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Conditioned inhibition as a result of conditioned stim-
ulus (CS) alone extinction is predicted by several condi-
tioning theories (e.g., Hull, 1943; Konorski, 1948; Miller,
Kasprow, & Schachtman, 1986; Pavlov, 1927; Pearce &
Hall, 1980) and has been examined in a number of re-
ports (see LoLordo & Fairless, 1985; Mackintosh, 1983;
Rescorla, 1979). Extinction of a conditioned taste aver-
sion (CTA) may permit the extinguished flavor CS to
pass commonly accepted tests for conditioned inhibition
(Rescorla, 1969; see Savastano, Cole, Barnet, & Miller,
1999; Williams, Overmier, & LoLordo, 1992). This has
been suggested by several studies. For example, Schacht-
man (e.g., Calton, Mitchell, & Schachtman, 1996; Hart,
Bourne, & Schachtman, 1995) has provided evidence that
a conditionedflavor simply extinguishedfor eight or nine

trials subsequently passes summation and retardation
tests (see also Danguir & Nicolaidis, 1977; Schachtman,
Threlkeld, & Meyer, 2000). However, in a retardation
test, Hart et al. (1995, Experiment 1) did not find evi-
dence consistent with conditioned inhibition to a flavor
extinguished for only three trials. As Hart et al. and oth-
ers (e.g., Bouton, 1986) have suggested, extended ex-
tinction may be needed to yield a conditioned inhibitor.

Other CTA results indicate that different amounts of
extinctionmay differentially affect performance after ex-
tinction. For example, reinstatement has been shown to
occur following three extinction trials (Schachtman,
Brown, & Miller, 1985; see also Schachtman, Gustavson,
Chelonis,& Bourne, 1992), but not following five or more
such trials (Bouton, 1982; Schachtman et al., 1985).
Spontaneous recovery has been shown to occur after
three extinction trials (e.g., Brooks, Palmatier, Garcia, &
Johnson, 1999; Rosas & Bouton, 1996, Experiments1–3;
cf. Kraemer & Spear, 1992), but not after eight (Rosas &
Bouton, 1996, Experiment 4; see also Hart et al., 1995;
Schachtman et al., 1985).

Various factors could account for these differences, in-
cluding the amount and duration of conditioning and the
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In five conditioned taste aversion experiments with rats, summation, retardation, and preference
tests were used to assess the effects of extinguishing a conditioned saccharin aversion for three or
nine trials. In Experiment 1, a summation test showed that saccharin aversion extinguished over nine
trials reduced the aversion to a merely conditioned flavor (vinegar), whereas three saccharin extinc-
tion trials did not subsequently influence the vinegar aversion. Experiment 2 clarified that result, with
unpaired controls equated on flavor exposure prior to testing; the resultswith those controls suggested
that the flavor extinguished for nine trials produced generalization decrement during testing. In Ex-
periment 3, the saccharinaversion reconditioned slowly after nine extinction trials,but not after three.
Those results suggested the development of latent inhibition after more than three extinction trials.
Preference tests comparing saccharin consumption with a concurrently available fluid (water in Ex-
periment 4, saline in Experiment 5) showed that the preference for saccharinwas greaterafter nine ex-
tinction trials than after three. However, saccharin preference after nine extinction trials was not
greater, as compared with that for either latent inhibition controls (Experiments 4 and 5) or a control
given equated exposures to saccharin and trained to drink saline at a high rate prior to testing (Exper-
iment 5). Concerns about whether conditioned inhibition has been demonstrated in any flavor aversion
procedure are discussed. Our findings help explain both successes and failures in demonstrating post-
extinction conditioned response recoveryeffects reported in the conditioned taste aversion literature,
and they can be explained using a memory interference account.
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duration of the retention interval between extinction and
testing. Another possibility is that with CTA procedures
such as those used in prior studies, a strong form of demon-
strable inhibition (e.g., conditioned inhibition) develops
only after more than approximately three extinction trials.
Such a suggestionhas been made (e.g., Hart et al., 1995),
and some evidence for it has accumulated (e.g., Calton
et al., 1996; Danguir & Nicolaidis, 1977; Hart et al.,
1995; Schachtman et al., 2000). However, to our knowl-
edge, no direct comparisons of conditioned inhibition
after different numbers of extinction trials have been con-
ducted. Until now, only cross-experiment or cross-study
comparisons could be made. For example, Hart et al.
(1995) used three and nine extinction trials in different
experiments. Rosas and Bouton (1996) used three and
eight extinction trials in different experiments and tested
for spontaneous recovery, not inhibition. Schachtman
et al. (1985) assessed the effect of three or more extinc-
tion trials in the same experiment but tested for reinstate-
ment. Furthermore, Rescorla’s (1969) dual tests for con-
ditioned inhibitionhave not been conducted, in any set of
experiments or studies, both after three and after more
than three extinction trials. Calton et al. (1996) conducted
retardation and summation tests after only nine trials;
Hart et al. (1995) conducted only a retardation test.

The main objective of the present study was to use dif-
ferent tests for conditioned inhibition after three or nine
extinction trials and to compare the effects of three and
nine trials in the same experiment. This allowed us also
to evaluate these tests with the present designs and with
respect to the results those tests have yielded in previous
research (e.g., Calton et al., 1996). Each of five experi-
ments employed groups of rats for which a conditioned
saccharin aversion was extinguished for three or nine tri-
als. After extinction in Experiments 1–3, summation and
retardation tests were used. We also assessed the two-
bottle preference test technique (Experiments 4 and 5)
used initially by Best (1975; Best, Dunn, Batson, Mea-
chum, & Nash, 1985) in a study of conditioned inhi-
bition, using CTA. After A+/AX2 inhibition training
procedures using CTA (A = the drinking box, X = a fla-
vored solution), Best reported conditioned inhibition
with such a test. In contrast, Delamater, Krause, Marlin,
and LoLordo (1986) found no evidence of conditioned
inhibition with preference, summation, or retardation
tests after A+/AX2 training. Together, these earlier find-
ings suggest, at a minimum, that a conditioned inhibi-
tion phenomenon after A+/AX2 training using CTA
may be elusive (Delamater et al., 1986; but see Calton
et al., 1996; Schachtman et al., 2000). Differences in the
stimuli and procedures used by Best and Delamater might
account for their conflicting results (see Delamater et al.,
1986), but nevertheless, the validity of preference testing
using CTA is open to question. LoLordo and Fairless
(1985, p. 4) encouraged comparisons of preference,
summation, and retardation tests; however, few exist (cf.
Delamater et al., 1986, after A+/AX2 procedures), and
we know of none in which the effects of extinction are
assessed. Given these circumstances, preference tests

were conducted here in order to begin to evaluate their
convergent validity with summation and retardation tests
as a measure of inhibition after extinction. The prefer-
ence tests conducted here used the same stimuli and fol-
lowed the same conditioning and extinction procedures
as those used for the present summation and retardation
test experiments.

EXPERIMENT 1

In Experiment 1, a summation test was used. There are
few clear findings of inhibition with such a test in CTA.
After A+/AX2 training, Delamater et al. (1986) found
that the putative inhibitor failed a summation test. How-
ever, also after A+/AX2 training, Best et al. (1985, Ex-
periment 2) produced a result consistent with condi-
tioned inhibition in a summation test. However, they did
not use a new excitatory flavor in testing but, rather, used
the training excitor. Following simple extinction involv-
ing nine trials, Calton et al. (1996, Experiments 2 and
3B) provided evidence of a flavor’s passing a summation
test. Recently, Aguado, de Brugada, and Hall (2001, Ex-
periments 3 and 4) reported summation tests that ap-
peared to challenge the conditioned inhibition view.
They suggested preliminary evidence that Calton et al.’s
summation test results may have been due to generaliza-
tion decrement, rather than to conditioned inhibition. In
Experiment 1, we followed Calton et al.’s procedures
with nine extinction trials and, for the first time, directly
compared the effect with that of only three trials. In Ex-
periment 2, we further assessed the role of generaliza-
tion decrement, using a design and procedures that had
not been used previously to assess conditionedinhibition
after extinction with CTA.

The design of Experiment 1 is shown in Table 1. There
were four groups that received a single conditioning trial
of saccharin paired with lithium chloride (LiCl). Then
Groups 9E and 9C received nine saccharin-alone extinc-
tion trials; Groups 3E and 3C received three such trials.
Following the extinction phase, all four groups received
conditioning with another flavor (vinegar) that was to be
used as the excitatory transfer CS on the subsequent sum-
mation test. On the test, Groups 9E and 3E received a si-
multaneous compound of saccharin and vinegar, whereas
Groups 9C and 3C received vinegaralone. With these pro-
cedures, if more than three extinction trials are necessary
for the summation result, Group 9E should consume more
than Group 9C, and Groups 3E and 3C should not differ.

Method
Subjects and Apparatus. The subjects were 32 naive male Wis-

tar rats bred at California State University, Fresno (CSUF). They
were approximately 90 days old and ranged in weight from 275 to
400 g at the start of the experiment. They were individually housed
in suspended wire cages in a room maintained on a 14:10-h
light:dark cycle; the light part of the cycle began at 0630 h. Food
was available in the home cages throughout the experiment.

A room adjacent to the colony room was used for all flavored so-
lution presentations. It contained a table with eight stainless steel
drinking boxes on it. Each box measured 19 3 24 3 14 cm and had
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a lid with ventilation slots and a hole centered in it to accommodate
a drinking tube. Illumination was provided by four 4-W incandes-
cent bulbs; one bulb was centered between every two boxes and was
positioned approximately 50 cm above the lids of the boxes. A 55-dB
fan provided masking noise. The target CS flavor was a 0.05%
sodium saccharin (EM Science, Gibbstown, NJ) solution mixed in
distilled water. An additional CS was provided by a 2% distilled
white vinegar solution (Heinz, Pittsburgh, PA). In the initial condi-
tioning phase of each experiment, illness was induced by a 0.3-M
intraperitoneal injection of LiCl (EM Science, Gibbstown, NJ), also
mixed with distilled water. All LiCl injections were 1% of body
weight. Fluids were administered at room temperature from drink-
ing tubes constructed of 30-ml plastic syringes fitted with a stain-
less steel drinking spout that protruded 5 cm into the drinking box.

Procedure. The experiment was run on consecutive days. All the
drinking sessions were 15 min in duration, and distilled water was
used. Each rat received two drinking sessions per day; the first
began at approximately 0730 h, and the second at approximately
1630 h (9-h separation). The second drinking session simply in-
volved access to water in the colony room. Hereafter, only the first
drinking session will be described.

On the first 8 days, all the rats received water. On the first 2 of
those days, water was given in the colony room. On the next day, all
the rats received 15 min of exposure to the drinking boxes, during
which they received no fluid, followed within 90 min by a water-
drinking session in the colony room. On the next 5 days, water was
given in the drinking boxes. The rats were then assigned to Groups
9E, 9C, 3E, and 3C (ns = 8), balanced on water intake during these
8 days.

On the next day, Groups 9E and 9C received conditioning, which
involved access to saccharin for 15 min, followed within 10 min by
an injection of LiCl. Injections were given in the corridor outside
the room that contained the drinking boxes. Immediately following
the injection, each rat was placed back in its drinking box for ap-
proximately 5 min (with no fluids available) and was then returned
to its cage in the colony room. On the day after conditioning, each
rat received a recovery day on which a water-drinking session was
given in the colony room. On each of the next 9 days, these groups
received access to saccharin for 15 min in the drinking boxes with-
out LiCl. During the days on which Groups 9E and 9C received
conditioning, the recovery day, and the first four extinction trials,
Groups 3E and 3C received water in the drinking boxes. They then

received the conditioning and recovery days, using the same proce-
dures as those for the other groups. On the next 3 days (i.e., the final
3 days of extinction for Groups 9E and 9C), Groups 3E and 3C also
received saccharin without LiCl. This procedure was designed to
equate the motivation to drink in all the groups at the time of test-
ing; all four groups were tested on the same days and were placed
on a schedule of two drinks per day for the same number of days
prior to testing. One rat from Group 9E did not drink suff icient sac-
charin during conditioning (the criterion for insufficient consump-
tion during conditioning was less than 2 ml), and 1 rat from
Group 3C did not show evidence of extinction (the criterion for in-
sufficient extinction was drinking less than 3 ml on each of the first
three extinction trials); the data from those rats were eliminated
from the study (the resulting ns = 7 for those groups).

On the day following the end of extinction, all the groups re-
ceived conditioning with a 2% vinegar solution and 0.3 M of LiCl,
using the same procedure as that for initial saccharin conditioning.
The next day was a recovery day. The next 2 days made up the sum-
mation test. On each test day, Groups 9E and 3E received a simul-
taneous 50/50 compound of the vinegar and saccharin solutions
(each double the original concentrations); Groups 9C and 3C re-
ceived only vinegar.

In each experiment, the amount of fluid consumed was measured
to the nearest milliliter and was evaluated with an analysis of vari-
ance (ANOVA). Planned comparisons were conducted using the
techniques discussed by Howell (1987, pp. 431– 443). The rejec-
tion criterion was always set at p < .05.

Results and Discussion
Figure 1 shows mean saccharin consumption for the

four groups on the conditioning trial and the three or
nine extinction trials. There were no differences among
the groups on the conditioning trial. An extinction trials
(9 vs. 3) 3 test condition (compound vs. vinegar alone)
ANOVA revealed no significant effects and no inter-
action [Fs(1,26) < 1.10, ps > .30]. The groups showed
similar aversions to saccharin. A trial (conditioning vs.
f irst extinction) 3 extinction trials 3 test condition
ANOVA revealed an effect of trial [F(1,26) = 373.04] but
no other effects and no interactions [Fs(1,26) < 1.36,
ps > .25]. There were also no differences among the
groups during Extinction Trials 1–3; a trial 3 extinction
trials 3 test condition ANOVA revealed an effect of trial
[F(1,26) = 167.52] but no other effects and no inter-
actions (Fs < 1.98, ps > .14). The groups also did not dif-
fer on their respective final extinction trial (Trial 9 for
Groups 9E and 9C, Trial 3 for Groups 3E and 3C). An
extinction trials 3 test condition ANOVA on that trial re-
vealed no effects or interaction [Fs(1,26) < 2.53, ps >
.12]. The groups also consumed similar amounts of vine-
gar during the vinegar conditioning trial. An extinction
trials 3 test condition ANOVA on that trial revealed no
effects and no interaction [Fs(1,26) < 2.53, ps > .12].

Figure 2 shows the results of the summation test.
Group 9E drank signif icantly more fluid than did
Group 9C. Groups 3E and 3C did not differ. An extinc-
tion trials 3 test condition ANOVA on the two-trial
block of the test revealed an effect of test condition
[F(1,26) = 5.40], indicating greater overall consumption
of the compound. The effect of extinction trials was not
significant [F(1,26) < 2.29, p > .14], but the interaction
was [F(1,26) = 4.83].Comparisons revealed that Group 9E

Table 1
Design of Experiments 1–3

Group Conditioning Extinction Test

Experiment 1
9E Sac+ 9Sac2 Vin+ Sac & Vin2
9C Sac+ 9Sac2 Vin+ Vin2
3E Sac+ 3Sac2 Vin+ Sac & Vin2
3C Sac+ 3Sac2 Vin+ Vin2

Experiment 2
9E Sac+ 9Sac2 Vin+ Sac & Vin2
9C Sac+ 9Sac2 Vin+ Vin2
YE +/Sac 9Sac2 Vin+ Sac & Vin2
YC +/Sac 9Sac2 Vin+ Vin2

Experiment 3
9E Sac+ 9Sac2 Sac+; Sac2
9C Sal+ 9Sal2 Sac+; Sac2
3E Sac+ 3Sac2 Sac+; Sac2
3C Sal+ 3Sal2 Sac+; Sac2

Note—“Sac” indicates the 0.05% saccharin solution; “Sal” indicates a
1.3% saline solution; “Vin” indicates a 2% vinegar solution; “+” indi-
cates lithium chloride; “2” indicates no US; numbers in the extinction
phase refer to number of trials.



72 BROOKS, BOWKER, ANDERSON, AND PALMATIER

drank more than did Group 9C [F(1,26) = 7.36] but that
Groups 3E and 3C did not differ (F < 1).

The findings with Group 9E are consistent with those
reported by Calton et al. (1996) in showing that a flavor
aversion extinguished for nine trials passes a summation
test (see also Schachtman et al., 2000). The new finding
is that a flavor extinguishedfor three trials did not pass the
test. Interestingly, in the extinction phase, terminal sac-
charin consumptionwas similar in the three- and the nine-
trial conditions. Extinction appeared to be complete with
three trials (cf. Rosas & Bouton, 1996, who did not di-

rectly compare the effects of different amounts of extinc-
tion). The results are in line with the suggestion that ex-
tended extinction (i.e., beyondbehavioral extinction)may
be important for producing a flavor stimulus with condi-
tioned inhibitory properties (Bouton, 1986; Calton et al.,
1996; Hart et al., 1995). However, no control conditions
were included to assess stimulusgeneralizationdecrement
on the test. The novel combination of saccharin and vine-
gar may have distracted the E-group rats and/or disrupted
their drinking (Aguado et al., 2001). This is of particular
concern for Group 9E because it passed the test.

Figure 1. Group mean consumption of saccharin on the conditioning trial
(Cond) and the three or nine extinction trials (right) for Groups 9E, 9C, 3E, and
3C in Experiment 1.

Figure 2. Group mean consumption of vinegar (Groups 9C and 3C) or sac-
charin + vinegar (Groups 9E and 3E) on the two-trial block of the summation
test in Experiment 1.
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EXPERIMENT 2

This experiment was designed to replicate Experi-
ment 1’s summation test result after nine extinction trials
and to assess the role of generalization decrement in that
result. The design is shown in Table 1. There were four
groups. Groups 9E and 9C were treated exactly as the
groups of the same name in Experiment 1. Groups YE
and YC tested for generalization decrement due to the
novel combination of vinegar and saccharin on the sum-
mation test. They were treated similarly to Groups 9E
and 9C, respectively, with two exceptions. In the condi-
tioning phase, the CS and the unconditioned stimulus
(US) were unpaired. In the conditioning and extinction
phases, a yoking techniquewas used to equate Group YE’s
flavor consumption with Group 9E’s and to equate
Group YC’s with Group 9C’s. No previous taste aversion
experiments have used controls with equated exposure
to the test stimulus. If generalization decrement explains
the summation result demonstrated by Groups 9E and
9C in Experiment 1, then during testing, Group YE
should consume more than Group YC. However, if that
result was due to conditioned inhibition in Group 9E,
Groups YE and YC should not differ.

Method
Subjects and Apparatus. The subjects were 32 naive female

Wistar rats bred at Denison University. They were approximately
150 days old and ranged in weight from 300 to 375 g at the start of
the experiment. They were individually housed in suspended wire
cages in a room maintained on a 14:10-h light:dark cycle; the light
part of the cycle began at 0630 h. Food was available in the home
cages throughout the experiment.

A room 40 m from the colony room was used for all flavored so-
lution presentations. It contained a table with drinking boxes on it.
The table was similar to that used in the other experiments reported
here; the boxes were the same boxes as those used in the other ex-
periments. Illumination was provided by one 40-W incandescent
bulb centered above the boxes and positioned approximately 1.6 m
above the lids of the boxes. A 55-dB fan provided masking noise.
The CSs and the US were the same as those in Experiment 1.

Procedure. The experiment was conducted on consecutive days.
All the drinking sessions were 15 min, and distilled water was used.
The schedule of two drinking sessions per day was the same as that
in Experiment 1. Only the first drinking session will described. On
the first 5 days, all the rats received water. On the first 2 of those
days, water was given in the colony room. On the next day, all the
rats received 15 min of exposure to the drinking boxes, during
which they received no fluid, followed within 90 min by a water-
drinking session in the colony room. On the next 2 days, water was
given in the drinking boxes. The rats were then assigned to Groups
9E, 9C, YE, and YC (ns = 8), balanced on water intake during these
5 days.

The next 2 days constituted the conditioning phase. On each day,
all the rats had drinking sessions in the drinking boxes. On the 1st
of these days, Groups YE and YC received free access to saccha-
rin, and Groups 9E and 9C received water. On the 2nd day, Groups
9E and 9C received saccharin, and Groups YE and YC received
water; these drinking sessions were followed within 10 min by an
injection of LiCl. Injections were given in the corridor outside the
room that contained the drinking boxes. Immediately following the
injection, each rat was placed back in its drinking box for approxi-
mately 5 min (with no fluids available) and was then returned to its

cage in the colony room. The conditioning phase procedures pro-
vided for the unpairing of the CS and the US in Groups YE and YC
and controlled both saccharin consumption and the initial US-to-
testing interval among all groups. On the day after conditioning,
each rat received a recovery day on which a water-drinking session
was given in the colony room.

On each of the next 9 days, all the groups received access to sac-
charin for 15 min in the drinking boxes without LiCl. Consumption
in Groups YE and YC was yoked to that in Groups 9E and 9C, re-
spectively. Yoking was accomplished by providing to Groups YE
and YC the average of the saccharin volume consumed by Groups
9E and 9C, respectively. One rat from Group 9E did not show evi-
dence of extinction (the same criterion was used as that in Experi-
ment 1); its data were eliminated from the study (Group 9E, n = 7).

On the day following the end of extinction, all the groups re-
ceived conditioning with vinegar and LiCl, using the same proce-
dure as that in Experiment 1; all the groups had free access to vine-
gar on this day. (We chose not to yoke vinegar consumption in order
to demonstrate that the groups’ natural tendency to consume a new
flavor did not differ prior to testing, a determination that was not
possible in the earlier phases, and one that is important for inter-
preting the test results.) The next day was a recovery day. The next
2 days made up the summation test. The testing procedure was the
same as that in Experiment 1: Groups 9E and YE received free ac-
cess to the vinegar–saccharin compound; Groups 9C and YC re-
ceived free access only to vinegar.

Results and Discussion
Because consumption was yoked in the conditioning

and the extinction phases, there was little reason to ex-
pect group differences in those phases. There were none
(Fs < 1). Mean saccharin consumption in the condition-
ing phase averaged 11.8, 11.6, 12.2, and 12.0 ml for
Groups 9E, 9C, YE, and YC, respectively. All the groups
consumed less saccharin on the first extinction trial, as
compared with consumption in the conditioning phase
[F(1,27) = 356.57]. Mean saccharin consumption on the
f irst and the last extinction trials averaged 0.2 and
12.7 ml for Group 9E and 0.1 and 12.5 ml for Group 9C;
consumption for Groups YE and YC was similarly pat-
terned on those trials. Terminal extinction consumption
in Groups 9E and 9C was statistically similar to that in
conditioning(Fs < 1); note that this finding is not typical
(cf. Bevins, Jensen, Hinze, & Besheer, 1999; Rosas &
Bouton, 1996). Mean vinegar consumption on the vine-
gar conditioning trial averaged 5.7, 6.0, 5.2, and 6.2 ml
for Groups 9E, 9C, YE, and YC, respectively (F < 1).

Figure 3 shows the results of the summation test.
Group 9E drank more fluid than did Group 9C. And
Group YE drank more fluid than did Group YC. A con-
ditioning treatment (CS and US paired vs. unpaired) 3
text condition (compound vs. vinegar alone) ANOVA on
the two-trial block of the test revealed an effect of test
condition [F(1,27) = 16.54], indicating greater overall
consumption of the compound. There was no effect of
conditioning treatment and no interaction (Fs < 1). Com-
parisons revealed differences both between Groups 9E and
9C and between Groups YE and YC [smallest F(1,27) =
7.71]. Consumption did not differ between Groups 9E
and YE, and it did not differ between Groups 9C and YC
(Fs < 1).



74 BROOKS, BOWKER, ANDERSON, AND PALMATIER

Groups 9E and 9C replicated the summation test result
from Experiment 1. However, the difference between
Groups YE and YC calls into question the conditioned
inhibition view of the results with Groups 9E in this ex-
periment and in Experiment 1. Together with the results
of recent summation tests reported by Aguado et al.
(2001), that difference conflicts with the view suggested
by Calton et al. (1996) that extended extinction using
CTA yields conditioned inhibition. A more parsimo-
nious interpretation involves generalization decrement.
Thus, after nine extinction trials, the saccharin flavor ap-
pears to have distracted the rats from vinegar or to have
enhanced compound consumption by another nonasso-
ciative mechanism. The test results of Experiment 1 in-
dicate that the mechanism producing the enhanced com-
pound consumption requires more than three extinction
trials, suggesting that familiarity, or extent of exposure,
may be critical to the nonassociative effect.

Experiment 2 confirms and extends the summation
test results from Aguado et al. (2001). The aversion to
the excitor element did not differ between Groups YC
and 9C during testing. The similarity among the four
groups on the vinegar conditioning trial makes it diffi-
cult to interpret the summation test results in the present
experiment as being due to preexisting differences in the
tendency to consume fluids. Aguado et al. (2001) did not
find similar element responding in their Experiment 3,
thus confounding interpretation of those results. They
did, however, find similar element responding in their
Experiment 4, which yielded results consistent with the
generalization decrement interpretation. Each of their
tests compared consumption of element and compound
flavors within subjects without balancing the order in
which those flavors were consumed. That procedure
leaves open the possibilityof sequence effects, which the
present between-subjects design avoids. In addition,

yoking equated the exposure to saccharin among the
groups throughout the experiment. This had two central
advantages. It avoided the potential, if saccharin had
been accessed freely prior to testing, that compound con-
sumption in Group YE would be enhanced owing to
greater saccharin familiarity. It also avoided the poten-
tial, if saccharin had been presented for the first time
during testing, that neophobia would occur. Another ad-
vantage of this experiment is that the unpaired control
procedure may be viewed as a more stringent test for
conditioned inhibition than has previously been em-
ployed in CTA experiments in which the effects of ex-
tinction have been investigated.

Overall, the present finding is consistent with the re-
port by Aguado et al. (2001) in suggesting that positive
summation results after extinction in CTA are due to
generalization decrement; thus, the present finding ap-
pears to be at odds with Calton et al.’s (1996) report of
conditioned inhibition after nine extinction trials. Ex-
periment 2 produced evidence of generalization decre-
ment, but Calton et al.’s Experiments 2 and 3B did not.
Although our experiments were designed to be procedu-
rally similar to Calton et al.’s experiments, several dif-
ferences between them could account for the different
generalization decrement control results. The experi-
ments were conducted in different laboratories by dif-
ferent researchers using different rat strains (we used
Wistars, whereas Calton et al. used Sprague-Dawleys);
however, it is difficult to know how those differences
could account for the different results. Differences in fla-
vors and flavor concentrations may account for the dif-
ferent findings. We used 0.05% saccharin and 2% vine-
gar solutions, whereas Calton et al. used 0.1% saccharin
and 3% vinegar solutions. Calton et al. used a coffee so-
lution during the conditioning phase in their control
groups, whereas coffee was not used in these experiments.

Figure 3. Group mean consumption of vinegar (Groups 9C and YC) or sac-
charin + vinegar (Groups 9E and YE) on the two-trial block of the summation
test in Experiment 2.
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Parameters such as these may be critical to producing or
preventing stimulus generalization decrement. Still, it is
not clear by what precise mechanism these parameter
differences could have produced the different results.

More likely factors are design and test duration differ-
ences. Our Experiment2 used an LiCl/saccharin unpairing
procedure during the conditioning phase; Calton et al.
(1996) did not use such a procedure but, rather, gave
control subjects a flavor other than saccharin. The con-
trols in our experiment received the target flavor (sac-
charin) during conditioningand extinction.Furthermore,
consumption of the flavor was carefully equated between
control and experimental groups throughout the experi-
ment prior to testing. These conditions were not present
in Calton et al.’s Experiments 2 and 3B. One especially
likely reason for the generalization decrement result ob-
tained here is that summation testing involved two trials,
whereas in Calton et al.’s experiments it involved only
one trial. Overall, in both of their summation test exper-
iments, test consumption was very low and may have
represented a floor effect that masked generalization
decrement. Although generalizationdecrement would be
expected to operate on the first test trial in tests involving
strong excitor elements (e.g., ours and Calton et al.’s), it
may not be readily demonstrated until after that trial.
Also note that in Calton et al.’s experiments, the pattern
of test consumption of the compound by rats given con-
ditioning and extinction with saccharin is a cause for
concern. Compound consumption averaged approxi-
mately 11 ml in their Experiment 2, whereas it averaged
approximately1.7 ml in their Experiment 3B. The reason
for the different consumption between experiments is
unclear; consequently, the summation result in Experi-
ment 3B is not as convincing as it could be.

The present finding can be interpreted as among the
clearest evidence that extensive extinction produces la-
tent inhibition rather than conditioned inhibition. Latent
inhibition may simply be stronger after nine extinction
trials than after three (cf. Calton et al., 1996; Danguir &
Nicolaidis, 1977; Hart et al., 1995). However, in the ab-
sence of other evidence, the results from this experiment
do not rule out the possibility that the control conditions
produced conditioned inhibition, in which case the ex-
perimental condition (Group 9E in Experiments 1 and 2)
could be interpreted as having produced conditioned in-
hibition. If so, the single unpairing of saccharin and LiCl
in the Y groups plus nine CS-alone exposures could not
be considered an appropriate control for generalization
decrement. Yet those unpaired and yoked controls are ar-
guably among the best ones yet employed for this type of
experiment. The likelihood that extended extinctionmay
yield latent inhibition, rather than conditioned inhibi-
tion, is reconsidered in the General Discussion section,
once all of the experiments have been reported.

EXPERIMENT 3

Experiment 3 involveda retardation test after the same
saccharin conditioning and extinction procedures as

those used in Experiment 1. The objective was to assess
the rate of saccharin aversion reacquisition after three or
nine extinction trials. On the test, that rate was compared
with the rate of saccharin aversion conditioning in other
groups given previous conditioning and extinction with
a control flavor (saline; see, e.g., Calton et al., 1996; Hart
et al., 1995). Table 1 shows the design. There were four
groups that initially received conditioning and extinction
with either saccharin (Groups 9E and 3E) or saline
(Groups 9C and 3C). Then, in the crucial portion of the
test phase, all the groups received each of two saccharin
drinks paired with 0.1 M of LiCl. A weaker LiCl solution
than that in the previous experiments was used to make
the test sensitive to retardation—that is, to minimize the
chance of obtaining asymptotic conditioning in all
groups after the first retardation test trial. The most con-
vincing evidence of (latent or conditioned) inhibition
comes from this reconditioning phase of the test, where
inhibition would be demonstrated by slower recondi-
tioning of the aversion in the groups that received initial
saccharin conditioning and extinction (Groups 9E and
3E), as compared with those given saccharin–LiCl pair-
ings for the first time (Groups 9C and 3C). On the basis
of the results from Experiment 1, we expected Group 9E,
but not Group 3E, to show slow reconditioning in this
phase. In the second phase of the test, all the groups re-
ceived reextinction trials with saccharin.

Method
Subjects and Apparatus. The subjects were 32 naive Wistar

rats bred at CSUF (20 female and 12 male). They were approxi-
mately 130 days old and ranged in weight from 210 to 300 g (fe-
males) and from 350 to 450 g (males) at the start of the experiment.
The groups were balanced by sex. Maintenance conditions and ap-
paratus were the same as those in Experiment 1. A 1.3% saline so-
lution was used as the control fluid.

Procedure. The experiment was run on consecutive days. All the
drinking sessions were 15 min, and distilled water was used. The
schedule of two drinking sessions per day was carried out as in the
prior experiments. Only the first drinking session will be described.
On the first 7 days, all the rats received water. On the first 2 of those
days, water was given in the colony room. On the next day, all the
rats received 15 min of exposure to the drinking boxes, during
which they received no fluid, followed within 90 min by a water-
drinking session in the colony room. On the next 4 days, water was
given in the drinking boxes. The rats were then assigned to Groups
9E, 9C, 3E, and 3C (ns = 8), balanced on water intake during these
7 days.

The conditioning and extinction procedures were the same as
those received by the groups of the same name in Experiment 1, ex-
cept that Groups 9C and 3C received saline instead of saccharin.
The phases were arranged so that all the groups were tested on the
same days and were on the drinking schedule the same number of
days, in order to equate the motivation to drink in all the groups
during testing. As in the prior experiments, all four groups were
tested on the same days and received the schedule of two drinks per
day for the same total number of days prior to testing. Using the
same criteria as in the prior experiments, we identif ied 2 rats from
Group 9E that did not drink sufficient saccharin during condition-
ing and 1 rat from each of Groups 9E, 9C, and 3E and 2 rats from
Group 3C that failed to show evidence of extinction. The data from
those rats were eliminated from the study (the resulting ns = 5, 7, 7,
and 6, for Groups 9E, 9C, 3E, and 3C, respectively).
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Testing began on the day following the end of extinction. All the
groups received the same procedure. On the 1st and 3rd test days, a
saccharin-drinking session was followed within 10 min by a 0.1-M
LiCl injection. The 2nd and 4th test days were recovery days. For
each of the 8 days afterward (Test Days 5–12), all the rats received
15 min of access to saccharin without LiCl.

Results and Discussion
There were no differences among the groups during

conditioning or extinction. Consumption on the condi-
tioning trial averaged 9.2, 10.7, 9.6, and 11.2 ml for
Groups 9E, 9C, 3E, and 3C, respectively. An extinction
trials (9 vs. 3) 3 flavor (used prior to testing; saccharin
vs. saline) ANOVA revealed no effects and no inter-
action [Fs(1,21) < 2.17, ps > .15]. Consumption on the
first extinction trial averaged 1.0, 1.0, 0.9, and 0.8 ml for
Groups 9E, 9C, 3E, and 3C, respectively. A trial (condi-
tioning vs. first extinction) 3 extinction trials 3 flavor
ANOVA revealed an effect of trial [F(1,21) = 239.11],
but no other effects and no interactions [Fs(1,21) < 2.08,
ps > .16]. There were also no differences among the groups
during ExtinctionTrials 1–3; a trial 3 extinction trials 3
flavor ANOVA revealed an effect of trial [F(1,21) =
79.99] but no other effects and no interactions (Fs <
1.73, ps > .20). The groups also did not differ on their re-
spective final extinction trial (Trial 3 for Groups 3E and
3C, Trial 9 for Groups 9E and 9C; consumption on that
trial averaged 9.1, 10.3, 8.9, and 8.7 ml for Groups 9E, 9C,
3E, and 3C, respectively). An extinction trials 3 flavor
ANOVA on that trial revealed no effects or interaction
[Fs(1,21) < 3.14, ps > .09].

The left portion of Figure 4 shows the two recondi-
tioning trials during which all the groups received sac-
charin, followed by 0.1 M LiCl. On the first trial, the
groups did not differ; however, on the second trial,

Group 9E had a weaker aversion than did the other
groups. An extinction trials 3 flavor ANOVA on the first
test trial revealed no effects or interactions [Fs(1,21) <
3.49, ps > .07]. A similar ANOVA on the second test trial
revealed an effect of extinction trials [F(1,21) = 21.63]
and of flavor [F(1,21) = 23.58] and an interaction
[F(1,21) = 23.58]. Most important, comparisons on that
second trial revealed that Group 9E consumed more sac-
charin than did each of the other groups [smallest
F(1,21) = 39.56]. Groups 9C, 3E, and 3C did not differ
[largest F(1,21) < 1].

The right portion of Figure 4 shows the reextinctiontri-
als. Group 9E continued to differ from the other groups. A
trials 3 extinction trials (9 vs. 3) 3 flavor ANOVA on the
eight reextinctiontest trials revealed an effect of extinction
trials [F(1,21) = 17.63], an effect of flavor [F(1,21) = 8.81],
and an extinction trials 3 flavor interaction [F(1,21) =
11.22]. There was also an effect of trial [F(7,147) = 33.80]
and a trial 3 extinction trials interaction [F(7,147) =
2.28] but no other interactions [Fs(7,147) < 1]. However,
comparisons on each test trial revealed that Group 9E
differed from the other groups on Reextinction Trials
1–5 [Fs(1,21) > 5.93] and that the other groups never dif-
fered from each other (largest F < 1).

Although many experiments have assessed taste aver-
sions reconditioned after extinction in CTA, this is the
first direct comparison of the effect of different numbers
of extinction trials. Group 9E demonstrated a weaker
saccharin aversion during reconditioning than did
Group 9C. That difference was maintained during re-
extinction. Throughout testing, Group 3E never differed
from Group 3C. Thus, in the same experiment, a flavor
extinguished nine times passed a retardation test (Calton
et al., 1996), but one extinguished three times did not

Figure 4. Group mean saccharin consumption on the two reconditioning tri-
als (Recond, left) and the eight reextinction trials (right) of testing in Experi-
ment 3.
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(e.g., Hart et al., 1995, Experiment 1). The crucial retar-
dation effect in Group 9E was found during the recondi-
tioning phase, rather than only as a more rapid reextinc-
tion (cf. Aguado et al., 2001; Calton et al., 1996). The
finding that the groups did not differ on the first test trial
argues against neophobia in the control groups that re-
ceived saccharin for the first time during testing. Fur-
thermore, there is no methodological reason to expect
neophobia to differ in Groups 9C and 3C during testing.
The test results are consistent with the conclusion that
extended extinction with nine trials produces a form of
inhibition (latent or conditioned inhibition; Rescorla,
1969). In contrast, just three extinction trials yielded no
apparent inhibition. Once again, extinction appeared to
be complete with three trials; consumption at the end of
extinction did not differ between the groups given three
or nine extinction trials (cf. Experiment 1; Hart et al.,
1995; Rosas & Bouton, 1996).

EXPERIMENT 4

In Experiment 4, we further evaluated the effect of
nine or three extinction trials, using a two-bottle prefer-
ence test. Best (1975; Best et al., 1985) used such a test
to assess conditioned inhibition after A+/AX2 training
(see also Delamater et al., 1986). To our knowledge, in-
hibition after simple extinction has not been assessed
with a preference test. Such a test is less widely accepted
than Rescorla’s (1969) summation and retardation tests.
However, a rationale has been given for its use as a test
of conditioned inhibition (see Savastano et al., 1999,
pp. 107–109, for a review). Hearst and Franklin (1977;
Wasserman, Franklin, & Hearst, 1974) suggested that
approach–withdrawal assays are worthy alternatives to
Rescorla’s dual-test strategy. In appetitive conditioning,
Hearst and Franklin found that after differential inhibi-
tion training (A+/X2), pigeons approached and pecked
a response key when A was present and also withdrew
from the key when X was present. The withdrawal re-
sponse in appetitive conditioning was viewed as indicat-
ing conditioned inhibition. A reasonable analogue in the
CTA method is that approach toward and relatively
greater consumption of a flavor, relative to a control con-
dition, should provide a direct measure of conditioned
inhibition.

The equivocal f indings with preference tests using
CTA (e.g., Best, 1975; Best et al., 1985; Delamater et al.,
1986; LoLordo & Fairless, 1985), along with Hearst and
Franklin’s (1977) assertion, suggest the need to further
investigate the utility of such tests in investigationsof in-
hibition.We were interested in the convergent validity of
preference tests with respect to the more widely accepted
summation and retardation tests. In Experiments 4 and 5,
we included preference tests following conditioning and
extinction procedures like those used in Experiments
1–3. The design of Experiment 4 is shown in Table 2.
Groups 9 and 3 each received conditioning and extinc-
tion with saccharin, followed by a two-bottle preference
test involving concurrent access to saccharin and water.

The findings from Experiments 1–3 and those from Best
(1975; Best et al., 1985) suggest that Group 9 should
have a greater preference for saccharin than does Group 3.
Group Exposure (EX) was included to assess uncondi-
tioned preference for (approach to) saccharin during
testing. It resembled a latent inhibition control; it re-
ceived the same number of saccharin exposures as
Group 9, but saccharin was not paired with LiCl. Ap-
proach accounts (Hearst & Franklin, 1977; Wasserman
et al., 1974) predict that if conditioned inhibition devel-
ops with extended extinction, Group 9 should demon-
strate greater consumption of saccharin than of water on
the test and a greater saccharin preference than that in
Group EX (see Bevins et al., 1999). That result would be
consistent with conditioned inhibition. Experiment 2,
however, suggests that extended extinction may yield la-
tent inhibition, rather than conditioned inhibition. If so
and if a preference test converges on the same mecha-
nism as the summation and retardation tests, there is no
reason to expect Group 9 to have a greater saccharin
preference than Group EX.

Method
Subjects and Apparatus. The subjects were 42 Wistar rats bred

at CSUF (27 female and 15 male). They were approximately
140 days old and ranged in weight from 235 to 275 g (females) and
from 350 to 425 g (males) at the start of the experiment. Prior to this
experiment, the rats had participated in an appetitive conditioning
experiment in which they received a white keylight, an intermittent
noise, and food pellets. The rats were assigned to groups in this ex-
periment orthogonally to groups in the earlier experiment and
closely balancing by sex. Maintenance conditions and apparatus
were the same as those in the previous experiments, except that the
lids of the drinking boxes had two additional drinking tube holes lo-
cated 3 cm to the left and right of the center hole.

Procedure. The experiment was run on consecutive days and
was conducted in two replications. All drinking sessions were
15 min in duration, and distilled water was used. The schedule of
two drinking sessions per day was similar to that in the previous ex-
periments. Only the first drinking session will be described. On the
first 9 days, all the rats received water. On the first 2 of those days,
water was given in the colony room. On the next day, all the rats re-
ceived 15 min of exposure to the drinking boxes, during which they
received no fluid, followed within 90 min by a water-drinking ses-
sion in the colony room.

Table 2
Design of Experiments 4 and 5

Group Pretraining Conditioning Extinction Test

Experiment 4
9 Sac+ 9Sac2 Sac2 vs. water
3 Sac+ 3Sac2 Sac2 vs. water
EX +/Sac2 9Sac2 Sac2 vs. water

Experiment 5
9N 3Sal2 Sac+ 9Sac2 Sac2 vs. Sal2
3N 3Sal2 Sac+ 3Sac2 Sac2 vs. Sal2
EXN 3Sal2 +/Sac2 9Sac2 Sac2 vs. Sal2
CI 8A+/8ASal2 +/Sac2 9Sac2 Sac2 vs. Sal2

Note—“Sac” indicates the 0.05% saccharin solution; “Sal” indicates a
1.3% saline solution; “A” indicates the drinking box apparatus; “+” in-
dicates lithium chloride; “2” indicates no US; numbers in the pre-
training and extinction phases refer to number of trials.
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For the remainder of the experiment, all the rats received the first
drinking session of each day in the drinking boxes. On the next
6 days, water was given in the boxes. A procedure was used to ac-
custom the rats to receiving fluid from the center drinking tube po-
sition as well as concurrently from two different tubes at the left
and right drinking tube positions, since the preference test involved
the latter arrangement. On each of the first 2 of those 6 days, each
rat drank from a single tube positioned in either the left or the right
hole of the drinking box lid (the left /right sequence was counter-
balanced over these 2 days). On the 3rd of those 6 days, each rat
drank from a single tube positioned in the center hole of the lid. On
the final 3 of the 6 days, each rat received one tube positioned in the
left and one concurrently in the right hole of the lid. The rats were
then assigned to Groups 9, 3, and EX (ns = 15, 15, and 12, respec-
tively), matched on water intake during these 6 days and balanced
on their left /right consumption.

On the next day, all the groups received another water-drinking
session. Within 10 min following this drink, Group EX received an
injection of 0.3 M LiCl. The other groups remained in the boxes for
10 min following the drink but did not receive an injection. On the
next day, Group 9 received saccharin followed by LiCl. The next
day was a recovery day, which was then followed by nine daily sac-
charin extinction drinks. Group EX was treated the same as
Group 9, except that no LiCl was given after saccharin. Condition-
ing for Group 3 began 7 days after conditioning for the other
groups; Group 3 then received a recovery day and three extinction
trials. Conditioning and extinction were delayed for Group 3 so that
each group’s extinction phase would end on the same day; thus, test-
ing took place on the same days for all the groups. This procedure
again equated the motivation to drink in all the groups at the time
of testing. Each group received the schedule of two drinks per day
for the same total number of days prior to testing. For all the con-
ditioning and extinction drinking sessions, each group received the
drinking tube placed in the center hole of the box lid. Using the
same criteria as before, we identified 2 rats from Group 9 that did
not drink sufficient saccharin during conditioning and 1 rat from
Group 9 and 2 from Group 3 that failed to show evidence of ex-
tinction. The data from those rats were eliminated from the study
(the resulting ns = 12, 13, and 12, for Groups 9, 3, and EX, respec-
tively).

Four days of testing began on the day following the end of ex-
tinction. All the groups received the same test procedure, which
closely followed that used by Best (1975; Best et al., 1985). On each
day, a drinking tube was placed into each of the right and left holes
in the lid of each drinking box. One contained saccharin, and the
other contained water. The left–right position of saccharin and
water was counterbalanced within each group and over test days; it
was also balanced over the replications. On each test trial, each rat’s
water and saccharin consumption was converted to a preference
score representing saccharin consumption divided by the sum of
saccharin and water consumption (see, e.g., Best et al., 1985).

Results and Discussion
There were no effects due to replication or to any of

the counterbalancing factors; therefore, analyses includ-
ing those factors are not included. The three groups did
not differ on their initial consumption of saccharin,
which constituted the conditioning trial for Groups 9 and
3 (Group EX received only saccharin then). Consump-
tion averaged 10.4, 11.3, and 10.8 ml, for Groups 9, 3,
and EX, respectively.An ANOVA revealed no difference
among the groups [F(2,34) < 1]. On the first trial of the
extinction phase, saccharin consumption averaged 0.2,
0.3, and 13.0 ml for Groups 9, 3, and EX, respectively.A
trial 3 group ANOVA comparing initial saccharin con-
sumption with that on the first extinction phase trial re-

vealed an overall effect of trial [F(1,34) = 150.40] and of
group [F(2,34) = 60.64] and an interaction [F(2,34) =
70.19]. Comparisons on the first trial of the extinction
phase revealed that Groups 9 and 3 each consumed less
than did Group EX [smallest F(1,34) = 69.50] and that
Groups 9 and 3 did not differ [largest F(1,45) < 1]. On
the third trial of the extinction phase, consumption aver-
aged 5.3, 5.8, and 13.5 ml for Groups 9, 3, and EX, re-
spectively.A trial 3 group ANOVA on the first three ex-
tinction trials revealed an overall effect of trial
[F(2,68) = 52.00] and of group [F(2,34) = 115.68] and
an interaction [F(4,68) = 9.19]. Groups 9 and 3 did not
differ on those trials (Fs < 1) and continued to consume
less than Group EX on each of those trials [smallest
F(1,34) = 37.17]. An ANOVA comparing the groups on
their respective final trial of the extinction phase (Trial 3
for Group 3, Trial 9 for Groups 9 and EX) showed that
the groups differed [F(2,34) = 28.02]. (Consumption av-
eraged 10.6 and 13.2 ml for Groups 9 and EX on that
trial; that difference is consistent with f indings by
Bevins et al., 1999.) Comparisons revealed that Group
EX consumed more saccharin than did the other groups
[Fs(1,34) > 6.17]. And Group 3 consumed less than
Group 9 [F(1,34) = 5.12], indicating that three extinc-
tion trials did not reduce the saccharin aversion to the de-
gree that nine trials did. This contrasts with the final ex-
tinction trial results of Experiments 1 and 2. Prior to
testing, Group EX clearly consumed more saccharin
than did the other groups.

Figure 5 shows the 2 two-trial blocks of the two-bottle
preference test. The results were the same on each block
of the test. An ANOVA comparing the groups on all four
trials combined revealed overall differences among the
groups [F(2,34) = 23.46]. Comparisons revealed that the
preference for saccharin was greater for Group 9 than for
Group 3 [F(1,34) = 7.05]. The saccharin preference was
greater for Group EX than for the other groups [smallest
F(1,34) = 13.48]. And as is clear from the figure, only
Group EX showed a greater preference for saccharin
over water. Its mean preference score was significantly
greater than a hypothetical population mean of .5 [which
indicates no absolute preference; t(11) = 10.20]. Groups
9 and 3 clearly did not prefer saccharin over water.
Group 9 did not differ from a hypothetical population
mean of .5 [t(11) < 1], indicating no preference for sac-
charin over water. Group 3 differed from a hypothetical
populationmean of .5 [t(12) = 9.82], indicating a weaker
preference for saccharin than for water. Overall con-
sumption during testing (saccharin plus water) did not
differ among the groups [F(2,34) < 2.10, p > .13].

Extinctionwith nine trials produced a relatively greater
saccharin preference than three trials did, a result consis-
tent with the pattern of results from the previous experi-
ments in suggesting that a form of behaviorally demon-
strable inhibition appears after more than three trials.
There was no evidence of conditionedinhibition.Group 9
did not demonstrate a greater saccharin preference than
did the latent inhibition control group (Group EX), nor
did Group 9 prefer saccharin over water. Different num-
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bers of extinction trials likely produce different degrees
of latent inhibition (see Ayers, Philbin, Cassidy, Bellino,
& Redlinger, 1992; Lubow, 1989). Three or fewer trials
may produce no inhibition or, perhaps, inhibition that
was not detectable with the present tests. Group EX
might have acquired stronger latent inhibition than did
Group 9. With the present method and procedures, a
preference test may have convergent validitywith summa-
tion and retardation tests for the demonstration of latent
inhibition, rather than conditioned inhibition.

The proceduresand results of Experiment 4 do not com-
pletely rule out the possibility that a preference test could
yield evidenceof conditionedinhibition.Although we fol-
lowed Best’s (1975; Best et al., 1985) testing procedures
closely, the test might have failed to produce evidence of
inhibition because of limitations inherent in those proce-
dures. One reason for not finding a greater saccharin pref-
erence in Group 9 than in Group EX is that the test’s sen-
sitivity may have been reduced by the use of water as the
comparison fluid. That could have led to overall lower sac-
charin preference, since water is typically safe and highly
familiar. Group EX’s greater saccharin preference may
have been inflated because it was the only group that re-
ceived water paired with LiCl (during the conditioning
phase). In principle, a mild aversion to water might have
heightened Group EX’s acceptance of saccharin, thus re-
ducing the likelihood that Group 9 would show a greater
saccharin preference than would Group EX. Thus, a com-
parison fluid other than water may be more appropriate.
Another possible reason for Group EX’s greater prefer-
ence during testing is that it simply drank more saccharin
than did the other groups during extinction.

EXPERIMENT 5

Experiment 5 addressed the possible limitations of
Experiment 4. The design is shown in Table 2. During

conditioning and extinction in this experiment, Groups
9N and 3N were treated just as Groups 9 and 3 (respec-
tively) were in Experiment 4. Here, all the groups re-
ceived saline rather than water as the comparison fluid
during testing; otherwise, the test procedures were the
same as those in Experiment 4. Water was not paired
with LiCl in any group. Group EXN received preexpo-
sure to saccharin prior to testing by first receiving sac-
charin unpaired with LiCl during the conditioning phase.
That group then received saccharin amounts during ex-
tinction that were yoked to Group 9N’s saccharin con-
sumption in that phase. Group EXN is similar to a latent
inhibitioncontrol, for which saccharin preference would
be expected to be weaker than that in a condition in
which saccharin is a conditioned inhibitor (e.g., in the
group of greatest interest, 9N). We were concerned that
a new fluid stimulus introduced for the first time during
testing could produce neophobia (see, e.g., Garcia,
1989), and so Groups 9N, 3N, and EXN each received
three saline exposures in the pretraining phase. Saline
was therefore equally familiar in these groups at the time
of testing. If conditioned inhibition to saccharin accrues
with nine extinction trials, Group 9N should have a
stronger saccharin preference than does Group EXN.

In addition to these modifications,we included a control
group (Group CI), compared with which Group 9N was
expected to have a strong saccharin preference during test-
ing. Group CI received the same treatment with saccharin
as Group EXN, includingyoking to Group 9N during ex-
tinction; thus, saccharin should be a latent inhibitor in
Group CI as well as in Group EXN. But Group CI also
received an A+/AX2 pretreatment in which X was
saline; this was intended ultimately to enhance saline
preference and, therefore, reduce relative saccharin pref-
erence. We closely followed the A+/AX2 training pro-
cedure used by Best (1975; Best et al., 1985). At the time
of testing, saccharin should be a latent inhibitor, and

Figure 5. Group mean preference scores (saccharin/saccharin + water) on
the 2 two-trial blocks of the preference test in Experiment 4.
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saline might be a conditionedinhibitor, in Group CI. Un-
certainty remains about whether Best’s procedure using
CTA actually yields inhibition (see Delamater et al.,
1986). However, we were less interested in obtaining
conditioned inhibition to saline in Group CI than we
were in simply using the A+/AX2 procedure to establish,
prior to testing, a strong preference for saline in Group
CI, as compared with the other groups. Given this, we
thought it reasonable to expect Group CI to have the
weakest saccharin preference among the groups during
the saccharin-versus-saline preference test.

Method
Subjects and Apparatus. The subjects were 24 Wistar rats bred

at CSUF (12 female and 12 male). They were approximately
200 days old and ranged in weight from 250 to 350 g (females) and
from 400 to 525 g (males) at the start of the experiment. Prior to this
experiment, the rats had participated in an appetitive conditioning
experiment in which they received presentations of a tone and food
pellets. The rats were assigned to groups in this experiment or-
thogonally to groups in the earlier experiment, balancing by sex.
The maintenance conditions and apparatus were the same as those
in Experiment 4.

Procedure. The basic drinking session procedures were the
same as those in the previous experiments. Only the first drinking
session of each day will be described. On the first 9 days of the ex-
periment, all the rats received water, using the same schedule as that
in Experiment 4. The rats were then assigned to Groups 9N, 3N, CI,
and EXN (ns = 8), matched on water intake and balanced on their
left /right consumption.

The next 18 days constituted a pretraining phase prior to the
groups’ treatments with saccharin. In this phase, each group re-
ceived some exposure to saline, the comparison fluid used subse-
quently in testing. Each rat in Group CI received eight saline expo-
sures in the drinking box, intermixed with eight exposures to the
box with no fluid available, in the sequence A+, A+, R, A+, A+, R,
AX2, A+, AX2, AX2, A+, AX2, AX2, AX2, A+, AX2, A+,
AX2, where A indicates the drinking box apparatus, a plus indi-
cates a 1% body weight, 0.15-m LiCl injection (following Best,
1975; Best et al., 1985), X indicates saline, and R indicates a re-
covery day. A+ trials did not involve water or any other fluid in the
drinking boxes but were followed 90 min later by a 15-min water-
drinking session in the colony room. During the first 15 of these
days, Groups 9N, 3N, and EXN received water in the colony room.
To reduce novelty effects of, and equate familiarity with, saline dur-
ing testing, each of those groups received saline only (no LiCl) on
each of the final 3 days of this phase. For all the groups, the same
number of days elapsed between the last saline exposures and testing.

The conditioning phase involved 2 days during which Groups 9N
and 3N received saccharin followed by 0.3 M LiCl and Groups CI
and EXN received saccharin and 0.3 M LiCl unpaired. On the 1st
day, all the groups were in the boxes for 15 min, but no fluids were
available. Groups CI and EXN received an LiCl injection after that
15-min period. On the 2nd day, Groups 9N and 3N received sac-
charin and LiCl; Groups CI and EXN received only saccharin. The
day after the conditioning phase was a recovery day for all the
groups. After the recovery day, Groups 9N and 3N received extinc-
tion, using the same procedures as those in Experiment 4. For each
day during the extinction phase, saccharin consumption in Groups
CI and EXN was yoked to that of Group 9N by giving each of the
rats in Groups CI and EXN the average saccharin volume consumed
by the rats in Group 9N on that day.

Conditioning and extinction was delayed for Group 3N so that
the extinction phase would end on the same day for all groups. Each
group received the schedule of two drinks per day for the same total
number of days prior to testing, and all the groups were tested on

the same days. For all conditioning and extinction drinking ses-
sions, each group received the drinking tube placed in the center
hole of the box lid. Using the same criteria as before, we identified
3 rats from Group 9N and 4 from Group 3N that failed to show ev-
idence of extinction. One rat from Group CI died during pretrain-
ing. The data from those rats were eliminated from the study (the
resulting ns = 5, 4, 7, and 8, for Groups 9N, 3N, CI, and EXN, re-
spectively). Eight days of testing began on the day following the
end of extinction. All the groups received the same test procedure
as that used in Experiment 4, except that saline was used instead of
water.

Results and Discussion
There were no effects of the counterbalancing factors;

therefore, analyses including those factors will not be re-
ported. An ANOVA comparing initial saline consump-
tion revealed that the groups did not differ [F(3,20) < 1].
Saline consumption on the last 3 days of pretraining av-
eraged 12.7, 15.1, and 14.3 ml for Groups 9N, 3N, and
EXN, respectively. Over the 18-day pretraining phase,
saline consumption on AX2 days increased in Group CI
from a mean of 14.6 ml on the first 3 days to a mean of
19.7 ml on the last 3 [F(1,6) = 11.77].

Saccharin consumption during conditioning averaged
12.6, 13.5, 13.5, and 16.6 ml for Groups 9N, 3N, EXN,
and CI, respectively. A group ANOVA revealed no dif-
ferences among the groups [F(3,20) < 1.64, p > .21].
Saccharin consumption on the 1st day of extinction av-
eraged 1.0 ml for all the groups (Groups CI and EXN
were yoked to Group 9N during extinction). A trial 3
group ANOVA comparing consumption on the first trial
of extinction with that of conditioning for Groups 9N
and 3N revealed a trial effect [F(1,7) = 111.00] but no
group effect or interaction (Fs < 1). These groups did not
differ during the first three extinction trials [Group 3N
received three extinction trials; F(1,7) = 2.93, p > .13].
Consumption increased in Group 3N over those trials
[F(2,14) = 25.41]; there was no trial 3 group interaction
[F(2,14) = 1.56, p > .24]. Saccharin consumption on the
third trial of the phase averaged 5.5 and 4.3 ml for
Groups 9N and 3N, respectively. An ANOVA comparing
those means revealed no difference [F(1,7) = 1.33, p >
.28]. On the last trial of the extinction phase (Trial 9 for
Group 9N, on which consumption averaged 13.2 ml),
Group 3N differed from Group 9N [F(1,7) > 14.91].
Groups 9N, CI, and EXN did not differ at any point dur-
ing the extinction phase (Fs < 1).

Figure 6 shows the 4 two-trial blocks of the two-bottle
preference test comparing saccharin and saline con-
sumption in all the groups. A block 3 group ANOVA on
those data revealed an effect of group [F(3,20) = 8.41]
and of block [F(3,60) = 5.77] and an interaction[F(9,60) =
2.16]. Comparisons at each block revealed that Group 3N
had a weaker preference for saccharin, as compared with
each of the other groups on the first three blocks [small-
est F(1,20) > 5.53] and relative to Groups EXN and CI
on the last block [smallest F(1,20) > 4.87]. Group 3N did
not differ from Group 9N on the last block [F(1,20) =
4.28, p = .052]. At no point in testing did Group 9N dif-
fer from Group CI (F < 1). On the first block,Group EXN
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had a greater saccharin preference than did the other
groups [smallest F(1,20) = 11.04]. On the second and
third blocks, Groups EXN and CI did not differ [F(1,20) <
3.22, p > .08]. On the fourth block, Group EXN had a
stronger saccharin preference than did Groups 9N and
3N [smallest F(1,20) = 5.71] but did not differ from
Group CI (F < 1). Across all test blocks, Group 3N pre-
ferred saccharin less than did each of the other groups
[smallest F(1,20) = 9.56], and Groups 9N, CI, and EXN
did not differ [F(1,20) < 2.93, p > .10]. Also, Groups 9N,
CI, and EXN had saccharin preference scores that were
significantly above a hypothetical population mean of .5
(smallest t = 7.40), indicating t hat each of those groups
preferred saccharin over saline during testing. Group 3N
did not differ from a hypothetical population mean of .5
[t(3) < 1.07]. Overall consumption during testing (sac-
charin plus saline) averaged 15.6, 16.3, 20.2, and 18.2 ml
for Groups 9N, 3N, EXN, and CI, respectively, and did
not differ significantly among the groups [F(3,20) = 3.00,
p = .055].

As in Experiment 4, nine extinction trials resulted in
a greater saccharin preference than did three trials. The
result is most consistent with the view that more extinc-
tion produces stronger latent inhibition. In contrast with
Experiment 4, Group 9N exhibited an absolute prefer-
ence for saccharin, indicating greater approach to sac-
charin. According to some theorists, this could be
viewed as evidence of conditioned inhibition (e.g.,
Hearst & Franklin, 1977; Wasserman et al., 1974). How-
ever, the only difference between Group 9N in this ex-
periment and Group 9 in Experiment 4 (which did not
exhibit an absolute preference for saccharin) is the test
comparison fluid (saline here, water in Experiment 4). It
is rather unlikely that changing the comparison fluid to
saline could create conditioned inhibition in Group 9N.
Furthermore, there was no evidence that Group 9N’s

preference for saccharin constituted conditioned inhibi-
tion when compared with the controls. Group 9N never
had a greater saccharin preference than did the latent in-
hibition control (Group EXN), which received no condi-
tioning and saccharin exposure yoked to Group 9N. In
addition, Group CI was expected to have the weakest
preference for saccharin (and the strongest preference
for the comparison fluid, saline), relative to Groups 9N
and EXN. It is especially interesting, therefore, that
Group 9N never preferred saccharin more than did
Group CI. The emergence of an absolute saccharin pref-
erence in Group 9N is most likely due to the use of saline
rather than water as the comparison test fluid, rather than
to the development of conditioned inhibition to saccha-
rin during extinction.

On the basis of Best’s (1975; Best et al., 1985) work
on conditioned inhibition, Group CI’s weak saline drink-
ing was unexpected. That group’s saccharin preference
might seem less surprising, however, considering that
experience with an initial safe flavor can promote con-
sumption of a second flavor (see, e.g., Bennett, Tremain,
& Mackintosh, 1996). Saccharin was consumed after
saline in this experiment. However, no established theory
parsimoniously predicts that mere consumption of one
safe flavor should generate conditioned inhibition in the
second flavor. If conditioned inhibition after nine ex-
tinction trials could be shown with the preference test, at
minimum Group 9N should have had a greater saccharin
preference than did Group CI; it did not. This observa-
tion, along with the failure to find greater saccharin pref-
erence in Group 9N than in Group EXN and the results
of Experiment 2, creates an accumulation of evidence
that is inconsistent with the view that conditioned inhi-
bition develops during extinction of CTA.

This experiment was not designed to assess condi-
tioned inhibition to saline in Group CI. Nevertheless,

Figure 6. Group mean preference scores (saccharin/saccharin + saline) on
the 4 two-trial blocks of the preference test in Experiment 5.
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that group was expected to have had the strongest saline
preference during the test, as Best’s (1975; Best et al.,
1985) reports suggest. Instead, that group had a clear
preference for saccharin over saline, and its saccharin
preference was equal to, or stronger than, that in the
other groups. This could be viewed as a weakness of the
preference test. However, this limitationdoes not weaken
our objective of having an especially conservative con-
trol procedure for saccharin preference. It is worth not-
ing, however, that although the present experiments were
not intended to assess Group CI for conditioned inhibi-
tion to saline, the results provide no evidence contrary to
Delamater et al.’s (1986) report, which questions the ef-
fectiveness of the A+/AX2 procedure for producing
conditioned inhibition with CTA procedures.

GENERAL DISCUSSION

The main objective of this study was to directly com-
pare the effect of nine or three extinction trials following
CTA training, using different testing procedures. Three
different tests for inhibitionwere used after the same ex-
tinction procedures. In each experiment, there was less
of an aversion to, or relatively greater preference for,
saccharin after nine extinction trials. The pattern of re-
sults indicates that a form of inhibition developed more
strongly after nine extinction trials. With the present pro-
cedures, we found no evidence of inhibition after only
three extinction trials. The inhibition finding after nine
trials is consistent with findings from previous retarda-
tion tests (e.g., Calton et al., 1996; Danguir & Nicolaidis,
1977; Hart et al., 1995, Experiment 2; Schachtman et al.,
2000). Experiment 2’s summation test result, however,
suggests that positive summation test results obtained
after extinction in CTA are due to generalization decre-
ment (see also Aguado et al., 2001). The patterns of data
from that experiment and from the preference tests sug-
gest that extended extinction results in latent inhibition,
rather than in conditioned inhibition. In Experiment 2,
unpaired and yoked controls passed a summation test,
suggesting that extensivelyextinguished flavor aversions
yield flavors that pass summation tests because of gen-
eralization decrement. This conclusion is supported by
the preference test findings from Experiment 4 and, par-
ticularly, by those from Experiment 5, which indicated
that extensively extinguishing a flavor (saccharin) aver-
sion did not result in a greater flavor preference for, or
approach to, that flavor, in comparison with unpaired
yoked control groups that had experience with the test
comparison flavor (saline) that was designed to differ-
entially discourage saccharin consumption (Groups
EXN and CI).

The greater preference for saccharin found in Groups
9N, EXN, and CI could have been influenced by a nat-
ural preexisting preference for saccharin over saline. We
collected pilot data on natural consumption tendency
with naive rats other than those used in the experiments
reported here. With the procedures and parameters used
in these experiments, there was no evidence for a pre-

existing tendency; that is, consumption of saccharin and
saline was statistically similar (F < 1). Still, if the rats in
Experiments 4 and 5 had an undetected natural tendency
to prefer saccharin, that would further suggest that any
saccharin preference observed on the tests could not
readily be interpreted as evidence of conditioned inhibi-
tion. Interestingly, with the information from the control
conditionsof the present experiments, consumption vol-
umes and preference scores reported in other two-bottle
tests (e.g., Best, 1975; Best et al., 1985) may have re-
flected relative drinking preferences, rather than condi-
tioned inhibition (e.g., compare Best et al., 1985, Exper-
iment 1, with the present Experiment 4). Group 3N may
have failed to show a preference for saccharin over saline
because of residual aversion to saccharin, remaining
after only three extinction trials. Thus, the overall pat-
tern of results in these experiments is more parsimo-
niously explained by the development of latent inhibi-
tion during extensive extinction.

The present experiments offer several advantagesover
previous ones that have tested for inhibition in CTA. The
between-subjects designs of the summation tests (Ex-
periments 1 and 2) eliminated the chance of sequence ef-
fects that could occur with compound and element test-
ing when some within-subjects designs are used (e.g.,
Aguado et al., 2001). Experiment 2 equated exposure to
saccharin among the groups throughout the experiment.
The equated exposure controlled for familiarity and pos-
sible neophobia effects. Also, the unpairing control pro-
cedure used in Experiment 2 may be viewed as an espe-
cially appropriate control for conditioned inhibition, as
compared with the controls previously employed in CTA
summation test experiments that have investigatedeither
the effects of extinction (cf. Aguado et al., 2001; Calton
et al., 1996) or inhibitionwith other procedures (e.g., Es-
pinet, Iraola, Bennett, & Mackintosh, 1995). One ad-
vantage of the present retardation test (Experiment 3) is
that retardation was demonstrated clearly during the re-
acquisitionphase. Earlier retardation tests were compro-
mised by group differences on the first trial of recondi-
tioning (Aguado et al., 2001) or by showing effects only
during the reextinction portion of the test, rather than
during reconditioning (Calton et al., 1996; but see Hart
et al., 1995, Experiment 3). To our knowledge, no other
experiments that have assessed conditioned inhibition in
CTA have these combined advantages.

The differences produced by three or nine extinction
trials can be explained by considering the possible role
of retroactive interference produced by extinction (e.g.,
Bouton, 1993; Spear, 1978; see also Nelson & Bouton,
1997). Bouton’s view, for example, would posit that the
saccharin conditioning phase results in the storage of a
conditioningmemory (saccharin–illness), whereas extinc-
tion results in the storage of a separate memory involv-
ing saccharin (saccharin–no-illness). With an increasing
number of extinction trials, the memory resulting from
extinctionmay more strongly interfere with retrieval of the
conditioning memory (see, e.g., McGeoch & McDonald,
1931; Slamecka, 1960). Stronger interference by the ex-
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tinction memory resulting from nine trials could have
promoted greater consumption of saccharin alone or in
combination with vinegar on the retardation and the
summation tests, respectively. It could have also promoted
greater saccharin preference after nine trials than after
three.

An interference view handles the preference test results
parsimoniously. It is not contradicted by the failure to
observe an absolute preference for saccharin over water
following nine extinction trials. It is not incompatible
with the greater saccharin preference in Group EX than
in Group 9 (Experiment 4; although as was noted above,
there may be other explanationsfor the difference between
Groups 9 and EX in Experiment 4). Nor is it incompati-
ble with the numerically greater saccharin preference in
Groups EXN and CI than in Group 9N (Experiment 5).
Because the control groups never received saccharin
conditioning, there may have been little or no proactive
interference with the effect of nonreinforced saccharin
exposures in the extinction phase (see Bouton, 1993). If
the other explanations are set aside, the findings of the
absence and the presence of an absolute saccharin pref-
erence after nine extinction trials in Experiments 4 and
5, respectively, might not seem to be readily accounted
for by the interference view. But other considerations
mitigate that possibility. The use of water as the com-
parison fluid in Experiment 4 may have led to overall
lower saccharin preference, since water is typically safe
and highly familiar. Indeed, a comparison of Figures 4
and 5 indicates that there was a numerically weaker over-
all saccharin preference in all the rats in Experiment 4,
as compared with Experiment 5. As was mentioned be-
fore, the difference was likely due to the test comparison
fluid (water in Experiment 4, saline in Experiment 5). In
addition to the difference between Groups 9 and 9N, a
nearly identical difference exists between Groups 3 and
3N. In Experiment 4, Group 3 had a weaker preference
for saccharin; in Experiment 5, Group 3N had no prefer-
ence. A theory would not be expected to explain such be-
tween-experiment variability. Furthermore, in its present
form, the interference view predicts group differences in
the extent of interference between memories involving
saccharin, not those involving the comparison test fluid.

Our findings do not directly challenge the validity of
preference tests in studies of CTA. The preference test
results were analogous to results from the summation
and retardation tests in showing consistent differences
between three and nine extinction trials. However, the re-
sults from Experiment 5 do constitute a challenge to the
usefulness of preference tests in the study of conditioned
inhibition, because they indicate that approach to a fluid
is not unambiguouslyindicativeof conditionedinhibition
(cf. Hearst & Franklin, 1977; Wasserman et al., 1974).
Furthermore, although studying the A+/AX2 procedure
was not an objective of Experiment 5, the comparison of
Group CI with the other groups questions the effective-
ness of the A+/AX2 procedure for producing condi-
tioned inhibition with CTA (see Delamater et al., 1986),
and/or it questions the sensitivity of the preference test-

ing technique to detect conditioned inhibition with the
stimuli and A+/AX2 procedure used here. Unpaired/
latent inhibitionand yoked controls should be especially
useful in preference test experiments to assess the kind
of learning the A+/AX2 procedure may produce. The
experiments by Best (1975; Best et al., 1985) did not use
such controls. (Note, however, that the stimuli used in
those experiments were not identical to those used here
or those used by Delamater et al., 1986.)

The differences shown here within each experiment
following three or nine extinction trials are important in
helping to clarify other findings obtained after extinc-
tion with CTA. In several studies testing postextinction
aversion recovery effects with CTA, the aversion seems
most weak when tested after more than three extinction
trials but is stronger when tested after three or fewer tri-
als. For example, reinstatement has been shown follow-
ing three extinction trials (Schachtman et al., 1985; see
also Schachtman et al., 1992), but not following five or
more such trials (Bouton, 1982; Schachtman et al.,
1985). Spontaneous recovery has been shown after three
extinction trials (e.g., Brooks et al., 1999; Rosas & Bou-
ton, 1996, Experiments 1–3; cf. Kraemer & Spear,
1992), but not after eight trials (Rosas & Bouton, 1996,
Experiment 4; see also Hart et al., 1995; Schachtman
et al., 1985). The renewal effect has been shown after
three trials (Rosas & Bouton, 1997); it has not been as-
sessed after more than three extinction trials within the
same experiment. Slow reacquisition has been shown
after eight or nine extinction trials, but not after only
three (Calton et al., 1996; Danguir & Nicolaidis, 1977;
Hart et al., 1995; Schachtman et al., 2000).

When postextinction CR recovery effects have been
shown with CTA studies, they are not numerically large,
as compared with those often shown with other condi-
tioning methods (e.g., Brooks et al., 1999; Rosas & Bou-
ton, 1996, 1997; Schachtman et al., 1985). This could be
due to several factors, including, but not limited to, the
extent of conditioning, US magnitude in conditioning,
CS duration, retention interval duration, degree of tem-
poral or physical context changes after extinction (e.g.,
in studies of spontaneous recovery or renewal, respec-
tively), or extent of exposure to and/or magnitude of the
US prior to testing (in studies of reinstatement). These
factors deserve more extensive empirical study. In addi-
tion to a possible role for those factors, the present re-
sults suggest that one other factor at play, at least with
CTA, is that extended extinction can produce latent in-
hibition that interferes with conditioning. Less extensive
extinction produces weak or no latent inhibition. Com-
pared with other conditioning methods, latent inhibition
with CTA may develop after conditioning with relatively
few, merely nonreinforced trials (e.g., Aguado, Symonds,
& Hall, 1994). This might explain the modest CR recov-
ery effects found in some experiments that have manip-
ulated retention interval, context, or US exposure after
no more than three extinction trials, as well as the fail-
ures in other experiments to demonstrate those effects
after more than three trials. Future research should di-
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rectly compare different numbers of extinction trials to
assess whether time, context, and US exposure manipu-
lations yield CR recovery only after a relatively small
number of (e.g., three) extinction trials.
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