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Effects of cross-modal transfer on direct
and reversal learning in the rat

EUGENE R. DELAY
Regis College, Denver, Colorado

In the first experiment, using within- and between-sensory modality CSs, direct and reversal
transfer of active avoidance learning was studied in 48 male and 48 female albino rats. Training
in each of two sessions employed either a high- or low-intensity light or noise CS. The analyses
of both raw score data and proportional or savings score data indicated significant cross-modal
transfer in direct as well as reversal learning conditions. Although females learned faster than
males, there were no sex differences in amount of transfer. A second experiment, which examined
the potential of compound conditioning within the cross-modal learning procedures, replicated
the cross-modal results of the first experiment without finding evidence for compound condition-
ing. These results are interpreted in terms of specific and nonspecific transfer effects during

avoidance learning.

In cross-modality learning, if an organism is taught to
solve a problem using cues in one sensory modality, then,
if some transfer of learning has crossed sensory bound-
aries, more rapid learning should subsequently occur with
a similar problem using cues presented in a different mo-
dality. At one time it was thought that humans were capa-
ble of making such transfers through verbal mediation,
but that nonhuman species were either incapable or only
minimally capable of inter- or cross-modality transfer (Ett-
linger, 1967; von Wright, 1970). Although much of the
subsequent research with nonhuman species has reported
negative or, at best, equivocal results with the cross-modal
transfer of learning, a growing amount of evidence sug-
gesting cross-modal transfer of discrimination learning has
been reported for a number of species, including mon-
keys (Wilson & Shaffer, 1963), rabbits (Kehoe & Holt,
1984; Yehle & Ward, 1969), dogs (Seraganian & Popova,
1976), and rats (Meck & Church, 1982a; Over & Mack-
intosh, 1969; Roberts, 1982; Yeterian, 1977). The growth
of research literature in this area suggests that nonhuman
species are capable of more cross-modal integration dur-
ing learning than was previously suspected.

Although cross-modal transfer of discrimination learn-
ing has been demonstrated for rats, previous attempts to
demonstrate cross-modal transfer of avoidance learning
in rodents either have been unsuccessful (Gruber, 1969)
or were accomplished only by first compounding visual
and auditory stimuli (Oliverio & Bovet, 1969). One ex-
ception to this was reported by Delay (1983), who found
evidence to suggest cross-modal transfer of avoidance
learning in rats. However, Bryant (1968) and others have
indicated that to adequately demonstrate cross-modal
transfer, within-modality and between-modality direct and
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reversal transfer procedures should be included as part
of the experimental paradigm in order to separate the ef-
fects of learning sets from specific cross-modality trans-
fer effects. If specific cross-modality transfer is respon-
sible for any changes in rate of learning the second task,
then not only should subjects that are exposed to the sec-
ond modality learn this task faster than subjects without
prior experience with the task using cues in another mo-
dality, but the subjects trained with the same intensity rela-
tionship (direct transfer) in the second modality should
learn more rapidly than the subjects in the reversal con-
dition. However, if both cross-modality intensity condi-
tions produce the same rate of learning within the second
condition, then one would have to consider the develop-
ment of a general response set in which the subject at-
tends to changes related to reinforcement rather than
specific information about S+ and S— (Bryant, 1968).
Although avoidance training with cues in one modality
was found by Delay (1983) to facilitate acquisition of the
task in a second modality under direct intensity transfer
conditions, transfer effects in reversal conditions were not
examined. The first experiment was intended to replicate
and expand Delay’s (1983) study to more adequately ex-
amine the potential of cross-modal transfer in avoidance
learning by rats.

EXPERIMENT 1

This study reexamined Delay’s (1983) findings and ex-
tended the experimental procedures with appropriate con-
trol conditions. If cross-modal transfer is to be demon-
strated, savings should be shown in the cross-modal
reversal procedures but should not equal the transfer ef-
fects seen under direct transfer conditions.

Method
Subjects. Forty-cight male and 48 female Sprague-Dawley-
derived rats, raised in our colony from breeding stock obtained from
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Biological Research Labs, served as subjects. All animals were
90-100 days old and were maintained individually in the colony
with food and water available ad lib. Colony lighting was on a 12-
h-light: 12-h-dark cycle (lights on, 7 a.m.). All testing was done
in the light portion of the cycle.

Apparatus. The rats were tested in a four-way shuttle apparatus
that measured 24 X 24 in. The shuttle, painted flat white through-
out, was divided into quadrants with 2-in. partitions. The grid floor
and the top of the partitions were electrified with 0.3-0.4-mA scram-
bled shock (Delay, 1985), which could be delivered to only one
quadrant grid without activating any of the other quadrants. Visual
background and conditioned stimulus (CS) lighting was produced
by white, incandescent lights located 24 in. above the center of the
shuttle and covered with translucent Plexiglas. Auditory background
and CS stimulation was generated by an SN76477, an integrated
circuit (Texas Instruments) that produces pseudorandom white noise,
coupled to an amplifying circuit (Delay, Golden, & Steiner, 1978).
The auditory stimuli were delivered to the shuttle through two
speakers mounted in opposite shuttle walls. All auditory measure-
ments were made with a Simpson 886 sound level meter set on the
A scale (re: 20 uN/m?).

Procedures. The rats were handled for at least 5 min each day
for at least 3 consecutive days before initial training. Prior to each
session, the subject was allowed to explore the shuttle apparatus
for 10 min while under 70-dB white noise and 160-1x ambient light.
For each trial, the CS was initiated 4 sec before shock onset. The
animal could escape or avoid the shock and terminate the CS by
entering any other quadrant after CS onset. Intertrial intervals, which
were randomly determined prior to the experiment to prevent time
from becoming a CS (Meck & Church, 1982b), ranged between
20 and 40 sec (mean = 30 sec). After each test session, the shuttle
apparatus was cleaned and dried.

During the first training session, half of the animals were trained
with a visual CS and the rest of the animals were trained with an
auditory CS. Of the animals receiving visual training, half were
trained with the background light intensity set at 50 1x and with
a CS of 270 1x. The other half were trained in opposite light condi-
tions, that is, with the background lighting set at 270 Ix and with
a CS of 50 Ix. Background noise was set at 70 dB whenever a light
CS was used. Similarly, of the animals initially receiving auditory
training, half began with 60-dB background noise and a CS of 80 dB
and the rest were trained with the opposite auditory conditions. Am-
bient light was set at 160 1x when noise was a CS. Three days later,
a second session was conducted in which each of the four groups
was again subdivided such that an equal number of animals were
randomly assigned to one of four training groups. For one group,
the same-modality direct (SMD) group, training in the second ses-
sion employed the same modality and intensity conditions that were
used in the original training session. For example, the training of
one group was conducted with the high-intensity light CS in both
sessions. The second group, the same-modality reversal (SMR)
group, was trained with the same-modality CS in the second ses-
sion but with CS intensity reversed from that used in original train-
ing. For instance, if original training was with the high-intensity
light CS, then second-session training used the low-intensity light
CS. The third training group was the cross-modal direct (CMD)
group, for which training in the second session used the opposite
sensory modality but with CS intensity the same as that in original
training. For instance, if the original training used the high-intensity
light CS, then the second training session used the high-intensity
noise CS. The fourth training group was the cross-modal reversal
(CMR) group. In the second session, the sensory modality and the
CS intensity conditions were the opposite of those used in the original
training session. For example, if the original training was with the
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Figure 1. Mean (- SEM) responses to criteria minus the criterion trials for each group trained under light and noise CSs during

the first and second sessions of Experiment 1.
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high-intensity light CS, then the second training session used the
low-intensity noise CS. In this manner, sensory modality and in-
tensity were counterbalanced for each training condition. In addi-
tion, an equal number of males and females were trained in each
condition. All animals were trained to a criterion of 9 avoidance
responses in 10 consecutive trials in both training sessions.

Results

Before the data were analyzed, the 10 criterion trials
for each session were subtracted from each animal’s data.
With an analysis of variance for mixed designs, the data
were then examined for effects of the original CS sen-
sory modality (2) and intensity (2), sex (2), training groups
(4), and sessions (2). The analysis of variance applied to
the raw scores indicated that females acquired the task
in significantly fewer trials than males [F(1,64) = 9.37,
p < .005]. It also revealed significant main effects for
training groups [F(3,64) = 7.74, p < .001] and sessions
[F(1,64) = 260.0, p < .001] as well as a significant in-
teraction between these factors [F(3,64) = 5.86,
p < .005]. To break the interaction down, an analysis
of variance was performed on the data for each training
session (Figure 1). The analysis of the first-session data
showed only a sex main effect {F(1,64) = 5.07,p < .01}
However, the analysis of the second-session data indicated
significant main effects for sex [F(1,64) = 8.77,
p < .005] and training groups [F(3,64) = 38.17,
p < .001] and a significant interaction between the origi-
nal sensory modality and training groups [F(3,64) = 3.23,
p < .05]. Performance of all groups was better during
the second session. Post hoc comparisons (Newman-

429

Keuls, p < .05) between the cells of Session 2 indicated
that both SMD groups were significantly better than all
other groups, that both CMD groups and the light CMR
group were similar to each other but significantly differ-
ent from the rest, and finally, that both SMR and the noise
CMR groups were similar to each other but significantly
different from the rest of the groups.

To make comparisons with other cross-modal learning
studies, a proportional or savings score was generated for
each subject by dividing the number of trials to criterion
for the second session by the trials to criterion for the first
session, again with the criterion trials subtracted from the
raw scores. An analysis of variance of these data indi-
cated a significant training groups effect [F(3,64) =
26.21, p < .001] and a significant modality X intensity
X training groups interaction [F(3,64) = 3.14,p < .025;
Figure 2]. Although all groups exhibited savings during
the second session, as indicated by a value less than 1.0,
the amount of savings was not uniform across groups and
sensory conditions. In both conditions in which the CS
was high, the SMD groups showed the best savings and
the SMR groups showed the poorest savings scores. The
CMD and CMR groups fell between the other two con-
ditions, but the CMD groups exhibited greater savings
than the CMR groups. On the other hand, under the low,
light CS condition, the CMR group showed better sav-
ings than the CMD group, although both groups again
fell between the SMD and SMR conditions. Under the
low, noise CS condition, the most striking difference in
savings was the improved saving score seen for the SMR
condition in comparison with the other SMR groups.
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‘Figure 2. Mean proportion score for each group tested with high- and low-intensity light
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Figure 3. Mean number of avoidance responses during the first 10 trials of the first
and second sessions of each training group in Experiment 1.

In addition, the number of avoidance responses made
during the first 10 trials of each session was analyzed.
The training groups [F(3,88) = 6.39, p < .001], sessions
[F(1,88) = 84.57, p < .001], and training groups X ses-
sion [F(3,88) = 5.95, p < .005; Figure 3] factors were
found to be significant. Post hoc testing indicated that the
SMD groups made significantly more avoidance responses
during the first 10 trials of the second session than did
all other groups under all conditions. Also, the second
session scores for the SMR and CMD groups differed sig-
nificantly from those of other conditions but not from each
other. However, the number of avoidance responses in
the first 10 trials for the CMR group did not change sig-
nificantly between Sessions 1 and 2.

The results of Experiment 1, in terms of both raw score
data and the proportional data, would appear to suggest
that the rat is capable of cross-modal transfer of avoidance
learning. However, the basic experimental design was
similar to the one used by Over and Mackintosh (1969),
one which has been questioned recently by Church and
Meck (1983). Essentially, Church and Meck suggested
that the CS and the opposite modality background stimu-
lation, maintained at an intermediate intensity value, could
form a compound stimulus in each session. If that were
true, then the greater the degree of similarity between the
characteristics of the positive compound stimulus of the
first session and the characteristics of the positive com-
pound stimulus of the second session (e.g., relative in-
tensity values), the better the animal would respond dur-
ing the second session (Church & Meck, 1983,
pp. 78-79). Rather than involving cross-modal transfer,
then, the explanation for the transfer effects of the cross-
modal learning groups might be within the framework of
a form of compound conditioning. Experiment 2 at-
tempted to explore the potential for compound condition-

ing within the cross-modal learning procedures of Ex-
periment 1.

EXPERIMENT 2

Probably the most important aspect of Church and
Meck’s compound conditioning theory involves the idea
that the stimulus to be used as a CS for each modality
is present in some form in both training sessions, either
as the CS for that session or as background stimulation.
Compound conditioning, rather than cross-modal trans-
fer, then, may be producing the savings in Session 2. One
might be able to present this type of compound condition-
ing by removing from the background environment the
stimulus that is not serving as a CS. By transferring in
conditions of differing background environments, Experi-
ment 2 was designed to compare transfer of learning un-
der conditions that could lead to compound conditioning
according to the Church and Meck theory. If compound
conditioning occurs, then transfer of learning should be
better in conditions in which the critical stimuli for com-
pounding are present in both sessions than in conditions
in which the stimuli are absent from the background en-
vironment when they are not functioning as a CS.

Method

Subjects. The subjects were 48 male Sprague-Dawley-derived
rats, raised in our colony from breeding stock obtained from the
University of Colorado Health Science Center. All subjects were
90-100 days of age and were maintained in the colony in the same
way as the subjects of Experiment 1.

Apparatus and Procedures. The shuttle and shock source were
the same as those employed in Experiment 1, as were the UCS
parameters, the 4-sec CS-UCS temporal relationship, intertrial in-
terval procedures, and the response and learning criteria. When the
CS was light, its intensity was 270 Ix, with 50 Ix between trials,
produced by incandescent lights centered over the shuttle. When
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the CS was white noise, its intensity was 80 dB, with 60 dB in the
intertrial intervals, delivered via the speakers mounted in the shuttle
walls.

All animals were given two training sessions 3 days apart. Prior
to the first session, 12 animals were assigned randomly to each of
four training groups. Two of the groups were used to replicate the
procedures for the corresponding groups of Experiment 1. The first
group was trained with the high-intensity light CS in the first ses-
sion with the background white noise set at 70 dB. The second group
was trained with the high-intensity white-noise CS, with background
incandescent light set at 160 Ix. In the second session, 6 rats in each
of these groups were given CMD training and the other 6 were given
CMR training. During the second session, the stimulus of the non-
cue modality was set at either 70 dB for white noise or 160 Ix for
light. For all of these animals, then, both stimuli that served as CSs
were present at the same time in both sessions, either as the CS
or as a background condition.

The subjects in the third and fourth groups also were trained ini-
tially with the light and noise CS, respectively, and then each group
was subdivided evenly into CMD and CMR training groups for the
second session. The principle deviation from previous procedures
for these subjects was the absence from the background environ-
ment of the stimulus that was not the CS for that session. Specifi-
cally, when the CS was the light, the white noise was turned off
and a room ventilation fan was the primary source of background
auditory stimulation at 48 +2 dB. This fan was not on at any other
time during either experiment. When white noise was the CS for
these animals, the white incandescent lights were not turned on.
Instead, a red incandescent light, mounted 3 ft above one corner
of the shuttle apparatus, was turned on to provide 5 Ix of back-
ground lighting. These procedures prevented any pairing of the CSs
within the two sessions. All animals were allowed to explore the
shuttle apparatus for at least 10 min prior to each session, with the
sensory conditions set for the background condition of that session
and the CS intensity at either 70 dB or 160 Ix. For Groups 3 and
4, these procedures also would prevent the occurrence of sensory
preconditioning during the habituation period.
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Results

The 10 criterion trials were subtracted from each score
before any analyses were performed on these data. The
raw data were then examined for potential effects of com-
pounding or pairing of sensory stimuli (2), the sensory
modality of the original CS (2), training groups (2), and
training sessions (2) with an analysis of variance for mixed
designs. The main effect for sessions [F(1,40) = 166.44,
p < .001] and the modality X sessions interaction
[F(1,40) = 4.13, p < .05] were significant. Post hoc
analysis of this interaction (Figure 4, left panel) indicated
that in the first session the rats learned faster with the noise
CS than with the light CS and that second-session perfor-
mance was significantly better for all rats, although CS
modality no longer had a significant effect. The analysis
of variance also revealed a significant sessions X groups
interaction [F(1,40) = 9.07, p < .005]. A Newman-
Keuls test on the interaction (Figure 4, right panel) indi-
cated that although, in the first session, performance
scores of the CMR and the CMD groups were similar to
each other, in the second session the performance of the
CMR groups improved significantly and the performance
of the CMD groups was significantly better in this ses-
sion than in all other conditions (p < .05). Analyses were
performed on the raw data from each training session,
but they did not reveal any additional information.
Moreover, an analysis of proportional scores revealed that
although the CS modality trended toward significant
(p < .06), only the group factor was significant [F(1,40)
= 51.83, p < .001], with the CMD groups showing
more savings than the CMR groups (Figure 5). Although
the potential for compound conditioning was examined
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Figure 4. The left panel illustrates the mean (+SEM) number of avoidance responses to criteria
(minus criterion trials) in each session for training with the light and the noise CSs in Experiment 2.
The right panel shows the mean (+ SEM) number of avoidance responses (minus criterion trials) of
the cross-modal direct and cross-modal reversal training groups in each session of Experiment 2.
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Figure 5. Mean proportional scores showing savings for cross-
modal direct and reversal groups in the second session of Ex-
periment 2.

by each analysis with the pairing factor, at no time did
this factor or any of its interactions come close to having
a significant effect on trials to criteria or on the amount
of savings.

The mean number of avoidance responses for all
animals in the first 10 trials of the first session was 0.90.
Analysis of the avoidance responses of the first 10 trials
of the second session indicated significant modality
[F(1,40) = 9.80, p < .005] and groups [F(1,40) =
12.80, p < .001] main effects and a modality X groups
interaction [F(1,40) = 5.00, p < .0S]. The CMD group
originally trained with the light CS and tested with the
noise CS averaged 3.17 avoidance responses in the se-
cond session, whereas all other groups averaged 1.17
avoidance responses or less. Again, the pairing factor did
not have a significant effect in the second session.

Finally, the acquisition data for Groups 1 and 2 of Ex-
periment 2 were compared with the data for the groups
that received identical training in Experiment 1. The raw
data, analyzed for the effects of experiments (2), CS mo-
dality (2), training groups (2), and sessions (2), indicated
significant effects for experiments [F(1,40) = 5.05,
p < .05] and sessions [F(1,40) = 110.14, p < .001] and
an experiment X sessions interaction [F(1,40) = 4.48,
p < .05]. These effects were seen primarily as a smaller
number of trials to criteria for the subjects of the second
experiment, especially in the first session. A similar anal-
ysis of the proportional data found only a training groups
effect [F(1,40) = 21.60, p < .001], indicating that the
CMD groups showed more savings than the CMR groups.

DISCUSSION

Several studies, using discrimination tasks with food-
reinforced barpress-response procedures, have shown that

rats are capable of cross-modal learning. For example,
rats have been reported to exhibit cross-modal direct and
reversal transfer in discrimination tasks with specific
visual and auditory cues (Meck & Church, 1982a;
Yeterian, 1977), including ambient light and white noise
(Over & Mackintosh, 1969). On the other hand, neither
Gruber (1969) nor Oliverio and Bovet (1969) were able
to demonstrate cross-modal transfer of avoidance learn-
ing in rodents. However, when one applies Bryant’s
(1968) criteria for establishing cross-modal learning to
the data reported in this study, whether using the raw data
or the proportional or savings score data, it would ap-
pear that rats are, indeed, also capable of cross-modality
transfer in avoidance learning. Church and Meck (1983)
have pointed out that studies presuming to demonstrate
cross-modal learning have often had common elements
of the discriminative stimuli present in the training and
testing sessions. Potentially, this situation might allow a
rather complex form of compound conditioning to occur
that would control behavioral responding in the test ses-
sion rather than be the result of any form of cross-modal
transfer. Furthermore, these authors felt that the selec-
tion of intermediate intensity values for the background
stimulus during the training session might lead to a bias
toward or away from the positive compound stimulus of
the test session, depending upon whether the intensity of
the second session compound stimulus was the same as
or the reverse of the training stimulus. Experiment 2, spe-
cifically addressing these possibilities, found that, for both
the CMD and the CMR groups, the rate of acquisition
and the amount of transfer was not affected by the
presence or absence of the opposite-modality CS as part
of the background environment. Since the background
stimulus in these experiments was unchanging through-
out the session, the subject’s attention would not be drawn
toward it when the UCS was present. Furthermore, since
the background stimulus was present during the CS as well
as during the period between each CS, it did not contain
any reliable, or novel information concerning the predic-
tability of the UCS, information thought to be needed by
each stimulus before compound conditioning can occur
(Kamin, 1969; Pearce & Hall, 1980). However, the
results of the present study may be limited to situations
involving aversive conditioning or to test conditions in
which the CS intensity is unchanging during its presenta-
tion. Further study of Church and Meck’s (1983) theory
is required in cross-modality studies in which, for exam-
ple, the CS is a temporal pattern that requires a pulsed
stimulus.

Two other factors also appeared to affect performance
in these experiments. First, in Experiment 1, females
learned the task faster in both sessions than males. When
sex differences have been reported for active avoidance
tasks, females typically have been found to acquire the
response faster than males (Beatty, 1977; Denti & Ep-
stein, 1972; Van Oyen, Walg, & Van de Poll, 1981). In
this study, however, sex differences disappeared when
proportional scores were used, which indicated that both
sexes exhibited similar savings during the second session.
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It should also be pointed out that the number of trials to
criterion for the rats in Experiment 1 was greater than
for the animals in Experiment 2, especially in the first
session. These differences may have been due to strain
differences, because the colony breeding stock was
changed during the interval between the experiments.
Strain differences have often been noted in active
avoidance learning (Bammer, 1983; Barrett, Leith, &
Ray, 1973; Caul & Barrett, 1973). Nevertheless, the anal-
ysis of the proportional data for each experiment indicated
that the amount of transfer for the corresponding train-
ing groups was similar for both strains. Thus, it does not
appear that strain or sex of the subject limit the general-
ity of cross-modal learning seen in these experiments.
One might then ask whether the cross-modal avoidance
learning observed in this study was due to nonspecific
transfer, specific transfer, or both. It would seem reason-
able that at least some of the transfer effects observed in
the cross-modal learning groups were due to nonspecific
transfer, since identical motor response, test equipment,
and test paradigm, with the exception of the CS and am-
bient background stimulation, were used in both sessions.
Ettlinger (1967) has referred to this form of cross-modal
transfer as nonspecific supramodal transfer, which might
be viewed as a learning-to-learn phenomenon, and would
manifest itself, according to Bryant (1968), by equiva-
lent transfer effects in both direct and reversal cross-modal
training conditions. Another form of nonspecific trans-
fer might be the result of what Gibson (1969) described
as amodal perception, a term that she applied to sensory
information that was a relational attribute of stimulation
not specific to a modality, such as intensity or temporal
patterns. Implicit within this theoretical framework is the
notion that the more of these properties common to the
training and the test stimuli, the better the cross-modal
transfer, regardless of the order of modalities tested. In-
sofar as intensity was one of the stimulus characteristics
manipulated in these experiments, amodal perception
could have contributed, at least in part, to the transfer ef-
fects seen in these experiments. However, the differen-
tial modality and intensity effects seen in the cross-modal
learning groups in Experiment 1 suggest that sensory-
specific cross-modal transfer may also have been operat-
ing. For example, although the savings scores seen in most
of the CMD groups were better than those seen in the
CMR groups, this was not a universal effect. The low-
intensity light CMR group performed significantly better
in the second session than did the corresponding direct
transfer group, results that replicated the performance
relationship of the identical groups in Over and Mackin-
tosh’s (1969) study. These results would suggest that the
specific characteristics of the conditioned stimulus
differentially affected the magnitude of the transfer ef-
fect. In fact, changing the sensory modality had a much
greater positive transfer effect than was seen in the SMR
groups, groups trained in the second session with the same
modality but opposite CS intensity. Similarly, Yeterian
(1977) also has found evidence for specific modality and
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intensity cross-modal transfer effects for discrimination
learning in rats, effects that could be disrupted by lesions
in either the auditory cortex or the visual cortex of the
rat. Furthermore, nonspecific transfer effects would be
expected to increase the number of avoidance responses
made during the first 10 avoidance trials of the second
session. Although this was indeed seen, it was not a strong
or general effect in either experiment. For instance, in
the second session of Experiment 1, the SMR and the
CMD groups showed an increase of only one and a half
to a little over two additional avoidance responses over
the first session, and the CMR groups did not show a sig-
nificant change, thus suggesting a differential sensory ef-
fect. Furthermore, only one group in Experiment 2, the
light CMD group, showed a significant increase in
avoidance responding during these trials. These findings
are also similar to previous reports of minimal or no im-
mediate transfer effects early in the cross-modal test ses-
sion (Delay, 1983; Kehoe & Holt, 1984). Thus, taken as
a whole, these data would suggest that, at least for
avoidance learning in rats, cross-modal transfer may result
from an interaction of nonspecific and sensory-specific
transfer processes, all contributing to the positive trans-
fer of learning seen in the second session.

Finally, the finding that most of the SMR groups in Ex-
periment 1 exhibited the poorest transfer effects among
all the groups was unexpected, since only the intensity
dimension was altered from one session to the next. No
consistent behavioral pattern could be discerned from the
raw data that would help to explain these differences, nor
were there any detectable changes in spontaneous activity
between trials. Nonsystematic observations suggested that
after the first few trials in the second session, the SMR
animals exhibited more freezing responses than did other
animals. This plus the performance data suggest that
reversing the CS within the same modality also may have
produced negative transfer associated with stimuli already
conditioned to an aversive UCS, but with the opposite
response contingency. This effect, however, may not
generalize as much, if at all, when the sensory modality
is changed as well. Changing sensory modalities may
reduce the stimulus control exerted by the original learn-
ing condition and increase the potential for more gener-
alized, cross-modal transfer processes related to intensity
discriminations and other task characteristics not explicitly
part of the original stimulus modality and response rela-
tionship. Overall, it would seem that the negative trans-
fer effects in the SMR groups were relatively weak as
compared with the positive transfer effects present, since
all of the SMR groups showed savings during the second
session. Clearly, further research is needed to elucidate
the nature of these phenomena.
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