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In three experiments, rats were presented compound solutions consisting of a common 
element, saccharin, mixed with one of two different flavor elements, cinnamon and wintergreen. 
Rats in the experimental groups consistently received a toxicosis-inducing injection following 
one compound solution but not following the other compound solution. Rats in the control 
groups received toxicosis-inducing injections half the time following each of the compound 
solutions. After training in each experiment, there were tests for conditioning to the saccharin 
alone. The experimental groups drank significantly more than the control groups, indicating 
that the aversion to the partially reinforced saccharin in isolation was less when the different 
flavor cues were more highly correlated with reinforcement. In Experiment III, there was also a 
test for conditioning to the cinnamon or wintergreen flavor alone. The experimental group 
drank significantly less of the continuously reinforced flavor than the control group did of 
the partially reinforced flavor. These results are similar to those reported within more traditional 
conditioning paradigms. 

When a rat consumes a flavored substance and 
later becomes ill, the animal will avoid consuming 
the flavored substance after recovery from ill
ness. Using this basic operation, Garcia and 
his co-workers have reported two landmark find
ings: (a) the "belongingness" principle, i.e., the 
differential effectiveness of cues in relation to 
consequences (Garcia & Koelling, 1966), and 
(b) learning with prolonged delay of reinforcement 
(Garcia, Ervin, & Koelling, 1966). There is some 
controversy, however, about whether there are other 
phenomena that differentiate taste-aversion learning 
from traditional conditioning procedures. 

For example, in the last 10 years there has been a 
resurgence of interest in the factors that affect 
conditionability of elements in compound condi
tioned stimuli. One fundamental and consistent 
finding is that a stimulus element shows little 
or no conditioning unless it is more highly 
correlated with reinforcement than are other stimulus 
elements in the compound. This result has appeared 
in two types of experiment: (a) the elements of 
a compound stimulus are arranged to be associated 
with different probabilities of reinforcement (Egger 
& Miller, 1962; Wagner, Logan, Haberlandt, & 
Price, 1968), and (b) an element is first conditioned 
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alone and then reinforced in compound with another 
element (Kamin, 1969). Rescorla and Wagner (1972) 
have advanced a model for Pavlovian conditioning 
with compound CSs that incorporates both types 
of results. These findings, however, have been based 
upon research using cues such as lights and tones 
and reinforcers such as food pellets and footshocks. 
There are still questions about analogous phenomena 
in taste-aversion learning. 

Revusky (1971) has reported several experiments, 
using a procedure analagous to Kamin's, in which 
two differently flavored solutions are consumed 
sequentially prior to illness. When one flavored 
solution had been associated with illness prior to 
training, there was a small but significant reduction 
in conditioned aversion to the other flavor relative 
to appropriate controls. However, in a series of four 
similar experiments, Kalat and Rozin (1972) found 
no such effects. The discrepancy in findings suggests 
that this type of experimental design may not be 
very sensitive to interaction effects. Such effects 
might more readily be observed by using the design 
of Wagner et al. (1968). 

Wagner et al. (1968) reported three experiments, 
involving both instrumental and classical condition
ing, in which two stimulus compounds (AlL and A2L) 
were formed from a constant visual element (L) 
and either of two auditory components (AI or A2). 
These two compounds were equally often presented, 
with half the total presentations followed by 
reinforcement. The visual element always had the 
same probability of reinforcement, its presence being 
associated with a 50"10 reinforcement sche:dule, its 
absence with no reinforcement. The control group 
received pseudodiscrimination training: the com-
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pounds contammg Al and A2 were each equally 
often associated with reinforcement and nonrein
forcement. The experimental group received true 
discrimination training: the compound containing 
Al always signaled reinforcement, while the com
pound containing A2 always signaled nonreinforce
ment. Following training, all subjects were adminis
tered test trials on which L was presented alone. 
Simply on the basis of its probability of reinforce
ment, L alone should have been similarly responded 
to in the two groups. However, in all three 
(:xperiments, the partially reinforced L element was 
a much less effective stimulus in isolation for the 
(:xperimental than for the control group. Thus, the 
presence of a continuously reinforced cue reduced 
conditioning to the partially reinforced cue. The 
present experiments investigated whether or not a 
similar effect occurs in taste-aversion learning. 

EXPERIMENT I 

The first experiment is a direct analogue of the 
Wagner et al. (1968) study. Rats were presented com
pound solutions containing a common element 
(saccharin) and either of two different flavors 
(wintergreen and cinnamon). A true discrimination 
(TO) group received a toxicosis-inducing injection 
100% of the time following one compound solution 
and a control injection 100070 of the time following 
the other compound solution. A pseudodiscrimina
tion (PO) group received 50% toxicoses-inducing and 
50% control injections following each of the com
pounds. There were two additional control groups: 
a single-stimulus (SS) group, which received just the 
plain saccharin solution throughout the experiment 
and injections on a schedule identical to that of 
the PO group, and a no-discrimination (NO) 
group, which received the flavored compound solu
tions and control injections 100% of the time. 

Method 
Subjects. The subjects were 24 naive female Sprague

Dawley rats obtained at the age of about 90 days from 
Simonson Laboratories, Gilroy, California. 

Materials. Plain .160/0 sodium saccharin dissolved in water 
served as the training solution for the single-stimulus controls 
and as the test solution for all four groups in extinction. 
Flavor extracts were made of 2% oil of cinnamon or oil 
of wintergreen (methyl salicylate) dissolved in ethanol. The 
compound training solutions consisted of .160/0 sodium saccharin 
and I % cinnamon or wintergreen extract dissolved in water. The 
solutions were presented in 50-ml graduated test tubes with 
drinking spouts, and were attached to the home cages in 
place of the water bottles. The toxicosis-inducing agent was 
.15M LiCl, and the control agent, .15M NaCl. 

Procedure. The rats were housed in individual cages with 
constant temperature and illumination. Water was available 
ad lib, except for the period in which the solutions were 
presented. For 3 weeks prior to the experiment, the rats 
were habituated to handling and were maintained on a daily 
diet of 10 g of Purina Lab Chow. This feeding schedule was 

maintaIned throughout the expenment. T-aInIng and te,tmg 
were conducted In home cages. The rats were removed from 
home cages for the administratIOn of reinforcing or control 
mjections only. The delay of injectIOn from the lime uf removal 
of the solutions ranged from I to 12 min 

There were 22 consecutive training days and 7 consecutive 
test days. A trainmg day constituted a discrete tnal and 
consisted of presenting 40 ml of solution for 30 mm, followed 
by either reinforcing or control Injection, intraperitoneall}. 
The rats were aSSigned randomly to four treatment conditions: 
TO-One flavor in saccharin solution (F+Sac) was always 
followed by the reinforcing injection, and the second flavor in 
saccharin solution (F- Sac) was always followed by the control 
mjection. For half the rats In this group, F+ was clllnamon and F 
wintergreen; for the other half, F+ was wintergreen and F 
was cinnamon. PD·-Both solutions, designated F± Sac, were 
followed on half th(' trials by the reinforcing injectIOn and on 
the other trials by the control injection. SS-Plain ,acchann 
(Sac) was presented on each trial and reinforced according 
to the same schedule as Group PD. NO-Both solution, were 
presented on the same schedule as Group TD, but always 
followed by the control injection. 

Day I was a nonreinforced trial for all groups; Day 2 was a 
reinforced trial for Groups TO, PO, and SS, and of course 
nonreinforced for Group NO. In Groups TO, PO, and NO, 
half the rats received the cinnamon-flavored solution on Day I 
and the wintergreen-t1avored solution on Day 2, while the other 
rats received the opposite sequence. This procedure was 
used in order to check for unconditioned preferences between 
the two differently flavored solutions prior to reinforcement, 
and to allow for familiarization with the solutIOns. On Days 3-22, 
all the rats in Groups TO, PO, and NO received the cinnamon
flavored solution on odd-numbered days and the wIntergreen· 
flavored solution on even-numbered days. Thus, the TO group 
was on a single-alternation reinforcement schedule. The PO group 
was on a double-alternation reinforcement schedule, nonrein
forced on Days 3, 6. 7, 10, etc., and reinforced on Days 4, 5, 
8, 9, etc. The SS group was likeWise on the same double
alternation reinforcement schedule a, the PO group. The NO 
group received the identical flavor sequence described for TO 
and PO, but were always nonreinforced. Through Days 1-14, 
subjects were injected with I ml of either liCl or NaCl; 
on Days 15-18, the dosage was increased to 2 ml, and on 
Days 19-22, to 3 m\. Pilot experiments indicated that such an 
mcreasing sequence of doses was more likely to produce 
discrimination performance in the TO group rather than 
nondiscriminative aversion or consumption. 

Testing began on the day following the end of training 
and continued for 7 consecutive days. All subjects were presented 
with 40 ml of .16070 plain sacchann solution for 30 min 
with all injections omitted (extmction). 

Results 
Figure 1 gives the median solution intake for all 

groups during training and extinction. Except for 
Group TO during training, each point represents a 
single day's intake; training days for TO (F + Sac) 
and TO (F - Sac) are grouped in pairs beginning 
with Oays 3 and 4, since each rat received each 
condition once in each pair of days. The medians 
for each group in total intake of solution summed 
for the 22 training days were: NO, 509; TO, 221; 
PO, 92; and SS, 82. The groups differed sig
nificantly (Kruskal- Wallis H 13.07, 
df == 3, P < .01). The TO group drank significantly 
less in training than the NO group (T 22, 
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p < .01).1 However, the TO group did not drink 
significantly more than the PO and SS groups 
(T = 35, T = 30); this was due to the fact that 
two subjects in the TO group suppressed drinking 
to both solutions midway in training, while one 
subject in the PO group failed to suppress drinking 
during training. For each of the other four TO 
subjects, F - Sac intake exceeded F + Sac intake for all 
pairs of days from Oay 8 to the end of training, 
suggesting that the discrimination treatment was 
effective. 

The medians for each group in total intake of plain 
saccharin solution for 7 extinction test days 
were: NO, 167.5; TD, 114; PD, 5; and SS, 5. 
The groups differed significantly (Kruskal-Wallis 
H = 14.86, df = 3, p < .01). The TD group drank 
significantly less in extinction than the ND group 
(T = 24.5, p < .05), thus showing some aversion 
to plain saccharin solution. More importantly, 
however, the TD group drank significantly more 
than the PD and SS groups (T = 27, p < .06; 
T = 23.5, p < .05), which did not differ from 
each other (T = 37). This effect was strong enough 
to occur despite the two TD subjects which had 
failed to discriminate and the PD subject which 
had failed to suppress drinking. 

Consequently, the result of this study indicated 
that a partially reinforced cue (Sac) exerted much 
less effective aversive control in isolation when it 
had been experienced in compounds (F + Sac and 
F - Sac) containing elements more highly correlated 
with reinforcement than when it had been experi
enced in similar compounds which did not contain 
more highly correlated elements. Moreover, the aver
sive control acquired by the Sac cue in the PD 
condition was equivalent to that in the SS con
dition which was partially reinforced on the Sac 
cue only. 

EXPERIMENT II 

This experiment was a modified replication of 
Experiment I. Only Groups TD and PD were used, 
and the training procedure involved two additional 
controls: limited amounts of solution were presented 
in order to equalize consumption, and the same 
schedule of reinforced and nonreinforced trials was 
used for both groups. 

Method 
Subjects. The subjects were 25 naive female Sprague-Dawley 

rats obtained at the age of about 90 days from Simonson 
Laboratories, Gilroy, California. 

Materials. The materials were the same as in Experiment I. 
Procedure. The rats were fed, watered, and handled as in 

t:xperiment I. There were 32 consecutive training days organized 
1010 four eight-trial blocks and 28 consecutive test days. A 
!raming day constituted a discrete trial and comi~ted of pre
\cnting 3 ml of mlution for 30 mm f('!lowed either by an 
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Figure 1. Median daily consumption of solution during training 
and extinction as a function of days for the four treatment 
conditions in Experiment I. 

intraperitoneal reinforcing injection or by nothing, as appro
priate. Of the 25 rats, 13 were randomly assigned to Group TO 
and the other 12 to Group PD. In each block of training 
trials, both groups were nonreinforced on Days I, 2, 4, and 6, 
and reinforced on Days 3, 5, 7, and 8. Seven rats in the 
TO group received cinnamon-flavored saccharin on Days I, 2, 4, 
and 6, and wintergreen-flavored saccharin on Days 3, 5, 7, and 
8; six rats in the TO group received wintergreen-flavored 
saccharin on Days I, 2, 4, and 6 and cinnamon-flavored 
saccharin on Days 3, 5, 7, and 8. The PO rats received 
the sequence cinnamon, wintergreen, cinnamon, wintergreen on 
both Nonreinforced Days I, 2, 4, and 6 and Reinforced 
Days 3, 5, 7, and 8. On Days 1-18, the rats were injected (IP) 
on appropriate trials with I ml LiCI; on Days 17-22, the dosage 
was increased to 2 ml, and on Days 23-32, to 4 ml. No 
control injections were given. 

Testing commenced on the day following the end of training 
and continued for 28 consecutive days. All subjects were 
presented with 40 ml of .161170 plain saccharin solution for 30 min 
with all injections omitted (extinction). 

Results 
The medians for the TD and PO groups in total 

intake of flavored saccharin solution for the 32 
training days were: TD, 40.5; PD, 37. The groups 
did not differ significantly (T = 156). Upon inspec
tion of the acquisition data for Group TD, it 
was determined that seven rats drank 2.5 ml or 
more of the F - Sac solution and 1.0 ml or less 
of the F + Sac solution at the end of training, 
and therefore evidenced learning of the discrimina
tion (Subgroup TOL), while six rats drank 1 ml or 
less of both solutions at the end of training 
(Subgroup TONL). In Group PO, 11 rats drank 1 ml 
or less of both solutions at the end of training, 
while 1 rat continued to drink 2.5 ml or more of 
both solutions. 

Figure 2 gives the day-by-day median solution 
intake in extinction for Subgroups TDL, TDNL, 
and Group PD. The medians for each group and 



228 

E 
!; 

z 
Q 
f--
ll. 
::2' 
~ 
U1 
z 
0 
u 

LUONGO 

3°1 
25~ 
20 

15 

10 

5 

EXTINCTION 

t' , , , 
I ... ~. , 

I '. 

lOL 

,. PO , 

TONL 

II I I I I I Ii I I I I I I 
2 4 6 8 10 12 14 16 18 20 22 242628 

DAYS 

Figure 2. Median daily consumption of solution during extinction 
as a function of days for the TD and PD treatment conditions 
in Experiment II. 

subgroup in total intake of plain saccharin solution 
for the 28 extinction test days were: TO. 362; 
TDL. 478.5; TDNL, 37.5; PO, 11l.5. The overall 
TO and PD groups did not differ significantly 
in total intake (T' = 127.5). However. when the 
data for the overall TO and PO groups were 
examined in 14-day blocks, the TO group drank 
significantly more than the PO group in Block 1-14 
(T' = 119.5, P = .05). but not in Block 15-28 
(T' = 126); not surprisingly. the effects of training 
dissipated toward the end of extinction. Also. the 
TDL and TDNL subgroups were examined separate
ly for the entire 28 extinction test days. The TOL 
subgroup differed significantly from both the PO 
group (T = 28, p < .01), and the TDNL subgroup 
(T' = 21, P < .01). However, the TONL subgroup 
did not differ significantly from the PO group 
(T' = 43.5). 

Therefore. the result of this study, with appro
priate control for intake and identical reinforcement 
schedule in training, corroborated the finding from 
Experiment I. The partially reinforced common cue 
element Sac acquired significantly less aversive 
control in the TO condition than in the PO 
condition. The result with respect to the TDL 
and TDNL subgroups further indicated that learning 
the discrimination in training, and not mere exposure 
to a discrimination regimen, is crucial in obtaining 
the effect. 

EXPERIMENT III 

In Experiments I and II, it was shown that 
true discrimination (TO) training on two differently 
flavored saccharin solutions (F+Sac and F Sac) 
reduced the amount of aversion conditioned to the 

common cue ,element (Sac) relative to pseudo
discrimination (PO) training. The present experiment 
addressed the complementary question, namely, to 
what extent was aversiveness conditioned to the F + 
cue alone in the TD condition relative to the 
F j- cue in the PO condition. 

Rescorla and Wagner's (1972) model for Pavlovian 
conditioning has the following properties: (I) the 
asymptotic total CR which a US may support is 
dependent upon intensity and frequency of the US, 
and (2) the eff(!ct of a reinforcement or nonrein
forcement in changing the associative strength of a 
stimulus depends upon the existing associative strength, 
not only of that stimulus, but also of other stimuli con
currently present. In the present experiment, as in 
Experiments I and II, training conditions were arranged 
such that both TO and PO groups were equated on 
intensity and overall frequency of reinforcement. The 
F+Sac compound was 100070 reinforced for Group TO, 
while either F ± compound was 50070 reinforced for 
Group PD. Therefore, at asymptote, the total CR to 
the F+Sac compound in Group TO is assumed to be 
greater than the total CR to either F ± Sac compound 
in Group PD. Since it is also known from Experiments 
I and II that the CR to the common element Sac is 
smaller for Group TO than for Group PO, the Rescorla 
and Wagner model predicts that the F + cue should 
demonstrate a larger CR than the F± cue. 

Method 
Subjects. The subjects were 24 naive female Sprague-Dawley 

rats obtained at the age of about 90 days from Simonson 
Laboratories, Gilroy, California. 

Materials. The materials were the same as In Expenment I. 
Procedure. Two weeks prior to the experiment, the rats were 

habituated to handling and to the following maintenance 
schedule: 23 h water ad lIb with no food; 1 h food ad lib 
with no water. The training solutions, limited in amount to 
3 ml, were presented for 30 min Immediately following the I-h 
access to dry food. This procedure was employed throughout 
the first 25 days of training In order to insure that all 
subjects initially consumed the training solutions. For the 
remainder of the expenment, the rats were fed 5 g of dry food 
with no water for 20 min and then presented the training 
solutions for 30 min; after this, the water bottles were replaced 
and the rats were fed an additional 5 g of food. The reduction 
In thirst served to enhance suppression in the PD group 
during the remainder of traming. 

There were 32 consecutive training days. The organization of 
training days into eight-trial blocks, the types and amount of 
training solutIOns presented, the assignment of subjects Into 
TD and PD treatments, and the training soluhon presentation
reinforcement sequence for both groups were identical to those 
described in Experiment II. On Days 1-10, the rats were injected 
OP) on the appropriate trials with 1 ml of LiCl; on Days 11-14, 
the dosage was increased to 2 ml; on Days 15-18. to 3 ml; 
on Days 19-22, to 4 ml; and on Days 23-32. to 5 ml. No control 
injections were given. 

Testing began on the day following the end of traming 
and was divided into two phase~. In the 16 days of Phase 1. 
the rats in the TD group were pre~ented with 40 ml of the 
flavor extract associated with reinforcement (F +) in plain water 
for 30 min; the rats in the PD group were presented with 
40 ml of partially reinforced flavor extract (F±) in water, 
cinnamon for half the rats and wintergreen for the other half. 
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In the 8 day> 01 Phd,e 2, all the rat, were pre,cnted with 
40 Illl of plalJl .16~;o ,accharin ,olullon for 30 Illlll. 

Results 
One rat in the TD group died during training; 

therefore, the data were analyzed for the remaining 
23 subjects. The medians for the TD and PD groups 
III total intake of flavored saccharin solution for the 
32 training days were: TD, 62.5; PD, 62. The groups 
did not differ significantly (T' = 124). Upon inspec
tion of the acquisition data for Group TD, it was 
-determined that nine rats drank 2.5 ml or more of 
the F - Sac ~olution and I ml or le~~ of the F + Sac 
solution at the end of training and therefore 
evidenced learning of the discrimination, while 
two rats drank I ml or less of both ~olutions 

at the end of training. Conversely, three rats 
in the PD group drank 2.5 ml or more of both 
solutions at the end of training; the remaining 
nine PD rats drank 1 ml or less of both solutions 
at the end of training. Therefore, the thirst 
manipulation was successful in enhancing dis
crimination in the TD group at the cost of reducing 
suppression in the PD group. 

Figure 3 gives the day-by-day median solution 
intake for Groups TO and PO during Phases 1 and 2 
of extinction. In Phase I extinction, the median 
for the TO group in total intakl of Ft flavor 
in water for the 16 extinction test days was 28, while 
the median for the PD group in total intake of F" 
flavor in water was 55. The TO group drank 
significantly less than the PD group (T' = 99, 
p < .05). In Phase 2 extinction, the medians for each 
group in total intake of plain saccharin solution 
for the 8 e ...... tim:tion te~t days were: TD, 140; 
PD, 89.5. The TD group drank significantly more 
than the PD group (T = 84, p < .01). 

The finding from Phase 1 extinction, that the TD 
group showed significantly greater resistance to 
extinction to the Ft cue than the PD group to the 
partially reinforced F t cue, lends support to the pre
diction from the Rescorla and Wagner (1972) 
model. The finding from Phase 2 extinction, that the 
TD group demonstrated significantly less resistance 
to extinction to the common CUt· element (Sac) 
than the PD group, confirmed the results of 
Experiments I and II in the present series and the 
general finding of Wagner et ai. (1968). This effect 
was robust a<., it was still present after interposition 
of the Pha~e I extinction trials. 

GENERAL DISCUSSION 

The effects of true discrimination and pseudo
discrimination training on compound solutions 
consisting of saccharin and different flavors were 
examined in three experiments. The results of 
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Figure 3. Median dally consumption of solution durin!! extinc
tion as a function of days for compound stimulus components 
and TD and PD treatment conditions in Experiment III. 

these studies indicated that a partially reinforced 
cue was much less likely to be an effective stimulus 
in isolation when it had been experienced in com
pounds containing elements more highly correlated 
with reinforcement than when it had been experi
enced in similar compounds which did not contain 
more highly correlated elements. These rsults are 
directly parallel to those reported within more 
traditional conditioning paradigms (Wagner et aI., 
1968), 

Furthermore, when the flavor element occupying 
the role of F+ in the TD condition was compared 
to the flavor element occupying the role of Ft 
in the PD condition, the continuously reinforced 
flavor (F +) showed greater resistance to extinction 
than the partially reinforced flavor (F±). This result 
is a straightforward derivation from the Rescorla 
and '.\'agner (1972) model of stimulus selection in 
Pavlovian conditioning with compound CSs 
containing a common element, and is similar to 
the findings of Wagner et ai. (1968, Experiments 2 
and 3). However, in other experiments of similar 
design (Freides, 1957; Jenkins, 1961; Wagner et aI., 
1968, Experiment I), subjects exposed to a partially 
reinfor:ced cue showed equivalent or greater resis
tance to extinction than subjects exposed to the 
continuously reinforced cue from prior discrimina
tion training. The discrepancy in findings appears 
to be readily reconciled in terms of the nature 
of the reinforcer employed. The three latter studies 
involved positive reinforcers. When aversive rein
forcers were utilized, as in Experiment III in the 
present series and in Wagner et ai. (1968, Experi
ments 2 and 3). the analysis of Rescorla and 
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Wagner (1972) was supported withilL both telereceptlve 
cutaneous and gustatory-visceral conditioning para· 
digms. 
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