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A specific geometric module for encoding the macro-
scopic shape of the environment was proposed by Ken
Cheng (1986). Cheng trained rats in a working memory
paradigm to search for food in a rectangular box. On
each trial, the food was first exposed in a novel location,
and 75 sec later the rat was allowed to search for food
buried in a corresponding location in an identical box.
When there were no other cues, rats searched primarily
in the correct location and the diagonally opposite (i.e.,
geometrically equivalent) location. Remarkably, rats con-
fused geometrically equivalent locations even in the pres-
ence of cues such as panels in the corners of the rectan-
gle that could disambiguate geometric information. It
was primarily this apparent impenetrability of geometric
processing to other kinds of information that led Cheng
to suggest that the processing of local spatial geometry
is modular, sensu Fodor (1983). Margules and Gallistel
(1988) went on to show that Cheng’s finding depends on
rats’ being unable to locate themselves in the box by
means of dead reckoning or cues outside it. Because the
rat must be disoriented and/or the box must be reoriented
between trials, Cheng’s findings indicate that local geom-
etry is primary in establishing reorientation in familiar
environments.

Domestic chicks (Vallortigara, Zanforlin, & Pasti,
1990), pigeons (Kelly & Spetch, 2001; Kelly, Spetch, &

Heth, 1998), Xenotoca eisenii, a species of fish (Sovrano,
Bisazza, & Vallortigara, 2003), rhesus monkeys (Gouteux,
Thinus-Blanc, & Vauclair, 2001), and human children
(e.g., Hermer & Spelke, 1996) have been tested as Cheng’s
rats were tested (review in Cheng & Newcombe, in press).
All have been found able to use the shape of an enclosure
alone to reorient, but it is not clear whether the relative
control by geometry as compared with local features
(single distinctive walls or distinctive cues in the cor-
ners) differs across species. Researchers (e.g., Gouteux
et al., 2001) have not always acknowledged that exclu-
sive reliance on geometry was confined to the working
memory paradigm in Cheng’s (1986) Experiment 1, in
which the location of the food changed for every trial.
When the food was in the same place trial after trial, in
the reference memory paradigm of his Experiments 2
and 3, disoriented rats did eventually learn to use local
features. For example, when one long wall had a distinctive
brightness in the reference memory task, rats reached a
criterion of 9 out of 10 successive trials correct within
19–89 trials. When, instead, each corner of the box was
marked by a visually and olfactorally distinctive panel, the
same rats met criterion within 14–129 trials. Tests with
some panels removed or moved relative to the geometry of
the enclosure showed that the rats were primarily using the
panel closest to the goal (Cheng, 1986, Experiment 3).

The cited articles on rhesus macaques, pigeons, fish,
and chicks report only data from reference memory tasks.
For example, the macaques (Gouteux et al., 2001) had 50
trials with the food in one place. All these studies show
that, like rats, the animals tested eventually learned to
use local features of an enclosure when they were avail-
able to disambiguate geometry. Studies with human chil-
dren and adults (e.g., Hermer & Spelke, 1996; review in
Cheng & Newcombe, in press) have more closely approx-
imated the conditions of Cheng’s original demonstration
that geometry predominates over more informative local
cues in a working memory task. Individual subjects in
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Rats found food in a rectangular enclosure in three experiments testing how learning about a dis-
tinctive feature near a goal interacts with learning based on the geometry of an enclosure. Rats trained
to follow a feature in square and triangular enclosures and to use geometry in the rectangle followed
the feature when it was in the rectangle (Experiment 1). Rats trained with the feature in a geometri-
cally consistent corner of the rectangle learned about both geometry and the feature (Experiment 2).
Training with the feature in the square did not block learning of geometry when both predicted the lo-
cation of food in the rectangle (Experiment 3). The “geometric module” (Cheng, 1986) may have a spe-
cial status in spatial learning.
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those studies have generally been tested on only a few
trials. Therefore, it is of considerable interest that whereas
human children disregard featural information as a cue
for reorientation under some conditions, adults in the
same studies use featural information to improve perfor-
mance (e.g., Hermer & Spelke, 1996).

The circumstances that allow humans to use local fea-
tures instead of geometry in reorienting have received a
great deal of attention (e.g., Hermer & Spelke, 1996;
Learmonth, Nadel, & Newcombe, 2002; Learmonth,
Newcombe, & Huttenlocher, 2001; Wang, Hermer, &
Spelke, 1999). It has been suggested that, over the course
of development, children learn to use language to com-
bine geometric and nongeometric information (Hermer-
Vazquez, Moffet, & Munkholm, 2001). However, even
very young children can reorient by means of nongeo-
metric information in some conditions (e.g., Learmonth
et al., 2002; Learmonth et al., 2001). Learmonth et al.
(2002) argue that the small enclosures in which much of
the work with children has been conducted impair spa-
tial navigation by minimizing movement. Increasing the
size of the experimental space improves the performance
of 3- and 4-year-old children, enabling them to use both
geometric and local features (Learmonth et al., 2002).

Despite the explosion of research on how geometry
and visual feature learning interact in other species,
there has been little further work on this question with
rats. The research of Pearce and his colleagues (Hay-
ward, McGregor, Good, & Pearce, 2003; Pearce, Ward-
Robinson, Good, Fussell, & Aydin, 2001) is one of the
few exceptions (see also Benhamou & Poucet, 1998;
Golob, Stackman, Wong, & Taube, 2001; Golob & Taube,
2002). Pearce et al. (2001) pointed out that Cheng’s (1986)
claim for a specialized geometric module has important
implications for the debate (see Mackintosh, 2002; Shet-
tleworth, 1998) over whether spatial learning follows the
same principles as associative learning does. In associa-
tive learning, exemplified by Pavlovian and instrumen-
tal conditioning, different sources of information such as
lights and tones can be seen as competing for a limited
pool of associative strength (Rescorla & Wagner, 1972).
Such competition is evidenced in the phenomena of over-
shadowing and blocking. In overshadowing (Pavlov,
1927), less is learned about a given cue (the target), when
it is trained in compound with a second cue than when it
is trained alone; the target is said to be overshadowed. In
blocking (Kamin, 1969), first training a single cue to
near asymptote diminishes (i.e., blocks) acquisition to a
predictive target cue that is then compounded with it, as
compared to a control with the target and the second cue
present from the outset.

Overshadowing and blocking are found when land-
marks and/or beacons are manipulated in some spatial
learning paradigms (see the review in Chamizo, 2003).
However, Cheng’s (1986) discussion of the geometric
module suggests that geometric information should not
be blocked or overshadowed by landmarks or beacons
(often referred to collectively in discussions of the geo-

metric module as featural cues). And indeed, Pearce and
colleagues (Hayward et al., 2003; Pearce et al., 2001)
found no evidence that learning the geometry of an en-
closure was blocked or overshadowed by such features.
In those studies, however, rats performed a water escape
task, usually in a triangular enclosure with a curved base.
Thus, both the animals’ motivation and, in most cases,
the geometric cues available differed from those in other
studies of the geometric module.

The experiments reported in this article were designed
to examine further how rats integrate or fail to integrate
geometric and featural information when searching for
food in a rectangular enclosure like the one used by
Cheng (1986). Experiment 1 was analogous to the stud-
ies with children and human adults in which subjects
used verbal information acquired outside the test envi-
ronment to disambiguate geometry (Hermer-Vazquez
et al., 2001; Hermer-Vazquez, Spelke, & Katsnelson,
1999). Rats were trained to use a black panel to locate
food in two geometrically ambiguous enclosures, a square
and an equilateral triangle, while concurrently learning
to use geometry in a featureless white rectangle. The
black panel was then presented in the rectangular enclo-
sure in both geometrically correct and incorrect loca-
tions. In Experiment 2, we tested whether geometric
cues would acquire control in the rectangle when the
salient black panel was present from the outset; in effect
it was a replication of Cheng’s Experiment 2 under our
conditions. Experiment 3 was a test of whether prior
training with the black panel in the square enclosure
would block learning of geometry in the rectangular en-
closure. Thus it was a test of whether the independence
of geometry and feature learning demonstrated in water
escape tasks (Hayward et al., 2003; Pearce et al., 2001)
extends to the situation in which the geometric module
was originally demonstrated.

EXPERIMENT 1

Method
Subjects. The subjects were 8 experimentally naive male Long-

Evans rats 96–157 days of age and weighing 338–360 g at the start
of the experiment. The rats were housed individually in plastic tub
home cages (45 cm long � 25 cm wide) and were kept at approxi-
mately 90% of their ad-lib weights throughout the experiment by
controlled feeding of Purina rat chow after experimental sessions.
Water, nesting paper, and an opaque plastic tube “home” big enough
for a rat to enter were always available in the home cages. The rats
were maintained on a reversed 12:12 light:dark cycle and tested
during the dark phase.

Apparatus. The three training environments were 50-cm-high
collapsible fence-like enclosures made of white melamine: a rec-
tangle 120 cm long � 60 cm wide (the size used by Cheng, 1986),
a square 60 cm on a side, and an equilateral triangle 110 cm on a
side. When in use, an enclosure was placed directly on the textured
cement floor of the testing room, centered below a shaded 10-W
light that hung approximately 65 cm above the floor. This light pro-
vided the only illumination in the experimental room, which was
about 2.5 m square. The placement of the shaded light ensured that
the area surrounding the box was only dimly illuminated. During all
training sessions, a metal bowl 4 cm deep and 8 cm in diameter at-
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tached to a heavy 10-cm-square 1-cm-thick white metal base was
placed in each corner of the apparatus. The bowls were filled ap-
proximately 3/4 of the way with the granular commercial bedding
Bed-o’cobs (The Andersons, Maumee, OH) mixed with two to
three finely crumbled pieces of Froot Loops sweetened cereal. A
single whole Froot Loop was used as a reward. During sessions with
the square and triangular enclosures, a moveable black plastic cor-
ner panel was inserted into one of the corners of the apparatus (Fig-
ure 1). Each 50-cm-high panel fit snugly into the corner of an en-
closure and spanned 10 cm on each wall on either side of the corner.

Pretraining. The rats received 1–2 days of pretraining in the
home cages described under Subjects, during which they were
shaped to dig for Froot Loops buried at the bottom of the metal
bowls of bedding.

Training. Training consisted of alternating geometry and fea-
ture days in which the all-white rectangular enclosure was used for
the geometry days and the square and triangular enclosures, each
with its black corner panel, were alternated for the feature days (see
Figure 1). Thus, training could be divided into blocks of 4 days con-
sisting of 2 geometry days and 2 feature days. Each training day
consisted of 8 trials separated by a 1-min intertrial interval (ITI).
Before each trial, one whole Froot Loop was buried at the bottom
of a randomly chosen bowl. The remaining bowls had no reward. In
the rectangle, the rewarded bowl was placed in one of two prede-
termined geometrically correct corners. In the square or the trian-
gle, the rewarded bowl was always in the same corner as was the
black panel. The location of the rewarded corner was determined as
described in the next paragraph.

Between trials, the rats were kept in opaque black travel boxes
(25.5 cm wide � 25.5 cm long � 20.5 cm high) just outside the ex-
perimental room. Before each trial, the rats were disoriented by ro-
tating the travel box on a lazy Susan approximately eight times in
1 min. Disorientation occurred in one of the four corners of the ex-
perimental room, each used twice per day in random order. The ori-
entation of the apparatus plus goal location also changed for each
trial. There were eight orientations for both the rectangular and
square enclosures and goal, four with the walls of the enclosure par-
allel to the walls of the room and four with them at 45º to the walls
of the room. Each orientation was used in a random order in each
training session. There were 12 orientations for the triangular en-

closure plus goal, eight of which were used in a random order in
each training session. On a given day, all rats received the same se-
quence of apparatus positions and disorientation locations.

At the beginning of each trial, the rat was placed in a predeter-
mined starting position within the apparatus. Both the rectangular
and square enclosures had eight possible starting locations (in the
center of the apparatus facing each of the walls, or in the center of
each of the walls facing the center of the apparatus), each of which
was used in a random order on each training day. The triangular en-
closure had six possible starting positions, all of which were used
during each training day in the triangular enclosure with two loca-
tions repeated for a total of eight trials.

During the first 4-day block of training, the rats were allowed to
make as many choices as were necessary in order to find the re-
ward. A choice was defined as a dig that displaced the surface of the
bedding in a given bowl. If a rat failed to make a choice within
2 min during this first block of training, the reward was placed on
top of the appropriate bowl and the rat was given 1 min to eat it.
These correction trials were not included in the calculations of percent
correct. During all later blocks, a rat was allowed to make a maxi-
mum of two choices per trial, after which it was removed from the
apparatus. If a rat found the food on the first choice, it was allowed
to eat and was then immediately removed from the apparatus.

In the rectangular enclosure, searches were scored as correct (C)
if the rat chose the bowl containing the reward, as a rotational error
(R) if it chose the corner 180º from the correct bowl, as near (N) if
it chose the incorrect corner closer to the correct bowl, and as far
(F) if it chose the incorrect corner farther from the correct bowl (see
Figure 1). A choice was considered geometrically correct in either
the absolutely correct location or its rotational equivalent (C or R).
In the square and triangular enclosures, searches in the corner with
the black panel were scored as correct. Training continued until the
rats reached criterion, which was defined as 4 consecutive days of
75% accuracy or better on their first choice

Nonrewarded probes. Following criterion, the rats had one
block of nonrewarded probe testing, in which one of the final four
trials on each day was conducted with no Froot Loop buried in any
of the bowls.

Testing. The animals were tested by combining the geometric
and feature cues that had been presented separately during training.

Figure 1. Arrangement of the enclosures and corner panel for training and
testing in Experiment 1. The top row depicts one block of training. The orien-
tation of the enclosure � panel and rewarded bowl within the room was changed
from trial to trial as described in the text. Filled circles � bowl containing re-
ward; open circles � unrewarded bowls; C, correct choice; R, rotational error;
N, near error; F, far error.
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Two different tests with the black panel in the rectangular enclosure
were given in counterbalanced order. In the consistent test, the
black panel was placed in one of the geometrically correct corners.
In the conflict test, the panel was placed in a geometrically incor-
rect corner. No food was placed in any of the bowls, and the rats
were given a single trial that lasted 1 min, during which they were
allowed to make as many choices as possible. Testing consisted of
2 test days separated by 2 retraining days. Each rat was assigned a
disorientation location, as well as a starting position, which was
used for both of the tests. Two retraining days (1 geometry and 1
feature day) were given between test days. The retraining days were
arranged so that if the rat received a geometry day before the first
test, it received a feature day before the second test, and vice versa.

Statistical analysis. Whenever there was a single test trial of a
given kind, a binomial test was used to assess whether a particular
corner was chosen by significantly more rats than would have been
expected by chance. In experiments that included two or more tests
of the same kind, the combined test results were analyzed using
GLIM (Generalized Linear Interactive Modeling, Numerical Algo-
rithms Group, Downers Grove, IL). GLIM fits a log-linear model
to the data (Francis, Green, & Payne, 1993). The log-linear model
produced by GLIM specifies a binomial error term, as opposed to
another type of distribution such as normal. The test statistic that
GLIM uses to examine these effects was then compared with a chi-
square distribution (note that this is not a chi-square test of inde-
pendence). Alpha was set at .05 throughout for the determination of
significant effects.

Results and Discussion
Two rats were dropped because they failed to meet cri-

terion in the rectangle within eight blocks of training; a
3rd rat was dropped for failing to meet criterion in any
of the training environments within seven blocks. The re-
maining 5 rats all reached criterion within four to six
(mean 5.4) blocks of training. None fell below criterion
during the block of probe days. In previous studies re-
lated to this one, some rats have also failed to learn or
have learned much more slowly than others. For exam-
ple, in Cheng’s (1986, Experiment 2) reference memory
task, the slowest rat took more than three times as many
trials to reach a learning criterion as did the next slowest
one, and when the same rats were retrained for testing in
Cheng’s Experiment 3, 1 failed to meet criterion. Failures
to learn have also been observed in working memory
versions of the task (3 failures out of 10 rats in Margules
& Gallistel, 1988, Experiment 1; 3 out of 8 in Golob
et al., 2001, Experiment 3.) As Golob and Taube (2002)
pointed out, studies from which animals are dropped will
tend to produce data that exaggerate the degree of con-
trol by geometry or features, as the case may be, over be-
havior in the whole population. No rats were dropped
from our Experiments 2 and 3 for failing to learn the ref-
erence memory tasks. 

To characterize final performance, data from the 4
days in which each rat reached criterion and the 7 regu-
lar trials in each of the 4 probe days were examined (i.e.,
30 trials per rat in the rectangle and 15 trials per rat in the
square and in the triangle). All rats made 11 or more cor-
rect choices in the triangle and in the square, more than
twice the chance expectations of 5 or 3.75 correct choices,
respectively. The results of the unbaited probe trials con-

firm that the feature controlled behavior in these enclo-
sures. In the triangle, all choices on the probe trials were
directed to the corner with the black panel (binomial test,
p � .0041). In the square, 4 of the 5 rats chose the cor-
ner with the panel in the probe test (binomial test, p �
.0156).

Individual rats’ distributions of choices across the
four alternatives in the rectangle are shown in Table 1.
On average, they chose the correct corner on 42.67% of
the trials and made a rotational error on 43.33% of the
trials. Searches at N and F were rare, occurring on 7.33%
and 6.67% of the trials, respectively. The fact that rats were
unable to disambiguate the two geometrically correct cor-
ners, searching C and R equally often, indicates that the
disorientation procedure worked and that the rats were
not using the smell of the food to find the baited bowl.
In the rectangle, all rats chose a geometrically correct
corner in the first probe, and 4 rats did so in the second
one. GLIM (see Method) determined that across the two
tests, choices were distributed nonrandomly [c2(1) �
7.36], and that there was no effect of successive tests
[c2(1) � 1.49].

During the consistent test, with the feature in a geo-
metrically correct corner, all 5 rats searched the corner
that contained the feature first (binomial test, p � .001).
Thus, prior training to use geometric cues did not pre-
vent use of the feature. During the conflict test, in which
the feature was placed in a geometrically incorrect loca-
tion, again all 5 rats searched in the corner containing
the feature first (binomial test, p � .001). Of course, the
rats might have approached the black corner in both tests
simply because it was novel in the context of the rectan-
gle. Having approached the black corner, they then might
have dug in the nearest bowl. Although the present ex-
periment included no control for this possibility, Exper-
iment 3 in this article does include such a control. Data
reported there (Figure 4) show that rats trained to find
food in a particular shaped corner of the rectangle in the
absence of features and then presented with the black
corner panel are more likely to choose the corner with
the panel if they have already been trained with it in the
square than if it is novel.

In the present experiment, choice of the black panel had
been rewarded 100% of the time in the square and in the
triangle, whereas the first geometrically correct choice in

Table 1
Each Rat’s Total Choices of Each Kind During Criterion Days

and Regular Trials During Probe Days in Experiment 1

Rat Correct Rotational Near Far

194 16 11 2 1
197 12 14 2 2
196 11 12 6 1
229 8 17 1 4
242 17 11 0 2

All rats 64 65 11 10

Note—For definition of kinds of choices, see Figure 1.
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the rectangle was rewarded only 50% of the time. Thus, the
rats’ preference for the black panel over a geometrically
correct corner could be explained by a difference in asso-
ciative strength. That is to say, regardless of how the fea-
ture and geometry interact during learning, during perfor-
mance they may compete for control of behavior. An
alternative implied by Cheng’s (1986) discussion is that
they may be used in a hierarchical manner, with the disori-
ented rats first using the shape of the box to get oriented,
and then locating a relevant feature within this geomet-
ric framework. The data from this experiment, although
limited, do not seem consistent with such an account.

EXPERIMENT 2

In the test phase of Experiment 1, rats followed the
feature regardless of where it was in the rectangle. This
behavior could be seen as analogous to that of children
who have developed spatial language using it to disam-
biguate geometry by labeling the correct location in a
search task (e.g., Hermer-Vazquez et al., 2001). The rats
had learned that the black panel labeled the corner with
food in the square and the triangle and then followed it
in the rectangle. This account assumes that training out-
side the rectangle was important in allowing the feature
to gain control. Comparison of our results and those of
Cheng’s (1986) Experiment 3 supports this assumption.
In that study, rats trained to choose a geometrically con-
sistent corner of a rectangle marked by a specific panel
did not always choose the panel when it conflicted with
geometry, although they did choose it sometimes. In our
experiment, however, the single black panel within the
otherwise white enclosure might simply be so salient
that it would control searching more strongly than would
geometric cues without special training outside the rec-
tangle. To evaluate this possibility, in Experiment 2 we
trained rats to find food in a geometrically distinctive
corner of the rectangle, but this corner was marked with
the black panel from the outset. The panel was thus a bet-
ter predictor of the corner with the rewarded bowl than
was the left–right position of long and short walls. After
the rats reached criterion, control by the panel was tested
by moving it to a geometrically incorrect corner, and
control by geometry was tested in probes without the
panel.

Method
Subjects. The subjects were 4 experimentally naive male Long-

Evans rats, 85–94 days of age and weighing 348–366 g at the start
of the experiment. They were maintained in the same way as were
the rats in Experiment 1.

Apparatus. The apparatus was the rectangular enclosure with
the 90º black corner panel used in Experiment 1.

Procedure. The rats were shaped to dig for buried Froot Loops
as in Experiment 1. They then received training identical to that de-
scribed for the rectangular enclosure in Experiment 1, except that
the correct corner also contained the black panel. Once criterion
was reached (75% accuracy on the first choice on 4 consecutive
days), the rats received 2 days of probe testing, in which one of the
final four trials was unrewarded. Provided that performance did not

fall below criterion on these days, the probe testing was followed by
two test sessions conducted in the same way as were those in Ex-
periment 1. The 1 rat that fell below criterion on two initial probe
testing days was retrained until it met criterion again and then pro-
ceeded to unrewarded probes. Each rat had one conflict test like that
in Experiment 1 and one no-feature test, in counterbalanced order.
In the no-feature test, the rats were placed for 1 min in the rectan-
gular enclosure without the feature and without reward in any of
the bowls. Test sessions were separated by 1 regular training day.

Results and Discussion
The 4 rats completed criterion plus probe testing within

7, 15, 18, and 19 sessions. During both unrewarded probe
trials, all rats chose the correct location, demonstrating
that they were using the feature and not the odor of the food
[c2(1) � 10.96; for effect of tests, c2(1) � 1.0].

Figure 2 shows the mean proportions of correct choices,
rotational, near, and far errors in the first four 4-day
blocks. The majority of errors early in training were ro-
tational, indicating that geometric cues were learned
even in the presence of the more informative feature. In
the first block, more than 80% of choices were geomet-
rically correct, but considerably more than half of these
were to the corner with the black feature (see Figure 2).
This suggests that the rats acquired featural and geomet-
ric information in parallel rather than learning geometry
first and then learning about the more informative fea-
ture, which disambiguated geometry. A firm conclusion
on this point would require analyzing acquisition of more
animals in smaller blocks.

Final performance was excellent. During the 4 days in
which each rat reached criterion and the seven regular
trials in each of the 2 probe days (i.e., 46 trials per rat),
the rats chose the correct corner on 86.0% of the trials.
Searches at R, N, and F occurred on 9.2%, 1.6%, and
3.3% of the trials, respectively. Thus, even at this stage
of training, the number of rotational errors was still al-
most two thirds of the total errors. There were too few er-
rors during these final days for significance testing to be

Figure 2. Mean proportions of correct choices and of the three
kinds of errors for the first four 4-day blocks of training in Ex-
periment 2. See Figure 1 for specification of the kinds of errors.
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reasonable, so to analyze the distribution of errors, we
summed errors across training and probe testing. The
12–50 errors per rat (mean 38.5) were distributed among
R, N, and F errors in a way that differed significantly
from random; Friedman two-way analysis of variance by
ranks [c2

r(3) � 8, p � .0046]. Interestingly, not only did
every rat make more rotational than near or far errors,
there were also more far than near errors. On average,
56% of the errors were R, 30% were F, and 14% were N.

Although performance during acquisition clearly
showed that the rats were learning about the geometry of
the enclosure, the sample size was too small to draw strong
conclusions from the tests. During the no-feature test 3
out of the 4 rats searched in a geometrically correct lo-
cation first (binomial test, n.s.). During the conflict test,
all 4 of the rats first searched in the corner containing the
feature (binomial test, p � .0039) Thus, although behavior
early in training clearly showed that geometry acquired
control, by the time of the test the feature controlled
choice more strongly than did geometry. This finding is
consistent with the results of Experiment 1, in that, for
well-trained rats, the black feature was more attractive
than geometric cues. Cheng (1986, Experiment 2) and
investigators who have tested species other than rats (see
introduction to this article) have also found that animals
trained in a reference memory task with a distinctive fea-
ture in the rewarded corner of a rectangle are influenced
to at least some extent by the feature when it conflicts
with geometric cues.

EXPERIMENT 3

Perhaps the most interesting data from Experiment 2
are those from acquisition (Figure 2). Cheng (1986) as
well as Golob and Taube (2002) reported that rats learn-
ing to find food near a distinctive corner panel in a rec-
tangular enclosure made more rotational errors than
other kinds of errors. However, those authors did not re-
port the details of acquisition. As pointed out above, Fig-
ure 2 suggests that geometric and featural cues are ini-
tially learned in parallel. However, the left–right position

of the long versus short side of the rectangle predicts the
location of the baited bowl only 50% of the time, whereas
the black corner predicts it perfectly. Thus, the decline of
geometric errors as acquisition progresses can be ac-
counted for in associative learning terms by saying that the
black panel eventually absorbs more associative strength
because it is a better predictor of food. In contrast, the
view that environmental shape is processed in an inde-
pendent cognitive module suggests that although the
black panel may gain control with experience, geometry
will not lose control. Experiment 2 provided too few data
to be conclusive on this point, but its results are consis-
tent with the results of studies showing that geometric
cues are not blocked or overshadowed by a conspicuous
beacon over the dry platform in a triangular water tank
(Pearce et al., 2001) or by landmarks in or near the tank
(Hayward et al., 2003). Experiment 3 was designed to
discover whether the same lack of blocking would be
found in our food-finding task.

Whether animals are looking for food or escaping
from water may influence what is learned in tests of the
geometric module. Rotating a rat before introducing it to
a spatial task (i.e., disorientation, which is key in revealing
reliance on geometry) slows rats’ landmark learning in
food-rewarded but not in water-escape tasks (Dudchenko,
Goodridge, Seiterle, & Taube, 1997; Martin, Harley,
Smith, Hoyles, & Hynes, 1997). This is true even when the
two tasks are conducted in the same arena and are simi-
lar in difficulty (Gibson, Shettleworth, & McDonald,
2001). Moreover, one study suggests that disoriented rats
are better able to use landmarks to reorient in a rectangu-
lar enclosure when they are escaping from water rather
than searching for food (Golob & Taube, 2002). The lat-
ter findings should be viewed cautiously, because even in
the food-finding task in this study rats did not show very
strong control by geometry (see discussion in Golob &
Taube, 2002). Nevertheless, evidence that disorientation
interacts with motivation to affect what is learned in spa-
tial tasks means that the findings of Pearce and colleagues
(Hayward et al., 2003; Pearce et al., 2001) should be ver-
ified in a food-finding task.

Figure 3. Arrangement of the enclosures and corner panel for the three
phases of Experiment 3. The orientation of the enclosure � panel and rewarded
bowl within the room was changed from trial to trial as described in the text.
Filled circles � bowl containing reward; open circles � unrewarded bowls.
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In Experiment 3, we tested the independence of geom-
etry and visual feature learning using the blocking de-
sign illustrated in Figure 3. In Phase 1, the rats in the
blocking group were trained in the square enclosure with
the black panel marking the corner with food. Concur-
rently, the rats in the control group had experience dig-
ging for food in a single bowl in the unmarked square
enclosure. In Phase 2, both groups were trained as the
rats in Experiment 2 had been trained, with the feature
marking the geometrically consistent rewarded corner in
the rectangular enclosure. Finally, all rats were tested in
the rectangle without the feature. If local features com-
pete with geometric cues for some analogue of associa-
tive strength, the rats in the blocking group should search
less often in the geometrically correct corners during the
test than should the controls. In addition, during acqui-
sition in the rectangle, the controls, like the rats in Ex-
periment 2, should make primarily rotational errors,
whereas the rats in the blocking group should show a
more nearly even distribution of rotational, near, and far
errors. In contrast, if geometry and feature learning do
not compete, the rats in both groups should make simi-
lar proportions of rotational errors in acquisition and
choose the geometrically correct corners to the same ex-
tent in the test.

Method
Subjects. The subjects were 12 rats like those in Experiments 1

and 2, maintained in the same way. They were 84–182 days old at
the start of the experiment and weighed 330–404 g. Two had pre-
viously participated in an unrelated experiment; the others were ex-
perimentally naive. They were divided into two groups balanced for
age and past experience.

Apparatus. The square and rectangular enclosures from Exper-
iment 1 were used together with the black corner panel and the
bowls. The testing room used for Experiment 1 was set up in the
same way.

Pretraining. Rats were pretrained to dig in the bowls for Froot
Loops as in Experiments 1 and 2. 

Phase 1. For the blocking group, this phase consisted of seven
8-trial sessions of training in the square enclosure with the black
corner panel conducted in the same way as was training in the
square in Experiment 1. During the first 3 days, the rats were al-
lowed as many choices as was necessary in order to find the Froot
Loop; thereafter, the rat was removed from the enclosure after a
maximum of two choices. Unrewarded probe trials were given on
Trial 6 of Day 4 and on Trial 4 of Day 5.

For the control group, Phase 1 consisted of seven 2-trial sessions
in the square enclosure without the black corner panel. A single
baited bowl was placed in a corner chosen so that each of the eight
possible locations for bowl plus enclosure specified in Experi-
ment 1 was used no more than twice over the 14 training trials. As
for the blocking group, if the rat did not find the Froot Loop within
2 min, the Froot Loop was placed on top of the bedding and the rat
was given 1 min to eat it. Trials were conducted in all other respects
as for the blocking group, with disorientation before each trial and
the enclosure alternately parallel or at 45º to the walls of the testing
room.

Phase 2. The second phase of acquisition for both groups con-
sisted of eight sessions of training in the rectangular enclosure with
the black panel present. The food was always in the bowl closest to
the panel, which was in a geometrically consistent corner. Sessions
were conducted as in Experiment 2.

Test phase. Rats in both groups received three 8-trial test days
in the rectangular enclosure without the black panel, with 1 re-
training day between test days. Thus, there was a combined total of
13 days in Phase 2 and the test phase. On test days, the first 7 trials
were normal training trials, but Trial 8 was conducted with the
black panel removed and no reward in any of the bowls. The rat was
removed from the apparatus after it had dug in one bowl. 

Results and Discussion 
By the end of Phase 1, rats in the blocking group usu-

ally chose the corner with the feature first. In the final 2
days of training in the square, 67% of the first choices
were correct. During each of the nonrewarded probes in
the square, 4 of 6 rats searched first in the correct corner
on their first choice; this overall distribution of choices
is significantly different from random [c2(3) � 9.67].

Figure 4 shows the proportion of correct first choices
and near, far, and rotational errors by both the blocking
and control groups during 2-day blocks of training in the
rectangle, including the regular trials in the test days.
The final test day is omitted because it was not part of a
complete 2-day block; performance on regular trials on
that day was similar to that in the preceding 2-day block.
As in Experiment 1, training with the black panel in the
square transferred to the rectangle. During the first 8-trial
session in the rectangle, all rats in the blocking group
dug first in the correct corner on 6 or more trials, whereas
no control rat chose the correct corner first on more than
4 trials. Over the course of training in the rectangle, rats in
both the blocking and control groups learned to go directly
to the corner with the black panel (Figure 4). The propor-
tions of correct responses in the two groups were com-
pared in a groups � blocks analysis of variance. The ef-
fects of groups and of blocks were significant [Fs(1,10) �
22.9 and 52.5, respectively]. The block � group inter-
action was also significant [F(1,10) � 8.3]. Planned
comparisons showed that, as suggested by Figure 4, the
two groups differed significantly in the first block of
training but not in later blocks.

Like the animals in Experiment 2, the rats in the con-
trol group made more rotational than near or far errors
during training in the rectangle with the black corner
panel (Figure 4, lower panel). The same was true of the
rats in the blocking group (Figure 4, upper panel), con-
trary to what would be expected if prior training with the
feature blocked learning of geometry. Because there
were relatively few errors, we analyzed their distribution
by summing errors of each type across all regular train-
ing trials, including those on days with tests. For the
blocking group, a mean of 61% (range 45%–74%) of the
errors were rotational. For the controls, comparable data
were 47% (27%–61%). Thus, if anything, the animals in
the blocking group tended to make more rather than
fewer rotational errors than did controls.

Over the first two tests in the featureless rectangle,
83% of the first choices made by the rats in the blocking
group and 75% of choices by the controls were to a geo-
metrically correct corner. Analyses of the proportion of
rotational and nonrotational choices on these tests were
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conducted using GLIM. There was no effect of group
[c2(1) � .254]. However, there was a significant effect
of location (geometrically correct or incorrect) [c2(1) �
8.71]. On the third test, only half the rats in either group
chose a geometrically correct corner f irst (i.e., both
groups’ performance fell to chance). The rats may have
learned that they were never rewarded in the featureless
rectangle. Nevertheless, a GLIM test on all 3 of the test
days together still indicated that the overall distribution
of choices was significantly different from random and
did not differ between the groups [c2(1) � 4.61 and 0.23,
respectively].

The results of this experiment provide no evidence
that prior training with the black feature blocked learn-
ing about the position of food with respect to the shape
of the rectangular enclosure. The group differences at
the beginning of Phase 2 show that training with the fea-
ture in the square enclosure transferred to the rectangle.
Nevertheless, the blocking group made predominantly
rotational errors during training in the rectangle and
chose geometrically correct corners in the tests to the
same extent as did the controls. The pattern of errors by
the blocking group shows that they were learning about

geometric cues in the rectangle from the very beginning
of Phase 2, even though they had already learned to use
the black panel, which was a more valid cue to the loca-
tion of food. These data therefore give even stronger sup-
port to the view that learning overall geometry is inde-
pendent of learning local features than do the data of
Pearce and his colleagues (2001; Hayward et al., 2003).
In the triangular enclosure that Pearce and colleagues
used, geometry was just as predictive of the location of
the goal as were the beacons and landmarks, but here it
was not as good a predictor as the local feature was. No
researchers have yet reported an attempt to test for cue
competition by training geometry first and then adding
a beacon or landmarks. Because geometric cues do not
appear to lose control as a more predictive feature is
learned, our data are consistent with Cheng’s (1986) dis-
cussion of the geometric module in suggesting that block-
ing would not be found with such a design.

GENERAL DISCUSSION

Whether or not spatial learning is acquired as asso-
ciative learning is, with different sources of information

Figure 4. Mean percentage of correct choices and of the three kinds of errors
for 2-day blocks of training in the rectangle in Experiment 3. Blocks 5 and 6 in-
clude the seven regular trials on the 1st and 2nd test days, respectively. See Fig-
ure 1 for specification of the kinds of errors.
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competing for some analogue of associative strength, is
a subject of some debate (Mackintosh, 2002; Shettle-
worth, 1998). The most prominent competing view is
that spatial information is acquired as an integrated cog-
nitive map (O’Keefe & Nadel, 1978). Another possibil-
ity consistent with neurobiological evidence is that sep-
arable spatial memory systems, such as those supporting
response learning, cue or beacon learning, and landmark
learning, acquire information simultaneously and in par-
allel (see White & McDonald, 2002). Only the view that
spatial learning is like associative learning predicts cue
competition effects such as overshadowing and blocking.
Thus, reports that when rats are trained in water-escape
tasks beacons or landmarks fail to overshadow or block
learning based on the shape of the tank (Hayward et al.,
2003; Pearce et al., 2001) are of considerable interest.

The purpose of the experiments reported in this arti-
cle was to examine interactions of geometry and visual
feature learning in the same task in which the geometric
module was originally studied—namely, when rats search
for food in a rectangular enclosure. Like Pearce and his
colleagues (Hayward et al., 2003; Pearce et al., 2001) in
their studies of rats in a triangular water tank, we found
no evidence that a distinctive feature near the goal blocks
learning the location of the goal relative to the shape of
the enclosure. Because we used a rectangular enclosure,
in which rats could make rotational errors, and measured
a discrete choice response (digging in a bowl in a partic-
ular corner), we could document learning based on the
geometry of the enclosure throughout acquisition as well
as in unrewarded tests at asymptote. Even rats that had
learned to use the more informative black corner panel
in Experiment 3 made primarily rotational errors from
the outset of training with it in the rectangle, and the pro-
portion of rotational errors was not less than that for the
controls (see Figure 4). These data constitute striking ev-
idence that cues to the shape of the enclosure do not
compete with learning more local cues such as the black
corner panel. But this need not mean that geometry and
feature learning are independent. Cheng (1986) sug-
gested that geometry is necessarily primary. Only after
getting oriented by means of the geometric module do
animals acquire nongeometric information, which is co-
ordinated with the reference frame provided by geome-
try. The results from Cheng’s working memory task are
consistent with this view, in that rats learned the geo-
metric location of buried food after a single exposure but
not its location with respect to features in the box. How-
ever, a difference in learning rate is also compatible with
parallel but independent acquisition of geometric and
featural information, and this interpretation is more con-
sistent with our data. In particular, the data from the
blocking group in Experiment 3 show that rats that have
already acquired relevant featural information still learn
about the location of the goal with respect to local geom-
etry, which seems to be the opposite of the sequence of
learning proposed by Cheng.

In studies of control by geometry, beginning with those
of Cheng (1986), the featural cues used have sometimes
been distinctive panels covering whole walls of a rectan-
gular enclosure and sometimes distinctive panels or ob-
jects in the corners. These seem to be treated similarly,
by both the subjects and the researchers (see Cheng &
Newcombe, in press). However, in discussions of spatial
learning, beacons, or cues at goals, are typically distin-
guished from landmarks, or cues distal to goals. Beacons
are arguably computationally less demanding cues than
landmarks, because using a landmark to find a goal re-
quires encoding and remembering both distance and di-
rection information (see Shettleworth, 2000). A beacon
at the dry platform was the nongeometric cue in the ex-
periments by Pearce et al. (2001), but landmarks con-
sisting of objects distal to the dry platform were used by
Hayward et al. (2003). Both revealed no evidence of block-
ing or overshadowing in a triangular water tank. In our
study, as in related studies with a goal near a distinctively
marked corner, the “feature” was displaced from the goal
itself, but it nevertheless may have functioned like a bea-
con because a rat simply had to head toward it to find the
baited bowl. Future studies of interactions between geo-
metric and nongeometric information may need to con-
sider a possible role for differences among kinds of non-
geometric information.

The view of spatial learning supported by the present
study and related work (see Mackintosh, 2002; Shettle-
worth, 2000) is that spatial behavior is supported by a
number of distinct information processing and acquisition
systems rather than by an integrated cognitive map. For
vertebrates performing short-distance navigation as in lab-
oratory settings, these subsystems include dead reckoning,
beacon (or cue) learning, landmark learning, response or
habit learning, and learning the overall shape of the local
space formed by enclosing surfaces. To the extent that each
of these has distinct computational demands and perhaps
neurological substrates, spatial information processing is
modular. Whether any candidate module fulfills all the cri-
teria for cognitive modularity originally set out by Fodor
(1983), or whether these criteria even continue to be use-
ful, is debatable (see Cheng & Newcombe, in press; Colt-
heart, 1999). In any case, rather than ask whether a possi-
ble geometric module is impenetrable to other kinds of
spatial information, it may be more productive to ask how
distinguishable kinds of spatial information interact dur-
ing acquisition and performance and what determines
which information takes priority. Investigations to date
seem to show that whereas some sources of spatial infor-
mation, such as beacons and landmarks, compete for pre-
dictive value, others are learned in parallel or may interact
in other ways. Geometry may take precedence in disori-
ented animals, but it is not clear that this makes it any more
modular than other computationally distinct kinds of spa-
tial information. A task for the future is to better charac-
terize the various spatial subsystems and the ways in which
they interact during learning and performance.
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