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ABSTRACT

Extinction of Pavlovian Conditioned Inhibition

June, 1978

Elizabeth Snyder Witcher, B.A., George Mason College

M.A., Ph.D., University of Massachusetts

Directed by: Professor John Ayres

Experiments 1 and 2 investigated the use of nonreinforced presenta-

tions of inhibitory and excitatory stimuli in an attempt to attenuate the

Inhibition established through a simultaneous compound conditioned inhibi-

tion training procedure. Experiment 1, using a conditioned inhibition

savings test for Inhibition, revealed no decrement in inhibition follow-

ing nonreinforced presentations of the inhibitory stimulus (X) , the

excitatory stimulus (A) , and the inhibitory-excitatory compound (AX)

,

In contrast. Experiment 2, using a summation test of inhibition, showed

a decrement in inhibition in both a group receiving such experience with

nonreinforced stimuli and a group which received no such experience but

which did experience a "forgetting" interval between training and testing

Experiment 3 followed up the results of Experiment 2 with an

investigation of the effects of a retention interval on inhibition. It

was found that a 30-day interval, spent by experimental animals in their

cages, produced a definite, but short-lived, decrement in inhibition.

On the basis of the above three experiments, it was concluded that the

nonreinforced presentations of the inhibitory stimulus following simul-

taneous compound conditioned inhibition training was not effective in

attenuating inhibition — although it might be effective in other cases -

and that retention of conditioned inhibition was subject to disruption,

iii



if tetnporary, with the passage of time.

Experiment A investigated the presentation of an inhibitory stimulus

in a noncorrelated manner (truly random) with shock in an attempt to

extinguish inhibition established through simultaneous compound condi-

tioned inhibition training. It was found that such a procedure (which

degraded the negative correlation between the inhibitory stimulus and

shock) was successful in quickly and permanently weakening inhibition.

The implications of the results for current models of classical

conditioning were discussed.
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1

Pavlov (1927) demonstrated that, just as a neutral stimulus can

acquire excitatory properties by way of its association with reinforce-

ment, BO too can a stimulus acquire inhibitory properties by way of its

association with nonreinforcement . Most recent conceptions of condi-

tioned inhibition have characterized inhibition as an antagonist to

excitation. That is, inhibition is defined as the learned ability of a

stimulus "to control a tendency directly opposite to that of a condi-

tioned excitor" (Rescorla, 1969b, p. 92). Accordingly, conditioned

inhibition is generally assessed empirically in terms of the ability of

the conditioned inhibitor to oppose excitatory tendencies. This is

typically accomplished by using one or both of the following procedures:

1) A sumiriation test procedure, in which the supposed inhibitor is pre-

sented in nonreinforced compound with a known excitatory CS in order to

assess the ability of the inhibitor to disrupt (or oppose) exci.tation;

or 2) A retardation test procedure, in which a supposed inhibitor is

paired with reinforcement in order to assess the ability of the inhibi-

tory CS to resist excitatory conditioning (Rescorla, 1969b). A third

technique, the conditioned inhibition savings test, measures the ease

with which a simultaneous compound conditioned inhibition training pro-

cedure establishes an A+, AX- discrimination, the assumption being that

the control of inhibitory tendencies by X prior to discrimination train-

ing will facilitate the discrimination (VJagner & Fescorla, 1972).

The conditions under which Pavlovian conditioned inhibition Is

established have been reviewed by Rescorla (1969b). These include:

1.) A simultaneous compound conditioned inhibition procedure, in which one

stimulus (A), presented alone, is always reinforced, while a compound (AX)
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of the stimulus and a second stimulus (X) is nonreinforced (Pavlov.

1927); 2) A negative CS-US contingency procedure, in x.hich a negative

correlation between a CS (X) and reinforccn.ent is arranged such that the

probability of reinforcement is greater in CS absence than in CS pre-

sence (Baker. 1977; Hammond & Daniel, 1970; Rescorla, 1969a; V.'itcher,

1974); 3) A differential conditioning procedure, in which one stimulus

(A) is always reinforced, while a second stimulus (X) is never reinforced

(Hammond, 1966; 1967); 4) A long-delay CS procedure, in which an ex-

tended CS comes to control a temporal pattern of responding such that an

excitatory pattern of responding is established during the later portion

of the CS, while an opposite, or inhibitory, tendency is observed early

in the CS interva3 (Rescorla, 1967a); or 5) A backward conditioning

procedure, in which a stimulus is associated with the termination of

shock (and a shock-free period) (HoscoviLch o< LcLcrdo, 1968).

Each of these procedures can be viewed as a variation on the first,

simultaneous compound conditioned inhibition paradigm, A+, AX-„ In pro-

cedures 2, 3, and 5, however, the excitatory A cue is a background or

apparatus cue which has been paired with a US; while in procedure 4,

the inhibitory cue is temporal. Each establishes inhibitory tendencies

by way of an association with nonreinforcenient . Wliile Pavlov (1927) stud-

ied conditioned inhibition based on salivary conditioning in dogs, the

majority of recent studies involve conditioned inhibition based on a shock

US. These studies include: 1) Th.e transfer of inhibitory control to re-

duce responding in free operant avoidance situations (in rats, Grossen &

Bolles, 1968; in dogs, Rescorla & LoLordo, 1965); 2) The rabbit's nic-

titating membrane response (Marchant, Mis & Moore, 1972; Siegel &



Domjan, .1971); 3) The CER procedure with rats (Hammond, 1966; 1967).

In addition, the development of conditioned inhibition has been reported

in the taste -aversion learning situation, where the US is toxicosis

(Best, 1975; Taukulis & Revusky, 1975).

It has been suggested that "learning occurs when outcorACs violate

the organism's expectations" (Rescorla, 1973) or when the outcome is

"surprising" (VJagnor & Rescorla, 1972). On any given trial, prior

experience (if any) with the stimuli present on that trial will lead the

organism to "expect" (to a greater or lesser degree) the outcome of that

trial. To the extent that the organism's expectations are discrepant

from the actual outcome, the organism engages in "mental work" concerning

the event (Kamin, 1969). This mental work is seen as a prerequisite for

learning. Tlius , on a given conditioning trial, "it is the discrepancy

itself that is the re.-l.n forcer" (Rescorla^ 1969c, p. 86) by way of its

ability to provoke mental processing.

In the language of information processing models, predictions about

events are made on the basis of information, placed into a temporary

Short-Teim Store (STS) , about immediate and recalled experience. In the

latter case, any stimulus present on a given trial will act as a cue to

recall from a permanent Long-Term Store (LTS) information associated

with it as a function of previous learning. Discrepancies between pre-

dictions about events and the subsequent events provoke a rehearsal pro-

cess which maintains the information in STS, thus facilitating transfer

to LTS (Atkinson & Wickens, 1971; Wagner, 1976).



The process described above is represented in the following

diagram (Pfautz & Wagner, 1976):

4

stimulus > RG response

Inforraation about current events enters the processing system via

the sensory repiister (SR) . This information is then read by a com-

parator (COMP) , V7hich also receives information from short-term memory

(STIl or STS) . The informatioii in SIM may represent the immediate past,

maintained in STlI by rehearsal, or a more distant past, recalled to STM

from long-term memory (LTM or LTS) by external stimuli.

The COMP transfers information from SR to STM (for rehearsal and

possible transfer to LTII) only if that information is discrepant from

the current contents of STH. The prerepresenting , or "priming," of a

stimulus in STM, either by prior presentation of the stimulus and/or by

recall of the stimulus from LTM by other cues, reduces its effectiveness

on subsequent presentations (Pfautz & Wagner, 1976; Wapner, 1976). The

presentation of a US will provoke little mental work if it is preceded by

a CS which, as a result of previous CS-US pairings, has become strongly

associated with the US. This CS presentation will cause the associated

US representation in LTM to be transferred to STM and subsequent US pre-

sentations will be less likely to be transferred to STM by COMP. For



example, the US will be less effective when reinforcing a neutral cue

when that cue is presented in compound with a CS already associated with

the occurrence of the US (Kamin, 1968). On the other hand, an unexpected

event should be especially effective in commanding mental work (Terry &

Wagner, 1976; Wap,ner, Rudy & Whitlow, 1973) and especially effective as

a reinforcer, as, for example, vhen a neutral cue is reinforced in com-

pound with a CS already associated with the absence of reinforcement

(Rescorla, 1971).

Two important points follow from the basic idea that surprising

events provoke learning. First, all stimuli present on a trial contri-

bute to the expectations of the organism on that trial, so that con-

current stimuli play an important role in the determination of hov; much

mental work is accorded to a stimulus presented in compound with them.

Second, each experience with a stimulus end an outcvome reduces the dis-

crepancy between expectations and outcomes, and thus reduces the likelihood

that mental work vjill take place , to the point v;here an asymptote is

reached where expectations match outcomes (Atkinson & Uickens, 1971;

Wagner & Rescorla, 1972).

Conditioned inhibition develops when there is a negative discre-

pancy between the organism's expectations about reinforcement and the

actual outcome of a trial, as, for example, when the organism expects a

US and no US occurs. This is precisely the case in conditioned inhibi-

tion training of the form A+, AX-. Reinforced A trials lead tlie subject

to expect reinforcement on AX trials. However, AX trials are not rein-

forced and so the subject is "surprised" and inhibition is conditioned

to X. Similarly, the occurrence of reinforcement in the presence of



backRround cues (A), as, for example, in the negative contingency pro-

cedure, leads the subject to expect the US on CS (X) trials because of

the presence of background cues. The subject is "surprised" when no

reinforccBiont occurs and therefore the CS becomes inhibitory.

Rescorla and Wagner (1972) have suggested that learning, or changes

in the "surprlsingness" or associative strength of a stimulus on a given

conditioning trial can be quantitatively represented by the equation:

- 0(.^k^ - V) (1)

where Vj, the associative strength of stimulus 1

o(i " a learning rate parameter, dependent upon the nature of i
(e.g., its salience)

^ ~ a learning rate parameter, dependent upon the properties of
the US (o.g., its ii: tells ity)

}\ » the asymptotic level of conditioning which the US will support

V « the total associative strength of all stimuli present on a
given trial (e.g., stimulus i plus background cues)

Obviously, the greater the discrepancy betv/een A and V, the greater the

change in V^,

In the above formulation, inhibition resulting from a negative dis-

crepancy is represented by a negative V-valuc. Assuming that the asymp-

tote of conditioning (/\) associated v;ith nonreinforcemtMit (or zero US

intensity) is zero (VJagner & Rescorla, 1972), a positive V will lead to

a change in wliich is in a negative, or inhibitory, direction. A

stimulus must be nonrcin forced ,
therefore, in the presence of other

slimulj which have positive associative strength, thus making V positive

and the quantity ( \ V) negative. For example, in the simultaneous
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compound conditioned inhibition procedure, changes in the associative

strength of X mad A are defined by the following variations of Equation 1

on reinforced A trials:

on nonreinforced AX trials:

» c:4^(o - (v^+ v^)) (3)

AVj^ - <Xx/^(o - (Va+ V^)) (4)

On reinforced A trials, is increased (i.e., becomes positive).

Nonreinforced AX trials result in decrements in and V^^ (for the

quantity (V^ + V^) is positive). Wiile continues to be positive,

maintained by reinforced A trials, V^^ becoraes negative. As A becomes

excitatory, X becomes inhibitory.

While a great deal is known about the procedures leading to the

development of conditioned inhibition, relatively little is known about

the procedures which lead to a decrem.ent in or the extinction of condi-

tioned inhibition. Pavlov (1927) suggested that:

it is obvious that a complete abolition of

the inhibitory properties of the [stimulus]

combination should most readily be brought

about by reversing the technique employed

in its formation - i.e., by systematically

reinforcing the inhibitory combination by

the appropriate unconditioned reflex (p. 81).
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Pavlov (1927) demonstrated that, following conditioned inhibition

training, in which an A stimulus was reinforced while an AX compound was

not reinforced, subsequent reinforcement of the A>: compound indeed elim-

inated the inhibitory properties of the X element. This procedure is

essentially identical to the retardation test procedure, which was pre-

viously mentioned in connection with the measurement of conditioned

inhibition.

More recently it has been suggested that "the most straightfon-rard

way in which loss of inhibition should be accomplished is simply nonrein-

forced presentations of the stimulus" (Wagner & Rescorla, 1972). This

procedure corresponds with that typically employed to extinguish excita-

tory conditioning. V'ithin the framework of the Rescorla-Hagner model of

conditioning, loss of inhibition is predicted from repeated nonreinforced

presentations of the inhibitory CS . Psi inhibitory CS (X) will have a

negative associative strength. On nonreinforced X trials, changes in

Vy^ will be defined by the equation;

If the quantity (0 - V) is positive (i.e., if V is negative), then

will be incremented toward zero; and inhibition should be attenuated.

Positively conditioned stimuli occurring in compound with X (e.g., back-

ground cues) may retard the extinction of inhibition in X by keeping

the quantity (0 - V) negative. However, the positive associative strength

of these cues should decrease in the presence of uonreinforcement ,
allow-

ing Vj^ to approach zero.
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Some indirect empirical data suggest that the prediction of

extinction of inhibition through nonreinforcod presentations of the

inhibitory CS may not be valid. Rescorla and LoLordo (1965) studied

the effects of a Pavlovian CS- for shock (i.e. a conditioned inhibitor)

upon instrumental behavior. Superimposing the CS- on avoidance respond-

ing (during extinction of the avoidance baseline) , the experimenters

found that the stimulus suppressed responding. Moreover, the stimulus

continued to be effective in suppressing avoidance behavior despite

repeated nonreinforced presentations (albeit on a background v;hlch may

have been excitatory)

.

Further, Badia and Culbertson (1972), in an experiment designed to

study the aversiveness of signalled versus unsignalled shock, gave rats

the oj)portunity to switch, by way of a bar-press response, from a condi-

tion in which ineccnpable shock was not: signalled to a condition in

which each inescapable shock was reliably predicted by a 5-sec signal (A) .

A bar-press response produced a "correlated" stimulus (X) wliich lasted

for 3 minutes, during which time each inescapable shock was preceded by

A, At the end of the period, X was terminated and Ss returned to the

unsignalled condition, which could be terminated again by a bar press.

The rats came to bar press at a rate sufficient to maintain the signalled

condition (and the X stimulvis) for most of the experimental session.

This procedure can be analysed in terms of a differential conditioning

procedure. In the signalled condition, the compound (AX) of the corre-

lated stimulus and the signal for shock was always predictive of shock,

while X alon*-: was associated with a period free of shock. Tliat is, AX

corresponds to a C34- for shock, while X acts as a CS- for shock. Of
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interest here is the fact that during an extinction phase of the exper-

iment, in which each bar press continued to produce X but not the sig-

nalled condition (i.e., inescapable shocks occurring during the 3-min

X stimulus were no longer signalled by A) , the rats continued to bar

press. Note that X was no longer discriminative of a shock-free period

and, in fact, was occasionally paired with shock. If the ability of X to

maintain responding was based on conditioned inhibitory properties ac-

quired through an association with the absence of reinforcement, then

these data suggest that inhibition is resistant to extinction oven though

the inhibitory stimulus is subsequently paired with shock.

A recent study (Zimner-Uart & Rescorla, 197A) was explicitly direct-

ed toward defining the conditions under which conditioned inhibition

might be extinguished. The authors approached the extinction of inhibi-

tion from two directions: 1) by repeatedly presenting the conditioned

inhibitor without reinforcement, and 2) by removing the correlation

betv;een the conditioned inhibitor and reinforcement, i.e., by destroying

its informational value with respect to nonreinforcement.

In the initial experiment, rats received simultaneous compound condi-

tioned inhibition training (A+, AX-) . Reinforcement was a .5-sec, .8-raA

shock. This procedure was designed to establish X as a conditioned inhi-

bitor. Subsequently, half of the rats received 96 nonreinforced pre-

sentations of the X cue over 4 days of extinction, while the other half,

acting as a control for the passage of time, were exposed to the appar-

atus cues only. Finally, the degree of inhibition controlled by X was

assessed in terms of a summation procedure (i.e., i\X- triiils).

Conditioned effects were measured in terms of changes in the ongoing
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rates of bar pressing for food reinforcement in the presence of tlie CSs.

Presentations of an excitatory CS should suppress responding, while the

addition of an inhibitory cue should attenuate suppression. To the de-

gree that the inhibition controlled by X had been extinguished through

nonreinforced presentations, the ability of X on AX trials to attenuate

the excitation controlled by A should be less, compared to that of the

control group. The results V7ere, hovzever, that X continued to attenuate

A's excitatory power equally in both groups.

This initial experiment, then, suggested that nonreinforced exposure

to a conditioned inhibitor does not lead to the extinction of inhibition.

In a second experiment, Zimmer-Hart and Rescorla used a, presumably, more

sensitive within-subject design. Subjects experienced treatments designed

to establish tv;o stimuli (X and Y) as conditioned inhibitors through A+,

AX-, AY- trials. Subsequently, the rats received 72 nonreinforced pre-

sentations, over 6 days, of only one of the inhibitory stimuli (e.g., X).

The other inhibitor was not presented during that time. This procedure

was designed to attenuate the inhibitory power of X V7hile leaving that of

the other (Y) intact. Testing consisted of a summation procedure. Sup-

pression of bar pressing during nonreinforced A, AX, and AY trials was

measured. If X had lost inhibition through nonreinforced presentations,

it should be less effective, relative to Y, in attenuating suppression to

A. The results were, however, that, following experimental treatment,

both X and Y continued to attenuate suppression equally to A.

Failing to confirm the prediction of the Rescorla-Wagner model that

conditioned inhibition should be extinguished by nonreinforced presenta-

tions of the inhibitory CS , Zimmer -Hnrt and Rescorla attempted to extin-
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gulsh inhibition by removing the negative correlation between the inhi-

bitor and the US. Initially, inhibition was established throuch simul-

taneous compound conditioned inhibition training (A+, AX-) . Following

this, two groups of Ss were exposed to four A and four AX trials for 8

sessions under conditions designed to eliminate the association between

X and nonrcinforcement. In one group (Group S) , both A and AX trials

were reinforced; in a second group (Group NS) , neither A nor AX trials

were reinforced. A third group (Group BP), was exposed to the apparatus

cues only. Immediately following this, all Ss received reinforced A

trials, in order to equate them in terms of suppression to A (which had

been extinguished in Group NS)

.

Finally, the inhibitory strength of X was tested in a summation

procedure. Subjects received six nonreinforced presentations of both A

and AX over 3 test days. Only Group S, v;liich had experienced reinforced

A and AX trials, showed a loss of inhibition. For Group NS , which had

experienced nonreinforced A and AX trials, X continued to weaken suppres-

sion on AX trials, as it did for Group BP. Thus, even though the correla-

tion betv7een X and nonreinforcement had been removed in Group NS, X

remained inhibitory. Only when both AX and A trials were reinforced

was inhibition attenuated.

The following experiments investigated further the conditions under

which conditioned inhibition is attenuated. Essentially, they involved

variations of the two approaches used by Zimmer-Ilart and Rescorla (197A) :

the extinction of inhibition by l)nonreinforced presentations of the

inhibitory CS , and 2)removal of the CS-US correlation.
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Experiment 1

Experiment 1 tented further the prediction that nonrelnforced pre-

sentations of a conditioned Inhibitor should reduce its inhibitory power.

It differed from similar experiments by Zimmer-Hart and Rescorla (1974)

in that, following simultaneous compound conditioned inhibition training,

subjects were exposed to nonrelnforced X trials and^ to nonrelnforced A

and AX trials. The intuitive appeal of this design is as follows: In

the theoretical approaches to conditioned inhibition discussed above, the

development of inhibition by a CS is dependent upon the prior development

of excitation to a second CS with which the inhibitory CS is presented in

a nonrelnforced compound. Perhaps, then, the extinction of excitation

may likewise be necessary for the extinction of Inhibition.

It should be noted, however, that in the Rescorla-Wagner model, the

extinction of inhibition following simultaneous compound conditioned in-

hibition training does not require the extinction of excitation to the A

cue. Nonrelnforced presentations of the inhibitor alone should be suffi-

cient to degrade inhibition. In fact, in terms of Equation 5, which de-

fines changes in Vj^ on nonrelnforced X trials, the associative strength

of A (V^) plays no role.

While the associative strength of A should not, according to the

Rescorla-Wagner model, affect during extinction, mediation by the back-

ground cues (B) cannot be ruled out. In fact, Equation 5 should, to com-

pletely describe conditioning effects, read:

X
(6)



14

where Vg represents the conditioned effects of the background cues.

During conditioned inhibition training, the background cues gain positive

associative strength by way of reinforcement in compound with the A cue.

Presumably, this gain is balanced by a loss on nonreinforced AX. and B-

alone trials. To the extent, however, that the background stimuli re-

main excitatory, X may be protected from extinction through nonreiuforce-

ment (Wagner ft Rescorla, 1972).

In the present experiment, nonreinforced A, AX, and X trials continued

until the subjects no longer showed suppression of bar pressing in the

presence of A. The data should indicate that A and, presumably, B no

longer control excitatory tendencies. The possibility, then, that exci-

tatory background cues are maintaining inhibition in X despite nonrein-

forced X trials becomes less likely. In addition, nonreinforced AX trials

should contribute to a decrement in the inhibitory strength of X accord-

ing to the Rescorla-Wagner model.

The similarity of this procedure to that of the last experiment in

Zimmer-Hart and Rescorla (1974) , in which the CS-US correlation was re-

moved by presenting nonreinforced A and AX trials, should be noted.

Zimmer-Hart and Rescorla found that such a procedure did not lead to the

extinction of inhibition. However, the present study differed from that

study in a potentially significant fashion. In Zimmer-Hart and Rescorla,

the noncorrclatcd procedure was followed by retraining to A (i.e., A+

trials). In terns of the intuitive notion discussed above, the reestab-

lishment of A's excitatory properties may have restored X's inhibitory

powers, even though those inhibitory powers may have been weakened pre-

viously by nonreinforced presentations.
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That inhibitory connections may continue to exist between X and

reinforcement despite a v;eakening of X's measured inhibitory properties

is suggested by a recent study (Rescorla & Heth, 1975) in which an extin-

guished CS-CR connection was presumably reactivated by US presentations

following extinction. That is, a CS previously positively correlated

with reinforcement was extinguished through repeated nonreinforced pre-

sentations, such that the CS no longer evoked a CR. Subsequently, US-

alone presentations were able to restore the conditioned properties of

the CS (i.e., the CS again evoked a CR)

.

Rescorla and Heth (1975) suggest that, in conditioning, an organism

develops 1) memory images about stimulus events, and 2) associative

connections betv^een CS and US images, and that changes in performance in

the presence of the CS may represent changes in either one of these.

For example, in the extinction of excitation, the subject may faiJ. to

respond in the presence of the CS either because 1) the imape of the US

has been reduced in strength through pairings of the CS with a low (zero)

intensity US, or 2) the connections between the CS and the US image,

which allow the CS to evoke a CR, are weakened because the US no longer

follows the CS. The reinstatement of responding following extinction by

US presentations suggests that both of these things may indeed be happen-

ing during extinction. Presentations of the US following extinction may

strengthen the US memory image, so that the CS may evoke a portion of the

CR by way of still existing CS-US associative connections.

In terms of conditioned inhibition, the image of "not-US' evoked by

the presentation of the conditioned inhibitor may be maintained by the

image of "US" associated with the excitatory CS which participates in the
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development of conditioned inhibition. The retraining of A in Zinuner-

Hart and Rescorla (197A) may have reinstated the "US" image and thus the

inhibition controlled by X. If this were the case, any changes in the

response to X following nonreinforced A and AX trials might fail to show

up during testing. For these reasons, in the present experiment the

strength of X's inhibitory control will be tested using a conditioned

inhibition savings test (i.e., in terms of the ease with which X acquires

inhibitory properties based on a second excitatory CS (B)). Tliis elim-

inates ths necessity for retraining A. Of interest will be the rate of

acquisition of conditioned inhibition in a group of animals exposed to

nonreinforced A, AJI, and X trials following simultaneous compound condi-

tioned inhibition training, relative to a group receiving similar condi-

tioned inhibition training but no subsequent exposure to nonreinforced

stimuli. If nonreinforced presentations of A, A>v, and X stimuli do, in

fact, attenuate the inhibitory properties of X, then subsequent simulta-

neous compound conditioned inhibition training with a new excitatory CS

should be retarded In subjects receiving such experience relative to

those who do not.

Method

Subiects
u —

Sixteen lloltzman male albino rats 95-105 days old at the start of

the experiment were housed individually and maintained on a 22-hr water

deprivation schedule, while food was freely available.
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Apparatus

Eight Gerbrands operant conditionine chambers with left-side dipper

feeders and centrally mounted levers were housed in .61-m cubes of 13-ram

plywood lined v^ith acoutical tile. A 1,000-IIz, 84-dB tone (re ZO^N/m^)

presented through a 10-cm speaker mounted on the lid of the chamber served

as the initial excitatory stimulus (A). A 87-dB white noise (re

presented through a second adjacent speaker served as an excitatory stim-

ulus in the testing phase of the experiment. The inhibitory stimulus (X)

,

a 1/sec flashing light, was created by changing the illumination provided

by two cue lights, in synchrony, from 6.5 V to 26 V on a 1/sec pulse.

Scrambled grid shock USs were provided by Grason-Stadler shock sources

(Models E106AGS cuid 700). The baseline response to be affected by OS

presentations was bar pressing, reinforced v;ith A-sec presentations of a

,1-ml dipper cup containing watc-t.

Procedure

Preliminary training . Rats were water deprived for 48 hr, then in

one initial session, lasting up to 2 hr, were shaped to bar press on CRF

for water reinforcement. Animals met criterion when they made 50 responses

in this period. At the end of this first session, and each following

session, Ss were given access to water in their home cages for 5 min only.

Five daily 2-hr sessions follov;ed with a VI 1-min schedule of reinforce-

ment in effect.

The following conditioning phases of the experiment are summarized

in Table la.
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SlTTiulr-aneous cotngonnd conditioned Inhibition training. This phase

was designed to establish a tone CS (A) as a conditioned exciter and a

flashing light CS (X) as a conditioned inhibitor. All Ss experienced

six reinforced presentations of the A stimulus and six nonrelnforced pre-

sentations of the X stimulus delivered cotermlnously v/ith A (AX). The A

and AX stimuli were presented randomly in time with the requirement that

they not overlap and that each block of two trials contain one A and one

AX presentation. All stimuli were 2 min long; the reinforcement was a

.5-sec, .8-mA shock which began with CS termination." This treatment

continued for a total of 11 sessions.

Throughout conditioned inhibition training, Ss continued to bar press

and receive water reinforcement on a VI 1-min schedule. Response rates

were monitored throughout training sessions and all subsequent sessions.

The effects of stimulus presentations were assessed in terms of the

amount of suppression of bar pressing during the stimulus. Suppression

was measured by forming a ratio of response rates of the form A/(A+B),

where A is the response rate during a 2-min CS and is the response rate

during the 2-min period immediately preceding the CS (Annau & Kamin, 1961).

A ratio of 0 indicates complete suppression to the CS (i.e., excltatoi-y

conditioning) while a ratio of .50 suggests that tha CS has no effect

upon responding.

Ex tinction of excitation and inhibition . For the next six sessions,

Ss were divided into two groups of eight animals each. Group C (a for-

getting control) continued to bar press for water reinforcement on a VI

1-min schedule, experiencing no stimulus events of any kind. A second

group, Group E, received in each 2-hr session four nonrelnforced presen-



tatlons each of the A, AX, avid X stimuli superimposed on bar pressing.

These trials were designed to attenuate the inhibition controlled by X.

This extinction phase continued for 6 days in all, at the end of which

Ss were no longer suppressing in the presence of A. It was presumed that

by this time there would be little or no excitation renmining conditioned

to A or to the background cues, and, more importantly, no inhibition

remaining conditioned to X.

Conditioned inhibition savings test. In this phase, all Ss received

simultaneous compound conditioned inhibition training similar to initial

conditioned iiihibition training except that a white noise stimulus (B)

was substituted for the A stimulus of earlier training. In four daily

2--hr sessions, Ss received six reinforced presentations of an 87-dB

white noise (B) and six nonreinforced presentations of the flashing

liiiht stimulus delivered cotenninously with the B stimulus (BX) . Ml

stimuli were 2 min in duration; reinforcement was a .5-sec, .8-mA

shock. Again, Ss continued to bar press during testing; and stimulus

effects were measured in terms of suppression ratios.

Results

The results of Experiment 1 are presented in Figure 1 in terms of

the mean group suppression ratios associated with: 1) reinforced A and

nonreinforced AX trials during initial simultaneous compound conditioned

inhibition training for Groups E and C (Panel A) ; 2) nonreinforced A,

AX, and X trials during extinction for Group E (Panel B) ; and, 3) rein-

forced n and nonreinforced BX trials during the conditioned inhibition

savings test for Groups E and C (Panel C)

.
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FACE PAGE FOR FIGURE 1

Figure 1: Mean suppression ratios for Groups E and C in Experiment 1

Panel A: Sinultaneous compound conditioned inhibition
training

Panel B: Extinction (Group E only)

Panel C: Conditioned inhibition savings test
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During initial conditioned inhibition training (Panel A), Groups E

and 0 learned to discriminate between A and AX at similar rates. At the

end of training, Ss in both groups suppressed during (reinforced) A

presentations and did not suppress during (nonreinforced) AX presenta-

tions. There were no significant differences between the two groups

during this phase of the experiment (t^=.35, df=lA, £.>.70, two-tailed).

During extinction (Panel B)
, nonreinforced AX trials continued to

have no apparent effect upon bar pressing, while A trials rapidly lost

their ability to suppress responding. Presentations of the X stimulus

also had little effect upon responding. By the end of extinction, there

were no significant differences in the effects of the three stimuli upon

responding (ts<2.05, df»7, ps>.05, two-tailed).

During conditioned inhibition savings testing (Panel C) , no signi-

ficant differences between Groups E and C were found. Indeed, both

groups showed a strong differentiation between B and BX trials on the

first day of testing. Because transfer was so immediate, efforts to

find differences betvreen the two groups were concentrated on the early

trials on Day 1 of testing. Table 2 indicates group suppression ratios

on the tvrelve stimulus trials on Day 1 in the order in which the stimuli

were presented. It can be seen that, in both groups, Ss responded

similarly on the first BX and B presentations; by the second time the

BX and B cues were presented, B suppressed responding while X attenuated

suppression when compounded with B. This trend, of increasing suppression

to B accompanied by increased attenuation of suppression on BX trials,

continued in a similar fashion for both groups on Day 1, although Group C

appealed to develop somewliat weaker suppression to B than did Group E.
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T-tests based on difference scores (i.e., suppression ratios during B

minus suppression ratios during BX) for this first day of testing and

for the 4 days of testing overall revealed no significant differences

between the two groups (_ts<1.67, _df=14, £s>.05, one-tailed).

Discussion

The main finding of this study is that the nonreinforced presenta-

tions of A, AX, and X trials following simultaneous compound conditioned

inhibition training failed to extinguish the inhibitory properties of X.

Following extinction training, Group E acquired a B+, BX- discrimination

equally as fast as did Group C. This result supports the findings of

Zimmer-Hart and Rescorla (1974), even though, in the present study, no

reinforced A trials were interpolated between extinction and testing

for inhibition.

It remains possible that the inhibitory CS V7as protected from extinc-

tion despite the procedural modifications included in Experiment I.

Perhaps, for example, the background cues were not neutral during extinc-

tion and, if excitatory, were able to support the inhibitory properties

of X. More importantly, while Ss in Group E did not experience shock in

conjunction with the A stimulus subsequent to the end of simultaneous

compound conditioned inhibition training, they nevertheless did experi-

ence the same US in conjunction with the training of B during the condi-

tioned inhibition savings test. If A+ training might reinstate a "US

image", so too might any experience with the same US. The following

experiment was designed to handle these problems.
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Experiment 2^

Like Experiment 1, Experiment 2 involved the establishment of

conditioned inhibition through a simultaneous compound conditioned

inhibition training procedure follo^^ed by an experimental treatment

involving nonreinforced presentations of A, AX, and X stimuli. Tlie

significant procedural changes introduced in Experiment 2 v/ere as follo^^s:

1) A summation procedure (followed for completeness by a retarda-

tion test) was used to assess the inhibitory control of X following the

extinction procedure. This test involved nonreinforced presentations of

an excitatory CS (B) alone and in compound with X. The excitatory B

stimulus was conditioned prior to simultaneous compound conditioned

inhibition training. These changes insured that a shock US was not

experienced after the extinction phase of the experiment had begun and

until testing had taken place.

2) To insure further that excitatory background cues were not sup-

porting the inhibitory properties of X during extinction, operant recov-

er>' sessions were Interpolated between simultaneous compound conditioned

Inhibition training and extinction. During this time, Ss experienced

neither stimuli nor shocks while bar pressing for reinforcement.

3) The nature of the A, B, and X stimuli were changed somevjhat.

First, they were shortened from 2-min to 1-mln duration in order to

minimize the development of bar pressing during a CS due to inhibition of

delay. Second, in order to minimize possible generalization betv^een A

and B (in Experiment 1 they were both auditory stimuli) , A became a white

noise, B a flashing light, and X an intermittent tone. The expectation
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was that the A (noise), AX (noise-tone) discrimination v;ould be difficult

to develop; therefore the reinforcer associated with A was increased to

a 1-scc, 1-mA shock in order to facilitate the development of inhibition

to X (Rescorla & Wagner, 1972). The discrimination did, in fact, prove

to be a difficult one.

Method

Subjects and Apparatus

Subjects V7ere 16 Iloltzman male albino rats similar to those of

Experiment 1. In this experiment ,however , Ss were food deprived and

maintained at 80% of their free feeding weight.

Bar pressing was reinforced with a A-sec presentation of a . 1-ml

dipper cup containing a 32% (v^/w) sucrose solution. This departure from

Experiment 1 was designed to create a more robust lavel of baseline bar

pressing.

The apparatus was unchanged, but the stimuli differed somewhat from

those employed in Experiment 1. Here, a 1/sec flashing light, created by

changing the illumination provided by two lights in synchrony from 26 V

to 6.5 V, served as the excitatory CS (B) to be used in summation test-

ing. A 75-dB white noise served as the initial excitatory CS (A).'=

Finally, the inhibitory stimulus (X) was an intermittent 1,000-Hz, 84-dB

tone. A 1-sec, 1-mA scrambled shock served as a US. All CSs were 1 min

in duration.

*0n Day 38 of conditioned inhibition training, the white noise level was

decreased to 73 dli, and on Day 39 to 71 dB to facilitate training —
i.e., by making the tone more salient relative to the noise.
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Procedure

Preliminary training. In a single l~hr inagazine training session,

the bars were removed from the operant chambers, and 4-sec presentations

of sucrose were delivered to Ss on a VT 1-min schedule. On the following

day, the bars were replaced, and sucrose reinforcement was made contin-

gent on each bar press. Ss were required to make 50 responses in this

session and were shaped if necessary. Five daily 2-hr sessions followed

with a VI 2-min schedule of reinforcement in effect. In the initial

session, however, reinforcement was delivered on a VI 1-min schedule for

the first 20 min.

The following conditioning phases are summarized in Table lb. All

stimuli were presented while Ss were responding for sucrose reinforcement

delivered on a VI 2-min schedule. Stimulus effects vjere assessed in terms

of suppression ratios as in Experirient 1«

Excitatory test stimulus ( B ) training . This phase was designed to

establish a flashing light as a conditioned excitor of fear against which

the inhibitory properties of X could be tested later in the summation

test. In each of four daily 2-hr sessions, Ss received four 1-min B

trials, each reinforced with a 1-sec, 1-mA shock.

Simultaneous compound conditioned inhibition training . The next

phase of the experiment was designed to establish an intermittent tone

(X) as a conditioned inhibitor. In each of the first two 2-hr sessions,

Ss received four reinforced noise (A) trials. During each of the follow-

ing sessions, Ss received six reinforced A trials and six nonreinforced

presentations of the noise-tone compound (AX). All stimuli were 1 min

In duration; reinforcement was a 1-scc, 1-mA shock. This training
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continued for a total of 46 sessions.

Excitatory test stimulus (B) reminder. In a single 2-hr session,

Ss were presented four reinforced B trials to insure that, after 48 days

without experiencing B, the stimulus continued to control excitatory

tendencies

,

Recovery. Following conditioning, Ss vrere allov/ed to bar press in

four daily 2-hr sessions for sucrose reinforcement on a VI 2-min schedule.

During these sessions, neither CSs nor USs were presented. This phase of

the experiment was designed to minimize any excitatory tendencies con-

trolled by the background cues.

Extinction of excitation to A and inhibition to X. Following re-

covery sessions, Ss vjere divided into two groups. There were seven Gs in

each group, as two Ss v;ere dropped from the study for failing to learn

the die crimination. In each of 10 daily sessions, Ss in Group C continued

to bar press for sucrose reinforcement, experiencing no stimuli of any

kind. Group E, on the other hand, received a treatment designed to

attenuate X's inhibitory properties. In each of the 10 2-hr sessions, Ss

in Group E received four nonreinforccd presentations each of the A, AX,

and X stimuli, superimposed on bar pressing.

Summation test . To assess the ability of X to attenuate excitation,

all Ss were presented three B and three BX trials, nonreinforced, in a

single 2-hr session. Again, Ss continued to bar press during testing,

and stimulus effects were measured in terms of suppression ratios.

Retardation test . Following summation testing, the ability of X to

resist excitatory conditioning was tested. All Ss received four X stimu-

lus trials in each of two 2-hr sessions, half of the trials reinforced
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with a ]-sec, l-mA shock.

Results

The results of Experiment 2 are presented in Figures 2 and 3. Fig-

ure 2 shows the course of preliminary excitatory and inhibitory training.

Panel A shows suppression ratios for Groups E and C to B (flashing light)

on 4 days of excitatory conditioning; Panel B shows suppression ratios

on reinforced A (noise) and nonreinforced AX (noise-tone) trials during

initial simultaneous compound conditioned inhibition training for Groups

E and C, In Panel B, the data are plotted in terms of mean suppression

ratios over blocks of 3 days. The first day of A+, AX- training and the

2 preceding days of A+ training are not shown. Panel C shows suppression

ratios to B on the single day of B retraining.

In preliminary training (Panel A) , Ss in both groups acquired sup-

pression to B rapidly. During simultaneous compound conditioned inhibi-

tion training (Panel B) , Ss in both groups came to suppress during A but

not during AX trials. A comparison of difference scores (i.e., the dif-

ference between suppression on A and AX trials) on the last 3 days of

conditioned inhibition training revealed no significant difference between

the two groups (t«-.38, d_f=12, £>.70, two-tailed), suggesting that the

two groups discriminated equally well betv/een A and AX trials. Wliile,

over the course of discrimination training. Group C showed greater sup-

pression on both A and AX trials than did Group E, these differences were

not significant on the last day of training (_ts<L.87, dX"=12, £s>.05,

two-tailed), llats in both groups showed continued suppression to B on

the single day of B retraining following conditioned inhibition training.
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FACE PAGE FOR FIGURE 2

Figure 2: Meari suppression ratios for Groups E cUid C in Experiment 2

Panel A: Excitatory test stimulus training

Panel B: Simultaneous compound conditioned inhibition

training (3 day blocks)

Panel C: Excitatory test stimulus reminder
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FACE PAGE FOR FIGURE 3

Figure 3: Mean suppression ratios for Groups E and C in Experiment 2
Panel A: Extinction (Group E only)
Panel B: Summation test
Panel C: Retardation test
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Figure 3 shows stimulus effects on responding during the extinction

and testing phases of Experiment 2. Panel A shoves data for Group E

during 10 days of extinction. Group C received no stimulus trials while

bar pressing during this period. The figure shows that nonreinforcement

of A trials gradually weakened suppression to A and that by the end of

10 days of extinction training, Ss in Group E did not suppress to A pre-

sentations. During extinction, suppression ratios to AX and X fluctuated

around the neutral .50 mark, and by the end of training there v;ere no

significant differences in suppression on A, AX, or X trials (jts<1.74,

df^e, pr, >.10, two-tailed).

The data plotted in Panel B represent mean suppression ratios during

summation testing for Groups E and C (averaged over the three trials each

of B and BX) , Suppression ratios for individual animals on individual

trials during testing are presented in Table 3 to provide a more detailed

picture of the data. Of major importance is the fact that neither group

of Ss showed a statistically significant weakening of suppression to B

on BX trials. That is, for both groups, X v^7as not inhibitory. The data

in Table 3 show that: 1) For Group E, particularly, suppression to the

excitatory stimulus (B) weakened rapidly with nonreinforcement; 2) Par-

ticularly in Group C, many Ss suppressed on the first (BX) trials of the

session; and 3) There was a good deal of variability among Ss in each

group

.

If attention is focused on early stimulus trials during summation

testing (i.e., before suppression weakened to B)
,
Group E does show a

(nonsignificant) tendency to suppress less on BX trials. Referring to

Table 3a, if one compares suppression ratios averaged over the first tv70
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\^2j Exporiment 2. Suppression ratios on B and BX trials during
summation testing for individual subjects in Groups E and C.
Stimulus trials are listed in the order in which they occurred.

Trial
Group E
S 11 n r» r» t" DA r>D BX B B BX

1X • A / . ->-)
C 1

. D / .64 .67

2 .00 .03 .64 .14 .69 .50

3 .OA .00 .82 .43 .71 .60

4 .05 .22 .57 .55 .50 .67

5 .58 .47 .70 .53 .50 .67

6 .00 .64 .25 .67 .36 .33

I .83 .44 .79 .33 .43 .75

Mean .24 .29 .62 .45 .55 .60

Group C

O U U ^1 C V. JJ A.
a u By

1X no 24 56

2 .00 .08 .00 .11 .64 „00

3 .00 .63 .62 .65 .60 .61

4 .07 .48 .53 .56 .73 .59

5 .22 .32 .69 .81 .56 .62

6 .00 .12 .15 .00 .00 .57

7^ .00 .00 .76 .00 .00 .72

Mean .07 .24 .39 .36 .40 .52



35

BX trials i^ith those on the first B trial, it can be seen that 6 of the

7 rats in Group E shov; an inhibitory summation effect, while only 2 rats

in Group C do so (Table 3b). However, a statistical comparison of sup-

pression ratios on the first B and first two BX (averaged) trials reveals

no significant summation effect (t^»l.l, df=6, £>.rO, one-tailed). Nor

is there a statistically reliable difference between Groups E and C when

difference scores for both groups are compared (t;=1.01, df«12, £>.10,

one-tailed)

.

The results of the retardation test are presented in Figure 3, Panel

C, in terms of mean suppression ratios, averaged over four trials, during

X trials for both groups. Over the 2 days of testing, Group E was signi-

ficantly retarded relative to Group C in the acquisition of suppression

to X (t_=4.2A, _df=12, 2_<.01, one-tailed).

Discussion

The main conclusion that can be made on the basis of tha results of

Experiment 2 is that, relative to Group C, the experimental extinction

procedure studied did not weaken conditioned inhibition. It was expected

that Group C would show a good inhibitory effect against which to measure

any decrement in the effect in animals exposed to extinction. In summa-

tion testing, however. Group C showed no inhibitory effect, v/hile Group E

showed at least a weak inhibitory tendency. One obvious difficulty with

the results lies in the extinction of excitation to B during summation

testing, thus providing a poor background against which to demonstrate the

presence or absence of inhibition. In terms of the summation data, then,

one gains only an impression that Group E has an inhibitory tendency
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which Group C does not.

The retardation data strengthen the Irapression that Groups E and C

differ in their responses to X as Group E is quite retarded relative to

Group C in the acquisition of suppression to X. However, without support-

ing suiTCuation data, it is difficult to draw conclusions as to what that

difference really means, although some possibilities are suggested:

1) For both Groups E and C, X may retain (in some undetermined

amount) inhibitory properties following extinction and/or recovery sessions.

These inhibitory properties may fail to show up in summation testing for

reasons associated with the test procedure itself (e.g., the extinction

of excitation to the test stimulus). Further, the inhibitory properties

of X may be stronger for Group E than for Group C, as supported by the

retardation data.

2) For Groups E and C, X may have ].cst (in some undetermined amount)

inhibitory strength following extinction and/or recovery sessions. And,

further, X may have lost inhibitor)' tendencies to a greater extent in

Group C than in Group E.

3) Without appropriate control data, it is impossible to determine

if the nonreinforced X presentations were sufficient to eliminate or

weaken conditioned inhibition. However, the results do suggest that the

mere passage of time (as experienced by Group C) may be equally as effec-

tive as (or perhaps more effective than) the nonreinforced presentations

of inhibitory and excitatory CSs (as experienced by Group E) in weakening

conditioned inhibition.
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Experiment 3^

Experiment 3 was designed to test the possibility that the inhibi-

tory properties of a CS, established through simultaneous compound con-

ditioned inhibition training, might diminish with the passage of time,

i.e., that animals having no experience with the inhibitory CS for a

period of time following training might "forget" that the CS was an

inhibitor,

While the literature indicates that excitation in a conditioned

suppression procedure is retained over long periods of time (Hoffman,

Fleshier, & Jensen, 1963; Gleitman & Holmes, 1967), it is less clear

that inhibition is equally unforgctable . For example, Gleitman and

Bemheim (1963) found a loss of typical FI scalloping in rats after a

retention period. Prior to experimental treatment, rats given reinforce-

ment contingent on bar pressing on a fixed-interval (FI) 1-min schedule

came to place the great majority of their responses in the second half

of the 1-min Interval, llov-ever, following a retention period of 24 days,

this temporal discrimination had deteriorated, and Ss greatly increased

responding in the first half of the interval. Apparently, Ss "forget

that responses just after reinforcement yield no pellets" (p. 841) or,

that the first part of the interval is associated with nonreinforcement

.

Further, Hammond and Maser (1970) studied the retention of a tempo-

ral pattern of responding in a conditioned suppression procedure. Long

duration CSs, tenninating in shock, generate a pattern of suppression in

which suppression is weaker in the first part of the CS than in the later

part. This is typical of the long-delay procedure discussed earlier as
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one producing inhibition (inhibition of delay), v/here conditioned re-

sponses are Inhibited early in the CS (Rescorla, 1967a). llamnond and Maser

(1970) found that, when long-delay training was follov.'ed by a 25-day

retention interval, Ss continued to suppress at previous levels to the CS;

however, the temporal pattern of suppression was no longer observed.

These two studies, then, may be taken as evidence that inhibition is sub-

ject to forgetting.

In Experiment 3, two groups of animals were exposed to simultaneous

compound conditioned inhibition training designed to establish a CS as a

conditioned inhibitor. One group of animals (C) was then immediately

tested for stimulus effects in terms of summation and retardation tests,

while the second group of animals (F) sat in their home cages for 30 days

(maintained on deprivation schedules) follov/ing training and then tested

for inhibition^ Of interest v/ere any differences in the tv^o groups in

the inhibitory strength of the CS . Weakening of inhibitory control in

Group F might indicate that conditioned inhibition had been forgotten.

Method

Subjects and Apparatus

Ss were 15 Holtzman albino male rats similar to those of previous

experiments. The apparatus was unchanged.

Procedure

Preliminary training proceeded as in Experiment 2. The condition-

ing pliases which followed are summarized in Table Ic.
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Stmultaneous compound conditioned Inhlbttlon J^^l^jn^- This phase

was designed to establish for all 15 Ss a tonal CS (A) as a conditioned

excitor and a flashing light (X) as a conditioned inhibitor.

During tv70 initial 2-hr sessions, Ss received four reinforced pre-

sentations of A. In each of the lA daily 2-hr sessions which followed,

Ss experienced six reinforced A trials and six nonreinforced AX trials.

All stimuli were 1 min in duration; a 1-sec, 1-mA shock served as rein-

forcer.

Treatment for Group C. Following conditioned inhibition training,

seven of the fifteen Ss were assigned to Group C and treated in the follow-

ing manner. In two 2-hr recovery sessions, Ss were allowed to bar press

while experiencing no stimuli. Then, on a single day of suir.mation tcsl-

ing, Ss in Group C were exposed to three A and three AX stimulus trials,
'

all nonreinforcod J in counterbalanced order.

Following this, Ss in Group C experienced on each of 3 tlr.ys of

retardation testing, four X (light-alone) trials, half of them reinforced

by a 1-sec, 1-mA shock.

Treatment for Group £. Immediately following the completion of

inhibitory training, Ss in Group F v;cre returned to their home cages for

a 30 day forgetting period, during which they were maintained on a 2A-hr

deprivation schedule but were not run in the experimental apparatus.

Following this, 2 days of recovery sessions were follor^ed by a single day

of summation and 3 days of retardation testing, as in Group C. The only

difference, then, between Groups C and F was the interpolation for Group

F of 30 days (spent in their home cages) between inhibitory training and

testing for inhibitory control.
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Result s

The results of Experiment 3 are presented in Figure 4 in terms of

the wean suppression ratios associated with: 1) reinforced A and non-

reinforced AX trials during conditioned inhibition training (Panel A);

2) nonreinforced A and AX trials during summation testing, averaged over

all three trials of each stimulus (Panel B)
; 3) nonreinforced A and AX

trials during summation testing, on individual trials (Panel C)
; and,

4) reinforced X trials during retardation testing.

During inhibition training, Groups C and F acquired the necessary

A+, AX- discrimination at similar rates, and all Ss learned to suppress

on A trials V7hi]c continuing to respond on AX trials. At the end of

conditioning, there were no signlficont differences between the two groups

(t«.25, df=13, p>.70) in terms of difference scores.

The results of summation testing for conditioned inhibition are

shown In Panels h and C. Table 4 presents complete individual subject

data for each stimulus trial during testing. In terms of overall results

(Panel B) , both groups showed a significant summation effect (£^s>2.34,

df-6, ps<.05, one-tailed) and did not differ significantly from one

another (difference scores, t;='.45, df"13
, £>.60). However, a closer

look at the data reveals that neither group demonstrated a significant

summation effect throughout testing and, further, that the two groups

differed in terms of when the summation effect was present during testing.

Group C showed a strong summation effect as measured by the first A and

AX presentations (t^-3.59, clf-6, j><.01), but no significant effect on

subsequent A and AX trials (t^s<1.0a, _<lf°6
,
£s>.10, one-tailed). On the

other hand, Ss in Group F suppressed completely on both the first A and
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FACE PAGE FOR FIGURE A

Figure 4: Mean suppression ratios for Groups C aiid F in Experiment 3Panel A: Simultaneous compound conditioned inhibition
training

Panel B: Cvorall summation test
Panel C: Individual trials in summation test
Panel D: Retardation test



—

t

i

!

•CVI

i_

CD
-I

<i
.

•So.

^ X h. X
< <X < < X

^ 00<3 f

<

CL
*-

a.

0
q:

JO

>-
<
Q

in sr. to CO

OllVd NO ISSl-JddcjnS NV31N



A?.

Tabl£ A_: Experiment 3. Suppression ratios on A and AX trials during
summation testing for individual subjects in Groups C and F.
Stimulus trials are listed in the order in which they occurr

Trial
Group C

Subject AX A AX A A AX

1 .52 .06 .A3 .50 .59 .AS

2 .48 .00 A3 60 .JO

3 .00 .00 .38 .29 .73 .75

4 .42 .00 .56 .00 .11 AO

5 .24 .00 .A5 .52 A6 AA

6 .38 .00 .AS .00 ,33 .59

7 .00 .00 .50 .50 .80 .71

Mean .29 .01 .A6 .35 .A7 .55

Group F

Subject AX A AX A A AX

1 .00 .00 .30 .00 .17 .50

2 .00 .00 .AA .64 .6A .20

3 .00 .00 .53 .00 .36 .68

4 .00 .00 .A2 .25 .00 .A7

5 .00 .00 .AA .00 .00 .77

6 .00 .00 .71 .57 .33 .53

7 .00 .00 .57 .21 .30 .A6

8 _.oo .00 .71 .25 .lA .71

Mean .00 .00 .5?. .2A .2A .5A
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the first AX trials, but showed a significant attenuation of suppression

to A on subsequent AX trials (ts>2.35, df=7, £s<.05. one-tailed). In

all cases significance was determined in terms of a comparison of sup-

pression ratios to A versus AX on each of the three pairs of A-AX trials.

Retardation results for Groups C and F are presented in Figure 4

(Panel D)
.

Ss in Group F acquired suppression to X significantly faster

than did Ss in Group C ^=2.69, df«=13, p<.01, one-tailed).

Discussion

The main finding of this experiment is that a prolonged delay be-

tween simultaneous compound conditioned inhibition training and the test

for inhibition thus established does, in fact, appear to have a detri-

mental, though temporary, effect upon inhibition. Ss in Group F respond-

ed quite differently, in comparison to Ss in Group C, on the first trial

of the AX stimulus in summation testing; the former suppressed to the

stimulus, while the latter showed attenuation of suppression. Ss in

Group F had not permanently forgotten the inhibitory nature of X, for a

strong summation effect was shown later in testing. In contrast, Ss in

Group C showed a strong summation effect early in testing, which washed

out later in testing as excitation to the A stimulus extinguished. It

should be noted that Ss in the forgetting control group in Experiment 2

(Group C) also suppressed on the first compound trial in summation testin

but did not sho\\' a summation effect in subsequent testing.

For Group F, then, the presentation of either the first A or the

first AX cue in summation testing appears to have performed the role of

prompting the inhibitory control of X, even though neither of the stimulu



trials was accompanied by shock.

That one or both of these cues may have been responsible for the

recovery of the summation effect in Group F calls to mind the "rein-

statement" effect of Rescorla and Heth (1975). If the effect here is a

true prompting effect, it might be possible to interpret the action of the

cues as involving some modifications of the US or not-US image after one

or both of these had been previously modified during the retention in-

terval. Alternatively, the effect might be explained in terms of a re-

establishment, with the presentation of the A and AX stimuli, of the

general stimulus context in V7hlch inhibitory conditioning took place

(Mackintosh, 197A) . It should be noted that the extinction procedures

examined in Experiments 1 and 2 could perform a similar role in maintain-

ing the conditions of inhibitory training, or prompting the conditioned

response, and thus maintainiiig inhibition.

One further note on the prompting notion discussed above: Baker

(1977) found that inhibitory effects arising from a negative correlation

procedure (and reliably demonstrated in a retardation procedure) were

not observed in a compound test procedure involving nonreinforccd A and

AX trials (i.e., a summation procedure), llov/ever, when, in continued

compound testing, he reinforced the A-alonc stimulus, a good attenuation

of excitation effect was immediately apparent on subsequent trials.

Here, the shock appeared to perform a prompting role. By adding shock,

the summation procedure became a conditioned inhibition savings test

similar to the one used here in Experiment 1. In fact, the responses of

both groups of animals in Experiment 1 on the very first few B and BX

trials during testing (see Table 2) suggest that the presentation of
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shock may have prompted the inhibitory control of X.

The retardation results of Experiment 3 are consistent with the

conclusion that, for Group F, some impairment in the inhibitory power of

X has taken place. However, the strong summation effect demonstrated

late in summation testing makes this explanation of the retardation re-

sults less agreeable. Possibly, the facilitated excitatory acquisition

in Group F was (in part or entirely) a function of an "Incubation of

fear process" (McMichael, 1966; Denny & Ditchman, 1962), in which fear

conditioned to an excitatory C5 becomes increasingly greater during

retention intervals. It is consistent with this notion that, during

summation testing, Ss in Group F continued to suppress well on A trials

throughout testing, whereas, for Ss in Group C, the excitatory strength

of A extinguished rapidly. An incubation of fear effect may also have

contributed in part to the suppression shown by Group F early in summa-

tion testing. Finally, the inclusion of a control procedure, involving

shock and retention. interval (but not inhibitory) experience similar to

that of Group F might clarify the retardation results.

Experiment A_

In Experiments 1 and 2 the nonrein forced presentations of conditioned

inhibitors was investigated as a procedure leading to the attenuation of

conditioned inhibition. In Experiment 4, the negative correlation between

the Inhibitory OS and the US was removed in an attempt to extinguish the

tendencies controlled by the inhibitory OS. Zimmer-llart and Rescorla

(i97A) investigated two procedures (A and AX trials, either both rein-

forced or neither reinforced) designed to degrade the negative CS-US
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correlation developed throuRh simultaneous compound conditioned inhibi-

tion training. In that experiment, only in the instance where both A

and AX were reinforced did X lose its inhibitory properties. In the pre-

sent experiment, the correlation between the conditioned inhibitor and

reinforcement was removed in a different way, by presenting the inhibitor

(X) and the shock in a truly random fashion. That is, CS (X) and US trials

were programmed to occur randomly and independently of one another, such

that the probability of a US was equal in CS presence and absence. Such

a procedure, in which the CS is no longer informative about the occurrence

of nonreinforcement or reinforcement, has been suggested as an appropriate

method of extinguishing both inhibition and excitation (Rescorla, 1967b).

In terms of the Rescorla-Uagner model, a truly random procedure

might be expected to reduce inhibition. The independent and random pre-

sentation of CSs and USs involves stimulus trials of the foj.lov.-ing types:

1) CS-alone; 2) US-alone; and 3) chance pairings of the CS and US.

Both reinforced and nonreinforced CS trials should contribute to a reduc-

tion in inhibition controlled by the CS as a result of prior inhibitory

training. On the other hand, US-alone trials should raise the excitatory

strength of the background cues, which might attenuate the loss of inhi-

bition on nonreinforced X trials or perhaps even increase X's inhibitory

strength.

Subjects in one group (Group E) experienced typical simultaneous

compound conditioned inhibition training designed to establish two

stimuli (X and Y) as conditioned inhibitors, followed by experience with

one of the inhibitors (X) presented in a truly random fashion with shocks,

while A+ trials continued to be presented as before. The ability of X,
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relative to Y, to control inhibitory tendencies was assessed in terms of

summation and retardation procedures.

A second Rroup of Ss (Group N) did not receive conditioned inhibi-

tion training, but did receive excitatory training to the A stimulus (as

did Group E) and, following that, truly random training with X. Then

summation and retardation tests were used to assess the conditioned pro-

perties of X. Theoretically, the truly r.-mdom treatment should leave X

neutral (Rescorla, 1967a). Group N was included in the design to reveal

the actual effocto of the tru]y random training experience on naive sub-

jects. Group N was not intended as a control for Group E,

Method

Subj ects and Apparatus

Si3:tecn male albino rats similar to those of the preceding experi-

ments served as subjects in the same apparatus. Animals were food de-

prived, and bar pressing vjas reinforced with sucrose presentations.

Procedure

Preliminary training proceeded as in Experiment 2. The conditioning

phases which followed prelininary training are summarized in Table Id.

Simultaneous compound conditioned inhibition training . This phase

was designed to establish, for one group of eight Ss (Group K) , a 75-dB

white noise stimulus (A) as a conditioned exciter, by reinforcing A pre-

sentations; while two other stimuli, a flashing light and intermittent

tone (sec Experiment 2), were established as conditioned inhibitors by

presenting them in compound with the A stimulus, nonreinforced.
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During the first two 2-hr sessions, Ss received four reinforced

presentations of A. During each of the following sessions, each animal

received four reinforced A trials and four nonreinforccd presentations

of each of the compound stimuli (AX and AY). All stimuli were 1 min in

duration; reinforcement v/as a 1-sec, 1-mA shock. Training with the

three stimuli (A, AX, and AY) continued for 41 days.

A second group of eight Ss (Group N) received the same reinforced

A trials as did Group E throughout this phase of the experiment, but

experienced no compound trials.

Extinction of inhibition . This phase was designed to degrade, for

Group E, the correlation between nonre enforcement and one of the stimuli

established as conditioned inhibitors in the previous phase. At this

time, one of the Ss in Group E v/as dropped from the experiment for

failure to form the discriminations during the previous phase. For four

of the seven Ss of Group E, the inhibitory stimulus to be extinguished

(X) was the flashing light (Subgroup E-L) , while for the other three Ss

,

the X stimulus was the intermittent tone (Subgroup E-T)

.

On each day of extinction, Ss in Subgroups E-L and E-T received two

reinforced white noise trials (A), designed to maintain A as an excitor.

In addition, Ss received 24 X trials and 10 1-sec, 1-mA shocks presented

randomly and independently of one another. The random schedule of pre-

sentations of CSs (X) and USs was computer generated, with the restric-

tion that the number of pairings of OS and US occurring per session had

to be equal to the number of CS-US pairings that would theoretically

occur by chance (i.e., two). This conditioning continued for 8 days.



In order to monitor the ongoing changes in the degree of inhibition

controlled by X and Y during this period, a single nonreinforced AX or AY

trial VMS superimposed upon responding on alternate days of truly random

training.

The eight Ss in Group N received training identical to that of Sub-

groups E-L and E-T in this phase of the experiment. Again, four Ss ex-

perienced light as the X stimulus (Subgroup N-L) and four Ss experienced

tone (Subgroup N--T) .

Recovery. In four 2-hr sessions, Ss in all groups vjere allov/ed to

bar press for reinforcement on a VI 2-min schedule while no stimuli or

shocks were presented. This procedure v;as designed to insure a nonexcit-

atory background against which to test the effects cf interest.

Summation test . This phase was designed to assess the ability of X

atid Y to attenuate suppression controlled by A. Ss in all groups re-

ceived two A, two AX, and two AY trials, all nonreinforced ,
superimposed

on responding in a single 2-hr session.

Retardation test. In this phase, the inhibitory properties of both

X and Y were assessed in terms of a retardation test. In each of six

daily 2-hr sessions, Ss in all groups received two presentations each of

the X and Y stimuli, one of each reinforced with a 1-sec, 1-mA shock.

Results

Group E^

The results of preliminary excitatory and inhibitory training for

Group E are presented in Figure 5.
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FACE PAGE FOR FIGURE 5

Figure 5: Mean suppression ratios for Groups E and N in Experiment 4

Panel A: Preliminary A+ training

Panel B: Simultaneous compound conditioned inhibition

training
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Panel A In Figure 5 shows preliminary A+ conditioning results.

Suppression to A was rapidly acquired in Group E. Panel B shows simul-

taneous compound conditioned inhibition training results for Group E.

Data are plotted in 3-day blocks, with the first 2 days of training

omitted. These results show that both the noise-light/noise and noise-

tone/noise discriminations were gradually formed. The noise-light/noise

discrimination was formed more rapidly; and, on the last day of training,

Ss In Group E suppressed significantly less during noise-light trials

than during noise-tone trials U=3.06, d^=6, £<.05, two-tailed).

Data representing the mean effects of A, X, and (alternating) AX

and AY stimuli on each day of truly random training for Subgroups E-L

and E-T are presented in Figure 6 (Panels A and D, respectively). For

Subgroup E-L, X was the light and Y the tone, while for Subgroup E-T the

opposite was true. Each data point for A is based on tvo trials; each

point for X on 24 trials; and each point for AX and AY on only one trial.

The data for Subgroups E-L and E-T are similar. Ss continued to

supprcr,s to A throughout training. Ss did not suppress on X trials, and,

in general, did not suppress on AY probe trials. A comparison of sup-

pression to AX on the last day of conditioned inhibition training and on

the first AX probe, reveals a significant increase in suppression during

AX (t*=A.69, df«6, £<.01). A similar comparison of suppression to AY

reveals no s ignifleant change (t»1.53, d£-6, £> . 10) . Both comparisons

are based on data pooled across subgroups.

The suppression to AX early in truly random training lessened during

training, and animals in both subgroups suppressed significantly less on

the last AX probe than the flr;;t (pooled data, _t-9.A3, d_f-5, £<.001).
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FACE PAGE FOR FIGURE 6

Figure 6: Mean suppression ratios for Subgroups E-L and E-T in
Experiment A

Pariol A: Ex.tinc.tion (E-L)

Panel B: Summation test (E-L)

Panel C: Retardation test (E-L)

Panel D: Extinction (E-T)

Panel E: Summation test (E-T)

Panel F: Retardation test (E-T)
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Summation data for Subgroups E-L and E-T are shown in Figure 6,

Panels B and E. respectively. The data are similar in form, though

absolute suppression levels differ between subgroups. While animals in

both subgroups suppressed on A and AX trials, they did not suppress

during AY presentations, irrespective of the nature of the X and Y stim-

uli (i.e., whether they were light or tone). A comparison (based on

pooled data) of difference scores (i.e., the difference between suppres-

sion ratios on A and AX trials) on the last day of conditioned inhibition

training and during summation testing reveals a statistically significant

decrease in the ability of X to attenuate suppression to A following

truly random training (t^-A.59, d_f=6, p<.01). A similar (pooled) compar-

ison of difference scores for suppression ratios on A and AY trials

reveals no significant change in the ability of Y to attenuate suppression

(t-.77, df-6, p>.AO).

Retardation data for Subgroups E-L and E-T are presented in Figure

6, Panels C and F, respectively. For both groups, the tonal CS acquired

suppression more rapidly than did the light. Averaging over 6 days of

retardation testing and pooling data from both subgroups, this difference

is significant (t«6.96, df-?, £<.001, two-tailed).

Group

Data for Group N during preliminary A+ and continued Af training are

presented in Figure 5, Panels A and B, respectively. Suppression to A was

rapidly acquired and continued strongly over the 41 days of training. It

might be noted that Ss in Group N consistently suppressed more to A than

did Ss in Group E during this phase of the experiment. This difference

may be due to the fact that Ss in Group N never experienced nonreinforced
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trials

.

The data representing stimulus effects during truly random training

for Subgroups N-L and N-T are presented in Figure 7, Panels A and D,

respectively. In both subgroups, Ss continued to suppress to A through-

out training. Ss in both subgroups showed essentially no suppression on

X trials, while suppression on AX trials was similar to that on A alone

trials. Although Ss in Subgroup N-T (Panel D) suppressed somewhat less

on AY trials than on A trials, this difference was not significant

(t-1.89, df=6, p>.10, two-tailed).

Summation test results for Subgroups N-L ai\d N-T are presented in

Figure 7, Panels B and E, respectively. Ss suppressed significantly less

on AY trials than on AX trials (t_=3.R5, d_f-7, £<.01, two-tailed) regard-

less of the nature of the X and Y stimulus (pooled data).

Retardation data for Subgroups K-L and N-T are presented in Figure

7, Panels C and F, respectively. For both groups, the tone stimulus

acquired excitation faster than did the light. Averaging over the 6 days

of retardation testing and pooling data for the two subgroups, this

difference is significant (_t=4,02, df=7, £<.01, two-tailed).

Discussion

To summarize the results of Experiment 4 with respect to Subgroups

E-L and E-T: 1) All Ss formed both the noiso-light/noisc and the noise-

tone/noise discriminations during inhibition training; the noise-light/

noise discrimination was the stronger of the two; 2) Early in truly

random training, Ss in both subgroups suppressed on A and AX trials, but

not on AY trials; the suppression to AX decreased as training continued;



55

FACE PAGE FOR FIGURE 7

Figure 7: Mean suppression ratios for Subgroups N-L and N-T in
Experiment 4

Panel A
Panel B

Panel C

Panel D
Panel E

Panel F

Extinction (N-L)
Suramation test (In-L)

Retardation test (N-L)
Extinction (N-T)
Sur.iir.ation test (N-T)
Retardation test (N-T)
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3) In summation testing, X (light or tone) was no loncer able to attenu-

ate suppression to A. while Y was as able to attenuate suppression to A

as it had been prior to truly random experience; and, 4) Acquisition

rates during retardation testing appeared to be a function of stimulus

type rather than previous treatment; the results were confounded by the

possibility that the stimuli differed in ways which would contribute to

their abilities to acquire associative strength in general (e.g., their

salience)

.

The main finding of the experiment, then, is that the truly random

procedure v/as successful in weakening the inhibitory power of X. That is,

when an inhibitory stimulus v/as experienced along with reinforcement

delivered in a noncorrelated manner, that stimulus became less inhibitory.

Moreover, the effects of the extinction procedure were specific to the

one inhibitory stimulus (X) v:hlch was experienced In a truly random fash-

ion with respect to shock; the ability of a second inhibitory stimulus

(Y) to attenuate excitation was not diminished. In contrast to data

v/hich indicate that truly random treatments are slow to reduce previously

established excitatory tendencies (Ayres & DeCosta, 1971; Keller, Ayres

,

f. Mahoney
, 1977), the effects of the truly random treatment on X's

inhibitory pov/er were almost immediate (according to the AX probe data)

and certainly robust (according to the summation data).

By focusing on the data for Subgroups N-L and N-T, it is possible

to surmise just how experience with this truly random schedule affected

responding in the presence of the various stimuli involved. It seems

likely that the major effect of the truly random experience on Ss in the

naive groups (Group N) was to condition mild excitation to X. The main
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piece of evidence for this is the sipiificantly greater suppression on

AX as opposed to AY trials in summation testing for these Ss. It appears

highly unlikely that this difference is a result of some inhibitory

tendency controlled by Y; the Y stimulus v/as experienced by these Ss on

only the four AY probe trials during truly random training and this seems

quite insufficient to develop inhibition in light of the extensive

training required by Ss in Group E. On the other hand, it is not at all

unlikely that X may have acquired excitation as a result of truly random

training (which involved some chance pairings of X with shock). There

is much experimental data showing that such a treatment may produce

excitatory conditioning (e.g., Benedict & Ayres, 1972; Kremer, 1971;

Quinsey, 1971). It should be noted that X-nlone trials during the

truly random treatment did not suppress responding for Ss in Subgroups

N-L and N-T. Reberg (1972) has shov;n that a stiiaulus which has been

experienced in only a few excitatory acquisition trials, or to which

excitation has been extinguished, and which has no obvious suppressive

effect when presented alone, does reveal excitatory tendencies v;hen pre-

sented in compound with a second excitatory stimulus. That is, when a

mildly excitatory stimulus (CS2) , which has no suppressive effects by

itself, is compounded v;ith a known excitatory stimulus (CSj^), the excita-

tory tendencies sumraate to produce greater suppression of responding than

is apparent in the presence of CS^ alone. Thus, in this experiment, a

mildly excitatory X stimulus may have no effect on responding v;hen pre-

sented alone (as during truly random training), but may act to suppress

responding when presented in compound with A, a known excitor (as in

summation testing). In fact, Ss in Group N suppressed more (albeit
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nonsigniflcantly) on .^X than on A trials during summation testing.

Certainly. X does not become inhibitory as might be predicted on the

basis of so many nonreinforced X trials occurring in the presence of

background cues which might be excitatory due to US-alone trials.

It is possible that, during the course of truly random training, X

becomes excitatory for Ss in Subgroups E-L and E-T, as well. Certainly,

the suppression on early AX probe trials is consistent with this notion,

as is the gradual weakening of that suppression as training continues

(Keller, et al.
, 1977). However, summation test results suggest that X

has acquired a neutral status. It should be noted that the same truly

random sequence may have produced an excitatory X in Group N and a

neutral X in Group E, given the differences in previous experience betv/een

the two groups

.

General Discussion

The main findings of this group of experiments are:

1) Nonreinforced presentations of the stimuli involved in previous

simultaneous compound conditioned inhibition training (A, AX, and X) do

not appear to weaken inhibition thus established; this is consistent

with previous experimental evidence (Zimmer-llart & Rescorla, 1974).

2) The interpolation of a retention interval of 30 days (spent in

home cages) between simultaneous compound conditioned inhibition train-

ing and testing appears to produce a measurable, but temporary, disrup-

tion of the ability of the Inhibitory stimulus to attenuate suppression.
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3) The truly random prc:,entation of an inhibitory stimulus (X) and

shock, which degrades thf; correlation between X and nonreinforccment

,

does produce a loss of Inhibitory strength in X.

The effects of nonreinforced stimulus presentations are best assessed

by an examination of the first three experiments together. Experiment 1

strongly suggests that A-, AX-, and X- experience does not attenuate

inhibition in X. Here, the conditioned effects of X were measured by a

conditioned inhibition savings test. In contrast, Experiment 2 showed

(for Group E) a loss of inhibition following A-, AX-, and X- experience.

However, Group C in Experinent 2, v;hich received no such experience,

also showed a weakening of inhibition. In both cases, inhibitory

effects vjere tested in a summation procedure. While it is posf.ible

that, for Ss in both Groups E and C, X lost inhibitory control (due

either to the extinction procedure or the passage of tire) , this appears

unlikely. The results of Experiment 3 suggest that any effect of the

retention interval on inhibition is temporary. If this is so, then

for Ss in Group G, X might have been expected to recover its inhibitory

control during testing. This v/as not the case. And, while it is still

possible that the failure to find summation effects in Group E was due

to the effects of the extinction procedure, it now seems more likely

that the real culprit v^as the testing procedure and the failure of the

excitatory test stimulus to maintain its ability to suppress responding

during testing. This problem is not new in this laboratory (iJitcher,

1974; U'itcher & Ayrcs, in prep.). The summation effects shown in

Experiment 3 nay be better than those of Experiment 2 largely because

of relatively better suppression to the excitatory stimulus.
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It appears, then, that the presentation of nonreinforced stimuli

subsequent to simultaneous compound conditioned inhibition training does

not attenuate inhibition. Clearly here, and elsewhere (Baker, 1974;

Zimmer-llart & Rescorla, 1974), the Rescorla-Wagner model is not success-

ful in predicting the effects of nonreinforcement follov7ing inhibitory

conditioning.

The results of Experiment 3 suggest that the inhibitory control

of a CS is not destroyed over a retention period, but rather that the

recall of such control is impaired, such that a prompting experience is

needed to spark the inhibitory effects of the stimulus. On the surface,

then, it appears that inhibition may be more labile than excitation in

this regard. For example, within the same experimental situation,

excitatory conditioning appears to be absolutely stable over long inter-

vals. Table 5 shows data from Experiment 2 for conditioviing to the; )i

stimulus, which was conditioned prior to conditioned inhibition training

and then retrained 49 sessions later. There was no loss in suppression

to B,

A more direct test of the effects of passing time on excitation

versus inhibition is suggested in Table 6. Here, Ss receive either

excitatory or inhibitory training prior to a retention interval and

subsequent testing for the stimulus effects of excitatory, inhibitory or

neutral stimuli. Group 1 is similar to Group F in Experiment 3; Group

2 receives differential as opposed to simultwieous compound conditioned

inhibition training; Group 3 receives only excitatory conditioning; an

Group 4 acts as a naive control. For completeness, three other groups,

ressembling Groups 1, 2, and 3, except for retention interval experience
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Tables: Experiment 2. Individual subject suppression ratios

A) Tl..e last B+ trial during preliminary B training

B) The first E+ trial on the single day of B reminde

on

:

Subject

A. Group I 2 3 A 5 6 7 8

E .07 .00 .00 .00 .00 .00 .20 .00

C .00 .00 .00 .05 .16 .28 .00 .00

Group 1 2 3 A 5 6 7 8

E .00 .00 .00 .03 .00 .00 .00 .00

C .00 .00 .00 .00 .00 .00 .00 .00
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Table 6 Types of stimulus events schedules during the various stages
of the proposed experiment on retention effects in excitatory
and inhibitory conditioning for four experimental groups.
Plus si^^'ns (+) indicate reinforcement; minus signs (-)
indicate nonreinforcement

.

Preliminary Retention Compound Acquisition
Group conditioning interval* testing testing

I A+, AX- Yes A-,AX- A+, X+

2 A+, X- Yes A-,AX- A+, X+

3 A+ Yes A-,AX~ A+, x+

4 None None A-,AX- A-I-, x+

*Could take place in home cages or conditioning chambers
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should be run. A further experimental manipulation of interest might be

the site of the retention experience (i.e., home cages or experimental

chambers)
. To tlie extent that the conditioning of the appari.tus cues is

an important mediating factor in the conditioned strengths of the princi-

pal cues, retention experience in experiemntal chambers night be expected

to have a greater effect on subsequent stimulus effects upon responding.

The truly random sequence (Experiment 4), which involved X-alone,

US-alone, and chance X-US pairings, did attenuate inhibition. It did

not (as might have been expected in liglit of the many X-alone trials

occurring in the presence of - possibly - excitatory background cues)

increase X's inhibitory power. This is consistent V7ith previous work in

this laboratory' in x/hlch a negatively correlated sequence of CSs and USs

which approximated a truly random control (i.e., the probability of

shock in CS presence (.6) was almost as great as the probability of

shock in CS absence (.8)), failed to produce inhibitory conditioning

(Witcher, 1974; Witcher & Ayres, in prep.).

In light of the data from Croup N in Experiment 4, it is likely

that the important factor in the ability of the truly random control to

weaken inhibition is the chance pairings of X with shock. Certainly,

Experiments 1 and 2 suggest that the X-alone trials v/ere not sufficient

to attenuate inhibition.

One interesting avenue of future research might be to examine in

some detail the cliaracteristics of the truly random treatment which are

nccessar)' and/or sufficient to extinguish inhibition (see Benedict &

Ayres, 1972 ;
Keller, Ayres & Mahoney, 1977 ;

Ayres, Benedict & VJitcher,

197:), for examples involving the removal of excitation via truly random
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treatment). Such experiments micht delineate the important differences

between Experiments 1 and 2 and Experiment 4 which contributed to failure

(in the first two) and success (in the latter) in the extinction of

Inhibition.

In addition, it would be interesting to study the dep^ree of exposure

to a truly random sequence which is necessary and sufficient to weaken

inhibitory control. In Experiment 4, it appears that surprisingly little

experience with the truly random procedure is necessary to weaken

inhibition.

An inhibitory stimulus has been defined thus far as one controlling

a response tendency which opposes the response tendencies of a conditioned

excitor (Rescorla, 1969b). Within this framev7ork, training of the A+,

AX- variety causes X to evoke a negative associative strength which

balances the excitatory associative strength of A, such th.tt the compound

presentation of A and X fails to evoke a conditioned response. Non rein-

forced presentations of X during extinction procedures evoke this negative

response tendency in the absence of a supporting outcome, resulting,

theoretically, in a diminishing of that response tendency. The experi-

ments described above fail to support this view.

An alternate view of conditioned inliibitlon is, however, consistent

with the data presented here. This view suggests that an inhibitory CS

does not control a response tendency in opposition to excitation. Rather,

the conditioned inhibitor is seen to modulate the effectiveness of the

conditioned excitor by raising the threshold for excitatory action

(Konorski, 1948; Rescorla, 1973; Zimmcr-Hart & Rescorla, 1974). Within

this framework, an inhibitor has an effect only in the presence of
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excitation.

Figure 8 presents a diagram of this alternate view (following

Rescorla, 1973) in terms of the internal representations, or "imnef^"

of external events and the associative connections between them. Here,

too, learning is a function of discrepancies between actual events and

the organism's expectations about events. This is represented by a

comparison process involving the degree of arousal of the US image and

the intensity of the external event. Positive discrepancies develop the

excitatory connections shovm between CE and US, so that the occurrence

of the CE produces a response (CR). Negative discrepancies attach inhi-

bitory processes to the CI. Here, the CI does not excite a "not-US" or

"safety" image, but rather inhibits the already established action of CE.

To put it another way, rather than establishing competing excitatory

connections (i.e., those between CE and US versus those between CI and

not-US) ,
inhibitory conditioning arranges a different relationship among

existing events (i.e., the CE and US images) (Rescorla, 1975).

Rescorla and Holland (1977) have suggested that the inhibitory

action of X (following simultaneous compound conditioned inhibition

training) may potentially impinge upon the CE image, the US image, the

OR effector, or the excitatory association itself between CE and US.

In a study of the transfer of Pavlovian conditioned inhibition across

stimuli and responses, the experimenters established that:

1) Inhibition established through training with one exciter (A)

would transfer to a second excitor (B) whose excitation was based on the

same US (either food or shock). Further, this transfer took place even

though excitation had been extinguished to A prior to transfer.
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FACE PAGE FOR FIGURE 8

Figure 8: Internal representations, external events and associative
connections in conditioning
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2) The transfer of inhibition from A to B occurred even when A and

B, though established as excitors by the same US, produced qualitatively

different CRs.

3) X did not inhibit responding produced by A x;hen A was subsequently

paired with a new US (food became shock); at the same time X continued

to Inhibit responding produced by B (based on food as a US).

These results argue against the site of inhibitory action being

either the CE, the CR or the association between the CE and the US for:

1) Inhibition transferred readily to a now CE; 2) Inhibition transferred

readily from one CR to another, as long as only one US was involved;

3) Inhibition did not transfer from the same CE to a new US (cind CR)

;

and, 4) Inhibition transferred from one CE to another in spite of the

extinction of excitation controlled by the initial CE.

Rescorla and Holland (1977) and Rsscorla (1973) suggest, then, that

the site of inhibitory action is the US image. This is reflected in

Figure 8. Here, Pavlovian conditioned inhibition training establishes

connections bctvjeen CI and US images such that the occurrence of CI raises

the threshold for activation of the US image. The CI, then, has an effect

only relative to activation of the US representation, by the US or by CE.

When the CE is presented in compound with the CI, the CR is diminished

because excitation of the US image must exceed the higher threshold estab-

lished by CI.

Within this threshold notion of conditioned inhibition, nonreinforced

presentations of a conditioned inhibitor should not diminish previously

established inhibitory control. The presentation of the inhibitory stim-

ulus evokes no competing response which would bo discrepant from the
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"null- outcoir.0. Where there is no discrepancy, no learninc takes place,

so the conditioned inhibitor retains inhibitory control. Inhibition

should be diminished only if the conditioned inhibitor is paired with the

US, establishing excitatory connections between the (former) CI and US

images

.

Finally, it has been suggested that while Figure 8 may accurately

describe the relationship between stimuli and responses following simul-

taneous compound conditioned inhibition training, it does not necessarily

follow that identical relationships are established by way of other

inhibitory paradigms. Different paradigms may establish inhibition via

different mechanisms, e.g., at different sites (Rescorla, 1975; Rescorla

& Holland, 1977).
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Tables 7-39 .

Comments on Tables:

These tables present the response rate data necessary to the computa-

tion of suppression ratios in Experiments CS represents, in general,

the number of responses during the CS ; P-CS represents, in general, the

number of responses during the interval immediately preceding, and equal

in duration to, the CS . Hov;ever, in Tables 36 and 37, the CS data for A

represents an average of responses made during the tv/o presentations of A

per session. Further, P-CS data on Tables 36 and 37 were determined by

dividing the total number of responses made during non-stimulus time (i.e.,

no stimuli occurring) by the amount of uon-stimulus time over the entire

session (in terms of CS-long intervals). That is, P-CS rates on Tables

36 and 37 are a function of overall responses (occurring in CS absence)

during the 2-hr session rather than during specific pre-CS intervals.
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APPENDIX B:

Suppression Ratios



Ul

Tables A0~58 .

Comments ou Tables:

These tables present suppression ratio data for Experiments

Conditioned suppression to stiiBulus presentations was measured by forming

a ratio of the form A/A+B, where A denotes the number of responses during

the CS (CS on the tables in Appendix A) and B the responses in the pre-CS

interval (P-CS on the tables in Appendix A) (Annau & Kamin. 1961).

Where an animal failed to respond in the pre~CS interval, uo suppres-

sion ratio was figured.
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