1968),vgr§dient interaétion ceases and S- aversiveness,
r'peak shift and behavioural coﬁtrast disappear (Tgrrace, l96§b).- It
is of soﬁe interest to note that the hypothesizéd—emergéntrgradieni t;'
may or may not peak at S-, For example, it'might peak halfway

between S+ and S-. .Further research is required to determine the

£
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precise shapé and location of this gradient.8

o

As Hearst (1969) has recently pointea out, Terrace's (1963)
demonstration of errsrless'discriminatioﬁ learniﬁg is éften con-
sidered "embarassing'" for traditional (i.g., Hull-Spenéej discrim-
inafion learning theor?. Terracé has showﬁ that S's who have
learned to discriminate two ofthogonal stimuli without errors
‘produce a flat generalization gradient when testéd along the S-
dimension (T?rrace, 1966b); S's trained in this fashion also fail
to evidende peak shift and behavioural contrast. Because Terrécg
:fegards a{flat gradient as‘evidence of lﬁck of inhibitory control,

é gradient interaction interpretation is, ih his view, Precluded;g‘
Since Terrace's study hoyever, several other researchers have
obtained relative}& steep inhibitory gradients at S- after error-
less discrimination learning (Biederman, 1968; Johpson aﬁd Anderson,
1970; Johnson, 1971). Irréspéctive of this discrepanéy in'exﬁeri-
mental findings, the present account Qould prédict’that'any proce-
dure Whiqugenerates a ;elatively low, flat gradient at S- 2eg.,

' Terracg, 1;63a) will“p;oduce only minimal conflict. Moreover, any
discrimination procedure which precludes significant gradiﬁnt inter-
action (for éxamplé,'a fading pfocedure) wili preclude conflict and

thus S= aversiveness, peak shift and behavioural contrast.

Perhaps one of the more difficult questions asked of an analysis

" of the present type relates to the concept, and the nature of, inhi-
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bition. Alghougﬁ it has not begn the purpése of the prgseﬁt stﬁdy
to experimentally_clarify the notiop ofkinhiﬁition,'a few'comménts
are in order.v Follgwing Pavlov, a number'of pdychologists (and in
particular Spence, 1937,Jand‘Hu11, 19525 regérded conditioned inhi-

A BN )

bitiéﬁ as a principle factor in the reduction of conditioned
response strength. Althdngh'the 1attef‘fofmplatiens (and parti-
'cul;riyigpence's formulatioﬁ),were'esseﬁgiali;;nonphysiologica;,
they have suffered manj.of thgrcriticisms of'Paviov's'vagueﬂaqd
»ovgrspeéulative ”physiologizing".lo Skinner's (1938) Crit}cfsms of
the'éoncept qf~inhibition‘has had a.particulafly dramatic eﬁfeéﬁ on
the Eréé of discriminétioﬁvlearning. Skinner argued fhat the’één-
cept of inhibition was unnecessary‘and'unfarsimoniodé;ﬁand th;t most
experimental observations to which theuééﬁcepé is applied can be
eradily'acéounéed fo? initerms of réduction of exqitation.r Skinner
also argued that ‘there was virtually no empirical evidence for the =
‘existenc; of.é separate‘inhibitory process.rvAithodgh Skinnér's
,ahalysis ﬁé} h;ve been valid at that time,/reseaféh since then has,-
to quoté Terrace, "...left liétle!doupt'that conditioned iﬁhiﬁition
can be measﬁréd andrthatkit,is.a useful céncepﬁ in-describing thé:
formation of 5 discrimination" (Terrace, }9}3: alsé; sée Honig,
Boneau, Burstein and Peﬁnypacker,’1963;-Jénkins, 1965;‘Brown-and
jenkins, 1967; Hearst, 1968, 1969; 1973; Rescorla, 1969; Hearst,

Besley and Farthing, 1970).

In Hearst's (1968; 1969) studies §'s received either exbitatory,
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iéhibitory, or excitatory and inhiBitory tréining,along‘the line
orientation dimension. 1In the former. two cases, tr;ining consisted
of reinforpement ofrresponses to a black:ventical line against a
white background and nonreinforcement of fesponseg‘to a blanklwhite
key, or reinforcement of responses to the blank white key:and non-
réinforcement of respoﬁses to a black line oqient;dv30 degfees

right. Generalization tests were then administered -along the line

< R -

‘orientation dimension for both groups. S's in gfoup three received
food-reinforcement for responses in the presence of the vertical:
line, but nonreinforcement for responses in the presénce of the line -~

tilted 30 degrees right. A generalization test was then administeied;

3

Thus,'unlike gr@ubsvonevand two, group three S's received both ex-

citatory dnd inhibitory. training alohg the line orientétion dimen-

J . : e 2 . . : . :
sion? S's in groups one and two weré,then given successive discrim-
ination training on the intradimensional task group three had .ini-

tially mastered., - That is, responses were reinforced in the presence ’
‘of @-tine oriented 90, 60 or 30 degrees right, §'s then received

‘a second generalization test. ‘Excitatory and inhibitory gradients. =

! o : Y
,obtained in phase. one (groups one and two) of the.experiment were ,

ks

then algebraically summated to produce quantitative prediction of
& - - L L ‘ .

the form of aptual post-discrimination gradients obtained in phase

two. In Hearst's words, "'The good agreement between obtained and

i
’

prediﬁted gradients provide support for gra@ient-interaction theory.'

(Hearst, 1968).

-

& g
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In the Brown and Jenkins (1967) study, pigeoné were trained oh

a redtgreeﬁ discrigination. When both halves of 'a split key were

1

green, pecks ‘to the left side of the key were reinférced:ﬁ When

reduced rate gfvresponse'tb the left side of the green response key. -

<

{disc:imination was checked to determine if it was still intact.

both halves were.red,:peckS'tb'the right:ﬁere reinforced. In phase

Ld "

twb, a discrimination was trained between the presence (S-) and the

N

absence  (S+) of a:tone. In phase three, the original red-green -

1
3

Then the inhibitory function dflthe_tone was tested by determining
. . - 4 A X

to what degree its presenéé reduced responding té'tﬁe left side of,

the response key whgn both halveg of the'key were'grgeh. This

portion of phase three was conducted in extinction. The results

3

cieérly démonstrated that the presence of the tone dramatically

"Differential control by red and green over right and left responding

was maintained in the absence of the tone.. To control for possible
"generalization decrement', responding to green in the presence of

the tone was monitored in a group of pigeons which had not previ-

ously ekbefienced the tone. Rate of’respbnsg was unaffected By the

‘tone in- this group. ‘It was concluded that the tone had become a

conditioned>}nhibitor for experimental S's (Bfown and Jenkins, 1967).

NN

‘Although the viability of the concept of inhibition has been

P

well supported by fétent research, the exact origins or determinants

El

'of inhibition are not presently clearly understood. .The Hull-Spence

!

contention that inhibition acérues as a function of nonreinforcement

P



or extinction may or maf not be t1jue.ll Wi;h fégayd to the question
of tﬁe origins of fhhibitioﬁ, Catania (£973)vhas published data
.supporting his céntehtion thét reinforéement haé both excitatory

and inhibitory effects on behaviour. Catania's view runs counter

’

to Hull-Spence theory which identifies excitation with reinforcement

and inhibition with extinction (Spence, 1937; Huli, 1952). Spgcifi-
cally, Catania concluded that '",..the rate of a reinforced response

‘i a joint functién of (1) ;n'excitatofy effect of the fe?ﬁforce{s,

producéd by that class 6f responses, and (2) an inhibitory effect

of_theAtotal reinforcers produced by that class and by other classes

i .

. 3 i .
of responses' (Catania, 1973).. Catania's formulation may prove to

be a theoretically more promising way to account for the origins of

inhibition than more standard formulations.

.

®
The present model accounts for behavioural contrast in-terms of

conflict and S- aversiveness résulting from overlap of excitatory
anid inhibitory gradients. The magnitude of behavioural contrast is
seen to be a.function of’degree of gradient overlap, as shown in

the present study. Although the particular feature of conflict and
S~ aversiveness responsible for contrast is not presently known with

any certainty, it is suggested here that it might be diffuse activa-
tion or arousal (cf Duffy, 1941, 1957). This view is ﬁonsistent

with Skinner's (1938) report of‘increaqédlréte of'respohse in rats .

as a sole function of dose level of an ingested stimuiant,
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g , : . . . ’ 5
The present view differs from a more popular theory of beha-

vioural contrast fecently descriibed by Nevin_(1973) which aécounts .

i .

for behavioural contrast in terms of ”ppst-inhibitorf rebound'" or

Ypositive induction', terms borrowed from reflex physiology. As

an example, Nevin analogizes from the mark-time reflex, a response

- ektenéively studied by Sherrington (1906). Sherriﬁgton's‘p;epara-
. - 4

tion involved severing the spinal cord of a dog ahd.sﬁspending the

animal's hind légs so that they hung unsupported, causing them to Ce,

V

swing back and: forth., If the dog'é'gaii is stimulated under these

experimental conditions, these movements cease. This is an instance
. 4 . ; i v
of inhibition. If tail stimulation is terminated the mark-time

reflex returns at a greater rate and amplitude than before. This

is whég is kﬁownvas‘poét-inhibitory rebbund. Nevin suggests th;t
A.sdmething iike this underlies behavioural contrast. That is, (1)
inhibition'accrue‘ at S; during disériminatién ﬁraining, and (2) the*
traﬁsition from S- to S+ comprises the opefation for7§ost-inhib;tory .
rebound; and Eﬁerefore, increased'ratejsé responsé in S+. As>Nevih:
has'remarked, however, ";.fit is not at all clear that thg ;eduction
in the raté’of anfopéraqt by’chanﬁjng a s;imulus from S+ té S- is

the sameisort'of operation as'adding:an inhibitory stimuihsAwhile
&an:éIECiﬁing stiﬁulus is still‘acting;.g” (Névin;,1973)} ‘M;reover;',
»this account capnbtzéasilyréxplain;Terfacelsl(1963)~finding§that .

errorlesé,disgri§ination training precludes behavioural contrast

unless it posits . that "something' about errorless procedure circum-

R .
Ce
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vents inhibitory effects. Since there i no unambiguous demonstra-

tion of this possibility (Deutsch, 1967; Biederman, 1967) this claim
. ' ‘ % C I
seems somewhat insubstantial. It also has difficulty.accouhting»

for the transitory nature of behavioural{éontrast (Terrace, 1966¢).

Whatever the case, a great deal more research is required before a

décision can be made as to which model mdst“effectively'accounts for
v . , -

contrast and«othei by-products of successive discrimination training.

v ' : Co
A final note is appropriate with, respect to peak and gradient
shift and their relationship to the present data. It is of some

intereet to note that, if peak shift can be regafded as a special

case of deviation of post-discrimination generalization response 2
. > Lot (

T

allocation from graded to nongraded distribution of responses around

S+,_la éort of Vpeeg shift" was obtaiped‘hefein, 'Gfadiente 30-?.5

eﬁd 30-5.0 both evidenced sdbsteotial "nongradedness" indtheFBOiend
45 degree left (+) portions of the‘gfadient'(see Figs. 2 aod 4);{L
Thisitendency was not clearly evideneed in groups 60-2.5 and 60-5:0.
Itiis caonceivable thafvan S+/s- sepafetion of 45 degrees would have
produced‘the "nongraded" posi-discrimiﬁaeion{genefeiization phenomena
known as Ypeak shift" (for example; an elevation ofitest fesppnees"

at 15 degrees left<(+) ebove those at~S+). If'this reasoning holds,

' Whether or not peak shift is obtained is strlctly a functlon of the

sgartlcular drlve level -relnforcement magnltude and S+/S- exc1tatory

I8

dlfference employed in the experlmental procedure.

' 4
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FOOTNOTES

In a more specific sense, 'peak shift" refers as well to a
displacement of the S~ postedlscrlmlnatlon generalization
gradient away from S-‘ln a d1rect10n opposite S+ (Guttman, 1965}.

(This, more precisely, is Eosi&ive‘behavioural contrast.

Generically, behavioural contrast is defined as a changebof
rate in one unaltered reinforcement s¢hedule in a direction
opposite to-a change in rate in another altered schedule.

Contrast is peositive if the rate increases in the unaltered

schedule and negatlve if the rate decreases.

Terrace's "errdrless—fading"/proeedure differs from the stamdard
procedure in a number of important ways, First, =1nstead of

‘introducing S- after extensive 'S+ only" training, S- is intro-

duced into the training procedure immediately after the S+ key
peck has been-conditioned. Second, the duration of S- ‘is
extremely brief (i.e., one second) relative to the duration of.
S+. . Third, the intensity of S- is so- low as to be undetectable’
by a human\observe% The duratlon of the low intensity S- is.
then gradually increased over succesgive S; presentations until
its duration equals S+ duration. In' the next phase, S- duration
is reduced to one second and held at that value while the inten-
sity of S- is gradually increased until it is equal to S+ inten=-
sity. Flnally, the. duration of the fully intense S- is gradually.
increased until it equals S+ duration. Unlike the standard pro=
cedure, the "Terrace technique'’’ results in few if any S- responses
(L.e., ”errors") during successive discrimination training.

Terrace, however, clalms ‘that relnforcement rate in the DRL-
component was not lowered: at any time. -In the absense of a . .
careful shaping procedure the present authior is at a loss to .
explain how this might be.accomplished. It should also be
noted that Bloomfield (1969) has argued that, even if rate of
reinforcement in the DRL component of a multlple schedule is
equal to the VI component, the difficult temporal-discrimina-
tions required by the DRL render it somewhat nonpreferred
relative to the VI component. Also,’ Reynolds (1961) and -
Bloomfield (1967) have conducted experiments which were very
similar to Terrace's and have gottén contrary results. «

The terms, "inhibition" and ”excitatioﬁ" are used,here in_a.
strictly behavroural sense; no neural mechanlsms are necessa-
rily - 1mp11ed (however, see Carlton, 1963; Kimble, 1968)

‘particular these terms refer to the incremental and decremental

gradients centering at -or about S+ and S- (cf Hearst, Besley

and Farthing, 1970).
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That is, it is p0551b1e that peak shift results from a Eartlcular
confluence of excitatory and' inhibitory -gradients of specific
forms. Otherw1se only gradient Shlft is obtained.

‘In this sense Terrace does not clearly d;scrlmlnate between

inhibition and affect. Terrace is apparéntly adhering to
Skinner's definition of inhibition as a subset of'cooditioned
emotional responses. To quote, 'Failure to reinforce a response

-is one of the operations depressing reflex .strength through an

emotion change, and there is little or no distinction to be
drawn between. inhibition and one kind of emotlon." (Skinner, 1938)

Subsequent to the present research, the present author has trained

one pigeon on a successive discrimination. The procedure was .

identical to that of the present study except that the S was

allowed to take timeouts during the generalization test, Frequen-v

cy of timeouts from the various test or1entations was monitored.

A small gradient peaking halfway between S+ and S~ was obtained.
: , —

For a contrary vieﬁ, see Hearst, Besley and_Farthing (1970) and

Deutsch (1967).

Despite this, howe;er Hull- Spence dlscrlmlnatlon learning theory
is still extremely 1nf1uentia1 1n the field of dlscrlmlnatlon
learnlng (Riley, 1968) : :

Even if it were not true, that fact alone would not substantially
impair a gradient interaction interpretation. Gradient inter-
action theory simply requires incremental and decremental gener-~
alization gradients at, respectively, S+ and S-. Whether the
U-shaped gradient at S- has its origin in extinction produced
inhibition (Spence, 1937; Hull, 1952) or, as Catania (1973) has
argued, in the inhibitory effects of S+ reinforcement, has little
bearlng on the explanatory efficacy of gradlentvanteractlon
theory
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Table 1. Mean results by groups for:gféﬂient shift, behavioural
contrast, and S- aversiveness effects.

'_BehaVioufal

Gradient S- aversiveness
shift contrast (T.0.s from S§-)-
. Group 60~2.,5 52,2% 27.0% 29.3
Group 30-2.5 55.3% . 42,0% 48.0
Group .60-5.0 61.37% 54.1% 69.3
Group 30-5.0 70.2% 101.6% 86.2
Group C N/A N/A 2,1
(S- aversiveness . :
"~ control) N
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