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Signaling intertrial shocks attenuates their
negative effect on conditioned suppression

ROBERT A. RESCORLA
University ofPennsylvania, Philadelphia, Pennsylvania

Three groups of rats were given Pavlovian fear conditioning in which footshocks occurred
at a rate of .4 per 2 min in the presence of a light. For two of those groups, the light/shock con
tingency was degraded by the delivery of shocks at a rate of .2 per minute in the absence of
the light. For one group, those additional shocks were signaled by a sequence of auditory stim
uli; for the other group, they were unsignaled. A subsequent test of the light's ability to sup
press ongoing leverpressing found that shocks delivered in the absence of the light interfered
with conditioning of the light. But that interference was reduced markedly when those shocks
were signaled. The results are consistent with a view in which Pavlovian contingencies are
mediated by background conditioning adversely affecting learning about signals of the rein
forcer.

Modern discussions of Pavlovian conditioning often
emphasize the importance of the contingency between
the conditioned stimulus (CS) and the unconditioned
stimulus (US) . One empiri cal result that has encouraged
that view is that otherwise effective CS·US contiguities
can be rendered relatively ineffective by the presenta
tion of the US in the time interval between CSs (e.g.,
Gamzu & Williams, 1973; Rescorla , 1968). Indeed ,
under some circumstances, no conditioning of the CS
occurs when the rate of US presentation in the absence
of the CS matches that in its presence.

The major theo retical interpretations of this result
have att empted an explanation in terms of an aug
mented notion of CS-US contiguity . Of prime impor
tance to those interpretations has been the well-supported
proposition that USs occurring in the absence of the CS
act to condition contextual cues. That context condi
tioning has been suggested as playing two quite different
roles. On the one hand, several theories (e.g., Mackintosh ,
1975 ; Pearce & Hall, 1980 ; Rescorla & Wagner, 1972)
have viewed context conditioning as preventing the
conditioning of the CS on the occasions that it is paired
with the US. According to such views, a well-conditioned
context can function like a discrete stimulus to block
the conditioning of another CS in its presence (ef.
Kamin , 1968 , 1969). On the other hand, one might view
contextual conditioning as interfering, not with the
conditioning of the CS, but with the exhibition of that
conditioning. For instance , Gibbon (l981 ) and Gibbon
and Balsam (1981) have argued that conditioning of a
CS may proceed similarly whethe r or not the context
has been conditioned ; however, the organism may dis-
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play its learning about the CS more readily in a poorly
conditioned context.

Durlach ( 1983) noted two differential predictions
from these theories. First , they anticipate different
outcomes should a CS that is poorly conditioned by
virtue of USs occurring in its absence be tested in a
different context. If the deficit is in learning, then little
responding should occur to the CS, whatever its test
context ; if the deficit is attributable to contextual con
ditioning attenuating performance, then substantial re
sponding should occur if the CS is presented in a poorly
conditioned context. Second, learning accounts describe
the blocking of the CS-US association by the context in
terms of the context and the CS competing for associa
tive strength. Consequently, they envision CSs as capable
of blocking conditioning of the background in the same
way that the background is capable of blocking condi
tioning of the CS. As a result, they anticipate that the
impact of USs that occur in the absence of the CS could
be dramatically reduced if those USs were signaled by
some other stimulus . Under those circumstances, there
would be less background conditioning and thus less
blocking of conditioning of the CS by the background.
Accounts of contingency in terms of the effect of back
ground conditioning on performance (e.g., Gibbon &
Balsam, 1981) do not anticipate that outcome. Nor is
that outcome clearly expected on the basis of a primi
tive notion of CS-US contingency (e.g., Rescorla, 1968).

Durlach (l983) provided evidence on both of these
predictions from an autoshaping paradigm. She found
results largely consistent with the view that background
conditioning interferes with learning about the CS. A
CS that had been trained with USs in its absence showed
little evidence of conditioning when it was tested in a
different, low-valued context. Moreover, signaling the
USs that occurred in its absence substantially under
mined the ir adverse effects.
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The present experiment examined the second of these
two predictions in a conditioned suppression setting.
There are two reasons that it is of particular interest to
use the conditioned suppression procedure to explore
the effect of signaling the "intertrial USs." First, it was
in this setting that the first observations were made
about the detrimental effects of presenting USs during
the interval between CSs. Conditioned suppression
experiments still provide some of the most systematic
data available on those effects. Second, earlier attempts
to remove the adverse effects of intertrial USs by signal
ing their occurrence have yielded weak (Rescorla, 1972)
or no (Jenkins & Shattuck, 1981) effects .

The experiment reported here incorporated three
features intended to maximize detection of an effect of
signaling the USs. First, it presented USs at a lower rate
in the absence of the CS than in its presence . Available
data (e.g., Rescorla, 1968) suggest that this should
result in an intermediate level of conditioning of the CS,
possibly increasing our ability to detect variations in
conditioning. Second, in this experiment, the stimulus
that signaled the intertrial USs had had an extensive
history of pairing with that US. Thus , it should have
been capable of blocking the conditioning of the back
ground by that US on its every first occurrence (cf.
Durlach, 1983) . Finally , the signal of the intertrial USs
was quite long (2 min) and consisted of three se
quentially presented stimuli . The intention here was
twofold: to provide an especially salient stimulus and to
minimize the ability of that stimulus to produce second
order conditioning of the background. It is important
to realize that a stimulus that signals the intertrial US
becomes conditioned itself and hence may act to pro
duce second-order conditioning of the background. To
the extent that this happens , the signal may have less of
a total impact on contextual conditioning. Other evi
dence (e.g., Marlin, 1982; Rescorla, 1984) suggests
that well-conditioned CSs indeed can produce sub
stantial background conditioning that can adversely
affect the conditioning of other CSs. In an attempt to
reduce such second-order conditioning, this experiment
followed the procedure of Grau and Rescorla (in press)
in using a sequential signal. The early components of
such a signal may be expected to develop relatively
less conditioning; hence, the background alone is fol
lowed by a relatively poorly conditioned stimulus, and
yet that stimulus initiates a sequence that signals the
ultimate US. Under those conditions, less second-order
conditioning of the background may result .

The experiment contained three groups, each of
which received footshocks during a light CS. One group
received no intertrial shocks, one received unsignaled
intertrial shocks, and one received intertrial shocks
signaled by an auditory stimulus sequence. The ques
tions of interest were whether intertrial shocks would
disrupt conditioning of the light and whether signaling
those shocks by auditory sequence would attenuate
that disruption.

METHOD

Subjects and Apparatus
The subjects were 32 locally bred Holtzman-derived male

rats about 150 days old at the start of the experiment . They
were maintained in individual cages at 80% of their free-feeding
weights.

The apparatus consisted of eight identical Skinner boxes mea
suring 22.9 x 20.3 x 20.3 em. Each chamber had a recessed food
magazine in the center of the end wall and a bar to the left of
the magazine. The floor of the chamber was composed of
A8-cm stainless-steel rods, spaced 1.9 cm apart. The grid could
be electrified through a relay-sequence scrambier from a high
voltage, high-resistance shock source. The two end walls of the
chamber were aluminum; the side walls and top were clear
Plexiglas. During some portions of the experiment, these Skinner
boxes were replaced by eight conditioning chambers, similar to
those boxes except that all walls were blank. Each chamber was
enclosed in a sound- and light-resistant shell. Mounted on the
wall of this shell were a 6-W houselight and a speaker. The
speaker permitted the presentation of an 1800-Hz tone, a
250-Hz tone interrupted at a rate of 2/sec, or a white noise.
These stimuli measured about 76 dB re 20 microNlm against a
background level of 62 dB. Experimental events were controlled
and recorded automatically by relays and microprocessors lo
cated in an adjoining room .

Procedure
Initially, all animals were trained to barpress for 45-mg food

pellets (P. J . Noyes Co.). During the first session, food was
delivered on a variable-time l-min schedule; in addition, each
barpress produced a pellet. Upon the completion of 50 bar
presses, the session was terminated . On the next 5 days, the
sessions were 90 min long and involved reinforcement for
barpressing on a variable-interval (VI) schedule. For the first
20 min of the initial VI session, the schedule was VI I-min.
Thereafter, it was VI 2-min.

On each of the next 20 days, the conditioning chambers
replaced the Skinner boxes, and conditioning was carried out
with the auditory stimuli. Each day, the animals received eight
trials, each of which consisted of 40 sec of the 250-Hz tone,
followed immediately by 40 sec of the ISOO-Hz tone , followed
immediately by 40 sec of white noise. The white noise termi
nated in a I-rnA .S-sec footshock. The intention of this training
was to give all groups equivalent conditioning of the auditor y
sequence that would subsequently be used to signal the inter
trial shocks in one of the groups. Extensive training was used to
encourage the development of a sequential discrimination reduc
ing the conditioning of the init ial auditory stimulus (cf. Newlin
& LoLordo , 1976; Williams, 1965) .

On each of the next 12 days, the animals received condition
ing of the light es in the conditioning chambers. Each session
contained 12 2-min presentations of the houselight. For all
animals, shocks occurred at a rate of A per 2 min when that light
was on. Shocks were delivered randomly in time during that
2 min according to a different schedule each day . The animals in
Group N (n =8) received no additional stimuli. The animals in
Group U (n =8) received additional unsignaled shocks delivered
randomly at a rate of .2 per 2 min in the absence of the light
es. The animals in Group S (n = 16) received those same inter
trial shocks, but each was signaled by the three-component
auditory sequence previously conditioned. All conditioning
sessions were 90 min long.

On each of the next 3 days, the animals received reexposure
to the VI schedule of food reinforcement in the Skinner boxes.
This was done to ensure stable rates of responding in the absence
of the es in all groups.

On the next 2 days, the animals received test presentations of
the ess. Each day contained four 2-min presentations of a stim
ulus, delivered without consequence as the animal engaged in
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DISCUSSION

This experiment provided support for a learning interpreta
tion of the adverse effects of intertrial USs on the conditioning
of a es. First, signaling of those intertrial USs had two effects
anticipated by learning accounts. (1) It apparently attenuated
the general level of context conditioning produced by those
USs ; although Group U showed considerable overall suppression
of behavior on the first recovery session following conditioning,
Group S was not different from a group lacking intertiral USs.
(2) More importantly, it removed much of the consequence of
intertrial USs for the conditioning of the original es. Both
those observations suggest the sort of competition between back
ground and es conditioning envisioned by learning accounts.
Second, in the present studies, the eventual test was admin
istered in a context in which the animal had received substantial
nonshock experience. If one can take similar baseline rates of
responding to indicate similar levels of context conditioning in
the various groups, then context conditioning does not provide
an account of the different levels of suppression to the es.
Rather, those differences must reside in enduring properties of
the es as a result of its prior conditioning treatment.

These results also comment on an issue recently raised by
Jenkins and Shattuck (1981). They noted that the addition of
USs in the time between ess not only reduces the es/us con
tingency, but also increases the overall density of USs. They
suggested that it may be this later feature that reduces respond
ing to the es. Jenkins and Shattuck evaluated this possibility
by comparing the effects of adding intertrial USs that either
were unsignaled or were signaled by the original es. They found
these two procedures, both of which increase overall US density
but which differ in the degree to which that addition attenuates
the es/us cont ingency, to produce comparable adverse effects
on performance. They suggested that the results are better
understood in terms of the relative waiting time hypothesis
(Jenkins, Barnes, & Barrera, 1981), in which conditioning de
pends on the rate of the US during the es compared with that
in the session as a whole.

The present experiment provided some evidence on both the
empirical issue that 1enkins e t aJ. (1981) raised and on the theo
retical alternative that they offered. Groups Sand U shared the
same US pattern both in the presence and in the absence of the

displays the trial-by-t rial suppression ratios over the
course of the extinction test session . Initially, there was
some suppression in all three groups. However, through
out extinction testing, Group U showed substantially
less suppression than either Group S or Group N. That
difference was reliable on the initial test trial (Us = 14.5
and 7.5 , ps < .02) as well as over the total session (Us =
13 and 5, ps < .02). In addition, Group S showed a
tendency to extinguish more rapidly than did Group N;
however, that difference was reliable only on Trial 3
(U = 30, P < .05). The pre-CS rates ranged from 8.4 to
10.2, with no reliable differences among the groups.

The pattern of suppression to the auditory stimuli
on the next day was one of decreased responding as the
time of the US approached. The mean suppression ratios
were .2 1, .20 , and .08 for the three successive stimuli
in Group S, which had received the most extensive
experience with these stimuli. The comparable ratios
were .15, .09 , and .04 for Groups U and N combined.
Although none of the groups differed reliably from the
other two, overall there was greater conditioning to the
final stimulus in the sequence than to the first stimulus
[Wilcoxon T(25) = 18, P < .05] .
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Figure I. Mean suppression ratio for each trial of the test
session. The groups differed in having received signaled, un
signaled, or no intertrial shocks during conditioning.

Performance on the VI schedule of reinforcement
developed without incident. By the final day, the mean
rate of responding was 10.2 per minute and was not
different among groups. Howeve r, during the first re
covery session, after the intervening conditioning, group
differences in barpressing did emerge. On that day, the
mean barpress rates for Groups N, S, and U were 12.2,
13.8 , and 6.0, respectively. Although the groups receiv
ing no intertrial shocks or signaled intertrial shocks did
not differ, both Group S and Group N responded more
rapidly than did the animals receiving unsignaled shocks
(Mann-Whitney Us =25 and 12, respectively, ps < .0 1).
However, by the final day of recovery , the groups per
formed at similar rates . On that day, the mean rates were
8.5, 9.9, and 8.7 responses per minute for Groups N,
S, and U, respectively .

The data of primary interest, from the test session
with the light CS, are shown in Figure 1. That figure

ba rpressing, On the I st of these days, the light CS was tested.
The differential suppressions during this stimulus are the data of
primary interest. On the next day , the auditory stimulus used to
signal the intertrial USs was tested, to determine whether the
initial stimulus in the sequence did , in fact, produce less suppres
sion.

The measure of conditioning of the CSs was the degree to
which their presentation interrupted ongoing ba rpr essing. For
this purpose, a suppression ratio of the form A/(A+B) was
computed, where A is the response rate during the CS and B is
the rate in a comparable period prior to CS onset. Substantial
conditioning, and hence interruption of performance, results in a
suppression ratio ncar zero, whe reas little conditioning produces
a ratio near .5 .
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original CS; they differed onl y in that tor Group S th e USs deliv
ered in the absence of that CS were signaled by another stimulus.
Yet Group U showed relat ively little conditioning, whereas
Group S showed almost as much evidence of condit ioning as did
a group lacking the intertrial USs. That suggests that it is not the
overall shock density per se that attenuates performance, but,
rath er , some feature of the manner in which those shocks are de
livered . Contingency notions are sufficiently vague as to be un
clear wheth er or not signaling of the inter trial shocks should be
taken as affecting the degree that they disrupt the CS!US contin
genc y. But the result s of the signaling observed in the present ex
periment are more consistent with attempts to explicate contin
gency in terms of the background blocking learning about th e CS
than in terms of the relative waiting time hypothesis.

Why the results of the present experiment differed from
those of th e Jenk ins and Shattuck (1981) experiment is not
clear. Th e pro cedures of the experiments differed in a number of
potentially relevant ways . However, the decision by Jenkins and
Shattuck to use the CS itself to signal intertrial USs introduced
other important changes. For instance, a group with intertrial
USs signaled in this way must receive a substantially greater
number of CS presentations than eith er a group lackin g int ertrial
USs or one receiving them in an unsignaled fashion. The present
procedure of using another stimulus to accomplish that signaling
allows one to better match th e treatment of the original CS
across groups that differ only in their int ertri al experience.

In the present experiment, particular measures were taken to
ensure that the intertrial USs were well signaled by a stimulus
that might not produce much second-order conditioning of the
context. To what extent these measures were critical to the
present result s is not clear. However, it is clear that substantial
pretraining of the aud itory stimulus sequence arranged for it to
be an excellent signal of the US und er conditions of only mod
erate condi tioning of the initia l stimulus in the sequence. Under
those conditions, that sequence markedly attenuated th e adverse
effects of the int ertrial USs it signaled .
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