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The effects of preexposure to a warning or a
safety signal on the acquisition of a two-way

avoidance response in rats

MAURICE A. FELDMAN
McMaster University, Hamilton, Ontario, Canada

Rats that were given nonreinforced preexposure to either a warning signal or a safety signal were
significantly retarded in the subsequent learning of a two-way shock-avoidance response compared
to rats that were not preexposed. These results are consistent with Mackintosh's "Iearned
irrelevance" formulation of latent inhibition. They do not support a prediction derived from an ex
tension of Kalat and Rozin's "learned-safety" hypothesis. These findings suggest that pre
exposures in the total absence of aversive events do not endowa stimulus with safety properties.

The term, "latent inhibition" (Lubow, 1965)
refers to the deleterious effect of prior nonrein
forced exposure to the conditioned stimulus (CS)
on subsequent conditioning. Despite the many
empirical demonstrations of the phenomenon
(Lubow, 1973), there is still no adequate theoretical
account of the effect. There are, however, a number
of hypotheses. They range from the proposition
that incompatible responses are conditioned to the
CS during preexposure (Ackil & Mellgren, 1968;
Lubow, 1965; Lubow & Moore, 1959; Siegel, 1969)
to the suggestion that the animal fails to attend to
the preexposed stimulus (Halgren, 1974; Lubow,
1965; Reiss& Wagner, 1972).

Recently, Kalat and Rozin (1973) have proposed
a "learned safety" hypothesis which they say can
account both for the latent inhibition and the long
delay effects observed in taste-aversion learning.
According to this "learned-safety" hypothesis, the
rat actively learns that a preexposed taste does not
lead to aversive consequences (i.e., toxicosis), and
this retards subsequent association of this "safe"
taste with toxicosis.

Although Kalat and Rozin's (1973) hypothesis
was designed to explain phenomena of poison
avoidance learning, it may also be applicable as an
account of latent inhibition effects with a variety of
exteroceptive conditioned and unconditioned stimuli.
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Indeed, as Siegel (1974) has noted, preexposure to
taste and to other exteroceptive CSs produce similar
effects and share a number of characteristics. The
generalization proposed here is that any stimulus
will become a "safe" stimulus if preexposed in the
absence of aversive events.

The evidence for a learned-safety account is
equivocal. Kalat and Rozin (1973) and Siegel (1974)
present evidence in favor; however, Rescorla (1971,
Experiment 2), in fear conditioning, and Best (1975),
in taste-aversion learning, find that preexposing a
stimulus disrupts learning that the familiar stimulus
predicts the absence of aversive events. These last
two studies cast some doubt on the learned-safety
formulation.

Mackintosh (1973) has proposed an alternative
"learned-irrelevance' hypothesis of latent inhibition
which states that the animal learns to ignore the
preexposed stimulus. This results in areduction in
the ability of that stimulus to enter into subsequent
associations without the stimulus developing active
inhibitory properties. Reiss and Wagner (1972) and
Rescorla (1971) have presented evidence in support
of this analysis. They have shown that, while pre
exposure retards acquisition, the preexposed stimulus
does not acquire the capacity to actively inhibit re
sponses to an excitatory CS when the two stimuli are
compounded in a summation test. Kremer (1972),
however, has presented data directly contrary to the
findings of Reiss and Wagner (1972) and Rescorla
(1971).

The purpose of the present study was to test the
relative merits of the extension of learned-safety
vs. learned irrelevance in accounting for the strong
latent inhibition effect observed (Ackil & Mellgren,
1968; Ackil, Mellgren, Halgren, & Frommer, 1969)
in two-way shock-avoidance learning.

In this experiment, one stimulus, the warning
signal, predicted the occurrence of shock. A second
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stimulus, the safety signal, was presented foHowing
escape and avoidance responses and signaled an
intertrial interval free from shock. Recent evidence
(e.g., BoHes& Grossen, 1969) indicates that a safety
signal can serve as an effective reinforcer of avoid
ance behavior.

According to the extended learned-safety hypoth
esis proposed here, if a stimulus gains safety prop
erties through preexposure, acquisition of avoidance
responses should be retarded if that stimulus is then
used as a warning signal. If the preexposed stimulus
instead is used explicitly as a safety signal, however,
avoidance acquisition should be facilitated or at least
not disrupted. The preexposed stimulus should be an
effective reinforcer of avoidance behavior from the
onset of avoidance training.

The learned-irrelevance hypothesis, on the other
hand, would predict that preexposing either the
warning signal or the safety signal will retard sub
sequent avoidance acquisition. According to this
hypothesis, preexposure reduces the ability of a
stimulus to enter into any association, regardless of
whether that association involves predicting the
presence or absence of the unconditioned stimulus.

Both the learned-safety and learned-irrelevance
positions state that preexposing the warning signal
should retard subsequent avoidance acquisition.
Learned irrelevance predicts that preexposing the
safety signal should also retard avoidance condition
ing, Learned safety predicts that preexposing a safety
signal should not interfere with avoidance condi
tioning and perhaps should facilitate avoidance
acquisition.

METHOD
Subjects

Subjects were male albino, Charles River rats, weighing
275-325 g and obtained from Canadian Breeding Farms,
Quebec, Canada. Each rat was housed in its own cage with food
and water freely available.

Apparatus
The experimental apparatus consisted of aLehigh Valley

Eleetronics automated two-compartment, toggle-floor shuttlebox
(Model 1~) housed in a sound-attenuating chamber. The
unconditioned stimulus was a .5-mA eleetric shock delivered by
a Grason-Stadler shocker-scrambler (Model El064 GS) to the
pivoted grid floor of the shuttlebox. A 7.62-cm metal (non
electrified) barrier separated the shuttlebox into two identical
compartments. The warning signal was a 1,0000Hz tone at 85 dB
presented through a 6.35-cm, 4-ohm speaker located in the
middle of the roof of the shuttlebox. Two additional speakers
recessed into each side wall of the sound-attenuating chamber
delivered constant white background noise at 70 dB from a
Grason-Stadler white-noise generator (Model 9OIA). Light stimuli
which served as the safety signal were provided by the simul
taneous onset of a 6-W light bulb mounted on the roof of the
sound-attenuating enclosure and the two cue lights located
12.70 cm above the grid floor in the center of each end wall of
the shuttlebox. Responses were monitored by a microswitch
which was triggered whenever the rat moved from one cornpart
ment to the other displacing the pivoted grid floor. Standard
relay and reeording equipment were used to program stimulus
events and reeord responses.

Procedure
Each rat was run in one session, which consisted of two phases:

100 preexposure trials followed immediately by 200 avoidance
training trials. Total session time was approximately 5 Yz h.
Subjects were randomly assigned to one of four groups. Four
rats were discarded because they perched on the metal barrier
during avoidance training, and two additional rats were discarded
because of apparatus failures. These six rats were replaced with
naive rats until each of the four groups described below had a
total of 10 subjeets:

PE- WS (preexposed to the warning signal), This group was
placed in the shuttlebox and given 100 preexposures to a 5-sec
85-dB tone which served as the warning signal (WS) in sub
sequent avoidance training. During the preexposure phase, the
interstimulus interval averaged 60 sec (range: 30-90 sec). Shuttle
responses during preexposure trials had no prograrnmed effect
on the presentation or termination of the stimulus. Following
the last preexposure trial, the avoidance training phase was
initiated. Each trial in this phase of the experiment started with
the onset of the tone WS. If the rat failed to move from one
compartment to the other during the first 5 sec of the WS, a
continuous .5-mA shock was delivered to the rat via the grid
floor. The WS and shock remained on until a shuttle response was
made, and then the shock was terminated immediately; the WS,
however, remained on for an additional 5 sec, during which the
"lights on" safety signal (SS) was presented. Five seconds
following the response, the WS and SS both were terminated. If
the rat shuttled to the other compartment during the first 5 sec
of the WS, shock was avoided; the WS remained on and was
accompanied by the SS during the 5-see interval following the
avoidance response.

This procedure, in which the WS remained on for 5 sec follow
ing escape and avoidance responses, was adopted for two reasons.
First, it insured that the onset of the SS would be the only stimulus
reliably following successful escape or avoidance performance.
(If the WS terminated immediately following a response, its
termination could have become the relevant safety signal for
the rat). Second, it was thought that the presence of the excitatory
WS during the presentation of the SS would optimize the condi
tioning of inhibitory or safety properties of the SS (cf. Best,
1975). Additional responses during the 5-see safety signal period
had no effeet on stimulus events. Training was carried out in
darkness (except when the "Iights-on" 55 was presented) with
an intertrial interval continuing to average 60sec.

PE-SS (preexposed to the safety signal). This group received
preexposure and avoidance training similar to the PE-WS group,
but preexposure consisted of 100 5-sec presentations of the "lights
on" SS.

NPE (nonpreexposed with safety signal during avoidance
training). This group spent the same period of time in the
darkened shuttlebox (108.33 min) as the two preexposed groups
prior to avoidance training. Subjects in this group, however,
were not preexposed to either the WS or the SS used in subsequent
avoidance conditioning.

NPE (NO SS) (nonpreexposed with no safety signal during
avoidance training). This group also spent 108.33 min in the
darkened shuttlebox before avoidance training with neither the
WS nor the SS presented. During avoidance training, only the
WS was presented. 1t remained on for an additional 5 sec follow
ing responses but no other stimulus was presented. This group
was included to assess the significance of the SS contingency
in the other three groups.

RESULTS

Figure 1 presents the mean percent avoidance
responses in successive blocks of 20 trials for the
four groups. As indicated in Figure 1, avoidance
learning in the two preexposed groups (PE-WS and
PE-SS) and in the nonpreexposed group without
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Figure 1. Mean percent avoidance responses over tbe 200
avoidance training trials (NPE = nonpreexposed witb tbe safety
signal contingency; PE-55 = preexposed to tbe safety signal;
PE-W5 = preexposed to tbe warning signal; NPE (NO 55) =
nonpreexposed-Ilo safety signal contingency during avoidance
conditioning).

the safety signal contingency [NPE (NO SS)] was
retarded as compared to the nonpreexposed group
with the safety signal contingency (NPE) over the
entire 200-trial session. The mean percentage avoid
ance responses for each group in 200 trials were:
PE-WS = 26.9, PE-SS = 34.8, NPE = 67.5, NPE
(NO SS) = 23.1. A one-way analysis of variance
revealed significant differences between groups
[F(3,36) = 7.99, P < .005]. Newman-Keuls tests of
individual comparisons showed that Group NPE made
significantly more avoidance responses than Groups
PE-WS (p< .Ol), PE-SS (p< .Ol), and NPE (NOSS)
(p< .01).No other paired comparisonsweresignificant.

A one-way analysis of variance on the number of
trials to reach a criterion of eight avoidance re
sponses in a block of 10 trials (8/10) also revealed
a significant difference between groups [F(3,36) =
6.56, p< .005]. The mean number of trials to reach
the 8/10 criterion was 145.9, 109.2, 48.4, and 161.6
for Groups PE-WS, PE-SS, NPE, and NPE (NO SS),
respectively. Newman-Keuls comparisons showed
that Group NPE reached the criterion of 8/10
avoidance responses in significantly fewer trials than
did Groups PE-WS (p x .01), PE-SS (p < .05), and
NPE (NO SS) (p< .Ol). Again, no other paired
comparisons were significant.

The groups also differed in terms of the percent
age of subjects per group to reach the 8/10 acquisi-
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tion criterion. Indeed, Group NPE was the only one
in which all subjects reached this criterion in the
200-trial session. Tests of significance between two
independent proportions indicated that the differ
ences in proportion of subjects per group to reach
criterion were statistically significant between Group
NPE and Groups PE-WS (z = 2.58, p = .01),
PE-SS (z = 2.24, p < .05), and NPE (NO SS)
(z = 3.28, p < .01), by two-tailed tests.

DlSCUSSION

In this experiment, nonpreexposed subjects
learned to avoid reliably only when the safety signal
contingency was in effect (Group NPE). This find
ing supports previous demonstrations (e.g., Bolles
& Grossen, 1969)that the presentation of a response
contingent safety signal prevents disruption of avoid
ance learning when warning signal termination is
delayed following avoidance responses.

In addition, the large decrement in acquisition
observed in the group preexposed to the warning
signal (PE-WS) upholds previous demonstrations of
a robust latent inhibition effect in the two-way
avoidance learning paradigm (Ackil & Mellgren,
1968; Ackil et al., 1969). This result is predicted by
both a learned-safety and a learned-irrelevance inter
pretation of latent inhibition.

The performance of the group preexposed to the
safety signal (PE-SS) is perhaps most pertinent to
the theoretical issues at hand. The retardation of
avoidance acquisition observed in this group does not
support an extension of learned safety which predicts
that acquisition in this group should have been
facilitated (or at least not retarded), since, supposed
ly as a result of preexposure, the safety signal enters
the conditioning phase already possessing salient
safety properties. This disconfirming finding is
congruent with the results of recent studies which
show that preexposure retards learning that the pre
exposed stimulus predicts the absence of aversive
consequences (Best, 1975; Rescorla, 1971, Experi
ment 2) or the occurrence of positive reinforcement
(Halgren, 1974). These findings, taken together,
suggest that a learned-safety hypothesis may not be
a viable explanation of the latent inhibition effect.

According to learned-irrelevance, if a stimulus
receives repeated nonreinforced exposures, the sub
ject learns to ignore it because the stimulus does not
meaningfully signal reinforcement (Mackintosh,
1973). This could result in a reduction in the ability
of that stimulus to form subsequent positive or
negative associations. Thus, the findings that avoid
ance learning was retarded in both PE-WS and PE-SS
groups is compatible with a learned-irrelevance view
of latent inhibition (Best, 1975;Mackintosh, 1973).

In tbis experiment, preexposing eitber the WS or
tbe SS leads to a significant decrement in the sub
sequent acquisition of tbe avoidance response. This
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result supports a learned-irrelevance hypothesis of
latent inhibition but does not support a learned
safety hypothesis. These data also suggest that
learned safety may be equivalent to learned ir
relevance (Best, 1975). Indeed, Kalat and Rozin
(1973), themselves, entertained just such a possibility
(p. 206). The results of the present study are also
consistent with Rescorla's (1969) contention that in
order for a stimulus to acquire safety properties it
must reliably predict the absence of the uncondi
tioned stimulus. Simply presenting a stimulus a
number of times by itself does not appear to endow
that stimulus with true safety properties.
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