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Summation and configuration between and
within sensorymodalities in classical

conditioning of the rabbit
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Three experiments examined "atomistic" and "configural" processes in stimulus compound
ing using the rabbit's conditioned nictitating membrane response. Two conditioned stimuli (CSs)
were trained separately and then tested together in a compound. Animals trained with CSs from
different modalities-namely, tone and light-showed summation in both acquisition and extinc
tion. That is, the probability of a response to the compound could be predicted by the statistical
sum of responding to the CSs. In contrast, animals trained with CSs from the auditory modality,
tone and noise, showed a level of responding to the tone + noise compound that was the same as
that ofthe CSs, well under the level predicted by the statistical sum of responding to the CSs. In
conclusion, atomistic processes appear to predominate in cross-modal compounding. Configural pro
cesses may occur during compounding within the auditory modality, but atomistic alternatives
namely, common elements and selective attention hypotheses-may be able to explain the results.

The present experiments were conducted to determine
the contribution of atomistic and configural processes in
stimulus compounding. Two conditioned stimuli (CSs)
were trained separately and were then tested together in
a compound. CSs from both the same and different sen
sory modalities were used. Two complimentary hypoth
eses were tested: (1) that atomistic processes are stronger
than configural processes when the CSs are from differ
ent modalities, and (2) that configural processes predom
inate when the CSs are from the same modality.

The usual outcome of stimulus compounding is sum
mation, meaning that the compound yields a higher level
of responding than do the individual CSs (see, e.g., Cou
villon & Bitterman, 1982; Kehoe & Graham, 1988;
Weiss, 1972, 1978). However, for theoretical purposes,
it is not clear what is being summated. According to an
atomistic hypothesis, the summation outcome reflects the
summation of the associative strengths of the CSs (Ke
hoe & Graham, 1988; Weiss, 1972). In contrast, con
figural hypotheses contend that compounding the CSs pro
duces a perceptual interaction in the encoding of the CSs.
Most commonly, this interaction is seen as a fusion that
supplants the individual CSs (Heinemann & Chase, 1975;
Pearce, 1987). Less commonly, the perceptual interaction
is seen as a mutual alteration in the encoding of the CSs
(Hull, 1943; Meehl, 1945; see also Kehoe & Gormezano,
1980). In either case, responding to the compound stim
ulus reflects the summation of generalized associative
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strengths from the encodings of the separate CSs. With
sufficient generalization, responding to the compound
could exceed responding to the CSs.

As may be apparent, the summation outcome can be
explained by atomistic and configural hypotheses. There
are, however, two sets of results that appear to be more
decisive, but in opposite ways. On the one hand, in con
ditioning of the rabbit's nictitating membrane (NM) re
sponse, the quantitative character of stimulus compound
ing with tone and light CSs has favored an atomistic
hypothesis. On the other hand, similar research in au
toshaping of the pigeon has pointed toward a configural
hypothesis.

With regard to the rabbit NM results, the quantitative
relation among the levels of responding to the compound
and its CSs follows a precise but simple formula. Specif
ically, the percentage conditioned responses (CRs) to the
test compound (Pc) can be predicted by the sum of the
percentage CRs to the separate CSs (Pa, Pb) as com
bined by the formula for statistically independent events,
namely, Pa + Pb - (Pa xPb) (Kehoe, 1982b, 1986; Ke
hoe & Graham, 1988). The correlation between the ac
tual and predicted responding to the compound has ranged
from .68 to .86, with perhaps a 5% underprediction. This
close correspondence is consistent with an atomistic hy
pothesis and not a configural hypothesis. Unless there
were complete generalization from the CSs to the con
figural stimulus, a pure configural hypothesis would ex
pect the mathematically summated levels of responding
to overpredict the observed level of responding to the
compound.

With regard to autoshaping of the pigeon (Pearce &
Wilson, 1991), extinction was conducted with the com
pound after initial training with the individual CSs. Tests
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with the CSs revealed that they produced more respond
ing than the compound did. This outcome is consistent
with a configural hypothesis, in that extinction of respond
ing to the novel compound did not fully generalize back
to the CSs. In contrast, an atomistic hypothesis predicts
that responding to the CSs should have remained below
that of the compound.

This large discrepancy in the results from different
preparations indicates that atomistic and configural pro
cesses may be engaged during stimulus compounding in
a variable fashion. Numerous factors, of course, could be
responsible for the discrepancy. Among them, however,
there is reason to suppose that the modality of the CSs may
determine whether atomistic or configural processes are
engaged in a test compound. The exact summation seen
in the rabbit NM preparation has been obtained with the
use of stimuli from different modalities-namely, audi
tory and visual. In contrast, the configural results in auto
shaping were obtained with the use of stimuli from the
same sensory modality-namely, colored triangles and
their spatial location. Although these stimuli are highly
distinctive, configuration may still occur more readily
within a modality than between modalities.

In a study of latent inhibition, Honey and Hall (1989)
have provided indirect evidence that stimuli combine
differently, depending on whether they are from the same
or a different modality. Specifically, Honey and Hall pre
exposed rats to a compound of either tone + light or tone
+ clicker. A third group of rats was given preexposure
to the tone only. Then, in a conditioned suppression pro
cedure, all rats were given pairings of the tone with a
shock unconditioned stimulus (US). The rats given pre
exposure to the tone showed slow acquisition of suppres
sion to the tone. The rats given preexposure to the tone
+ light compound also showed slow acquisition, which
may have been even slower than that of the tone-alone
group. The rats given preexposure to the tone + clicker,
however, showed more rapid acquisition-that is, less la
tent inhibition.

To explain these results, Honey and Hall (1989) pro
posed a configural hypothesis. Specifically, they con
tended that the perception of the tone was relatively
unaffected by the light but was altered by the clicker. Ac
cordingly, the deleterious effects of preexposure gener
alized readily from the tone + light compound to tone-US
training. However, preexposure to the tone + clicker
compound generalized weakly to tone-US training.

Conditioning theories largely treat stimuli in an indiffer
ent fashion as far as their modalities are concerned. Atomis
tic theories assume that stimuli always retain their specific
perceptual characters when they are combined (e.g., Ke
hoe, 1988; Rescorla & Wagner, 1972; Weiss, 1972, 1978).
Conversely, in configural theories, it is assumed that a per
ceptual fusion or interaction always occurs when stimuli
are combined (see, e.g., Hull, 1943; Pearce, 1987). As
a simplifying assumption, this indifference to stimulus mo
dality can be useful but misleading, particularly where

conclusions about the atomistic versus configural pro
cesses begin to diverge. From a broader perspective, there
is good reason to believe that the modalities of combined
stimuli may matter. Stimuli from the same modality have
the opportunity to interact beginning at the receptor sur
face, whereas stimuli from different modalities can interact
only at a later step in their neural processing. Accord
ingly, the present experiments were conducted to deter
mine whether stimuli from one modality-namely, the au
ditory modality-would combine in a different way than
stimuli from two modalities-namely, the auditory plus
visual modalities.

EXPERIMENT 1

Experiment 1 provided a within-subjects comparison
of stimulus compounding between and within modalities.
Thus, all subjects received training with three CSs-tone,
light, and noise-and they were tested with the three pos
sible compounds during acquisition training. Following
acquisition, responding in half the subjects was extin
guished using the tone + light compound, and respond
ing in the other half was extinguished with the tone +
noise compound.

Method
Subjects. The subjects were 16 naive femalealbino rabbits (Oryc

tolagus cuniculus), weighing approximately 1.5 kg on arrival from
the university's breeding unit. All rabbits had free access to food
and water in their home cages.

Apparatus. The apparatus and recording procedure for the NM
response were patterned after those of Gormezano (1966) and are
detailed by Kehoe, Feyer, and Moses (1981). The rabbits were
trained in one of eight sound-attenuating chambers. On the wall
of the chamber in front of each subject was a stimulus panel, and
behind the subject, an exhaust fan. A speaker was mounted at the
midpoint of the stimulus panel, 8 ern anterior to and 16 em above
the rabbit's head. The speaker provided two auditory CSs, a 1000
Hz, 84-dB (SPL) tone and an 84-dB white noise. Both were
800 msec in duration and were superimposed on an ambient noise
level of 81 dB provided by the exhaust fans. Mounted on the stim
ulus panel, 4 cm above the speaker, was an 8-W neon houselight.
To provide a visual CS, the houselight was flashed at 20 Hz for
800 msec. The US was a loo-msec, 3-mA, 50-Hz ac electric cur
rent delivered via 9-mm stainless steel Autoclip wound clips posi
tioned 10 mm apart and 15 mm posterior to the lateral canthus of
the rabbit's right eye. On CS-US trials, the interval between CS
onset and US onset was 800 msec. The sequenceand timing of stim
ulus events were controlled by an Apple II computer equipped with
interfaces and software developed by Scandrett and Gormezano
(1980).

During training, each rabbit was restrained in a Perspex box (45
x 14 x 22 ern). The rabbit was held in place by the insertion of
its head through an adjustable stock and by the securing of its ears
to the front of the stock with a polyurethane foam-covered metal
clamp. A muzzle-like head set, fitted securely about the snout, sup
ported a photoelectric transducer for detecting movements of the
NM (Gormezano & Gibbs, 1988). A small, tinned copper wire hook
was attached to a silk loop sutured in the NM of the rabbit's right
eye. The other end of the hook contained a loop that fitted over
the curved end of an L-shaped piano-wire crank, which operated
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the transducer. The signal from the transducer was amplified and
transmitted to an analog/digital converter installed in the computer
(IO-rnsec sample rate).

Procedure. All rabbits received 1 day of preparation, 2 days of
rest, and 1 day of adaptation before training began. On the day of
preparation, hair posterior to the rabbit's right eye was removed,
a small loop of silk (000 Dynex) was sutured into the NM of the
right eye, and the rabbits were returned to their homes cages. On
the adaptation day, the rabbits were placed in the conditioning ap
paratus for 60 min, but no stimuli were presented.

Following adaptation, the subjects were split randomly into two
groups (n = 8). Both groups first received 20 days of acquisition
training. On each day, they received 20 tone-US trials (T+), 20
light-US trials (L+), and 20 noise-US trials (N+). These training
trials were intermixed so that no more than two of anyone kind
occurred in a row. In addition, every 11th trial was a nonreinforced
test trial for a compound stimulus. Each day, the subjects received
two trials each of tone + light (TL), tone + noise (TN), and noise
+ light (NL).

At the end of acquisition training, both groups received 3 days
of extinction. One group received extinctionwith the TL compound,
and the other group received extinction with the TN compound.
Each day contained54 nonreinforcedpresentationsof the appropriate
compound. In addition, both groups received four nonreinforced
test trials each of the tone, light, and noise. A test occurred on the
6th and 11th trial of each sequence of 11 trials. In both stages of
the experiment, the intertrial interval was 60 sec (range, 50-70 sec).

Response definition. A CR was defined as any extension of the
NM greater than or equal to 0.5 mrn that occurred following the
onset of the CS but prior to its termination. In extinction, the ob
servation interval was extended to 1,200 msec following CS onset.

Results and Discussion
Acquisition. Figure 1 shows the mean percent CRs

across days of stimulus compounding during acquisition.
Each panel depicts responding to one of the three com
pounds and their CSs. Inspection of Figure 1 reveals that
summation appeared in the two cross-modal compounds,
namely, TL and NL, but not in the auditory compound,
TN. Specifically, the overall level of responding on TL
trials (M = 68% CRs) was significantly greater than the
overall level of responding to either the tone (M = 47%
CRs) or the light (M = 44% CRs) [Fs(1,14) = 33.08,

35.28, ps < .01]. Similarly, the level of responding to
the NL compound (M = 61 % CRs) was significantly
greater than responding to either the noise (M = 41 %
CRs) or the light (M = 44% CRs) [Fs(l,14) = 19.81,
20.90, ps < .01]. In contrast, the TN compound (M =
46% CRs) produced a level of responding that failed to
differ significantly from the levels of the tone (M = 47%
CRs) or noise (M = 41 % CRs) [Fs(l,14) = 0.22, 1.67,
ps > .05].

The statistical summation rule was tested by applying
it to the performance of each subject on each day. In agree
ment with previous findings (Kehoe, 1982b, 1986; Kehoe
& Graham, 1988), responding to the cross-modal com
pounds was only slightly underpredicted by the statistical
sum of responding to the CSs. Specifically, responding on
TL trials (M = 68% CRs) was slightly greater than the
summated responding to tone and light (M = 61% CRs).
This difference approached but did not reach statistical sig
nificance [F(l, 14) = 3.99, p < .10]. Responding on NL
trials (M = 61% CRs) was even more closely approxi
mated by summatedresponding to the noise and light (M =
58% CRs) [F(l,14) = 1.47, P > .10].

To determine how well the predictions from the sum
mated CSs agreed with actual responding to the com
pound, a correlation coefficient was calculated, with each
subject's predicted and actual responding averaged over
all days of acquisition. These correlation coefficients con
firmed the correspondence seen in the group means. Spe
cifically, the subject-by-subject correlations between re
sponding for the compound and the summated CSs for
the TL and NL compounds were .83 and .89 (ps < .01,
N = 16).

The application of the statistical rule for the TN com
pound revealed that its responding was vastly over
predicted by the summated responding to the CSs. Re
sponding on TN trials (M = 46% CRs) was much less
than the summated responding to the tone and noise (M =
60% CRs) [F(1,14) = 51.00,p < .01]. Although there
was a large constant error in the prediction, responding
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Figure 1. Mean percent conditioned responses during acquisition training in Experiment 1. Each panel depicts
responding to one of the three compounds and its conditioned stimuli. TL, tone + light; NL, noise + light; TN,
tone + noise.
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on the compound trials paralleled the summated respond
ing to the CSs. The subject-by-subjectcorrelation was high
and significant (r = .94, p < .01, N = 16).

Extinction. Extinction was rapid in both groups. Re
sponding to the compounds and the individual CSs largely
ceased within the 1st day of extinction. There was little
spontaneous recovery. In what could be seen during the
first block of 30 trials, the pattern of responding was sim
ilar to that seen in acquisition. That is, the level of re
sponding on TL trials (M = 31% CRs) was significantly
higher than on either the tone (M = 6% CRs) or light
(M = 0% CRs) trials [Fs(1,14) = 7.42, 7.93, ps < .01].
There were similar levels of responding on trials for TN
(M = 42% CRs), T (M = 56% CRs), and N (M = 44%
CRs), none of which differed significantly.

Summary. Experiment 1 revealed distinct differences
in stimulus compounding depending on the modality of
the CSs. During acquisition training, compounding across
the auditory and visual modalities produced summation
that conformed to the statistical summation formula. In
contrast, compounding within the auditory modality did
not yield summation. Instead, the level of responding to
the TN compound was similar to the level of responding
to the individual CSs.

EXPERIMENT 2

Experiment 2 was conducted with two aims in mind.
First, it was a between-groups replication of Experi
ment 1. Although summation across modalities is well es
tablished, the lack of summation within the auditory mo
dality has not been reported previously for the rabbit NM
preparation. Second, we wished to determine the effects
of compounding a trained CS with an untrained stimu
lus. Pavlov (1927, p. 45) reported that such compound
ing produced .. external inhibition"; that is, responding
to the trained CS showed a decrease when the untrained
stimulus was added to form the compound. This decrease
is consistent with a configural hypothesis, because there
would be incomplete generalization to the compound from
the trained CS. Conversely, Pavlov's findings are incon
sistent with an atomistic hypothesis. It would expect re
sponding to the trained CS to be unaltered by the addi
tion of a stimulus that has no associative strength.

To achieve these two aims, we trained the animals with
two CSs and tested them with a third stimulus. Specifi
cally, half the animals were trained with the tone and light
CSs. Summation across modalities was tested with the TL
compound. To identify any effects of compounding a
trained CS with an untrained stimulus, the animals were
also tested with a TN compound. The other half of the
animals were trained with tone and noise. Hence, for
them, tests with the TN compound examined the combi
nation of trained stimuli within the auditory modality, and
tests with the TL compound examined the combination
of trained and untrained stimuli across modalities.

Method
Unless otherwise indicated, the apparatus and procedures were

identical to those used in Experiment I. Sixteen rabbits were as
signed randomly to two groups (n = 8). One group, Group TL,
received acquisition training with tone (T+) and light (L+). Fol
lowing acquisition, that group received extinction using the TL com
pound. The other group, Group TN, received training with tone
(T+) and noise (N+), after which responding was extinguished with
the TN compound. Bothgroups received IOdays of acquisition train
ing. Each day contained 30 T+ trials, 30 trials of the other CS (L+
or N+), 3 TL- trials, and 3 TN- trials. After acquisition was com
plete, extinction was run for 3 days. Each day contained 54 trials
of the appropriate compound (TL - or TN - ) plus 4 test trials each
of tone, light, and noise.

Results and Discussion
One animal in Group TN died during the course of the

experiment. Its data were eliminated from all analyses.
Acquisition. Figure 2 shows the mean percent CRs

across days of stimulus compounding during acquisition
training. The left-hand panel shows responding in
Group TL. The right-hand panel shows responding in
Group TN.

The results replicated those of Experiment 1. As can
be seen in Figure 2, responding in Group TL showed
cross-modal summation. That is, the level of responding
on TL trials (M = 70% CRs) was significantly greater
than that with either the tone (M = 44% CRs) or the light
(M = 54% CRs) [Fs(1,13) = 37.35, 1O.27,ps < .01].
In fact, there was oversummation; the statistical sum of
responding to the tone and light (M = 61 % CRs) signifi
cantly underpredicted responding on TL trials (M = 70%
CRs) [F(1, 13) = 11.29, p < .01]. The subject-by-subject
correlation was large and significant (r = .98, p < .01,
n = 8).

Responding in Group TN failed to show summation
within the auditory modality. The level of responding on
TN trials (M = 55% CRs) was higher than that with the
tone (M = 47% CRs)[F(1 ,13) = 5.14,p < .05], but was
similar to that with the noise (M = 54% CRs) (F < 1).
Not surprisingly, statistical summation of responding to
tone and noise (M = 63 % CRs) significantly over
predicted responding on TN trials (M = 55% CRs)
[F(I,13) = 7.73, p < .05]. Notwithstanding the over
prediction, the subject-by-subject correlation showed a
strong parallel between the summated responding and
compound responding (r = .94, p < .01, n = 7).

In both groups, responding to the tone appeared un
affected when the tone was compounded with an untrained
stimulus. In Group TL, responding on TN trials (M =
44% CRs) equaled that on T trials (M = 44% CRs). Like
wise, in Group TN, responding on TL trials (M = 48%
CRs) virtually equaled that on T trials (M = 47% CRs).
Any apparent differences were not significant (Fs < 1).

Extinction. In agreement with the results of Experi
ment 1, responding in extinction dropped rapidly, but, be
fore disappearing, it showed the same pattern of respond-
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Figure 2. Mean percent conditioned responses during acquisition training in Experiment 2. Each panel de
picts responding to the tone + light (TL) compound, the tone + noise (TN) compound, and the two trained
conditioned stimuli in Groups TL and TN, respectively.

ing to the compound and CSs as that seen in acquisition.
In the first block of 30 trials, Group TL showed a signif
icantly higher level of responding on TL- trials (M =
57% CRs) than on either the tone (M = 25% CRs) or
light (M = 25% CRs) trials [Fs(l,13) = 11.56,21.09,
ps < .01]. Responding in Group TN extinguished so
rapidly that there was a floor effect in the first block of
trials. Responding on TN- trials (M = 14% CRs) did
not differ significantly from responding to either the tone
(M = 0% CRs) or the noise (M = 21 % CRs).

EXPERIMENT 3

The results of Experiments 1 and 2 for acquisition were
clear, but the low level of responding in extinction made
it difficult to discern differences between the compounds
and the CSs. Accordingly, Experiment 3 was aimed at
raising the level of responding in acquisition and later in
extinction. Specifically, in Experiment 3 we used a
shorter, more optimal CS-US interval in acquisition and
fewer trials per session in extinction.

Method
Unless otherwise indicated, the apparatus and procedures were

identical to those in Experiment 2. The subjects were 16 rabbits
assigned randomly to two groups (n = 8). One group was again
labeledas Group TL. It received acquisition training with tone (T+)
and light (L+), followed by extinction with the TL compound. The
other group was labeled TN, received training with tone (T+ ) and
noise (N+), followed by extinction with the TN compound. Both
groups received 8 days of acquisition training and 5 days of ex
tinction. Each day of extinction contained 20 trials of the appropri
ate compound (TL- or TN-) plus two test trials each of tone and
either light or noise. The CS duration throughout the experiment
was 400 msec, and, in acquisition, the CS-US interval was
400 msec.

Results and Discussion
Acquisition. Figure 3 shows the mean percent CRs dur

ing acquisition training. As seen in Experiments 1 and
2, Group TL showed cross-modal summation. That is,
the level of responding on TL trials (M = 77 % CRs) was
significantly greater than that with either the tone (M =
62% CRs) or the light (M = 66% CRs) [Fs(l,14) =
22.77, 14.29,ps < .01]. Thestatisticalsummationofre
sponding to the tone and light (M = 75 % CRs) only
slightly underpredicted responding on TL trials (M = 77%
CRs) (F < 1). The subject-by-subject correlation was
nearly perfect (r = .99, P < .01, n = 8).

In Group TN, the level of responding on TN trials
(M = 64% CRs) was higher than that of the tone (M =
57% CRs) [F(l,14) = 2.40, p > .10] and was slightly
lower than that of the noise (M = 67% CRs) (F < 1).
Statistical summation of responding to tone and noise
(M = 72 % CRs) significantly overpredicted responding
on TN trials (M = 64% CRs)[F(I,13) = 6.15,p < .05].
The subject-by-subject correlation demonstrated a strong
parallel between the summated responding and compound
responding (r = .93, p < .01, n = 8).

As seen in Experiment 2, responding to tone was un
affected when it was compounded with an untrained stim
ulus. In Group TL, responding on TN trials (M = 60%
CRs) was only marginally less than that on T trials (M =
62 % CRs). In Group TN, responding on TL trials (M =
65 % CRs) was in fact significantly greater than that on
T trials (M = 57% CRs) [F(l,14) = 6.23, P < .05].

Extinction. Figure 4 shows the mean levels of respond
ing to the compound and the individual CSs across all 5
days of extinction. With only 20 rather than 60 compound
trials per session, extinction was spread over 5 sessions.
As was seen in Experiments 1 and 2, Group TL showed
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Figure 3. Mean percent conditioned responses during acquisition training in Experiment 3. Each panel depicts
responding to the tone + light (TL) compound, the tone + noise (TN) compound, and the two trained conditioned
stimuli in Groups TL and TN, respectively.

summation. Specifically, in the first block of 20 trials,
Group TL showed a higher level of responding on TL
trials (M = 80% CRs) than on either the tone (M = 31 %
CRs) or the light (M = 56% CRs) trials [Fs(I,14) =
12.73, 7.30, ps < .05]. As can be seen in Figure 4, the
same pattern appeared over all 5 days, the overall means
on TL, T, and L trials were 40%, 18%, and 24% CRs,
respectively. In contrast, Group TN showed no evidence
of summation. In the first block of 20 trials, Group TN
showed a level of responding on TN trials (M = 69 %
CRs) that was between those of tone (M = 50% CRs)
and noise (M = 75% CRs). However, the apparent dif
ferences were not significant [Fs(1,14) = 2.04, < 1,ps >
.10]. This pattern appeared throughout extinction but did
not achieve significance. The overall means on TN, T,
and N trials were 36 %, 28%, and 43 % CRs, respectively.
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Figure 4. Mean percent conditioned responses during extinction
in Experiment 3. The figure shows the overall mean level of respond
ing on tone + light (TL), tone (T), and light (L) trials in Group TL
and on tone + noise (TN), tone, and noise (N) trials in Group TN.

The statistical summation rule was applied to responding
across extinction. For the TL compound (M = 40% CRs),
the summation of responding to tone and light yielded a
significant underprediction (M = 31 % CRs) [F(1,14) =
5.49,p < .05]. For the TN compound (M = 36% CRs),
the summation rule yielded a significant overprediction
(M = 51 % CRs) [F(1,14) = 13.50, p < .01].

GENERAL DISCUSSION

All three experiments yielded the following major find
ings: (1) In agreement with previous examinations of
cross-modal stimulus compounding, animals trained with
the tone and light showed summation in both acquisition
and extinction. That is, responding to a tone + light com
pound was greater than responding to either single stim
ulus. (2) Moreover, the level of responding to the tone
+ light compound conformed to the statistical sum of re
sponding to the CSs (Kehoe & Graham, 1988; Kehoe &
Schreurs, 1986). Where there were inaccuracies, respond
ing to the compound tended to be greater than would be
expected by statistical summation. (3) In contrast to the
cross-modal results, animals trained with tone and noise
showed a level of responding to the compound that was
equal to that for the CSs. (4) The statistical sum of the
responding to the CSs overpredicted the level of respond
ing to the auditory compound.

At first blush, the interpretation of the present results
appears easy. On the one hand, auditory and visual stim
uli appear to combine in an atomistic fashion. On the other
hand, different auditory stimuli appear to combine in a
configural fashion, through either perceptual fusion or
mutual interaction. However, other aspects of the present
results and other closely related findings suggest that this
interpretation must be approached with caution.

Notwithstanding cross-modal summation, it cannot be
inferred that the combination of auditory and visual stimuli
is always atomistic. There is abundant evidence that tone



+ light compounds can engage configural processes (Ke
hoe, 1982a, 1986; Kehoe & Graham, 1988; Kehoe &
Schreurs, 1986). For example, Kehoe and Graham fol
lowed stimulus compounding with training using a •'nega
tive patterning" schedule. In the negative patterning
schedule, frequent TL- trials were interspersed among
T+ trials and L+ trials. Gradually, responding to the TL
compound overcame summation, declined, and dropped
below responding to either the tone or the light. The sup
pression of responding to the compound cannot be ex
plained by summation of the excitatory values of the CSs.
Instead, the compound appears to engage a configural
stimulus, which, in turn, acquires an inhibitory value that
counteracts summation (see Kehoe & Graham, 1988; Res
corla, 1973; Woodbury, 1942).

With regard to the compounding of auditory stimuli,
it might seem that they would interact in an innate, per
ceptual manner. That is, the perceptual interaction would
depend only on the joint presentation of the two stimuli
regardless of their associative strengths. If such a hypoth
esis were true, the compounding of an established tone
CS with the untrained noise CS should have produced a
substantial drop in responding. This drop would reflect
incomplete generalization from the T+ trials to the TN
test trials. Contrary to this hypothesis, there was no dis
cernible decrease in responding when this manipulation
was conducted in Experiments 2 and 3. Hence, a percep
tualinteraction may have occurred within the auditory mo
dality only when both the tone and the noise had acquired
associative strength.

It is conceivable that only CSs with associative strength
will engage configural processes within the auditory mo
dality. However, current models of conditioning assume
that perceptual encoding is preassociative in nature (e.g.,
Hull, 1943; Pearce, 1987; Rescorla & Wagner, 1972).
Accordingly, it is difficult to see how they would feed
associative strength into the encoding process particularly
for the purpose of predicting performance on a test trial.
Beyond configural models, there are two types of atom
istic hypotheses that may offer worthwhile explanations.
They are the common elements hypotheses and attentional
hypotheses.

A common elements hypothesis can explain the present
results if it is assumed that each member of a pair of CSs
comprises a set of distinctive elements and a set of shared
elements (Kehoe & Gormezano, 1980; Rescorla, 1972,
1973). Previous examinations of generalization in the rab
bit NM preparation have shown that some elements would
be shared by the tone and noise stimuli (Kehoe & Na
pier, 1991). However, the light stimulus would share vir
tually no elements with the auditory stimuli (Kehoe &
Holt, 1984; Kehoe, Morrow, & Holt, 1984). Accord
ingly, training with T+, N+ , and L+ would be construed
as TX+, NX+, and L+, where X represents the set of
shared elements. Under this hypothesis, cross-modal com
pounding of, say, the tone with the light yields un
diminished summation based on the associative strengths
of T, X, and L. Compounding of the tone and noise, how
ever, is another story. If the proportion of common ele-
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ments relative to the distinctive elements is high, then
combined associative strengths of T, N, and X would be
little greater than responding to TX or NX separately.
Moreover, when the established tone CS was compounded
with an untrained light or noise stimulus, the level of re
sponding to TX would be unaffected.

Although the common elements hypothesis generally
explains the present results, it encounters a stumbling
block in that it predicts that the compounding of estab
lished tone and noise CSs should produce some summa
tion unless there are very many shared elements and very
few distinctive elements. Because there was little sign of
summation when the tone and noise CSs were com
pounded, it would have to be inferred that the tone and
noise had few if any distinctive elements. This inference,
however, is contrary to other available data that tone and
noise are readily distinguishable. First, there is only about
50% generalization from tones to white noise (Kehoe &
Napier, 1991). Second, the same tone and white noise
used in this experiment have been used successfully in
differential conditioning (Kehoe, Marshall-Goodell, &
Gormezano, 1987).

An attentional hypothesis can explain the present re
sults if the total channel capacity for two modalities is
greater than it is for one modality. Thus, for tone and
light, the associative strengths would add together in an
unhindered fashion. For tone and noise, however, com
petition between them for the smaller channel capacity
would preclude full summation of their respective associa
tive strengths. In the simplest case, it could be assumed
that the stimulus with the strongest associative strength
determines response output (cf. Sutherland & Mackintosh,
1971, p. 39). If so, no summation within the modality
would occur. That is, responding on a TN compound trial
would be about the same as that to a separate tone CS
and/or noise CS. Likewise, responding to the established
tone CS would not be affected by the addition of the un
trained noise stimulus.

Although an attentional hypothesis can explain the pres
ent results, it would be difficult to extend to it some other
closely related results. In particular, it has long been rec
ognized that attentional hypotheses have difficulty in ex
plaining explicit differentiation between a compound and
its components-as, for example, in negative patterning
(Mackintosh, 1975; Sutherland & Mackintosh, 1971).
Such a differentiation requires simultaneous attention to
two stimuli to permit their integration in some fashion.
Where there is adequate channel capacity, as is the case
with the tone + light compound, there is no problem in
explaining negative patterning. However, where there is
a small channel capacity, as may be the case for the tone
+ noise, there should be little opportunity for integra
tion of the two stimuli. If this hypothesis is correct, nega
tive patterning may be difficult to achieve within the au
ditory modality. As far as can be found, this surprising
deduction is not correct. Pavlov (1927, p. 144) makes a
passing mention that negative patterning could be easily
achieved with stimuli in the "same analyser." More to
the point, Rescorla (1972, 1973) successfully demon-
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strated negative patterning with the use of a tone + clicker
compound. Moreover, when tone + clicker and tone +
light compounds were used for purposes of counter
balancing, Rescorla (1973) did not report any difference
in the rate at which negative patterning appeared.

In conclusion, the present findings can be viewed on
two levels. On one level, they roughly confirm the origi
nal hypotheses. That is, for the rabbit NM preparation,
atomistic processes clearly predominate in cross-modal
compounding, and other processes evidence themselves
during compounding within the auditory modality. At the
second level, however, it is not clear what the other pro
cesses may be. Among the available alternatives, no sin
gle hypothesis appears to be entirely satisfactory. For the
configural hypothesis, responding to the established tone
CS was not discernibly reduced by the addition of an un
trained noise stimulus. For the common elements hypoth
esis, some modest summation failed to appear when the
tone CS and noise CS were compounded. In these two
cases, the difficulty arises because a predicted difference
failed to occur. Accordingly, the usual caution must be
exercised in accepting a no-difference finding. The same
caution must beexercised in accepting the attentional ex
planation of the same null findings.

Although it would have been convenient if the results
had clearly pointed to one hypothesis, they do provide
two more general lessons. First, the examination of com
pounding and other related procedures with the use of
purely auditory stimuli may be a rich source of informa
tion concerning the nature of complex stimulus process
ing. Second, just as some response systems are particu
larly sensitive to certain CS-US combinations (e.g., taste
and toxin), responding to different CS-CS combinations
may be prone to different processes of integration.
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