
According to O’Keefe and Nadel (1978), true spatial or
locale learning involves animals in the construction of a
cognitive map of their environment, in which they locate
their own position and that of any places of interest. This
map is regularly and rapidly updated to incorporate new
information as it becomes available, but the processes
whereby the map is initially built up and then, as neces-
sary, updated, are said to be sharply distinguished from
those underlying simple Pavlovian or operant condition-
ing. Pavlovian conditioning might result in the formation
of an association between a particular cue, object, or land-
mark and the availability of food, and result in an animal
learning to approach this landmark; in O’Keefe’s and
Nadel’s terminology, however, this would be guidance, not
true locale learning.

That there is some distinction between the two is sug-
gested by a variety of experiments employing both mazes
and Morris’s (1981) swimming pool. In the latter case,
guidance learning is implied by rats’ ability to swim straight
toward a visible platform, wherever it is located in the pool.
But they can also learn to swim straight toward an invisi-
ble platform, provided that it stays in one fixed location,
and provided also that there are fixed landmarks outside
the pool that can be used to define that location. The dis-
tinction between guidance and locale learning here is im-
plied by the effects of hippocampal lesions on rats’ ability

to learn the new location of an invisible, but not a visible,
platform (Morris, Garrud, Rawlins, & O’Keefe, 1982;
Sutherland, Whishaw, & Kolb, 1982). 

Morris (1981) suggested that if spatial or locale learn-
ing differed from Pavlovian or instrumental conditioning,
it might not obey the same laws of association, and phe-
nomena such as blocking or overshadowing, routinely ob-
served in standard Pavlovian or instrumental experiments
(and equally readily seen in other situations used to study
associative learning; see Shanks, 1995), might not be ob-
served in rats learning to locate a hidden platform in a
swimming pool. In experiments on blocking, conditioning
to one component, B, of a compound cue, AB, is blocked
or prevented by prior conditioning to the other component,
A. But if, as O’Keefe and Nadel (1978) seemed to suggest,
cognitive maps are regularly updated to incorporate new
information, animals trained to find a hidden platform in
the presence of one set of landmarks (A) should incorpo-
rate a new landmark (B) into their map, and also use it to
locate the platform. In two experiments, however, Rodrigo,
Chamizo, McLaren, and Mackintosh (1997) found signif-
icant evidence of blocking of one landmark by others in
the swimming pool (see also Biegler & Morris, 1999; and
Roberts & Pearce, 1999).

In the experiments reported here, we asked whether it
would also be possible to find evidence of overshadowing
between landmarks. In an overshadowing experiment, an-
imals conditioned to a compound cue, AB, show less con-
ditioning to either of its two components, A or B, than an-
imals conditioned to either A or B alone. Spetch (1995)
has provided evidence of just such an overshadowing ef-
fect in spatial learning. She trained pigeons to peck at an
invisible target on a screen, whose location was defined
by several adjacent landmarks on the screen. She found
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that the control over pecking acquired by a landmark a
given distance from the target was reduced by the pres-
ence of another closer to the target. This seems nice evi-
dence of overshadowing by relative spatial proximity,
analogous to the effect of relative temporal proximity ob-
served in Pavlovian experiments (e.g., Revusky, 1971).
Would animals trained to find a submerged platform with
the aid of a number of different landmarks also show evi-
dence of overshadowing—for example, less control by
one of those landmarks than animals trained with only one
or two in the first place? In practice, this is probably not a
sensible question to ask, since we already know that when
trained to find a goal whose location is defined by refer-
ence to a number of landmarks, rats will use many, if not
most, of them. Thus, Rodrigo et al. (1997) trained rats to
find a hidden platform in a swimming pool with the help
of four external landmarks; when tested with any three or,
after sufficient training, any two of the landmarks, they
performed just as accurately as with all four present, al-
though a single landmark alone was insufficient to locate
the platform. Similar results have been observed in maze
experiments (O’Keefe & Conway, 1978). It is clear, there-
fore, that rats trained with four landmarks spaced evenly
around a pool will learn about all four. We could perhaps
have compared performance with three landmarks after
animals had been trained with either four or, say, eight
landmarks (both sets including the three to be tested), but
it seemed likely that if we used too many landmarks, some
would inevitably be less salient or noticeable than others,
or that generalization decrement from training to test
would be greater for animals trained with eight than for
those trained with four. 

It seemed more probable that we might observe evidence
of overshadowing if two or more landmarks were made re-
dundant by being placed in the same location. Four or five
landmarks spaced evenly around the circumference of a
pool might all provide equally useful information for de-
fining the location of the platform. But if two of them
were placed in exactly the same position, they would pro-
vide redundant information. Our experiments were de-
signed, therefore, to see whether two landmarks placed in
the same location would overshadow one another.

EXPERIMENT 1

In each of the experiments reported here, we trained
rats to use a set of external landmarks to locate a hidden
platform in a swimming pool. As in Rodrigo et al.’s (1997)
experiments, use of our designated landmarks, rather than
static room cues, was ensured by rotating the landmarks,
and the platform with them, between each trial. For con-
trol animals in Experiment 1, there were four landmarks—
A, B, C, and D—present on each training trial, arranged
symmetrically around the circumference of the pool, with
the platform between B and C, as shown in Figure 1. An-
imals in an overshadowing group were trained with an ad-
ditional landmark, X, located at D. Landmark D itself was
a three-dimensional visual object, and X was an auditory
signal from inside D. We have shown elsewhere that audi-

tory landmarks can be just as effective as visual landmarks
in controlling rats’ spatial learning (Sansa, Chamizo, &
Mackintosh, 1996). From Rodrigo et al.’s experiments, we
also know that the four landmarks we used were equally
effective: For example, there was no evidence there that
Landmarks B and C, those closest to the platform, were
more effective at controlling the rats’ behavior than Land-
marks A or D. It did not seen necessary, therefore, to coun-
terbalance landmarks, nor to vary the landmark with
which X was compounded. The question at issue was, in
Experiment 1, whether the addition of X would detract
from the control exercised by D and, in Experiment 2,
whether D would also reciprocally overshadow X.

In order to ensure, as far as possible, that animals in the
overshadowing and control groups had equal experience
with Landmarks A–D (D included X for the overshadow-
ing group) during initial training, this training was largely
conducted by placing rats on the platform on each training
trial, rather than allowing them to swim to the platform
themselves (Rodrigo et al., 1997, employed the same pro-
cedure). Since Rodrigo et al. found that after such place-
ment training rats are poor at finding the platform when
fewer than three landmarks are available, test trials were
always given with three landmarks—A, B, and C, or A, C,
and D (no auditory cue present). We predicted that the
overshadowing and control groups would perform equally
well when tested with A, B, and C, but that the overshad-
owing group might perform less well than the control
when tested with A, C, and D. The results of a preliminary
experiment, virtually identical to the present Experiment 1,
revealed marginal evidence of such an overshadowing ef-
fect ( p = .08)—but only on a second series of test trials.
One reason for this was that both groups performed rather
poorly on their initial set of test trials. In Experiment 1, we
attempted to improve initial test performance by giving
more extended initial training.

Method
Animals. The animals were 26 Long Evans rats, 12 males and 14

females, approximately 5 months old at the beginning of the exper-
iment; they had previously participated in a taste aversion experi-
ment. They were divided into two groups, overshadowing and con-
trol, of 13 rats each, respectively, matched for sex and for latency to
find the platform on pretraining trials. They were maintained on ad-

Figure 1. A schematic representation of the pool and four land-
marks (A, B, C, and D), as well as the platform.
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lib food and water, in a colony room maintained on a 12:12-h light:dark
cycle, and were tested within the first 4 h of the light cycle.

Apparatus. The apparatus was a circular swimming pool, made
of plastic and fiberglass, modeled after that used by Morris (1981),
and described in detail in Rodrigo et al. (1997). It measured 1.58 m
in diameter and 0.65 m in depth, and was filled to a depth of 0.49 m
with water rendered opaque by the addition of 1 cl/l of latex. The
water temperature was maintained at 22 ± 1°C. The pool was situ-
ated in the middle of a large room, mounted on a wooden platform
0.43 m above the floor, and was surrounded by black curtains reach-
ing from ceiling to the base of the pool and forming a circular en-
closure 2.4 m in diameter. Inside the black enclosure, around the cur-
tains, and hanging from a false black ceiling, a number of objects
were placed. These objects or landmarks defined the location of the
platform, which was always situated between Landmarks B and C.
In order to ensure that the rats used these landmarks, rather than any
inadvertently remaining static room cues, to locate the platform, the
landmarks and platform were rotated with respect to the room be-
tween each trial throughout the experiment. Each of four possible
orientations (0°, 90°, 180°, 270°) was used, in a random sequence,
in each block of four trials. A closed-circuit video camera with a
wide-angle lens was mounted 1.75 m above the center of the pool in-
side the false ceiling, and its picture was relayed to recording equip-
ment in an adjacent room. A circular platform, 0.11 m in diameter
and made of transparent Perspex, was mounted on a rod and base,
and could be placed in one quadrant of the pool, 0.38 m from the
side, with its top 1 cm below the surface of the water.

The four landmarks used were as follows: A: a 40-W light placed
inside a white plastic inverted cone 11 cm high and 13 cm in diame-
ter at the base; B: a 30-cm diameter plastic beach ball with alternate
blue, white, yellow, white, orange, and white vertical segments; C: an
intermittent 1-W light flashing on and off at a frequency of 1 to
1.2 Hz; D: a green plastic plant approximately 35 cm in diameter and
30 cm high. This landmark, D, could also include an auditory com-
ponent, X (effectively, white noise), produced by a small radio, hid-
den among the leaves, with a nontuned broadcasting station switched
on. When this was the case, we refer to this landmark as “D + X.” The
ambient sound level recorded at the center of the pool was 27–28 dB.
This was raised to 49–53 dB by the addition of X. The landmarks
were suspended from the false ceiling, 35 cm above the surface of the
water with the midline directly above the wall of the pool. Their lo-
cation relative to the platform was as shown in Figure 1. The entire
false ceiling, with these landmarks suspended, could be rotated from
trial to trial, and the platform always rotated with them.

Procedure. There were four types of trials: pretraining, place-
ment trials, escape training, and test trials. Pretraining consisted of
placing the rat into the pool, without landmarks but with the plat-
form present. The rat was given 180 sec to find the platform, and
once it had found it, it was allowed to stay on it for 30 sec. If it had
not found the platform within 180 sec, it was picked up, placed on
it, and left for 30 sec. Rats were given five such pretraining trials, at
a rate of one per day. The platform was moved from one trial to the
next, and the rat was placed in the pool in a different location on each
trial (at one of the four points indicated by landmarks, A, B, C, and
D in Figure 1). 

After pretraining, training consisted of placement trials. These tri-
als involved placing the rat directly onto the platform and leaving it
there for 60 sec. Landmarks were always present. For the overshad-
owing group, these were A, B, C, and D + X, whereas for the con-
trol group they were A, B, C, and D. The rats received 8 days of
placement trials, eight trials per day (a total of 64 trials), with an av-
erage intertrial interval (ITI) of 7–8 min.

At the end of training, all rats received 1 day with four escape tri-
als, and on each of the following 4 test days, four escape trials fol-
lowed by one test trial. Escape trials involved placing the rat into the
pool, with the landmarks and the platform present. The landmarks
were as in training, A, B, C, and D + X for the overshadowing group,

and A, B, C, and D for the control animals. Animals were given
180 sec to find the platform, and once they had found it, they were
allowed to stay on it for 30 sec. These trials had an average ITI of
10–20 min. Rats were placed in the pool once each at A, B, C, and
D on the four trials of each day. A test trial consisted of placing the
rat in the pool, with landmarks present but without the platform, and
leaving it there for 120 sec. For both groups, the first two test trials
were with Landmarks A, C, and D; the third and fourth were with
Landmarks A, B, and C. For purposes of recording the rat’s behav-
ior, on test trials the pool was divided into four quadrants—A-B, B-
C (the platform quadrant), C-D, and D-A—and the amount of time
the rat spent in each quadrant was recorded. On all test trials, each
animal was placed in the pool from one specific starting position (A,
B, C, or D), although rats in both groups were, as much as possible,
placed equally in all four starting positions. A significance level of
p < .05 was adopted for all statistical tests reported in this and sub-
sequent experiments.

Results and Discussion
On the first block of four escape trials (the day after

placement training), the mean latency to find the platform
was 31.86 sec in the overshadowing group, and 32.65 sec
in the control group. By Block 5 (immediately before the
final test trial in the presence of A, B, and C), these laten-
cies had declined to 16.90 and to 14.54 sec, respectively.
An analysis of variance (ANOVA) revealed a significant
effect of days [F(4,96) = 13.70], but no other significant
effect (Fs < 1.5).

The results of the test trials to A, C, and D, and A, B,
and C are shown in Figure 2. It is evident that the two
groups did not perform differently on the first trial to A,
C, and D, but they did on their second, while there was lit-
tle or no difference between them on either trial to A, B,
and C. An overall ANOVA, with groups, type of test, and
trials as factors, revealed a significant difference between
groups [F(1,24) = 5.85] and type of test [F(1,24) = 35.02],
as well as a significant interaction between groups, type of
test, and trials [F(1,24) = 4.60]. No other effect or inter-
action was significant (Fs < 2.0). The triple interaction be-
tween groups, type of test, and trials was evaluated further
by analysis of the group � trials interaction separately for
each type of test. The interaction was significant on the
A, C, and D test [F(1,24) = 6.87], but not on the A, B, and
C test. Analysis of simple effects revealed that the over-
shadowing group performed significantly worse than the
control group on the second test trial in the presence of A,
C, and D, but not on any other trial. 

The results of this experiment, taken together with those
of the preliminary experiment described earlier, provide
good evidence that an auditory component of a landmark
can overshadow a visual component: Animals trained with
Landmark D + X—that is,with both the visual and the au-
ditory component—performed rather worse on tests that
included D than did animals trained without X, but equally
well on test trials that did not include D as one of the land-
marks. One puzzle is that this overshadowing effect was
not evident at the outset of testing: Indeed, it was not sig-
nificant in the preliminary experiment, either, until a sec-
ond set of tests was given. This may have been a conse-
quence of our use of a placement procedure for training:



394 SÁNCHEZ-MORENO, RODRIGO, CHAMIZO, AND MACKINTOSH

It is possible that rats need the experience of a number of
escape training trials in order to reveal their knowledge of
the location of the platform on a test trial. Similarly, Rodrigo
et al. (1997) found that their blocking effect was not nec-
essarily evident on a first test trial.

EXPERIMENT 2

Experiments on simple Pavlovian conditioning or op-
erant discriminations have generally shown that, except
where one cue is much more salient than another, over-
shadowing between two cues is reciprocal (e.g., Mackin-
tosh, 1976; Miles & Jenkins, 1973). And experiments on
overshadowing in maze learning, between intramaze and
extramaze cues, have also shown that such overshadowing
effects are reciprocal (Chamizo, Sterio, & Mackintosh,
1985; March, Chamizo, & Mackintosh, 1992). Experi-
ment 2, therefore, was designed to see whether we could
obtain similar evidence of reciprocal overshadowing be-
tween auditory and visual components of a landmark.

Method
Animals and Apparatus. The animals were 57 Long Evans rats,

26 males and 31 females, approximately 5 months old at the begin-
ning of the experiment; 47 (22 males and 25 females) had previously
participated in a taste aversion experiment; the remaining 10 were
experimentally naive. Two females were eliminated by human error,
leaving a total of 55 animals. They were maintained under the same
conditions as in Experiment 1, and the apparatus, landmarks, and
experimental room were also the same as those used in Experi-
ment 1. When the auditory cue, X, was presented alone (without D),
it was in exactly the same location as when it was presented with D,
but was made invisible by being hidden in a small piece of the black
material used for the curtains. The rats were divided into three

groups—overshadowing, control X, and control D, with 18, 19, and
18 animals, respectively, matched for sex, previous experience, and
latency to find the platform on pretraining trials. The experiment was
run in two identical replications, with 32 rats in the first replication
and 23 in the second.

Procedure. The general procedure was exactly the same as in Ex-
periment 1; the only exception was that all rats had three kinds of test
trial instead of two. Rats in the overshadowing group were trained in
the presence of A, B, C, and D + X; those in the control X group, in
the presence of A, B, C, and X; and animals in the control D group,
in the presence of A, B, C, and D. Training was the same as in Ex-
periment 1, that is 8 days for a total of 64 placement trials. At the end
of training, all animals received 1 day with four escape trials, and on
each of the following 6 test days, four escape trials followed by one
test trial. The landmarks on escape trials were the same for each
group as in training. The procedure for escape training and test tri-
als was the same as in Experiment 1. The first and second test trials
were in the presence of A, C, and D; the third and fourth, with A, C,
and X; and the fifth and sixth, with A, B, and C.

Results and Discussion
On the first block of four escape trials after the end of

placement training, the mean latency to find the platform
was 38.22 sec in the overshadowing group, 27.73 sec in
the control X group, and 29.00 sec in the control D group.
By Block 7, these latencies had declined to 16.62, 11.49,
and 17.99 sec, respectively. An ANOVA revealed a sig-
nificant effect of days [F(6,312) = 10.76], but no differ-
ence between groups, and no interaction between groups
and days (maximum F = 2.30).

The results of the test trials to each of the three sets of
landmarks are shown in Figure 3. On test trials to A, C, and
D, and to A, C, and X, the overshadowing group per-
formed less accurately than the control group initially
trained with the relevant component of the landmark (con-

Figure 2. Experiment 1: Mean time (±SE) spent in the platform quadrant (in
seconds) on each test trial by overshadowing and control groups.
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trol D for the A, C, and D test, and control X for the A, C,
and X test), but, unsurprisingly, more accurately than the
control group that had never been trained with the com-
ponent being tested. All three groups performed at a sim-
ilar, high level of accuracy on the final test to A, B, and C.

Statistical analyses confirmed these impressions. An
overall ANOVA, with groups, type of test, and trials as
factors, revealed significant differences between the three
types of test [F(2,98) = 48.91] and a significant interac-
tion between groups and type of test [F(4,98) = 5.09]. No
other effects or interactions were significant (maximum
F = 2.70). Analysis of simple effects showed that there
were differences between the performance of the three
groups both on the A, C, and D and on the A, C, and X test
[Fs(2,52) = 5.55 and 5.09, respectively], but not on the A,
B, and C test (F < 1). The finding that the overshadowing
and control groups performed equally well when tested
with A, B, and C confirms the results of Experiment 1.
The question of interest is whether the overshadowing
group performed less accurately than the appropriate con-
trol group when tested either on A, C, and D or on A, C,
and X. An ANOVA of A, C, and D and A, C, and X tests
revealed a significant interaction between groups and type
of test [F(2,52) = 15.49], and also a significant interaction
between groups, type of test, and trials [F(2,52) = 4.30].
No other effects or interactions were significant (Fs < 1).
The triple interaction between groups, type of test, and tri-
als was evaluated further by analysis of the groups by type
of test interaction separately for each trial. On the first
trial, the interaction was significant [F(2,52) = 6.24], and
analysis of simple effects revealed that there were differ-

ences between the performance of the three groups on the
A, C, and X test [F(2,52) = 3.76], but not on the A, C, and
D test (F < 2.0). Newman–Keuls tests revealed that both
the overshadowing and control D groups performed sig-
nificantly worse than the control X group in the presence
of A, C, and X. On the second test trial, the interaction was
also significant [F(2,52) = 15.89]. Analysis of simple ef-
fects revealed that there were differences between the per-
formance of the three groups both on the A, C, and D and
on the A, C, and X test [Fs(2,52) = 8.47 and 4.17, respec-
tively]. Newman–Keuls tests revealed that both the over-
shadowing and control X groups performed significantly
worse than the control D group in the presence of A, C,
and D, and that the control D group performed signifi-
cantly worse than the control X group in the presence of
A, C, and X. 

The results of this experiment seem quite clear: Each
of two components, one auditory, the other visual, of a
“single” landmark was able to overshadow the other. An-
imals trained with both components present performed
less accurately on test with either component than did an-
imals initially trained with that component alone. But on
the final test trials to A, B, and C, the performance of the
overshadowing group was indistinguishable from that of
the controls. It is true that here, as in Experiment 1, type
of test trial was confounded with trial order. It might then
be argued that the overshadowing group’s performance
was somehow disrupted on early test trials (those to A, C,
and D or A, C, and X), but eventually recovered so that
they performed well on their final set of tests. It is not ob-
vious why this should be so, or why the overshadowing

Figure 3. Experiment 2: Mean time (±SE) spent in the platform quadrant (in
seconds) on each of two test trials to each set of landmarks, for overshadowing,
control D (trained with Landmark D), and control X (trained with Landmark X)
groups.
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group should have performed well on its third and fourth
test trials in Experiment 1, but not until its fifth and sixth
test trials in Experiment 2. Moreover, neither experiment
yielded any evidence that the overshadowing group’s per-
formance significantly improved across the two test trials
with the same set of landmarks.

EXPERIMENT 3

One possible explanation of overshadowing is to appeal
to the concept of generalization decrement. Animals
trained with a compound cue (here the Landmark D + X)
may perform less accurately when tested with either com-
ponent (D or X) alone than animals initially trained with
these components in isolation, because D or X alone are
perceived as different from D + X, and responding estab-
lished to one stimulus does not transfer perfectly to a dif-
ferent stimulus. We consider some problems with this ex-
planation in the General Discussion. But an experimental
test is also possible. If the difference between D + X and
D is sufficient to explain the disruption of an overshad-
owing group’s performance, one might arguably expect a
similar disruption in a group initially trained with D alone
and then tested with D + X. Experiment 3 was designed to
test this prediction. An experimental group was trained
with A, B, C, and D and then tested with A, C, and D + X.
There were two control groups, one trained with A, B, C,
and D and tested with A, C, and D; the other trained with
A, B, C, and D + X and tested, like the experimental
group, with A, C, and D + X.

Method
Animals, Apparatus, and Procedure. The animals were 30

naive Hooded Lister rats, 15 males and 15 females, approximately
3 months old at the beginning of the experiment. One female was
eliminated from the experiment by human error, leaving a total of 29
animals. They were divided into three groups—experimental, 
control-1, and control-2, of 10, 9, and 10 animals, respectively,
matched for sex and for latency to find the platform on pretraining
trials. They were maintained under the same conditions as in the pre-
vious experiments. The apparatus, landmarks, and experimental
room, as well as the procedure for pretraining, training, and testing,
were also exactly the same as in Experiments 1 and 2. 

Rats in the experimental and control-1 groups were trained in the
presence of A, B, C, and D, and animals in the control-2 group were
trained with A, B, C, and D + X. All animals received two test trials
on consecutive days. Test trials were in the presence of A, C, and D
+ X for the experimental and control-2 animals; and in the presence
of A, C, and D for the control-1 rats.

Results and Discussion
On the first block of four escape trials after the end of

placement training, the mean latency to find the platform
was 39.28 sec in the experimental group, 26.59 sec in con-
trol-1, and 51.77 sec in control-2. By Block 3, these la-
tencies had declined to 22.22, 19.13, and 21.29 sec, re-
spectively. An ANOVA revealed a significant effect of days
[F(2,52) = 10.04], but neither groups nor the interaction
between groups and days was significant (Fs < 1.4).

The results of the two test trials are shown in Figure 4.
Performance was relatively poor, and very variable, on the
first test trial, but seemed to improve on the second. On
neither day was there any evidence that the experimental

Figure 4. Experiment 3: Mean time (±SE ) spent in the platform quadrant on
each test trial (in seconds). The experimental group was trained with A, B, C,
and D and tested with A, C, and D + X. Control-1 was trained with A, B, C, and
D and tested with A, C, and D, while control-2 was trained with A, B, C, and D
+ X and tested with A, C, and D + X.
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group performed less accurately than the controls. An
ANOVA with groups and trials as factors revealed no sig-
nificant main effect or interaction (Fs < 1). This absence
of any reliable difference between the three groups would
be uninteresting if they were all performing at chance.
However, further analyses, which compared animals’ per-
formance against chance (i.e. 25% of the test trial being
spent in the platform quadrant), revealed that performance
did differ from chance both on Trial 1 and on Trial 2
[t (28) = 2.60 and 4.95, respectively].

The results provide no evidence of significant general-
ization decrement. We acknowledge that we are reporting
a null result—that the experimental group, tested with a dif-
ferent landmark (D + X) from that which the group was
trained (D), did not perform less accurately than control
groups trained and tested with an unchanged landmark
(whether D or D + X). But the procedures employed here
were exactly the same as those used in Experiments 1 and
2, which did obtain significant overshadowing effects.
The present results can thus be said to provide little sup-
port for an analysis of these overshadowing effects solely
in terms of generalization decrement. 

GENERAL DISCUSSION

The results of the present experiments establish that
overshadowing occurs between landmarks in a standard
spatial navigation task. They thus complement those of
Rodrigo et al. (1997), who reported that prior training with
one set of landmarks would block the acquisition of con-
trol by a newly added landmark in this situation.

Given that rats trained with four landmarks equally
spaced around the circumference of the pool make equal
use of all four landmarks to locate the platform (Rodrigo
et al., 1997), it seems probable that the overshadowing ef-
fect observed here between D and X occurred because
both landmarks were in exactly the same position, and in
that sense truly redundant. If the platform was defined as
being, inter alia, southeast of D, no additional information
is provided by saying that it is also southeast of X (or vice
versa). If this is correct, our results bear a certain resem-
blance to those of Blaisdell, Denniston, and Miller (1998),
who found greater overshadowing in Pavlovian condi-
tioning between two cues that bore exactly the same tem-
poral relation to the delivery of the unconditioned stimu-
lus (US) than between two cues providing slightly different
temporal information about the delivery of the US.

Both blocking and overshadowing effects are predicted
by most current theories of associative learning: Indeed,
their occurrence in a novel preparation is often thought to
indicate that we are dealing with a standard associative
paradigm. But both blocking and overshadowing are sus-
ceptible to alternative interpretations. If rats do not learn
to use a newly added landmark to find a submerged plat-
form whose location is already identified by other, previ-
ously trained landmarks, this apparent blocking effect
could perhaps be explained by suggesting that the rats

simply did not look toward the position of the new land-
mark and thus failed to incorporate it into their map. Al-
though Rodrigo et al. (1997) presented evidence that argues
against this interpretation of their results, it is difficult to
rule it out categorically (but see Biegler & Morris, 1999).
It is not, however, a very plausible explanation of the pre-
sent results. Because D and X were in the same location,
and one of them was auditory, it does not make sense to
say that the presence of one prevented animals from look-
ing toward, or registering, the other.

Apparent overshadowing effects can also be interpreted
in a number of other ways. One uninteresting possibility,
noted by Wagner (1969), is that since an overshadowing
group will be trained on a discrimination with more rele-
vant cues than a control group, it may learn their discrim-
ination more rapidly. In an instrumental paradigm, the an-
imals will thus make fewer errors during the course of
initial discrimination training, and if learning occurs par-
ticularly on trials when an animal makes an error, an over-
shadowing group may have less opportunity to learn about
the target cue than would a control group. We controlled
against this possibility by providing virtually all initial
training by placement trials. It is further ruled out by the
finding that overshadowing and control groups did not
differ in their latency to find the platform on escape trials
given at the end of placement training. By contrast, this
seems a potential problem in interpreting the overshad-
owing effect reported by Spetch (1995). Although she en-
sured that her pigeons received equal amounts of training
with both her overshadowed and her non-overshadowed
cues, the overshadowed cue was embedded in an easier
discrimination on which the birds made fewer (albeit not
significantly fewer) errors.

A second possibility is that overshadowing can be ex-
plained simply by appeal to generalization decrement. It
is never easy to rule out this possibility in experiments on
overshadowing: Indeed, one contemporary analysis seeks
to explain overshadowing entirely in these terms (Pearce,
1987, 1994). However, the present results do make it dif-
ficult to appeal solely to generalization decrement for
their explanation. The first point to note is that in Experi-
ments 1 and 2, all test trials for all groups would have al-
lowed some generalization decrement to occur: The land-
marks present on the A, B, and C tests, like those present
on all others, were only a subset of those present in train-
ing. Indeed, A, B, and C constituted a smaller subset of
the training landmarks for the overshadowing than for the
control groups: In the former case, a double landmark
D + X had been removed, whereas in the latter only a sin-
gle landmark. One might have supposed that D + X would
have been more salient than D or X alone, and therefore
that its removal should have been more disruptive. But in
neither experiment did the overshadowing group perform
less accurately than the controls on tests to A, B, and C.
Whether or not performance was as good as it would have
been if animals had been tested with all the landmarks
used in training, the results are consistent with those of
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other studies (see introduction) in suggesting that animals
use most available landmarks when learning a spatial task,
and thus that their encoding of spatial location is suffi-
ciently redundant to survive the removal of any particular
landmark.

The results of Experiment 3 provide suggestive further
evidence against any simple appeal to generalization decre-
ment. According to such an analysis, animals trained with
D + X performed poorly when tested with one component
of this double landmark without the other, because D + X
is a different (configural) stimulus from D or X alone. It
seems plausible to argue, then, that animals trained with D
(without X) should perform equally poorly when tested
with D + X; according to Pearce (1994), for example, gen-
eralization decrement from D + X to D should be exactly
the same as generalization decrement from D to D + X.
But in Experiment 3, such animals performed just as well
as those trained and tested either with D + X or with D on
its own. Although this is only a null result, and although it
may be difficult to rule out an analysis in terms of gener-
alization decrement if that analysis has sufficiently im-
precise rules for generalization, the results of all our ex-
periments taken together suggest that the change from
training to testing is probably not sufficient to explain the
overshadowing effects observed here. We conclude that re-
dundant landmarks may overshadow one another in a spa-
tial task just as redundant cues overshadow one another in
experiments on Pavlovian or instrumental conditioning.
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