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Context change and retention interval can have
additive, rather than interactive, effects

after taste aversion extinction

JUAN M. ROSAS and MARK E. BOUTON
University of Vermont, Burlington, Vermont

Spontaneous forgetting is often attributed to retrieval failure caused by natural changes in the
background context that occur over time. However, some investigators have argued that the context
change account of forgetting is paradoxical, because context-change effects themselves decrease
over time. To resolve the paradox, we have suggested that organisms may merely forget the physical
context as the temporal context in which it is embedded changes; this explanation accepts a funda
mental similarity between time and physical context. The present experiment tested an implication
of this analysis by examining the interaction between retention interval and context change in rats
after a taste aversion was conditioned and then extinguished. Importantly, subjects tested at the
longer (24-day) retention interval received reminder exposure to the physical contexts before test
ing. Under these conditions, retention interval and context change both caused relapse of the extin
guished aversion (spontaneous recovery and renewal, respectively), and the strongest overall relapse
was observed when the two treatments were combined. Such additivity (rather than interactivity) is
consistent with a context-change account of forgetting and sets the stage for resolution of the context
forgetting paradox.

It is now common to suppose that spontaneous forget
ting in humans and animals is caused by changes that nat
urally occur in the background context over time (e.g.,
Bouton, 1993; Estes, 1955; McGeoch, 1942; Mensink &
Raaijmakers, 1988; Spear, 1978; Tulving & Thomson,
1973). Memory retrieval is assumed to be best when there
is a match between the conditions present at learning and
testing; mismatches that increase over time cause a fail
ure to retrieve the target material. Consistent with the view
that spontaneous forgetting is often due to retrieval fail
ure, forgetting that occurs after a retention interval can
often be undone by presenting appropriate retrieval cues
(e.g., Gordon, 1981). Although this sort of result identi
fies retrieval failure as a mechanism of forgetting, to what
extent is it really due to changes in contextual cues?

Bouton (1993) noted that retention intervals and con
text switches have surprisingly parallel effects on animal
memory and that the parallel is consistent, in a prelimi
nary way, with the possibility that they work through a
similar mechanism. Conditioning phenomena that are
disrupted by a retention interval are also disrupted by con
text change, whereas those that are not affected by time
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are likewise not affected by context. For example, simple
classical conditioning can be stable over long retention in
tervals (e.g., Hendersen, 1985) and over changes ofphys
ical context (e.g., Bouton & King, 1983; Bouton & Peck,
1989; Hall & Honey, 1989). In contrast, latent inhibition
(in which unreinforced preexposure to a Pavlovian signal
interferes with its subsequent conditioning) is disrupted
by both a retention interval (e.g., Aguado, Symonds, &
Hall, 1994) and a change of context (e.g., Channell &
Hall, 1983). Extinction (in which conditioned respond
ing to a Pavlovian signal is reduced when it is presented
alone repeatedly after conditioning) is also lost after both
a retention interval (e.g., Brooks & Bouton, 1993; Pav
lov, 1927; Robbins, 1990) and after a context switch
(e.g., Bouton & King, 1983; Bouton & Peck, 1989; Brooks
& Bouton, 1994). The latter two effects are better known
as spontaneous recovery and the renewal effect, respec
tively. Both are reduced if a retrieval cue for extinction is
presented just before the test (Brooks & Bouton, 1993,
1994). Spontaneous recovery and renewal may thus result
from a common mechanism-namely, a failure to retrieve
extinction after a change in either the temporal or the phys
ical context-further supporting the idea that time and
physical context influence memory the same way.

Although these parallels are consistent with the idea
that time and context can work through a common mech
anism, the context-change account offorgetting has been
challenged by an interesting paradox (Riccio, Rabinowitz,
& Axelrod, 1994; Riccio, Richardson, & Ebner, 1984).
Stimulus generalization may increase over longer reten
tion intervals in both humans and animals (e.g., W. R.
McAllister, D. E. McAllister, & Franchina, 1965; Thomas,
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1981; Thomas & Lopez, 1962; but see Hoffman, Selek
man, & Fleshier, 1966). Thus, humans and other animals
appear to forget stimulus attributes, and they are there
fore less likely to differentiate between similar stimuli
over time. Ifcontexts are subject to this sort of forgetting
themselves, it would be paradoxical to claim that forget
ting is caused by contextual change. How can contextual
mismatch ever occur if contextual stimuli are judged to
be increasingly similar over time?

The context-forgetting paradox predicts an interaction
between context-switch and retention-interval effects, so
that the size ofa context-switch effect should decrease as
retention interval increases. Although there is evidence
consistent with this possibility (e.g., see Riccio et aI.,
1984, for a review), we have noted that such a finding does
not necessarily challenge the context-change account of
forgetting (Rosas & Bouton, 1997a). Physical contexts
are naturally embedded within a superordinate context
provided by the passage of time. Therefore, it would not
be surprising to find that animals "forget" (or fail to re
trieve) physical contexts as the temporal context changes,
even if time and physical context affect memory through
a common mechanism. This approach is consistent with
a finding that has never been fully reconciled with the
context-forgetting paradox. Specifically, generalization
gradients that have flattened over time can be resharp
ened by presenting appropriate retrieval cues (e.g., Moye
& Thomas, 1982). For example, Zhou and Riccio (1994)
found that a context-switch effect on passive avoidance
was lost after a 7-day retention interval, but it could be
reestablished by a brief exposure to the context shortly
before testing. As Zhou and Riccio noted, such results
suggest that generalization gradients flatten because of
retrieval failure. But they did not address why such a fail
ure should occur. We suggest that it comes about because
ofnatural changes in the superordinate temporal context.

The purpose of the present experiment was to test an
implication of this analysis. Bouton (1993, p. 91) noted
that if the effects ofphysical context switches and reten
tion intervals are based on the same underlying process,
then physical context switches and retention intervals
(temporal context switches) should have an additive ef
fect. That is, a combination of physical context change
and retention interval should cause greater forgetting
than either treatment alone. Put casually, the effect of
manipulating time and context together should create an
even bigger context switch. However, to test that addi
tivity, one needs to ensure that the physical context
change is the same at the short and long retention inter
vals, a point that would be precluded if the animals gen
eralized more between the contexts at the longer reten
tion interval. One way to resharpen this generalization
would be to remind the animals of the physical contexts
before the test (Rosas & Bouton, 1997a; Zhou & Riccio,
1994). Therefore, in the present experiment, we used a
context reminder procedure in order to provide an ade-

quate test of the possibility that context change and re
tention intervals can have additive effects.

We examined this issue using extinction in a taste
aversion conditioning paradigm. It is widely known that
animals learn aversions to flavors that are associated
with illness and that such aversions can be extinguished
by repeated exposure to the flavor alone (e.g., Rosas &
Bouton, 1996). However, extinction does not destroy the
original learning. As in other conditioning preparations,
animals retain conditioning after extinction; performance
after extinction is determined by which of two available
memories (conditioning vs. extinction) is retrieved, with
extinction being especially disrupted by context change
(Bouton, 1991, 1993). We have recently reported both
spontaneous recovery and renewal after the extinction of
a conditioned taste aversion: When time elapses after
extinction, or when the physical context is changed, a
modest recovery of the aversion is observed (Rosas &
Bouton, 1996, 1997b). Because neither of these effects
is especially large, the aversion extinction preparation
leaves ample room on the response scale to observe ad
ditive effects if they exist. We therefore used taste aver
sion extinction to test the interaction between context and
retention-interval effects. Animals tested at the long re
tention interval received reexposure to the context that
might remind the animal of the context before testing
began.

All rats received a pairing ofa saccharin drink with ill
ness in one apparatus (Context A). This created an aver
sion to the saccharin flavor. Half the rats then received
extinction exposures to saccharin in the same context
(Context A), and half received extinction in a different
context (Context B). The apparatuses that provided the
contexts were counterbalanced, and exposure to them
was controlled by giving each rat alternating sessions in
the contexts throughout the experiment. After the aversion
was extinguished, all rats were tested with saccharin in
Context A. We expected a renewed aversion in groups
for which saccharin was returned from Context B to
Context A (e.g., Rosas & Bouton, 1997b). We factorially
combined the context of extinction (A or B) with a reten
tion interval ofeither 1 or 24 days between the last extinc
tion trial and the test. Rats receiving the 24-day retention
interval should show spontaneous recovery ofthe aversion
(Rosas & Bouton, 1996). The main question was whether
the retention interval and context switch would combine
additively to produce the strongest aversion in the group
that received both manipulations.

METHOD

Subjects
The subjects were 32 female Wistar rats obtained from a commer

cial supplier (Charles River, Canada). They had previously served,
while hungry, in an experiment in which tones were paired with food
pellets in a different apparatus. The rats received ad-lib food and water
for 3 weeks before beginning the present experiment. Throughout, they



were housed individually in standard stainless steel cages. The exper
iment was conducted at the same times each day during the light por
tion of an 18:6-h light:dark cycle.

Apparatus
We used two counterbalanced sets of four boxes that have been used

in previous research on the role of context in conditioning (e.g., Bou
ton & Peck, 1989). The two sets differed in their location in the labo
ratory and on visual, tactile, and olfactory dimensions. Fluids were ad
ministered in the boxes through a stainless steel drinking spout. The
experimental flavor was a 0.05% (w/v) solution of sodium saccharin
(Sigma Chemical Co., St. Louis). lllness was induced by a 2% body
weight intraperitoneal injection of 0.15 M LiCf.

Procedure
The rats first received 5 days of exposure to a drink schedule con

sisting of two daily 15-min drinks of distilled water. The drinks were
separated by 10 h; this two-drinks-a-day schedule was maintained
whenever deprivation was in force. On Days 1-3, water was presented
in the colony room. On Days 4 and 5, each rat received a drink in a box
from each of the sets described earlier. Context sequence was counter
balanced. The rats were then assigned to groups in a way that matched
them on water consumption and balanced the boxes and their order of
presentation on these days.

We used the 2 x 2 factorial design summarized in Table I. To con
trol for thirst level on the final test, we arranged the procedure so that
all testing occurred on Day 36 of the experiment. This meant that the
animals that received testing after the longer (24-day) retention inter
val received conditioning on Day 6 and extinction on Days 8-12,
whereas the rats that received the shorter (I-day) retention interval re
ceived conditioning on Day 29 and extinction on Days 31-35. (Days 7
and 30 involved exposure only to water.) The procedure guaranteed
that the different groups differed in when and/or where they experi
enced conditioning and extinction with the saccharin, but not in their
experience with the two contexts or the deprivation schedule.

On the appropriate conditioning day, each rat received access to sac
charin for 15 min in Context A. Liel was then injected within 10 min.
The rats were returned to and remained in the context for 15 min after
the injection. They received equivalent exposure to drinking water in
Context B during the other drink period of the same day. (Boxes were
cleaned between rats to avoid any possible odor produced as an after-
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Table 1
Experimental Design

Conditioning Extinction Conditioning Extinction Test
Group (Day 6) (Days 8-12) (Day 29) (Days 31-35) (Day 36)

A-I AlB AlB AS+/B AS-/B AS-/B
B-1 AlB AlB AS+/B AlBS- AS-/B
A-24 AS+/B AS-/B AlB AlB AS-/B
B-24 AS+/B AlBS- AlB AlB AS-/B

Note-A and B, two different contexts; S, saccharin; S+, saccharin
paired with LiCI injection; S-, saccharin without injection.

effect of the injection.) A recovery day followed in which the rats re
ceived water at the usual times in the home cage. On each of the next
5 days, the rats received saccharin during one of their daily 15-min
drinks. The animals receiving these extinction trials in Context A re
ceived saccharin in A and water in B; the animals receiving extinction
in Context B received saccharin in B and water in A. As usual, because
ofthe counterbalancing of box and box sequence, half the rats receiv
ing each treatment received saccharin as the first drink of the day and
half received it as the second drink.

As shown in Table I, in order to control exposure to the contexts
throughout the experiment, the rats that did not receive conditioning or
extinction treatments on a given day simply received water in the cor
responding contexts at the corresponding times. On Days 13-23, all
rats received ad-lib tap water in the home cage.

The test took place on Day 36. For the rats tested at the long reten
tion interval, this was 24 days after the last extinction trial; for the rats
tested at the short interval, this was I day after the last extinction trial.
At this time, all subjects received access to saccharin for 15 min in
Context A and water in Context B at the appropriate times. Note again
that the method controlled the pattern of deprivation and box exposure
throughout the experiment. Group designations are defined in Table I.

The data of 2 rats (I in Group A-I and I in Group B-1) were dis
carded because of experimenter error (incorrect exposure to water or
saccharin in a particular context). Data of 2 other rats (I in Group A
24 and I in Group B-24) were also dropped because their aversion
never extinguished (they did not consume a measurable amount of sac
charin on any extinction trial).
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Figure I. Mean saccharin consumption on the conditioning day and the 5 days of extinction (left panel) and on the day oetesting (right
panel) for Groups A-I, 8-1, A-24, and 8-24. Conditioning and testing took place in Context A for aU subjects. Groups 8-1 and 8-24 re
ceived extinction in a context different from the conditioning and testing context; Groups A-I and A-24 received conditioning, extinction,
and testing in the same context (A). Groups A-24 and 8-24 finished extinction 24 days before the test day; Groups A-I and 8-1 finished
extinction the day before testing.
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RESULTS

The left panel of Figure 1 shows the groups' saccha
rin intake on each of the conditioning and extinction tri
als. There were no differences in consumption on the con
ditioning trial, as revealed by a 2 X 2 (retention interval X
extinction context) analysis ofvariance (ANOVA) [largest
F(l,24) = 3.52, P > .07]. Saccharin consumption de
creased precipitously after conditioning and then gradu
ally increased during extinction. As is usually the case in
our laboratory, extinction proceeded at the same rate re
gardless of whether it occurred in the context of condi
tioning (Context A) or in the alternate context (Context B).
The I-day and 24-day groups also did not differ. A re
tention interval X extinction context X extinction trial
ANOVA revealed a significant main effect oftrial [F( 1,24)
= 113.24, P < .0001], but no other main effect or inter
action [largest F(4,96) = 1.24, ps > .29]. Thus, neither
the context of extinction nor the timing of the con
ditioning and extinction phases had a measurable impact
on the aversion.

The test results are presented in the right panel of Fig
ure 1. Both the return to Context A after extinction in
Context B (Group B-1) and the 24-day retention interval
(Group A-24) produced a moderate decrease in saccha
rin consumption, relative to the group that did not receive
either the context switch or retention interval between
extinction and testing (Group A-I). Most importantly,
the decrease in consumption was even greater in the group
that received both the context switch and the retention
interval (Group B-24). A retention interval X context
ANOVA found significant main effects of retention in
terval [F(l ,24) = 25.10, P < .0001] and context switch
[F(l,24) = 18.86,p < .001] and no interaction between
these two factors (F < 1). Planned comparisons revealed
that Groups B-1 (context switch) and A-24 (retention in
terval) each showed less consumption than did Group A-I
(extinction control) [Fs(l,24) ~ 1O.93,ps < .01]. Most
importantly, there was less saccharin consumption in
Group B-24 (context switch and retention interval com
bined) than in either Group B-1 or Group A-24 [Fs(I,24)
~ 8.03,ps < .01]. These findings are entirely consistent
with the view that time and physical context change can
have additive, rather than interactive, effects.

DISCUSSION

The fact that the taste aversion recovered as a result of the context
switch and retention-interval manipulations is consistent with previ
ous research on taste aversion learning (Rosas & Bouton, 1996, I997b)
and other types of conditioning (e.g., Brooks & Bouton, 1993, 1994).
Extinction performance is relatively specific to the time and place in
which it is learned. The fact that changing the context after condition
ing did not weaken the conditioned response (taste aversion) is also
consistent with research using a number of other conditioning methods
(e.g., Bouton & King, 1983; Bouton & Peck, 1989; Brooks & Bouton,
1994; Hall & Honey, 1989). It is interesting that the rules governing ex
tinction and relapse of a taste aversion seem so similar to those gov
erning other types of associative learning; taste aversions have some-

times been thought to follow special laws (e.g., Rozin & Kalat. 1971).
The overall pattern of the present results is consistent with previous re
search suggesting that retrieval ofextinction is especially specific to its
physical and temporal context (Bouton, 1993).

The major finding, however, is that the context-switch and retention
interval manipulations had an even greater effect when they were com
bined. The group that received both the context switch and the long re
tention interval after extinction (Group B-24) showed a stronger recovery
of the aversion than did the groups that received either manipulation
alone (Groups B-1 and A-24). There were clear effects of the context
switch and retention-interval factors, with no interaction between them
(cf. Riccio et aI., 1984). This result contrasts with previous reports sug
gesting that context-switch effects may diminish overtime (e.g., Gisquet
Verrier & Alexinsky, 1986; Kissinger & Riccio, 1995; W. R. McAllister
& D. E. McAllister, 1963; Perkins & Weyant, 1958; see Riccio et aI.,
1994, and Riccio et aI., 1984, for reviews). One variable that makes our
experiment different from most is that we equated exposure to the two
contexts throughout the experiment. Previous experiments have often
switched to a completely novel context, introducing the possibility that
competing exploratory behaviors, rather than true memory loss, might
have reduced performance (Devenport, 1989; Gisquet-Verrier & Alex
insky, \986). A second variable that makes this experiment different is
that the rats tested after the long retention interval also received reex
posure to the context for several days just before the test day. If contex
tual attributes are indeed forgotten over time, this reexposure would
have reminded the animals ofthe two contexts and thus equated the con
text-switch manipulation performed at the long and short retention in
tervals. Without such a reminder, if the animal does forget contextual at
tributes, then a context switch at a longer retention interval cannot be
considered comparable to a switch at a shorter interval, and, thus, the ad
ditivity hypothesis investigated here would not be adequately tested.

These results are consistent with the findings ofrelated experiments
in our laboratory on latent inhibition in appetitive conditioning (Rosas
& Bouton, 1997a). In those experiments, we gave rats tone-alone pre
sentations before pairing the tone with food; as described above, pre
exposure to the tone interfered with conditioning that resulted from the
tone-food pairings. A context switch or retention interval between pre
exposure and conditioning have both been shown to reduce latent in
hibition, perhaps by causing a failure to retrieve the preexposure ex
perience (see Hall, 1991, for a review). When we first tested both
manipulations together, the size of the context-switch effect on latent
inhibition was reduced after a long retention interval, as the context
forgetting paradox predicts (Rosas & Bouton, I997a, Experiment I).
However, when the rats were reexposed to the contexts before testing,
the context-switch effect returned. In this case, the time- and context
switch effects were additive, so that the greatest loss of latent inhibi
tion was evident in a group that received both the retention interval and
the context switch (Rosas & Bouton, 1997a, Experiment 2). We sug
gested that reexposure to the context improved memory for the con
texts during the test and revealed an additivity between time and con
text that is consistent with a common mechanism.

These converging demonstrations of additivity in two different
preparations are consistent with, although alone they do not force, the
conclusion that time and context effects may be based on a common
mechanism. That is, retention intervals may cause changes in memory
performance at least in part because they are correlated with natural
changes in background contextual cues. The additivity result is but one
of a number of results consistent with this idea. As Bouton (1993)
noted, and as we reviewed above, there is a broad parallel between the
effects of retention interval and context switches in the literature.
Those phenomena (e.g., extinction and latent inhibition) that are af
fected by time are usually also affected by a change in the context,
whereas those that are resistant to the effects ofretention intervals (i.e .•
simple conditioning) are also relatively resistant to the effect of phys
ical context change (see Bouton, 1993, for a review). As an additional
line of evidence, Brooks and Bouton (1993, 1994) found that renewal
and spontaneous recovery effects, analogous to the ones observed here
in Groups B-1 and A-24, are both attenuated by presenting a retrieval
cue for extinction at the time of testing. Taken together, the results are



consistent with the idea that time and context switches work through a
common mechanism.

The present results are also compatible with our resolution of the
context-forgetting paradox (Rosas & Bouton, 1997a). The fact that an
imals can forget contextual attributes over time (e.g., Riccio et a!.,
1984) does not necessarily challenge the context-change account of
forgetting. Physical contexts are necessarily embedded in a larger tem
poral context, so that retention intervals can be expected to affect the
memory of physical contexts the same way they affect the memory of
other embedded information. Such forgetting can cause a weaker con
text effect at long retention intervals under some circumstances. But in
procedures, like the present one, that ensure adequate memory for the
physical contexts during the test, context-switch and retention-interval
effects can be shown to be additive rather than interactive. This suggests
that even the diminishing effects over time of a change in the physical
context might be caused by changes in the temporal context. Thus, the
widely held but rarely tested idea that spontaneous forgetting is due in
part to contextual change may remain, for the time being, secure.
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