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The present experiment examined the effects of stimulus compounding of two appetitively and
separately pretrained conditioned stimuli (CSs) in which each CS (light and tone) evoked a dis-
similar conditioned response (CR). In Phase 1, all rats received classical conditioning to the light
and tone as separate stimulus elements. In Phase 2, one group received these two stimuli as a
single reinforced compound stimulus and a control group continued to receive the stimuli rein-
forced separately. All subjects were then tested for responding to the single stimulus elements.
In contrast to the predictions of current models of classical conditioning, it was found that com-
pound conditioning of separately pretrained stimuli resulted in an increase in responding to the
light, although there was a tendency toward a decrease in responding to the tone. Therefore,
the rules governing the stimulus compounding of CSs with dissimilar CRs may be different from
those governing CSs that evoke CRs with a similar response topography.

Kamin (1969) proposed that classical conditioning was
a function of the extent to which the unconditioned stimu-
lus (US) generated ‘‘surprise’’ when presented immedi-
ately after the conditioned stimulus (CS). If the US is com-
pletely expected, as demonstrated by an asymptotic level
of conditioned responding, the subject experiences no sur-
prise and will not yield further conditioning. However,
if a small conditioned response (CR) is observed relative
to the amount of conditioning that the US can support,
then a US will be surprising and a large amount of condi-
tioning will take place to that particular CS. The notion
of surprise and the development of conditioning theories
based on expectancy and US effectiveness (e.g., Kamin,
1968; Rescorla & Wagner, 1972; Terry & Wagner, 1975;
Wagner, Rudy, & Whitlow, 1973) has led to novel predic-
tions. For example, a loss of associative strength (condi-
tioning) is predicted despite consistent reinforcement of
a CS when that reinforcement is overexpected (Kremer,
1978; Rescorla & Wagner, 1972; but see Schachtman,
Kasprow, Chee, & Miller, 1985). According to this view,
when initially two different CSs are conditioned individu-
ally and then subsequently are reinforced as a compound
CS, the magnitude of the US is overpredicted, or over-
expected, by the subjects. The Rescorla-Wagner model
(Rescorla & Wagner, 1972) claims that expectancies based
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on different stimuli quantitatively add together when those
stimuli are presented in compound. Hence, it assumes that
the subjects expect twice the magnitude of the US than
actually occurs; this produces surprise. As a result of such
trials, there will be a decrement in associative strength
of the elements until the subjects’ expectations match the
amount of learning the US can actually support.
Rescorla (1970) demonstrated a loss of associative
strength to a CS despite continuous reinforcement. Spe-
cifically, Rescorla used a conditioned barpress suppres-
sion procedure to individually condition a light and a tone
CS to near asymptotic levels of conditioning. This proce-
dure produced a similar CR (conditioned suppression) for
each of the CSs. These CSs were then combined in a sec-
ond phase to form a simultaneous compound CS that was
followed by the same magnitude of shock as that received
during the prior separate conditioning of each CS. After
compound conditioning, the original elements were tested
individually. The results obtained were consistent with
the Rescorla and Wagner (1972) notion concerning the
adjustment of expectancies when the US is overexpected
on the compound CS conditioning trials. That is, there
was a reduction in the fear elicited by each element as
a result of compound conditioning relative to the fear
elicited by each element before compound conditioning.
This decrement in the CR was said to occur because the
summation of the compound CS allowed the subjects to
overpredict the magnitude of the US. However, while the
Rescorla-Wagner model predicts the magnitude as well
as the direction of these changes in associative strength
as a result of compound training, some questions have
been raised about this notion (Rescorla, 1989). Nonethe-
less, this prediction may depend upon the use of the sarhe
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CR evoked by both CSs. The prediction has not been
tested when different CRs occur to each CS as a result
of the initial and separate training of cues. It is possible
that the competition may follow different rules if that com-
petition is no longer limited to a single CR dimension that
is common to both independently trained CSs.

The specific nature of the US was previously thought
to have been the primary, or perhaps even exclusive, fac-
tor in determining the form of the CR (Hilgard & Mar-
quis, 1940; Jenkins & Moore, 1973; Rescorla & Solomon,
1967). Thus, different CSs predicting a common US should
yield the same kind of CR. Similarly, the behavioral ef-
fects of compounding two pretrained stimuli should be ad-
ditive.

Holland and Rescorla (1975a, 1975b) reported that there
were different levels of activity when subjects were
presented with either a light or a tone CS. Holland (1977)
tested the role of the CS modality on the topography of
the conditioned response. He found that there were dis-
similar forms of the CR to light and tone CSs (rearing
and head-jerking, respectively). Consequently, the
specific qualities of the CS appear to influence the form
of the CR. To test the prediction of the Rescorla-Wagner
model concerning overexpectation of the US magnitude
and the loss of associative strength, the present study em-
ployed two pretrained CSs that each elicited a dissimilar
CR (similar to the response topographies of Holland,
1977).

METHOD

Subjects

The subjects were 16 naive male Sprague-Dawley albino rats (Holtz-
man Co., Madison, WI). They were housed individually in stainless
steel cages (24 X 20 X 18 cm) and exposed to 24 h of continuous light.
They were maintained on a 23-h food-deprivation schedule, and were
fed Purina Rat Chow for 1 h shortly after each experimental session.
Water was available ad lib.

Apparatus
The experiment used four standard operant chambers (MSP-3000,

BRS/LVE Inc., Laurel, MD). The chambers had two Plexiglas side-
walls, a Plexiglas ceiling, aluminum front and rear walls, and a shock-
grid floor. The shock grids were approximately 0.5 cm in diameter and
spaced 2 cm apart. The chamber measured 28 20 X 15 cm (1Xw Xh).
Mounted on the front wall were: a 24-V dc intermittent light centered
on the wall 10 cm above the grid floor; a Sonalert sound source (Model
SC628) located 5.5 cm to the right of center of the wall and 10.5 cm
above the grid floor; and a food magazine located 6 cm to the left of
center of the wall and 3 cm above the grid floor. The food, 45-mg pellets
(P. J. Noyes Co.), was delivered into the magazine by means of a food
cup that was connected to the food magazine. These stimulus events
were preprogrammed on Telex tape and read by electromechanical
programming equipment.

Procedure

Pretraining occurred on Day 1 of the study. During this session, the
subjects were initially placed in the operant chambers for 15 min to ac-
climate them to the experimental context. All subjects received 30 trials
of magazine training. The first half of the session (i.e., the first 15 rein-
forcers received) was conducted on a variable time 1-min (range =
0.5-1.5 min) schedule of reinforcement. The second half of the ses-
sion (i.e., the last 15 reinforcers received) was conducted on a variable
time 2-min (range = 0.5-3.0 min) schedule of reinforcement.

On each of the next 3 days, a baseline response session was conducted.
The subjects were given a total of 10 light- and 10 tone-stimulus presen-
tations, separately and in random order. Each CS was presented for 10 sec.
No food reinforcement was given. Such trials were separated by an in-
tertrial interval of 5 min (range = 1.0-9.0 min). During the 10-sec stimulus
presentation, the dominant form of the CR was recorded and categorized
by a single observer seated approximately 2 m away. A checklist proce-
dure, similar to that used by Bindra and Blond (1958), Shettleworth (1975),
and Holland (1977), was used. In this procedure, the observer switches
his/her visual inspection from chamber to chamber, starting with a different
chamber on each trial. This ensured random observation over all CS presen-
tations. Thus, one behavior per observation was recorded for each sub-
ject during the CS presentation, and was categorized by the form of the
CR. The behavioral categories employed in this study were the same as
those used by Holland (1977) (see Appendix). The dominant behavior
to each CS was recorded in these sessions.

Phase 1. The initial phase of conditioning was begun the day follow-
ing the completion of the baseline sessions. Each subject was then ran-
domly assigned to one of two groups (n=8). Group LT received separate
presentations of the light and the tone during the session. Group L/T
received the same treatment as the experimental group during this phase
of conditioning. During Phase 1, a total of 10 light and 10 tone exposures
were presented in random order each session, for a total of six sessions.
Each CS was 10 sec in duration, and upon termination, was immedi-
ately followed by a food pellet. A variable intertrial interval with a mean
length of 5 min (range = 1.0-9.0 min) was used. The dominant be-
havior to each CS was recorded as noted previously.

Phase 2. During this phase of conditioning, Group LT, which previ-
ously had been conditioned to the light and the tone individually, received
these elements as a reinforced compound CS for a total of 20 trials per
session. That is, the light and the tone were presented simultaneously
for 10 sec and immediately followed by a food pellet. Group L/T con-
tinued to receive 10 light and 10 tone exposures, in random order, as
separately presented stimuli. The groups were equated for the total num-
ber of reinforcements (i.e., 20 reinforcements for the compound CS
for Group LT and 10 reinforcements for each of the light and the tone
single elements for Group L/T). Since the single CSs were already as-
sumed to be at associative asymptote as a result of the training received
in Phase 1, the number of reinforcements per CS should not be a factor
in determining the rate of conditioning. Moreover, according to the Res-
corla-Wagner model, even if more opportunities for conditioning were
possible in Group LT, this could be viewed as promoting more poten-
tial for producing a decrement in the CR due to overexpectation of the
US. These trials were distributed as in Phase 1. The behavior was
recorded as in Phase 1.

Test. The test involved only one session and occurred the day after
Phase 2 was completed. The test session served to measure any differ-
ences between the dominant forms of the CR for Groups LT and L/T.
Secondly, and more importantly, this session also served to measure
any changes in the magnitude and direction of associative strength as
a consequence of compound conditioning. The test invoived 10 10-sec
nonreinforced presentations of the light and tone separately to all sub-
jects. These exposures were separated by a 5-min intertrial interval.

RESULTS

Conditioning of the light and the tone as 2 compound
CS did result in changes in the dominant form of the CR.
However, this treatment led to an increase in the proba-
bility of the dominant CR in the presence of the light and
a reduction in the probability of the occurrence of the
dominant CR in the presence of the tone. The assessment
of the effects of compound conditioning of CS-dependent
CRs involves comparing the magnitude of the CR with
each CS before and after the compound conditioning
phase, and then weighing these changes against further
conditioning of the elements in the control group. The
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Figure 1. The probability of the occurrence of the dominant form
of the CR to both the light and the tone before and after compound
conditioning.

results of this comparison are shown in Figure 1. It was
found that the dominant form of the CR to the light and
the tone CSs were rearing and head-jerking, respectively,
consistent with the findings of Holland (1977).

On the last day of individual conditioning (Phase 1) to
the light and prior to compound conditioning, a Mann-
Whitney U test revealed that there was no significant
difference between Groups LT and L/T (U = 32.0,
p > .20, n = 16). Similarly, there was no significant
difference between Groups LT and L/T in conditioning
to the tone (U = 38.0, p > .20, n = 16). An analysis
of variance (ANOVA) revealed that there was no signifi-
cant difference between groups LT and L/T for either
stimulus (Fs < 1).

It was found that after compound conditioning
(Phase 2), Group LT showed a significant increase in the
dominant form of the CR to the light [Wilcoxon 7(7) =
2, p < .05]. These results were also confirmed by an
ANOVA [F(1,7) = 8.00, p < .03]. Using both nonpara-
metric and parametric tests, no significant changes were
observed for the dominant form of the CR to the light
for Group L/T [T(7) = 15, p > .05; F(1,7) = .20].
Group LT did not demonstrate a significant decrease in
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the dominant form of the CR to the tone [T(7) = 15,
p > .0S]. However, an ANOVA did reveal a significant
decrease in the dominant form of the CR to the tone
[F(1,7) = 5.65, p < .05]. The effect of compound con-
ditioning on the tone is unclear given that different results
occurred with parametric and nonparametric tests.
Group L/T did not show a significant change in the
dominant form of the CR to the tone [7(8) = 10, p > .05;
F(1,7) = .44].

During the test, there was a significant difference be-
tween Groups LT and L/T with respect to the dominant
form of the CR to the light (U = 10, p < .025, n = 16).
An ANOVA also confirmed this result [F(1,14) = 7.49,
p < .02]. There was no significant difference between
Groups LT and L/T with respect to the dominant form of
the CR to the tone [U = 29.50,p > .05, n = 16; F(1,14)
= 91].

DISCUSSION

The results obtained with the light stands in contrast to the findings
of Rescorla (1970) and the predictions of Rescorla and Wagner (1972).
The present study found that when two CSs (which produced two dis-
similar dominant CRs) were given excitatory conditioning as separate
elements and then reinforced in compound, there was a tendency toward
a decrement in the dominant form of the CR to the tone, whereas there
was actually an increase in the dominant form of the CR to the light.
Thus, the rules that govern stimulus compounding in a classical condi-
tioning paradigm that employs two dissimilar CRs for the CSs may be
different from those that govern the conditioned suppression procedure.
In this way, the present findings may restrict the domain of the predic-
tions made by the Rescorla-Wagner theory to CSs evoking CRs on a
single response dimension or topography.

A possible explanation for these data could be proposed. The Rescorla-
Wagner model may predict a loss of associative strength when the US
is overexpected. In such situations, all the CSs present are simultaneously
competing for the limited associative strength of the same US, giving
rise to a CR on a unitary response dimension. That is, within a single
CR dimension, such as conditioned suppression, one asymptote of con-
ditioning must support conditioning among competing CSs. This sug-
gests that the Rescorla-Wagner model could be viewed as a CR-
competition model in which CSs compete for associative strength based
upon a unitary response dimension.

In the present study, two CSs with dissimilar CRs were utilized.
Although both of these CSs were followed by the same magnitude of rein-
forcer, they were not necessarily in competition for a share of the limited
associative strength, because the CSs evoked CRs on different response
dimensions. Consequently, each CS should remain at asymptote (such
as what may have occurred for the tone) or continue to gain associative
strength (as occurred for the light) over the course of compound condi-
tioning. It should also be noted that the increase in the CR to the light
CS, as a result of compound training, may be due to the development
of within-compound associations (e.g., Rescorla & Durlach, 1980).

Additionally, it should be noted that the present findings were ob-
tained by analyzing the specific form of the CR elicited by different
CSs. This confirms the value of attending to the topographical features
of the CR in order to expose processes of conditioning that are inex-
plicable in terms of traditional models of conditioning and are not manifest
with the more traditional measures.
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APPENDIX

Category Name Description

Preambulate Changes in position involving all four
feet, including walking across chamber,
circling, and/or jumping suddenly to
another position; often accompanied by
sniffing.

Rear Standing on hind legs with both forepaws
off the grid floor, usually (not always)
stretching to full extent, forepaws usually
(not always) on top of side walls; may be
accompanied by sniffing or slow side-to-
side movement of head. Does not include
grooming.

Magazine Standing motionless in front of food
magazine with nose or head within maga-
zine, sometimes (rarely) gnawing on
edges of magazine opening.

Head-jerk Short rapid horizontal and/or vertical
movements of the head, usually oriented
toward food magazine; hindquarters mo-
tionless. Infrequently occurring with rear.
In those cases only head-jerk scored.
Head-jerk/hind Head-jerk plus movement of hindquarters,
either side-to-side or foward-backward.
Simultaneous display of head-jerk and
perambulate (rare) also scored as head-
jerk/hind.

Other Grooming head, body, or tail; scratching;
gnawing grid bars; standing motionless
with head above or between grid bars; ly-
ing with abdomen on grid floor; sniffing
(provided rat not also performing one of
above behaviors).

(Manuscript received March 19, 1990.)
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