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Cue-induced memory interference in the rat

WILLIAM C. GORDON, ROBERT R. MOWRER, CHARLES P. McGINNIS,
and MARTHA J . McDERMOTT

University of New Mexico, Albuquerque, New Mexico

Rats were trained on passive avoidance and then active avoidance, and then were tested for
retention of the active response. Prior passive training interfered with retention of the active
response if all training and testing occurred in one context. Significantly less interference resulted
when the passive avoidance context differed from that used for active training and testing.
However, significant interference did result when animals given passive training in a different
context were reminded of this training in the active avoidance context prior to active avoidance
training.
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When rats acquire more than one response in a single
context, there is a tendency for these responses to inter
act with each other when the rats are returned to that train
ing context for a retention test. One example of such
response interactions occurs in what has been termed the
"memory interference paradigm." In this paradigm , rats
are trained to perform conflicting responses in the same
apparatus. Subsequently, when the animals are tested for
retention of the most recently learned response, they per
form more poorly than animals trained on that response
alone (see Spear, 1971, 1978). In effect, training on the
first response interferes with retention of the second
response acquired.

In many ways, this memory interference effect is simi
lar to the proactive interference phenomenon found in hu
man verbal retention studies . In both situations, interfer
ence produced by prior learning increases as the retention
interval following latest learning is increased (e.g., Gor
don, Frankl & Hambert, 1979; Keppel, 1968). Also, in
terference in both instances tends to decrease as the in
terval between prior and latest learning is increased (e.g.,
Gordon & Spear, 1973; Underwood & Freund, 1968).
Finally, interference in both of these paradigms depends
a great deal on the similarity of the stimuli embedded in
the two learning tasks (see Spear, 1978).

Of particular importance in the memory interference
paradigm appear to be the contextual stimuli present when
an animal acquires the conflicing responses . In a series
of experiments, Spear and his colleagues (Spear et al.,
1980) demonstrated that the interference due to prior
learning occurs to the degree that the prior learning con
text matches the context of more recent learning and test
ing. Having animals learn Task 1 in one context and
Task 2 in another context resulted in greatly diminished

This research was supported by grants from the National Science Foun
dation and from the New Mexico Research Allocations Committee to
the first author. Portions of these data were presented at the Animal
Cognition and Behavior Symposium, University of Oklahoma, Norman,
OK, 1982. Requests for reprints should besent to William C. Gordon ,
Department of Psychology , University of New Mexico , Albuquerque,
NM 87131.

interference when the test context was the same as that
for Task 2 learning. This was the case when both exter
nal contextual stimuli and internal contextual stimuli (drug
states) were manipulated .

To interpret such findings, Spear (1976) hypothesized
that an animal's memory for a given response includes
representations of all those stimuli noticed by the animal
at the time of acquisition. Furthermore, retrieval of a par
ticular memory is a direct function of the overlap between
retention test stimuli and stimuli represented in a given
memory . Thus, when two conflicting memories are ac
quired in the same context, these memories share a num
ber of stimulus representations. If a retention test then
occurs in the same context used for acquisition , the prob
ability will be high that both memories will be retrieved
and that these memories will compete for expression on
the retention test. If, however, an animal acquires con
flicting responses in different contexts, the memories of
these two responses should contain very different stimu
lus representations, resulting in a low likelihood that both
memories will be retrieved simultaneously .

It should be noted that the critical feature of this in
terpretation is that interference should occur whenever
two memories contain similar stimulus representations.
For this to occur, it has generally been assumed that an
animal must acquire both memories in the same stimulus
situation. However, recent evidence from our own labora
tory suggests that this may not be the case. These studies
(see Gordon, 1981, 1983) indicate that if animals are given
a cue or reminder of a training experience in a novel con
text, the animals subsequently perform as though they had
learned in that novel context. In other words, when a train
ing memory is cued in the presence of novel stimuli , an
animal later performs as though these novel stimuli had
become represented in the memory of training .

If this is the case , then according to Spear's (1976) in
terpretation of interference effects, interference could oc
cur even when conflicting responses are not actually ac
quired in the same context. All that would be necessary
is that the memory of on,' response be cued in the same
context in which a conflicting response is acquired . This

Copyright 1985 Psychonomic Society, Inc.



234 GORDON, MOWRER, McGINNIS, AND McDERMOTT

procedure should result in similar stimulus representations
in the two memories, and subsequent test interference
should occur.

To test this prediction, the present experiment involved
training rats on a passive avoidance response and then an
active avoidance response in the same apparatus . This
paradigm is known to produce substantial interference
when both responses are trained in the same room (Gor
don, 1977; Gordon & Spear, 1973), but not when the
responses are acquired in different rooms (Spear et al. ,
1980). The critical condition will involve training the two
responses in different rooms but giving the animals a cue
for passive avoidance training in the active avoidance
training context. Should this procedure result in interfer
ence on a subsequent retention test , this would indicate
that interference does not depend on acquisition of con
flicting responses in the same context . It would support
our hypothesis that when a memory is cued in a novel
context, the novel context becomes represented in the cued
memory.

METHOD
Subjects

The subjects were 30 male and 56 female Sprague-Dawley-derived
albino rats ranging in age from 60 to 100 days.

Apparatus
The apparatus consisted of two identically constructed avoidance ap

paratuses. Each apparatus consisted of one white translucent chamber
and one black chamber . These Plexiglas chambers , each 27 x 13 x
13 cm, were separated by a door that could be lowered (opened) to leave
a 3-em hurdle between thechambers. A 2-Hz flashing white light (7.5 W)
located directly behind the white chamber could be activated by lower
ing the door and could be deactivated by breaking a photobeam located
13 em into the black chamber . A .01-sec running time meter also could
be activated by lowering the door and stoppedby breaking the photobeam.
Each apparatus contained a grid floor composed of .6-cm-diam steel
rods set 1.7 cm apart . A scrambled footshock provided by a Grayson
Stadler shock generator (Model EI064GS) could be delivered through
the grid floor of either chamber .

In addition to the avoidance apparatus, a clear Plexiglas footshock
chamber (36 x 36 x 69 cm) was used . The floor was identical to that
in the avoidance apparatuses, and footshocks could be delivered by the
same shock source described above . The avoidance apparatuses were
located in separate rooms (Rooms A and B). These rooms differed in
terms of size, lighting , odor , and ambient noise level (see Table 1). A
Sonalert tone generator (Mallory & Co., Model 33391970) could be
activated manually to deliver a 75-dB, 2000-Hz tone in either Room A
or Room B.

avoidance training or noncontingent footshock treatment) followed
10 min later by active avoidance training . All animals were then tested
for retention I h after active avoidance training. The animals spent both
the intertask and the retention interval in the vivarium .

Passive avoidence training consisted of placing a rat in the white cham
ber of the avoidance apparatus such that the rat faced the door . After
3 sec, the door was opened, which initiated the flashing light. If the
rat crossed into the black chamber within 60 sec , the door was closed
and the rat immediately received a 3-sec 1.6-mA footshock . If the rat
remained in the white chamber for 60 sec , the trial ended and a suc
cessful avoidance was recorded . Three seconds after either receiving
a footshock or performing a successful avoidance, the rat was removed
to a holding cage for a 30-sec intertrial interval (ITI) . The criterion for
passive avoidance training was two consecutive 6O-secavoidances within
12 trials . Once an animal had met the training criterion, an additional
5 trials were conducted. Rats that failed to meet the training criterion
were discarded.

Active avoidancetraining consistedof placing the rat in the white cham
ber of the avoidance apparatus such that the rat faced the door . After
3 sec, the door was lowered , which activated the flashing light . If a
rat failed to cross into the black chamber and break the photobeam within
5 sec after the door had been lowered , a 1.6-mA footshock was deliv

.ered and remained on until an escape response had occurred. Follow
ing an escape response, the chamber door was closed, and after 3 sec,
the animal was removed and placed in a holding cage for a 30-sec IT!.
If a rat did cross into the black chamber within 5 sec after the door had
been opened , the door was closed , and after 3 sec, the rat was removed
for the IT!. No shocks occurred on successful avoidance trials . The
criterion for active avoidance acquisition was five consecutive avoidance
responses within 20 trials. Rats that failed to meet this criterion or failed
to receive a footshock within the first 4 training trials were discarded .

Retention testing consisted of five trials identical to the training trials
except that no shocks were delivered. On each trial, the rat's latency
to cross into the black chamber and break the photobeam was recorded .
If a rat remained in the white chamber for 60 sec , the trial ended and
a latency of 60 sec was recorded.

Animals were assigned randomly to one of six treatment conditions
(n = 16), each containing 5 males and 11 females . The first group
(Group BBB) received passive and active avoidance training as well as
retention testing in Room B. A second group (Group NC) was identi
cal to Group BBB, except that it received inescapable , noncontingent
footshocks in place of passive avoidance training. Each rat's shocks were
administered in the Plexiglas chamber and were matched in terms of
sequence , duration, number, and intensity to that of a randomly chosen
rat in Group BBB. The third group (Group ABB) differed in that pas
sive avoidance training occurred in Room A and was followed by ac
tive avoidance training and testing in Room B. On the basis of previ
ous studies , we expected to find relatively poor retention of active
avoidance for Group BBB (i.e., interference) and significantly better
retention for Groups NC and ABB.

The rats in the remaining three conditions were treated identically
to those in Group ABB, with the following exceptions . The rats in
Group T-T were exposed to a continuous tone throughout passive
avoidance training in Room A. Then these animals were reexposed to

Room

Table 1
Physical Characteristics of Treatment Rooms

Design and Procedure
On Days 1 and 2, all animals were removed from the vivarium and

carried into an adjacent room where they were handled for 1 min . On
Day 3, all animals received some type of initial treatment (passive

Dimensions (in feet)
Lighting (in ft-Iumens)
Odor (Room deodorizer)
Noise Level (in decibels)
Gloves
Holding cage

ABC

16.0 x 7.5 16.0 x 11.0 13.5 x 7.5
Dark Bright Dim

Lemon Rose None
Fan (63-65) None (45-50) None (45-50)

Rough Smooth Textured
Wire mesh Wooden Plastic cage

remind them of passive avoidance learning in the new context . Specifi
cally , the cuing treatment involved bringing the rats into Room B ap
proximately 4 min prior to the start of active avoidance training and
placing them in a holding cage. The tone then was presented for 15 sec.
After tone offset , the rats remained in the holding cage in Room B for
3.5 min. Immediately thereafter, active avoidance training was begun.
The tone was absent during both active avoidance acquisition and reten
tion testing. Rats in Group T-NT received the same treatment as those
in Group T-T, except that they did not receive the tone in Room B. The
final group , Group NT-T, was the same as Group T-T , except that they
did not receive the tone during passive avoidance learning in room A.

RESULTS

Fifteen animals were discarded during the experiment ,
either for failure to reach the passive or active avoidance
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Figure 1. Mean log latencies (in seconds) on Test Trial 1 as a func
tion of treatment condition.

criterion or for apparatus failure. Since these animals were
approximately equally distributed across groups, each dis
carded rat was replaced with a rat that had the same
characteristics. The mean number of trials to reach the
passive avoidance criterion ranged from 3.1 (Group BBB)
to 4.0 (Groups T-T and NT-T). An analysis of variance
performed on these data indicated no significant group
differences in trials to reach the training criterion [F(4,75)
= 1.88], suggesting that, prior to the different treatments ,
the groups did not differ in degree of training (for this
and all subsequent analyses, a rejection criterion of .05
was used) .

The mean number of trials for each group to attain the
active avoidance criterion ranged from 7.1 (Group BBB)
to 10.1 (Group T-T) . The analysis of variance performed
on these data again indicated no significant differences
between groups in the rate of active avoidance acquisi
tion [F(5,90) = 1.40]. Importantly, these data suggest that
the different prior training and cuing exposures did not
differentially affect the active avoidance acquisition rates
of the treatment groups .

Two measures of retention test performance were ana
lyzed in this experiment. The first measure was a rat's
latency to move into the black chamber on Test Trial 1.
Prior to analysis, these latencies were converted to log
latency scores because of wide variation in individual
group variance. The mean log latencies for each treat 
ment condition are presented in Figure 1.

In Figure 1, short log latencies represent a tendency
to perform in accord with the more recently trained ac
tive avoidance contingencies , whereas longer log laten
cies reflect a decrease in this tendency. An analysis of
variance performed on these data revealed a significant
effect of treatment condition [F(5,90) = 8.88] . Individual
group comparisons were made with critical difference tests
(Lindquist , 1956). These tests revealed that Groups BBB
and T-T exhibited significantly longer latencies than did
any of the remaining groups. Also, the animals in
Group NC had significantly shorter latencies than the

DISCUSSION

animals in all groups except Group T-NT. No other sig
nificant differences were obtained.

The second retention measure used was each animal 's
average latency over the five test trials. As with the Trial 1
latencies, these average latency scores were converted to
logs prior to analysis . An analysis of variance performed
on these data again revealed a significant treatment ef
fect [F(5,90) = 6.88] . Critical difference tests showed
that this effect resulted from exactly the same group differ
ences evident in the Trial 1 latency data . Groups T-T and
BBB exhibited significantly longer latencies that all other
groups, and Group NC had significantly shorter latencies
than all groups except Group T-NT .

Taken together, these results show that prior passive
avoidance training can interfere with retention of active
avoidance even when the two responses are learned in
different contexts (see Groups NC and ABB). However,
this interference can be enhanced significantly if both
responses are acquired in the same context (see Groups
ABB and BBB). Importantly, it appears that such inter
ference also can be enhanced if animals are reminded of
the passive avoidance response in the same context in
which active avoidance is learned (see Groups ABB and
T-T). This increased interference in Group T-T appar
ently is not due simply to the fact that these animals
received a tone during passive avoidance learning (see
Group T-NT). Furthermore, this increase in response
latency does not seem to result simply from a tone presen
tation in the active avoidance context prior to training there
(see Group NT-T). Apparently, the tone presentation prior
to active avoidance training enhances interference only
when that tone was present during passive avoidance
learning and, thus, could reasonably be expected to re
mind the animals of the passive avoidance response .

These findings replicate studies cited earlier (e.g., Spear et aI., 1980)
that showed that interference is more pronounced when animals acquire
conflicting responses in the same context . Thus , the present findings
are consistent with Spear's (1976) hypothesis that interference depends
on the similarity of the representations in two conflicting memories .
Memories acquired in the same context should have certain contextual
representations or attributes in common , whereas memories acquired
in different contexts normally would be expected to share fewer represen
tations .

The most significant finding in the present experiment, however , is
that substantial interference can occur even when animals acquire con
flicting memories in very different contexts . Such interference results ,
in this instance, as long as animals are reminded of one training epi
sode and undergo training on a conflicting response in the same con
text. This finding clearly is at odds with Spear's (1976) interpretation
of interference effects , if one asumes that contextual stimuli can become
represented in a training memory only by an animal noticingthose stimuli
at the time of the training. However, this result follows directly from
Spear 's hypothesis if we make a different assumption concern ing when
stimuli can become represented in a training memory. Spear's hypothesis
predicts the present result if we assume that not only training stimuli ,
but also stimuli present at the time a training memory is cued or retrieved
can become represented in that training memory .

Previous work in our laboratory lends credence to such an assump
tion. First, we have shown that performance deficits normally associated
with training and testing rats in different contexts can bealleviated by
reminding animals of the training response in the test context prior to
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testing (Gordon, McCracken, Dess-Beech , & Mowrer, 1981). In other
words, animals cued in the test context perform as though they had been
trained in that context. Similarly, we found that pretest cuing proce
dures normally facilitate test performance to a much greater extent if
these cues are presented in the training-testing context than if cuing oc
curs in an irrelevant context. However, we demonstrated that pretest
cuing in an irrelevant context could be made effective by giving animals
prior cuing treatments in the irrelevant context at the time of training
(Wittrup & Gordon , 1982). In effect, anima1sgiven the prior cuing treat
ments performed as though pretest cuing had been delivered in the train
ing context, not an irrelevant context. Finally , we replicated the find
ing that runway training in multiple contexts results in prolonged
extinction of running relative to runway training in a single context.
However, we also found that animals trained in one context and cued
in a second context exhibited prolonged extinction (Gordon , 1983).
Again, animals cued in a novel context performed as though they had
been trained in that context.

Together, these findings suggest that the contextual control of reten
tion performence normally exerted by a training context also is exerted
by contextual stimuli present when an animal is cued or reminded of
a training experience. Our interpretation of these findings has been that
stimuli noticed by an anima1when a memory is cued become represented
in that cued memory and later can control performance related to that
memory (see Gordon , 1981, 1983). Thus , we assume that in the present
experiment , the Group T-T anima1s experienced interference at the time
of testing because both the passive and active avoidance memories con
tained representations of Context B. The active avoidance memory con
tained these representations because that memory was acquired in Con
text B. The passive avoidance memory contained these representations
because that memory was cued in Context B prior to active avoidance
training .

Aside from the present finding , at least one result of earlier interfer
ence studies may be amenable to this interpretation. Several studies have
shown that memory interference in rats occurs only when the two con
flicting responses are learned close together in time. Interference tends
to be minimal with long intertask intervals even when both responses
are acquired in the same " experimenter-defined" context. There are
reports, however, that interference can occur even with lengthy inter
task intervals as long as animals are reminded of the first task shortly
before learning the second, conflicting task (e.g . , Gordon, 1977; Gor
don , Frankl, & Hamberg, 1979; Gordon & Spear, 1973).

The interpretation placed on this finding was that interference could
occur only to the extent that the activation of two memories (one through
acquisition and the other through cuing) overlapped. Although such an
interpretation remains plausible , the present findings suggest one rea
son why concurrent activation of two memories might be important in
producing interference. We can reasonably assume that at least part of
an animal 's internal and external context is determined by temporal fac
tors . For example , an animal 's hormonal milieu at one time of day may
be quite different from that at another time of day . Similarly , passage
of time should be related to maturation or aging, which should alter
an animal 's internal context and should, at the least, modify an animal's
perception of its external context. Thus , we might expect that when

memories are acquired far apart in time, the contextual representations
in these memories should be less similar than if such memorie s are ac
quired contemporaneously. Reminding an animal of one response just
prior to its acquisition of a conflicting response may increase the similarity
of contextual representations in the two memories . This would help to
explain why such a procedure might increase memory interference in
the rat.
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