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Spontaneous recovery after extinction
of a conditioned taste aversion

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

Four experiments examined whether or not spontaneous recovery could occur after extinction in
the conditioned taste-aversion paradigm. After three extinction trials, spontaneous recovery was ob
tained over an 18-dayretention interval (Experiments 1, 2, and 3). The effect was not due to changes
in the unconditioned preference for saccharin over the retention interval (Experiment 2) or to an in
crease in a nonextinguished aversion over time, as indicated by tests with both the original, nonex
tinguished aversion (Experiment 1) and with a weaker one (Experiment 3). Spontaneous recovery
was not obtained when extinction was overtrained (eight trials) and a 49-day retention interval was
used (Experiment 4). However, saccharin intake at asymptote reached the level of baseline water in
take, and not the highly preferred level shown by never-conditioned controls. Results of all four ex
periments suggest that extinction does not return an averted taste to the status of an unconditioned
one.

Nonreinforced exposure to a conditioned stimulus
(CS) that has been previously paired with an uncondi
tioned stimulus (US) yields a progressive decrease in the
conditioned response (CR) that is known as extinction.
Spontaneous recovery is the increase in the CR that is
usually found when the CS is presented again in a test
conducted after a retention interval. This well-known
phenomenon was discovered by Pavlov (1927) at the be
ginning of the century, and is one of the main phenom
ena used to argue against the possibility that extinction
causes unlearning of the original CS-US association.

The present article is concerned with taste-aversion
learning, in which a flavor is associated with illness. The
resulting flavor aversion can be extinguished ifthe flavor
is then repeatedly presented alone. However, to the best
of our knowledge, no published work has reported spon
taneous recovery of an aversion after extinction. A near
exception is an experiment conducted by Kraemer and
Spear (1992). These authors found spontaneous recovery
when the extinguished flavor was different from the fla
vor that was conditioned and tested. However, when the
same flavor was used in conditioning, extinction, and
testing, no recovery was observed. Thus, spontaneous re
covery was found after generalized extinction but not
after ordinary extinction. Kraemer and Spear reported
analogous results in latent inhibition. That is, generalized
latent inhibition was lost after a rentention interval,
whereas ordinary latent inhibition (where preexposure,
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conditioning, and testing were conducted with the same
flavor) was not. More recently, Aguado, Symonds, and
Hall (1994) found an attenuation oflatent inhibition after
a retention interval using the same flavor (saccharin) in
every phase of the experiment. Iflatent inhibition and ex
tinction share a common explanation (see also Bouton,
1991, 1993), it seems reasonable to suppose that sponta
neous recovery in taste aversion might also be possible
under some conditions using the same flavor through the
whole experiment. However, this has yet to be shown.

Several postextinction effects that argue against an un
learning account of extinction appear to have been diffi
cult to obtain in taste-aversion learning. First, it has al
ready been mentioned that at least one explicit test of
spontaneous recovery found none (Kraemer & Spear,
1992). Second, some experiments have found that reac
quisition after extinction in taste-aversion learning pro
ceeds exceedingly slowly (e.g., Danguir & Nicolaidis,
1977; Hart, Bourne, & Schachtman, 1995). Third, early
experiments in our laboratory did not find any evidence
of reinstatement of the conditioned taste aversion after
one or several exposures to the US after extinction (Bou
ton, 1982). Reinstatement has been obtained in subse
quent taste-aversion experiments (Schachtman, Brown,
& Miller, 1985), but some of the evidence of it has been
surprisingly indirect. For instance, Schachtman, Gus
tavson, Chelonis, and Bourne (1992; see also Gustavson,
Hart, Calton, & Schachtman, 1992) found no actual re
covery of the aversion to the extinguished taste. Instead,
they reported a restoration of its ability to block (e.g.,
Kamin, 1969) an aversion conditioned to a new taste that
was conditioned in serial compound with it. In some of
the experiments, the blocking effect was actually con
founded with a US preexposure effect. Finally, Archer
and his colleagues (e.g., Archer & Sjoden, 1981; Archer,
Sjoden, & Nilsson, 1985;Archer, Sjoden, Nilsson, & Carter,
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1979,1980; Sj6den& Archer, 1989)havefound that a taste
aversion was partially restored when the flavor was re
turned to the original conditioning context after extinc
tion in another context. This effect resembles the "re
newal effect" found in other conditioning preparations
(e.g., Bouton & Bolles, 1979; Bouton & King, 1983; Bou
ton & Peck, 1989). However, the taste-aversion experi
ments usually found a loss of the conditioned response
when the context was switched after conditioning (e.g.,
Archer et al.,1980; Sjoden & Archer, 1989). In experi
ments reporting renewal in fear conditioning (e.g., Bou
ton & King, 1983) and in appetitive conditioning (e.g.,
Bouton & Peck, 1989), no loss ofresponding was found.
The loss in taste-aversion learning leaves open the pos
sibility that the flavor was perceived as different in the
two contexts, therefore suggesting that the original flavor
was never extinguished. Even in the rare experiments
where the aversion was not reduced with the contextual
change (Archer & Sjoden, 1981), differences in the fa
miliarity of the contexts permit alternative explanations
ofthe effect. While these remain open, the renewal oftaste
aversion found by these authors is not a strong argument
against the unlearning hypothesis. Indeed, the evidence
against this hypothesis in CTA seems sufficiently mixed
to leave room for the claim that taste aversion is a spe
cial case oflearning (e.g., Rozin & Kalat, 1971).

Given this background, any empirical evidence con
cerning the unlearning explanation of extinction in con
ditioned taste-aversion learning would contribute to our
understanding of the phenomenon. The experiments pre
sented in this paper asked whether spontaneous recovery
could occur in the taste-aversion paradigm.

EXPERIMENT 1

In Experiment 1, the effect ofa retention interval upon
an extinguished taste aversion was compared with that ob
served after simple excitatory conditioning. The experi
mental design included four groups. Every rat received
one conditioning trial in which a saccharin solution was
followed by LiCI-induced illness. Twogroups (Ext-S and
Ext-L) then received extinction exposure to the saccharin.
The strength of the aversion to the saccharin was then
tested 1day (Group Ext-S) or 18 days (Group Ext-L) after
the last extinction trial. If spontaneous recovery were to
occur with this procedure, the aversion in Group Ext-L
should be stronger than that in Group Ext-S. Two control
groups (C-L and C-S) were included to test whether the
retention interval had a similar effect upon a nonextin
guished aversion. Such an "incubation" effect has been re
ported in the taste-aversion literature (e.g., Batsell & Best,
1992a, 1994). The control groups did not receive expo
sure to the saccharin after conditioning, but received the
test after a retention interval equivalent to that between
conditioning and testing in the two experimental groups.

Method
Subjects and Apparatus. The subjects were thirty-two 130

day-old female Wistar rats purchased from Charles River, Canada.

Twenty-eight had previously served, while food-deprived, in an
appetitive conditioning experiment in which tones and/or lights
were paired with food pellets in Skinner boxes. The rats received
free access to food and water for 12 days before beginning the new
experiment; their ad-lib weights ranged between 245 and 312 g
(mean of270.5 g) at the start. They were individually housed with
continuous access to food in suspended stainless steel cages (18 x
20 x 36 ern) in a room maintained on an 18:6-h light:dark cycle.
The experiment was conducted in this room on consecutive days
during the light portion of the cycle. Fluids were administered at
room temperature in 30-ml plastic syringes that had a rubber stop
per fitted with a stainless steel drinking spout. The test flavor was
a solution of 0.1 % sodium saccharin (sugar substitute), and ill
ness was induced by a 2% body-weight intraperitoneal injection
of 0.15 M LiC!. All fluids were mixed in distilled water.

Procedure. For 5 days, the animals were first subjected to a
water-deprivation schedule consisting oftwo daily 30-min periods
offree access to distilled water. These drinking periods took place
at 0900 and 1700 h. The deprivation schedule started on the same
day for every subject and was kept unchanged throughout the ex
periment. In experimental phases, flavored solutions were pre
sented during the first drink period; the animals continued re
ceiving distilled water during the second period throughout the
experiment.

On the single conditioning day, all rats received free access to
the saccharin solution for 30 min, followed within IS min by an
injection of LiC!. A recovery day followed in which the animals
had access to distilled water for the usual 30-min periods. Groups
were then matched on the water consumption during the 5 days of
deprivation and on saccharin consumption on the conditioning
day. The animals in Groups Ext-L and Ext-S then received free
access to saccharin in the morning drink period on each of the
next 3 days. The animals in Groups C-L and C-S received water
in these periods. After a retention interval, a test was administered
in which the animals received three daily sessions ofaccess to sac
charin in the morning session.

To ensure that the motivation to drink was equal in the differ
ent groups during testing, the test took place on the 29th day of the
two-drinks-a-day schedule for all animals. The days on which
conditioning (and extinction) occurred were manipulated so that
the test occurred I day after extinction in Group Ext-S (5 days
after the conditioning day in Groups C-S and Ext-S) and 18 days
after extinction in Group Ext-L (21 days after the conditioning
day in Groups C-L and Ext-L).

The amount of liquid consumed was measured to the nearest
milliliter and was evaluated by analyses of variance (ANOVA).
Planned comparisons were made using the methods discussed by
Howell (1987, pp. 431--443). The rejection criterion was set at p <
.05.

Results and Discussion
Figure 1 shows the saccharin consumption on the con

ditioning trial, on the 3 days of extinction (for Groups
Ext-L and Ext-S), and on the 3 days of testing for all
groups. A 2 (retention interval) X 2 (extinction vs. no
extinction) ANOVA found no differences in consump
tion on the conditioning trial [Fs(1,28) < 1]. Extinction
occurred at the same rate in Groups Ext-L and Ext-S,
without remarkable differences between them. A 2 (group)
X 3 (trial) ANOVA conducted during the extinction
phase found a main effect of trial [F(2,28) = 42.3] but
not of group [F(1,14) < 1] or a group X trial interaction
[F(2,28) < 1].

The groups were equally thirsty before the first testing
day.The mean water consumption in the afternoon drink
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These results suggest that the long retention interval
reduced saccharin consumption after extinction but not
after conditioning alone. This lower consumption can be
interpreted as spontaneous recovery of the extinguished
aversion. It is significant that there was no evidence that
the retention interval had any effect on the aversion con
ditioned and tested without extinction (cf. Batsell &
Best, 1992a, 1994). However, it is possible that the de
crease in extinguished saccharin consumption after the
long retention interval could be a consequence of a
change in saccharin preference that was masked by a
floor effect present at the start of testing in the present
control groups. This was further examined in Experi
ments 2 and 3.

The design of the second experiment was similar to
that of the first, except that the two control groups now
received unpaired exposure to the saccharin and LiCI. In
addition, overall exposure to the saccharin was equated
in all groups. The design allowed us to replicate the
spontaneous recovery effect observed in Experiment 1
and also to assess whether the retention interval caused
any change in the rats' unconditioned saccharin intake.

EXPERIMENT 2

Method
Subjects and Apparatus. The subjects were 33 female Wis

tar rats from the same stock as before, which had likewise been
used in an experiment on appetitive conditioning. The rats re
ceived 14 days offree access to water and food before the new ex
periment was begun. They were about 115 days old at the start and
ranged in ad-lib weight from 208 to 287 g (a mean of 251.3 g).
Maintenance conditions and apparatus were the same as those in
Experiment I.

Procedure. The procedure was identical to the one used in Ex
periment I except as noted. The groups were matched on water
consumption during the 5 initial deprivation days preceding the
conditioning session. During the conditioning day, all rats re
ceived access to the saccharin solution for 30 min. The animals in
Groups Ext-L and Ext-S received an injection of Li'C! within
15 min. The animals in Groups UP-S and UP-L received the same
injection after consuming distilled water during their morning
drink the next day. A recovery day followed in which all animals
had access to water for the usual 30-min periods. Beginning the
next day and continuing for the following 2 days, all rats received
access to saccharin in the morning drink period. Twodays of test
ing, in which the saccharin solution was presented in the 30-min
morning session, were administered after a I-day (Groups Ext-S
and UP-S) or an 18-day (Groups Ext-L and UP-L) retention in
terval. As before, the test took place on the same day (the 30th
day of the two-drinks-a-day schedule) in every group.

Results and Discussion
Two rats (one in Group Ext-L and the other in Group

Ext-S) were discarded because they failed to drink any
saccharin during extinction (the same criterion was ap
plied in every experiment).

Figure 2 shows the saccharin consumption on the con
ditioning trial, the 3 days of exposure in extinction, and
the 2 days of testing in all four groups. A 2 (retention in
terval) X 2 (pairing) ANOVAon consumption during the
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Figure 1. Saccharin consumption on the conditioning trial, on
the 3 days of extinction (for Groups Ext-L and Ext-S), and on the
3 days of testing for Groups Ext-L, Ext-S, C-L, and C-S in Ex
periment 1.

the day before the test was 5,6.12,5.25, and 5.63 ml for
Groups Ext-L, Ext-S, C-L, and C-S, respectively. A 2
(extinction) X 2 (retention interval) ANOVA found no
differences in consumption [Fs(1,28) s 2.24].

At the beginning of the test, the mean saccharin intake
was lower in Group Ext-L than in Group Ext-S; the in
take in the control groups was even lower. These differ
ences became smaller as extinction progressed during
the test. A 2 (retention interval) X 2 (extinction) X 3 (trial)
ANOVA found main effects of extinction [F(1,28) =
21.5] and trial [F(2,56) = 62.4] but not of the retention
interval [F(1,28) < 1]. The retention interval X trial
[F(2,56) = 3.5] and extinction X trial [F(2,56) = 19.6]
interactions were also significant. Neither the retention
interval X extinction [F(1,28) < 1] nor the retention in
terval X extinction X trial interaction [F(2,56) < 1] were
significant. The retention interval X trial interaction was
due to the fact that the retention-interval effect was sig
nificant on the first test trial [F( 1,51) = 4.1] but not on
the others (Fs < 1). Subsequent analyses that explored
the extinction X trial interaction found that less saccha
rin was consumed by the control subjects than by the ex
tinguished subjects in the first and second test trials
[F(1,51) ~ 11.2] but not in the third [F(1,51) = 1.7].
However, when the extinguished groups were isolated,
the increase was reliable only in Group Ext-L. A 2 (re
tention interval) X 3 (trial) ANOVA conducted with the
extinguished groups (Ext-L and Ext-S) found a main ef
fect of trial [F(2,28) = 9.1] but not of retention interval
[F(1, 14) = 1.8]. Most important, the retention interval
X trial interaction was significant [F(2,28) = 4.8]. Sub
sequent analyses showed a lower consumption after the
long retention interval (Group Ext-L) than after the short
one (Group Ext-S) on the first test trial [F(1,22) = 4.7].
An identical analysis run with the control groups found
a main effect only of trial [F(2,28) = 56.98], but neither
the group effect nor the group X trial interaction was sig
nificant (Fs < 1).
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Figure 2. Saccharin consumption on the conditioning trial, the
3 days of exposure to the saccharin in extinction, and on the 2
days of testing for Groups Ext-L, Ext-S, UP-L, and UP-S in Ex
periment2.

Experiment 3 was conducted to determine whether a
weak taste aversion was influenced by the retention in
terval that increased the aversion to our extinguished fla-

EXPERIMENT 3

5.9], but the retention interval X pairing interaction was
not [F(1,27) = 1.4]. The three-way interaction was also
significant [F(I,27) = 5.2]. Subsequent analyses ex
ploring this interaction found that the retention interval
X trial interaction was significant only in the Ext groups
[F(I,27) = 10.7] but not in the UP groups (F < I). The
interaction was due to the fact that Groups Ext-S and
Ext-L differed reliably on the first test trial [F(1,27) =
24.9] but not on the second (F < I). Furthermore, there
was a simple effect of trial in Group Ext-L [F(1,27) =
12.8] but not in Group Ext-S [F(I,27) = 1.25]. No dif
ferences were found between Groups UP-S and UP-L on
either test trial (Fs < I).

The results of this experiment replicated those ob
tained in Experiment I: There was less saccharin con
sumption when the test was conducted 18 days after
extinction than when it was conducted only I day after
extinction. As in Experiment I, this was a transient ef
fect, disappearing after the first test trial. Most impor
tant, however, is the fact that there were no changes in
saccharin consumption over the retention interval when
saccharin had not been paired with illness. The decrease
in the saccharin consumption observed after extinction
thus appears to depend on initial aversion conditioning.

The results thus strongly suggest that spontaneous re
covery of a conditioned taste aversion can be obtained.
However, in Experiments I and 2, testing might have
been conducted before extinction was complete. On the
one hand, saccharin consumption did not increase sig
nificantly during testing when the retention interval was
short (Experiments I and 2), suggesting that extinction
was at asymptote by the first trial oftesting. On the other
hand, the extinguished rats did not reach the level ofcon
sumption shown by the unpaired subjects. Thus, it could
be argued that at the end of the extinction phase there
was still a weak conditioned taste aversion. This point is
relevant, because the memory of incompletely learned,
nonasymptotic associations can improve with the reten
tion interval (e.g., Gisquet-Verrier & Alexinsky, 1988).
Indeed, in conditioned taste-aversion learning, a rela
tively weak aversion does increase over time (e.g., Bat
sell & Best, 1992a, 1992b, 1994). It is worth noting that
the increase in aversion found by Batsell and Best
reached a maximal level about 48 h after conditioning,
well before testing after our shortest retention interval
occurred (5 or 6 days after conditioning). Even though
this suggests no direct reason to expect incubation be
tween the intervals tested here, it is possible that, with our
particular parameters, the strength of weak aversion
might still increase with the longer retention interval. We
found no such increase in Experiment I, but it could
have been hidden by a floor effect that was evident at the
onset of testing in that experiment.
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conditioning trial did not find any main effect or inter
action [Fs(1,27) ~ 3.89]. As in the first experiment, ex
tinction proceeded uneventfully. The subjects that had
received the saccharin paired with the LjCl increased
their consumption over trials, but it remained below the
consumption of the unpaired groups, which did not
change over trials. A 2 (retention interval) X 2 (pairing)
X 3 (trial) ANOVA conducted on the extinction data
found a main effect ofpairing [F(1,27) = 93.7] and trial
[F(2,54) = 28.6] but not of the retention interval
[F(I,27) = 1.6]. The pairing X trial interaction was sig
nificant [F(2,54) = 13.1], but none of the interactions
involving the retention interval were (Fs ~ 2.3). Subse
quent analyses run to explore the pairing X trial interac
tion found a simple effect of trial in the paired groups
undergoing extinction [F(2,54) = 39.97] but not in the
unpaired groups [F(2,54) = 1.7]. Otherwise, the simple
effect ofpairing was significant on every trial [Fs(I,46) ~
34.5]. Thus, the groups' intakes had not converged on
the same point by the last extinction trial.

The mean water consumption in the afternoon session
the day before testing began was 6.63,7.14,5.63, and
5.25 ml in Groups Ext-L, Ext-S, UP-L, and UP-S, re
spectively. A 2 (retention interval) X 2 (pairing) ANOVA
did not find any differences in consumption [F(I,27) ~
3.81], suggesting that the groups did not differ in their
deprivation before the test.

Of main interest are the results of testing. The results
in the two extinction groups replicated the previous ex
periment; there was less consumption after the long than
after the short retention interval. In contrast, there was
no effect ofretention interval in the two unpaired groups.
A 2 (retention interval) X 2 (pairing) X 2 (trial) ANOVA
conducted on the test consumption found a main effect
of pairing [F(1,27) = 15.7] but not of retention interval
or trial (Fs < I). The retention interval X trial and the
pairing X trial interactions were significant [Fs(1 ,27) ~



SPONTANEOUS RECOVERY IN TASTE AVERSION 345

Results and Discussion
Figure 3 shows the saccharin consumption in the con

ditioning trial, the 3 days ofextinction, and the 2 days of
testing. A 2 (retention interval) X 2 (dose level) ANOVA
on consumption on the conditioning day did not find any
significant main effects or interaction [Fs(l ,28) ~ 3.18].
During extinction, a 2 (retention interval) X 3 (trial)
ANOVA comparing the two extinguished groups found
a main effect of trial [F(2,28) = 44.37], but neither a

main effect of retention interval nor a retention interval
X trial interaction (Fs < 1).

The mean water consumption in the afternoon session
before the first test day was 6.87, 5.87, 5.25, and 5 ml for
Groups Ext-L, Ext-S, O.5%-L, and 0.5%-S, respectively.
A 2 (retention interval) X 2 (extinction) ANOVA found
no differences in water consumption [Fs(1,28) ~ 2.37].
As usual, the groups did not differ in their motivation to
drink prior to testing.

With respect to the main concern of this experiment,
the extinguished saccharin consumption was again sup
pressed after the long retention interval, replicating the
results of the previous experiments. Moreover, there was
no effect of the retention interval on the weak aversion in
the two control groups. A 2 (retention interval) X 2 (ex
tinction) X 2 (trial) ANOVA on test consumption found
a significant main effect of trial [F(1,28) = 99.4] and
significant retention interval X trial and retention inter
val X extinction X trial interactions [Fs(l,28) ~ 5.79].
The other effects or interactions were not significant
[Fs(l,28) ~ 1.54]. Analyses run to explore the three-way
interaction found that the retention interval X trial inter
action was significant in the subjects that had received
previous extinction [F(l,28) = 11.5] but not in those
that had not (F < 1). Saccharin consumption was lower
in Group Ext-L than in Group Ext-S on the first test trial
[F(1,35) = 4.23]. The two groups with the weak aver
sion (0.5%-L and O.5%-S) did not differ (Fs < 1). How
ever, Group 0.5%-S consumed less saccharin than Group
Ext-S [F(1,28) = 5.49], showing that the weak aversion
was still stronger than the extinguished aversion. Other
wise, the simple effect of trial was significant in every
group [Fs(l,28) ~ 4.98].

This experiment again found a recovery of the extin
guished saccharin aversion when the test was conducted
18 days after extinction. Most importantly, saccharin
consumption did not change over time in the subjects
that had only a weak aversion to saccharin. Thus, taste
aversion learning appears to be path dependent, in the
sense that the effect of retention interval depends on
whether a weak aversion was produced by extinction or
by partial conditioning.

EXPERIMENT 4

In previous experiments, spontaneous recovery was
tested after only three extinction trials. It would be use
ful to know whether spontaneous recovery would also
appear after more extensive extinction training, and this
was the aim of the final experiment. The design was the
same as that used in Experiment 2, except that 8 days of
extinction and a 49-day retention interval were used. The
choice of retention interval preserved the 6:1 ratio be
tween the number of days of the retention interval and
extinction that was used in the previous experiments.
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vor. As in Experiment 1, we again compared the effect of
the retention interval after extinction and simple condi
tioning. However, here the control rats received condi
tioning with a smaller US, specifically, an injection that
was one fourth the size ofour usual dose ofLiCl. A pilot
experiment had shown that this dose (0.15 M LiCl at
0.5%, rather than 2%, body weight) leads to an interme
diate level of conditioning that would leave space on the
consumption scale to detect either an increase or decrease
in the aversion after the retention interval. In fact, the
dose was expected to produce an aversion roughly com
parable to that observed at the end of extinction in the
extinguished groups. Thus, the experiment was designed
to ask whether the effect of retention interval on a weak
aversion depended on the conditioning history or path
(extinction or simple conditioning) taken to arrive at it.

Method
The subjects were 32 female Wistar rats from the same stock as

before, which had, once again, been used in an experiment on ap
petitive conditioning. They received free access to food and water
for 15 days before the present experiment was begun. The rats
were about 140 days old and ranged in ad-lib weight from 228 to
300 g (a mean of275 g) at the start. Maintenance conditions and
apparatus were the same as in the previous experiments. The pro
cedure was exactly the same as that in Experiment I, except that
illness in the two control groups (0.5%-L and 0.5%-S) was in
duced by a 0.5% body-weight intraperitoneal injection of 0.15 M
LrCl. The treatment of Groups Ext-L and Ext-S was the same as
that in Experiment I.
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Figure 3. Saccharin consumption on the conditioning trial, the
3 days of extinction, and over the 2 days of testing in Groups
Ext-L, Ext-S, 0.5%-L, and 0.5%-S in Experiment 3.

Method
The subjects were 31 female Wistar rats from the same stock as

before; they had also been used in an experiment on appetitive



Figure 4. Saccharin-water proportion on the conditioning day,
the 8 days of exposure to the saccharin in extinction, and the 2
days of testing in Groups Ext-L, Ext-S, UP-L, and UP-S in Ex
periment4.
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conditioning. The rats received 10 days offree access to water and
food before the new experiment began. They were about 145 days
old and ranged in ad-lib weight from 209 to 280 g (a mean of
248 g) at the start of the new experiment. Maintenance conditions
and apparatus were the same as before. The design of Experi
ment 2, in which we compared paired and unpaired groups, was
used. The procedure followed that of Experiment 2 except as
noted. Every subject now received 8 days ofnonreinforced expo
sure to saccharin during the extinction phase, and the retention in
tervals were 49 days for Groups Ext-L and UP-L (n = 7) and 2
days for Groups Ext-S and UP-SoTesting occurred on Days 66 and
67 for every subject. The usual water-deprivation schedule started
the same day for all animals and was maintained until Day 16 (the
8th day of exposure to the saccharin during the extinction phase
in Groups Ext-L and UP-L). All rats then received ad-lib water
for the next 31 days. Water deprivation was resumed on Day 48,
5 days before conditioning in Groups Ext-S and UP-So The pro
cedure arranged things so that, regardless of group assignment,
all conditioning and extinction trials were conducted after the
same number of local deprivation days. Finally, a water baseline
day was given to all the animals the day before the test; Groups
Ext-S and Ext-L were thus tested 2 days and 49 days, respectively,
following the 8th extinction trial.
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Results and Discussion
One rat in Group Ext-L failed to show any evidence of

extinction and was therefore removed from the experi
ment. Perhaps not surprisingly, given the lengthy 7-week
retention interval, there were systematic differences in
baseline water intake in the groups given water during
the early conditioning and extinction phases (Days 6-16,
Groups Ext-S and UP-S) and the later conditioning and
extinction phases (Days 54-64, Groups Ext-Land UP-L).
The mean water consumption was 8.81 and 10.01 rnl for
these animals, respectively. Though small, this differ
ence was also reflected in the saccharin intake observed
during the corresponding periods. The mean saccharin
consumption during the last four trials ofextinction was
8.44 and 10.62 ml for Groups Ext-L (Days 13-16) and
Ext-S (Days 61-64), respectively [F(I,13) = 3.79, p =

.074]. Since this small difference appears to have been
an artifact of a general increase in liquid consumption
over time, we corrected for it by analyzing saccharin in
take data expressed as a proportion of the contemporary
baseline water intake. Our use ofthe proportion measure
does not change conclusions based on an analysis of ab
solute saccharin consumption except where noted.

Figure 4 presents the mean saccharin-water propor
tion on the conditioning day, the 8 days of exposure to
the saccharin in extinction, and the 2 days of testing in all
four groups. The proportion was computed for each sub
ject by dividing its saccharin consumption by the mean
water intake of the animals that received water in the cor
responding session. To compute the proportion on test
days, on which all rats received saccharin in the same
sessions, saccharin intake was divided by the mean water
consumption in the morning session of the water base
line day given immediately before the test (Day 65).

A 2 (retention interval) X 2 (pairing) ANOVA on con
sumption during the conditioning trial did not find any
main effect or interaction [Fs(l,26) < 1.28]. During the
extinction phase, a 2 (retention interval) X 2 (pairing) X

8 (trial) ANOVA found a significant main effect ofpair
ing [F(I,26) = 99.52] and trial [F(7,182) = 44.28]. The
retention interval X trial, pairing X trial, and retention
interval X pairing X trial interactions were also signifi
cant [Fs(7,182) ~ 2.09]. Neither the retention interval
main effect nor the retention interval X pairing interac
tion were significant [Fs( 1,26) :s; 2.66]. Exploring the
pairing X trial interaction, we found that the simple ef
fect of pairing was significant on every trial [Fs(l,66) ~
21.27]. A 2 (retention interval) X 8 (trial) ANOVA con
ducted with the two experimental groups (Ext-L and
Ext-S) found a main effect oftrial [F(I,66) = 30.51] but
not of retention interval or the interaction [Fs(l,66) :s;
2.06], suggesting a comparable rate of extinction in the
two groups. The groups had reached asymptotic extinc
tion by Trial 5. A 2 (retention interval) X 4 (trial) ANOVA
conducted in these two groups on Trials 5-8 did not find
group, trial, or interaction effects (Fs < 1). The lack of a
trial effect indicates that extinction progressed no further
after Trial 5. Note, however, that asymptotic extinction
approached a saccharin-water proportion of 1.0. Thus,
saccharin was consumed in an amount comparable to
water-not nonconditioned saccharin [F(l,26) = 28.67]
when asymptote was reached.

A 2 (retention interval) X 8 (trial) ANOVA conducted
during extinction with the two control groups found a sig
nificant main effect ofretention interval [F( 1,66) = 13.35]
but not of trial or a group X trial interaction [F(1 ,66) :s;
1.84]. Group UP-S drank a smaller proportion of sac
charin than did Group UP-L. Interestingly, however, the
absolute saccharin intake in these groups was equivalent
and quite high (means of 14.43 and 13.93 ml for Groups
UP-L and UP-S, respectively). The pattern is consistent
with the possibility that both groups were drinking as
much saccharin as their stomachs could contain. If sac
charin consumption in nonconditioned subjects reached
the maximum possible, any increase in consumption of
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the less preferred water between the early and later ex
tinction would lead to an artifactual drop in the saccha
rin-water proportion in Group UP-So Thus, the differ
ence in proportion was presumably an artifact caused by
a ceiling effect in saccharin consumption. This possibil
ity is further consistent with the fact that the difference
in proportions disappeared during the test (see below)
when the water baseline and saccharin data were taken
on the same days, late in the experiment, for both groups.

Turning to the test data, Figure 4 suggests no evidence
of spontaneous recovery. This impression was con
firmed by statistical analysis. A 2 (retention interval) X

2 (pairing) X 2 (trial) ANOVA found a significant main
effect of pairing [F(1,26) = 13.94]. Even after eight ex
tinction trials and apparent asymptotic extinction, the ex
tinguished groups still consumed less saccharin than did
the controls. None of the other main effects or interac
tions were significant [Fs(I,26) ::;; 1.23]. There were no
differences in deprivation level; water consumption in
the morning session of the day before testing was 11.1,
11.25, 10.71, and 10.5 ml in Groups Ext-L, Ext-S, UP-L,
and UP-S, respectively [Fs(1,26)::;; 1.19].

This experiment did not find spontaneous recovery
after extended extinction training. It is possible, of
course, that the retention interval was too short to pro
duce the effect with the present procedure. However, the
present retention interval was very long by most stan
dards, and preserved the 6: I ratio between days in the in
terval and days in extinction that was used successfully
in the previous experiments. In any event, the results
suggest that there are boundary conditions for sponta
neous recovery in taste-aversion learning (see also Krae
mer & Spear, 1992).

Perhaps the most interesting finding of this experi
ment was that the saccharin consumption in extinction
never reached the level shown by subjects that had never
received conditioning. In an important sense, the effects
of the original aversion were thus never completely de
stroyed by extinction. In unpaired animals, the present sac
charin concentration was preferred to water (saccharin
water proportion> 1.0). However, extinction did not yield
this preference; instead, asymptote was at a point of in
difference with water (proportion = 1.0). Extinction ev
idently returned the saccharin flavor to neutrality, but the
rats never acquired a preference for it. An unlearning ac
count of extinction would predict that saccharin con
sumption would eventually reach the level of consump
tion in the absence ofconditioning. The results therefore
continue to suggest that extinction does not destroy the
acquired aversive properties of saccharin, even though
spontaneous recovery was not evident during the test.

GENERAL DISCUSSION

Four experiments were conducted to test whether
spontaneous recovery could occur after extinction in the
conditioned taste-aversion paradigm. Spontaneous re
covery was obtained after an 18-day retention interval
when three extinction trials were used (Experiments 1,2,

and 3). This effect was not due to spontaneous changes
in the unconditioned preference for saccharin over the
retention interval (Experiment 2). Nor was it due to an
increase in the conditioned taste aversion over time after
simple conditioning, which we assessed after the condi
tioning of strong (Experiment 1) and intermediate (Ex
periment 3) taste aversions.

Kraemer and Spear (1992) reported spontaneous re
covery from generalized, but not from primary, extinc
tion. The experiments reported here show for the first
time that spontaneous recovery from primary extinction
can be obtained in taste-aversion learning. The results of
these experiments add to the small body of evidence,
provided by effects of certain postextinction manipula
tions, which suggest that the excitatory association is not
destroyed during extinction in taste aversion (e.g.,
Schachtman et aI., 1985). In the experiments reported
here a special effort was made to rule out any alternative
explanations of the decrease in saccharin consumption
over the retention interval (see above). Thus, the effect
can be safely attributed to spontaneous recovery of the
extinguished aversion.

The spontaneous recovery effect found here clearly ar
gues against an unlearning account of taste-aversion ex
tinction. However, it is worth noting that the effect,
though consistent and clear, was not numerically large;
recovery far from recaptured the strength of the original
taste aversion. Moreover, the lack of recovery in Exper
iment 4 suggests that there are boundary conditions for
the effect. Spontaneous recovery was not found in Ex
periment 4 after extinction training continued for several
trials beyond asymptote. It can be argued that Experi
ment 4's retention interval was not long enough to allow
recovery to occur. Although this hypothesis cannot be re
jected, the 7-week retention interval was very long by
most standards, and its length preserved the ratio ofdays
in the retention interval and days in extinction (6: 1) that
yielded spontaneous recovery in Experiments 1, 2, and 3.
Thus, it seems safe to conclude that overtrained extinc
tion reduces spontaneous recovery, except, perhaps, after
extraordinarily long retention intervals.

The lack of spontaneous recovery in Experiment 4
might suggest that unlearning occurred after overtrained
extinction. However, the most interesting aspect of that
experiment's results was that, at asymptote, consumption
of saccharin reached a level equivalent to control water
intake, but not the saccharin intake of nonconditioned
subjects. Nonconditioned subjects, unlike extinguished
subjects, drank more saccharin than water. Thus, in ex
tinction, the rats became indifferent to the saccharin fla
vor, but they never learned to like it. This result was also
evident in Experiment 2, where saccharin consumption
during the test in the extinguished groups remained
below that in never-conditioned subjects, even though
extinction was asymptotic, as suggested by the fact that
it did not increase over test days. This effect, in addition
to the spontaneous recovery evident in Experiments 1-3,
is another form of evidence against the unlearning hy
pothesis, which would predict an equal final saccharin



348 ROSAS AND BOUTON

consumption independently of the previous conditioning
experience.

We are not aware of any previous studies that show
that extinction in taste-aversion learning reaches an as
ymptotic level equivalent to water consumption or indif
ference. In fact, previous reports using the same saccha
rin solution have shown an extinguished saccharin intake
roughly comparable to the one displayed by noncondi
tioned subjects (e.g., Bouton, 1982; Schachtman et aI.,
1985). However, we should note that the present method
might be especially sensitive to the effect. Our rats re
ceived two lengthy drinks each day (30 min each), which
allowed them ample opportunity to satisfy their daily
water needs. After learning the drink schedule, the rats
were not compelled to drink much saccharin to satisfy
the daily requirement. In contrast, previous reports al
lowed just one daily drink, and these were shorter than
the drinks we used (20 min in Bouton, 1982; 10 min in
Schachtman et aI., 1985). With only one brief drink a
day, strong thirst might have masked the difference be
tween paired and unpaired groups that was revealed in
the present experiments.

The main conclusion to be drawn from these experi
ments is that extinction in taste-aversion learning, as in
other forms of conditioning, is not equivalent to un
learning (e.g., Bouton, 1991, 1993). The experiments re
ported in this paper show that spontaneous recovery after
extinction of a taste aversion can be obtained (Experi
ments 1-3). Moreover, Experiment 4 revealed that as
ymptotic extinction was to a neutral preference, and
never reached the preference level shown by uncondi
tioned animals. The results ofall four experiments set the
grounds for understanding extinction in taste-aversion
learning in the same way that it has been explained in
other conditioning paradigms, for example, as the ac
quisition ofa second "meaning" of the CS that is at least
partly specific to its context and/or retention interval
(e.g., Bouton, 1993).
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