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Abstract

Tasks using appetitive reinforcers show that following disorientation rats use the shape of an arena to reorient, and cannot

distinguish two geometrically similar corners to obtain a reward, despite the presence of a prominent visual cue that provides

information to differentiate the two corners. Other studies show that disorientation impairs performance on certain appetitive, but

not aversive, tasks. This study evaluated whether rats would make similar geometric errors in a working memory task that used

aversive reinforcement. We hypothesized that in a task that used aversive reinforcement rats that were initially disoriented would not

reorient by arena shape and thus make similar geometric errors. Tests were performed in a rectangular arena having one polarizing

cue. In the appetitive condition water consumption was the reward. The aversive condition was a water maze task with

reinforcement provided by escape to a hidden platform. In the aversive condition rats returned to the reinforced corner significantly

more often than in the dry condition, and did not favor the diagonally opposite corner. Results show that rats can use cues besides

arena shape to reorient in an aversive reinforcement condition. These findings may also reflect different strategies, with an escape/

homing strategy in the wet condition and a foraging strategy in the dry condition.
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1. Introduction

Effective navigation requires an animal to maintain

knowledge of its current position and a goal location.

When this knowledge is uncertain, a mechanism for

reorientation is necessary to avoid an extended random

search. Reorientation is needed when an animal has

been relying on internal cues that are subject to

cumulative errors, or when perceptual access to the

surrounding environment is restricted (reviewed in [7]).

Researchers have proposed that reorientation is based

on the macroscopic shape of the environment [8]. The

idea that reorientation is related to environmental shape

originated from studies showing that rats [4,5,10,18],

toddlers [12�/14], and to a lesser degree birds [23] are

unable to distinguish the diagonally opposite corners

inside a rectangular arena following various forms of

disorientation. Subjects in these studies were equally

likely to search for a reward at the correct or diagonally

opposite corner in a rectangular arena. Diagonally

opposite corners in a rectangle are congruent, and thus

are geometrically equivalent following a 1808 rotation of

the arena. This pattern of confusing the geometrically

equivalent corners persists even when salient non-geo-

metric cues can be used to unambiguously define the

correct corner [13,18].

The tendency to confuse geometrically equivalent

corners in rectangular arenas may indicate the operation

of a specialized cognitive module (geometric module) for

reorientation that is unresponsive to sensory informa-

tion other than environmental shape [4,18]. This view-

point implies that subjects should confuse the

geometrically equivalent corners regardless of the type

of reinforcement (appetitive or aversive) because the

behavioral pattern is due to the ambiguous information

provided by the rectangular shape.
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All of the previous studies that have documented the

tendency to confuse geometrically equivalent corners

have used appetitive reinforcers (such as food or water

consumption). Recent studies show that the influence of
a disorientation procedure on subsequent performance

in spatial learning tasks can vary depending on the type

of reinforcement given [6,9,19]. The Dudchenko et al. [6]

and Martin et al. [19] studies both showed that in

appetitive tasks rats that were disoriented by slow

spinning inside an opaque box before each trial were

impaired relative to controls that were not disoriented.

In contrast, when the same tasks and procedures were
conducted using aversive reinforcement (swimming to

an escape platform), animals that were given the

disorientation procedure learned the task normally.

Differences between appetitive and aversive tasks have

also been observed when task difficulty was similar [9].

The purpose of the present set of experiments was to

test the hypothesis that reorientation by environmental

shape is contingent upon the type of reinforcement.
Because the Martin et al. [19] and Dudchenko et al. [6]

studies showed that disorientation impaired perfor-

mance in appetitive, but not aversive, tasks, we pre-

dicted that rats would perform a spatial task well in a

rectangular-shaped arena when the task employed

aversive reinforcement. Thus, under these conditions

we predicted that rats would be able to approach the

correct corner and avoid the diagonally opposite corner.

2. Materials and methods

Two experiments were conducted to examine the

influence of reinforcement condition on response choice

in two similar working memory tasks. The major

difference between the two tasks was the type of

reinforcement (appetitive vs. aversive). In the aversive
(wet) condition, rats escaped from a water maze onto a

hidden platform. In the appetitive (dry) condition, water

restricted rats were reinforced by consuming drops of

water. In each experiment the same rats were run in both

conditions; the only difference between the two experi-

ments was the order of testing. In the wet�/dry experi-

ment (Experiment 1) rats were first run on the wet maze

version followed by the dry condition, while in the dry�/

wet experiment (Experiment 2) the order of conditions

was reversed.

2.1. Subjects

Seven female Long�/Evans rats were used in Experi-

ment 1. Six out of seven rats run in the wet version were

included in the dry condition. Data from one rat in the
dry condition were not included because the rat became

ill and died after completing the wet condition, but

before finishing the dry condition. Ten female Long�/

Evans rats were used in Experiment 2 for both the dry

and wet versions of the task. Rats from both experi-

ments were 3�/4 months old at the start of training.

The rats were individually housed in standard cages in
an animal vivarium. In the dry conditions rats were

water restricted before testing and given 10�/30 min ab

lib access to water after daily testing. All procedures

were in accordance with a protocol approved by the

Institutional Animal Care and Use Committee of Dart-

mouth College.

2.2. Apparatus

Training and experiments were conducted within a

white plastic rectangular arena (118�/59�/59 cm high)

on an elevated (40 cm) platform. A black Plexiglas panel
(59�/59 cm) was attached to the inside of one of the

short walls. This panel served as the only intentional

landmark for orientation within the arena. Four 50 watt

lights, one above each corner facing the center of the

arena, provided the only source of illumination in the

room in Experiment 1. Experiment 2 was conducted in a

different room with eight 50 watt lights arranged over-

head in an octagon. For both experiments, the arena
was placed inside a black circular curtain (�/2.5 m

diameter), spanning from floor to ceiling. A white sheet

provided a uniform surface on the ceiling, and a video

camera was centered above the arena to record the test

sessions.

2.2.1. Wet condition

The arena was filled to a height of �/23 cm with room

temperature water mixed with white powder tempera.

Circular weighted Plexiglas platforms (12.5 cm dia-

meter, 21 cm height) were used as start and escape

platforms (see Training and Experimental Procedures,
below) and the platform tops were 2 cm below the water

surface.

2.2.2. Dry condition

A white Plexiglas board (118�/59 cm) was placed 21

cm above the bottom of the arena to serve as a floor.

This height was chosen in order to control for available

sensory stimuli by approximating the position of the

rat’s head within the arena during the wet condition.

Identical opaque water cups (4.5�/4.5�/1.0 cm) were

placed in each corner.

2.3. Pretraining

The rats were handled for �/15 min/days for 5 day
before behavioral testing. In both conditions each rat

was removed from its cage and brought into the room in

a closed box.
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2.3.1. Wet condition

Five platforms were placed inside the arena: one start

platform in the center, and one platform in each corner.

Each rat was placed on the center platform for 1 min.
Then, the rat was picked up while the platform was

submerged on its side, and replaced in the center of the

arena facing one of the walls. Because the start platform

was now inaccessible, the rat swam until it encountered

one of the corner platforms. After standing on a corner

platform for 30 s the platform was submerged on its

side, and the rat was replaced in the same corner and

permitted to swim to one of the remaining corner
platforms. This procedure was repeated until the rat

had visited all four corners. Each rat received two

pretraining sessions per day, separated by �/4 h. Rats in

both experiments received 3�/4 days of pretraining in the

wet condition.

2.3.2. Dry condition

Water restricted rats were placed inside a transparent

Plexiglas corral (28.5�/28.5 cm, height 28.5 cm) posi-
tioned in the center of the arena for 1 min. The rat was

then picked up, the corral removed, and the rat was

replaced in the center of the arena facing one of the walls

and permitted to approach the corners. Each cup

contained a 0.1 ml drop of water as a reinforcer. After

consuming the water in each corner the rat was removed

from the arena. Rats were given 6 (Experiment 1) and 10

(Experiment 2) days of pretraining in the dry condition.

2.4. Experimental design and procedures

In both the wet and dry conditions rats performed a

delayed match-to-sample spatial working memory task.

Rats were given a pair of trials*/a sample trial and a

test trial (described below). A block consisted of a pair

of sample and test trials. Two blocks were conducted
each day, one between 9:00 a.m and 12:00 p.m. and one

between 2:00 and 6:00 p.m. Each block was performed

at least 4 h after the previous block to reduce proactive

interference. Fifty blocks were performed over 25

consecutive days.

In the sample trial rats searched for the one corner

containing a reinforcer (an escape platform in the wet

condition, a drop of water in the dry condition). In the
following test trial the animals approached one corner,

and were reinforced if they returned to the corner that

contained the reinforcer in the previous sample trial.

The corner that was reinforced varied randomly across

blocks.

Before entering the arena rats were given a disorienta-

tion procedure in an attempt to encourage the rats to

orient relative to the arena and landmark cue. Using this
procedure was important because otherwise rats could

have maintained their orientation throughout the ex-

periment by either monitoring their movements, via

path integration, from their home cage or from the

entrance/exit locations of the sample trial, and thus

avoided the use of the arena and cue card for orientation

[7,16,22]. Rats were first placed inside an opaque box
and slowly spun (�/3�/68/s) for 1 min while the

experimenter slowly walked a circuitous route around

the room. The experimenter then placed the box down

adjacent to the middle of one wall of the arena. The

direction the box was spun and the location where it was

finally placed were randomized across blocks. These

procedures were conducted for both the wet and dry

conditions prior to each trial block.

2.4.1. Wet condition

Sample trials began when the rat was removed from

the holding box and placed on the platform in the center

of the arena for 30 s. The platform was then submerged

on its side, and the rat was released into the water while

directly facing one of the walls. The wall the rat faced

was randomly varied across trials. The rat swam from

corner to corner until it located the platform and
climbed onto it. The rat stayed on the platform for 30

s and was then placed inside the holding box. The box

top was closed, and the holding box was rotated slowly a

total of 90 or 1808 in either the clockwise or counter-

clockwise direction and then placed outside a different

wall from where it was placed before the sample trial.

The speed of box rotation was �/3�/68/s and was

intended to be subthreshold for vestibular activation.
This procedure was designed to create a discrepancy

between the animal’s orientation and the arena during

the test trial, a discrepancy that could be resolved by

using the landmark cue for reorientation. The amount

of box rotation (90 or 1808), direction of box rotation

(clockwise, counterclockwise), and box location before

the test trial were randomly varied across trials.

For test trials the rat was placed on the start platform
for 30 s and then released into the water facing one wall.

If the rat swam to the correct corner it was allowed to

stay on the platform for 30 s before it was returned to

the holding box. If the rat approached an incorrect

corner it was blocked from swimming to another corner

by a piece of wood held by the experimenter. The rat

swam for an additional 15 s before it was removed from

the arena. This procedure was used because we did not
want to reinforce the selection of an incorrect corner

choice by immediately taking the rat out of the pool.

Each block of sample-test trials lasted �/4 min, and the

inter-trial interval was �/60 s.

2.4.2. Dry condition

In the dry condition rats were reinforced in both the

sample and test trials with a drop of water (0.1 ml). The
elapsed time for the different parts of each trial were

identical to those described above for the wet condition,

with the following differences: (1) instead of being

E.J. Golob, J.S. Taube / Behavioural Brain Research 136 (2002) 309�/316 311



placed on a start platform, rats were placed inside the

transparent corral, and (2) in the test trial rats were

removed from the arena after consuming the water

drop. Rats were only permitted to approach one corner
per test trial. In a previous study using similar proce-

dures [10], rats showed a significant bias during test

trials for approaching the correct and rotational corners,

compared with the near and far corners.

After pretraining in the dry condition of the wet�/dry

experiment (Experiment 1), rats were first given 24

blocks without the disorientation procedure between

sample and test trials. Rats were then run on 50 trials
with the disorientation procedure between sample and

test trials, as described above. The main findings in the

dry condition from the wet�/dry and dry�/wet experi-

ments were the same (see Results); thus, differences in

pretraining between the two groups run in the dry

condition did not appear to affect the results.

2.5. Data analysis

The primary measure in the experiments was the

corner the rats approached in the test trial, relative to

the location of the reinforced corner in the sample trial.

There were four possible responses in the test trial: (1)

correct (return to reinforced corner in sample trial): (2)

rotational (choosing the corner diagonally opposite the

correct corner): (3) near error (corner adjacent to the

correct corner along a short wall): (4) far error (corner
adjacent to the correct corner along a long wall). The

diagonally opposite corner is labeled ‘rotational’ be-

cause this location would be congruent with the correct

corner following a 1808 rotation of the arena. After

pretraining the rats reliably approached one corner after

release, which enabled the unambiguous classification of

responses.

Chi square tests were used to compare the relative
frequencies of each response type. Repeated measures

analysis of variance (ANOVA) tests were used to

compare differences in the acquisition of correct re-

sponses. For all statistical tests significance was set at

the P B/0.01 level to help correct for multiple tests.

3. Results

3.1. Response choices in wet and dry conditions

The mean percent of trials for each response type are

shown in Fig. 1 for Experiments 1 (A) and 2 (B). Chi

square comparisons within each condition for the wet�/

dry and dry�/wet experiments are shown in Table 1. In

both wet conditions correct responses were significantly
more frequent than near, far, and rotational responses

(all P values B/0.001). There was also a subtle difference

that appeared to depend on the order of the wet and dry

conditions. In the wet condition that followed the dry

condition, near responses were significantly more fre-

quent than rotational and far responses (both P values

B/0.001), a result not observed when the wet condition

was tested first.

To determine if rats were more likely to approach

correct corners located near the cue, we conducted a Chi

square analysis of correct responses as a function of the

location of the reinforced corner relative to the cue (two

adjacent vs. two opposite corners). There were no

significant differences between adjacent and opposite

locations in either experiment (see Table). There were

also no significant differences between adjacent and

opposite locations, relative to the cue, for rotational,

near, or far responses (data not shown).
In contrast to the wet conditions, for both dry

conditions there were no significant differences between

correct responses and either near or rotational responses

(Table 1). The only significant response differences in

the dry conditions were between the percent of correct

(�/30%) and far (�/20%) responses (both P values B/

0.01). In order to test for any bias towards approaching

the geometrically equivalent corners, responses in the

dry conditions were analyzed in terms of the number of

geometrically equivalent (correct, rotational) versus

geometrically incorrect (near, far) responses. There

was a significant difference between geometrically

Fig. 1. Mean percent of response types (correct, rotational, near, far)

as a function of condition (wet, dry). (A) Percent of responses for

Experiment 1. Wet trials were conducted first, followed by dry trials in

the same animals. (B) Percent of responses for Experiment 2. Dry trials

were conducted first, followed by wet trials in the same animals. (C, D)

Percentage of correct responses as a function of trial block in

Experiment 1 (C) and Experiment 2 (D). The percentages in the dry

condition of Experiment 1 were calculated from nine, rather than ten,

trials in the 41�/50 block.
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equivalent (59%) and incorrect (41%) responses in the

wet�/dry experiment (P B/0.01). In the dry�/wet experi-

ment, differences between geometrically correct (55%)

and incorrect (45%) responses nearly attained signifi-

cance (P B/0.02). Across all trials the percent of correct

and rotational responses in individual subjects ranged

from 53 to 69% (Experiment 1) and 50 to 62%

(Experiment 2). Percentages were similar when examin-
ing just the last 20 trials; only 1/16 subjects (Experiments

1 and 2) approached the correct and rotational corners

on �/70% of the trials.

Thus, the overall results show that the subjects were

capable of approaching the correct corner, but only

when escaping from the water. In the dry condition,

conducted within the same environment as the wet

condition, subjects were unable to approach the correct
corner more often than the near and rotational corners.

This result was observed even in subjects that had

previous experience approaching the correct corner in

the wet condition (Experiment 1).

3.2. Acquisition

Acquisition was examined by dividing the 50 trials in

each condition into five consecutive ten trial blocks

(trials 1�/10, 11�/20, etc.) and measuring the number of

correct responses. Separate repeated measures ANOVA

tests were performed for the wet�/dry and dry�/wet

experiments using factors of condition (wet, dry) and
trial block (five blocks). In the wet�/dry experiment we

only analyzed the results from the six rats that com-

pleted both the wet and dry conditions. For both

experiments there were significant differences between

conditions (wet�/dry: F(1, 5)�/16.8, P B/0.01; dry�/wet:

F(1, 9)�/73.1, P B/0.0001), with more correct responses

in the wet condition relative to the dry condition. In

both experiments there were no significant differences

across trials, and the condition�/trial interaction was

also not significant (Fig. 1C, D). These findings show

that acquisition in the wet version was rapid, with
correct responses in �/50% of the first ten trials for both

experiments, as compared with a mean of �/50�/65% for

trials 11�/50. Although the percent of correct responses

increased somewhat for subsequent trials, this increase

did not attain significance. The percent of correct

responses was low in the dry condition, and did not

significantly improve across trials.

4. Discussion

These findings demonstrate that after a disorientation

procedure rats are able to acquire a spatial delayed
match-to-sample task when escaping from water, but

perform nearly at chance in a dry version of the same

task. These results are consistent with other reports

showing that disorientation impairs performance in

reference memory tasks under dry, but not water

maze, conditions [6,19].

The observation that rats were able to approach the

correct corner in the wet condition suggests that the
proposal that rats cannot distinguish the correct from

rotational corners following disorientation may need to

be qualified based on the type of task that is used.

Table 1

Comparison of behavioral responses across conditions (wet, dry)

Condition Comparison Experiment 1 (wet�/dry) Experiment 2 (dry�/wet)

n X2 P value n X2 P value

Water Correct-rotation 191/65 62.0 B0.001 296/48 178.8 B0.001

Correct-near 191/50 82.5 B0.001 296/100 97.0 B0.001

Correct-far 191/44 92.0 B0.001 296/56 163.6 B0.001

Rotation-near 65/50 2.0 ns 48/100 18.3 B0.001

Rotation-far 65/44 4.1 ns 48/56 0.6 ns

Near�/far 50/44 0.4 ns 100/56 12.4 ns

Correct adj vs. opp 91/100 0.4 ns 153/143 0.3 ns

Dry Correct�/rotation 92/81 0.7 ns 145/132 0.6 B0.001

Correct-near 92/62 5.8 ns 145/125 1.5 ns

Correct-far 92/59 7.2 B0.01 145/98 9.1 B0.001

Rotation-near 81/62 2.5 ns 132/125 0.2 ns

Rotation-far 81/59 3.5 ns 132/98 5.0 ns

Near�/far 62/59 0.1 ns 125/98 3.3 ns

C�R vs. N�F 173/121 9.2 B0.01 277/223 5.8 ns

C�N vs. R�F 154/140 0.7 ns 270/230 3.2 ns

Correct: adj vs. opp�adjacent vs. opposite location of correct corners, relative to cue location for correct responses only, C�R� sum of

correct�rotational responses, N�F�near�far, C�N�correct�near, R�F� rotational�far. The n values match the order of response

categories in the corresponding row in the left column (ex. 191/65 indicates 191 correct and 65 rotational responses). The water-dry experiment had a

total of 350 responses in the water condition (seven rats�50 trials), and 294 responses in the dry condition (six rats�49 trials). The dry-water

experiment had a total of 500 responses (ten rats�50 trials)for water and dry conditions.
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Previous studies in rats [4,5,10,18] and toddlers [13,14]

that reported an equal bias for geometrically equivalent

corners (correct and rotational) employed appetitive

reinforcers. In both of the current experiments rats
approached the correct corner far more often than the

other corners in the wet condition. Because training in

water mazes is considered to use aversive reinforcement

[15], the present findings suggest that the confusion

between geometrically equivalent corners may apply to

appetitive tasks, but may not be present in aversive

tasks, such as the water maze. Although the two tasks

were similar, they were not identical on one or more
dimensions. For example, the nature of the environment

(water vs. dry) and type of locomotion (running vs.

swimming) were different and there may be strategy

differences when rats are swimming in water versus

locomoting on dry land. Thus, additional studies

designed to compare appetitive and aversive reinforce-

ment while maintaining similar environmental condi-

tions and locomotor responses would further test the
notion that the differences observed here are due to the

type of reinforcement.

Unexpectedly, rats did not demonstrate a significant

preference for either the correct or rotational corners in

the dry condition, a result that does not support the

notion that rats were using arena geometry to determine

their corner choice in the present study. However, based

on previous results showing a significant preference for
correct and rotational corners in similar appetitive tasks

[4,5,10,18], and the significant difference between cor-

rect and rotational responses versus near and far

responses in the dry condition, the use of arena shape

appears to be an important cue for defining corner

choice in tasks using appetitive reinforcers. The most

important finding of this study is that in the wet

condition rats clearly did not base their choices solely
on arena shape, because most responses were directed to

the correct corner. Presumably the cue was used to

define the correct corner, but additional study is

required to test this hypothesis.

We consider two hypotheses, that are not mutually

exclusive, that are relevant to the different findings in

the wet and dry conditions. First, differences in the type

of reinforcement (appetitive vs. aversive) may relate to
differences in performance across the two conditions.

Somewhat different brain processes may be engaged

during memory tasks that employ appetitive versus

aversive reinforcement. For example, long-term memory

recall is facilitated when memorizing material with a

strong emotional component, compared with more

neutral items [3]. The amygdala and the release of

stress-related hormones, which are associated with fear
conditioning and other emotionally arousing situations,

have an important role in the modulation of long-term

memory. Thus, these systems may facilitate better

performance in the wet condition than the dry condi-

tion. This explanation is tentative, however, because

most studies that examined the role of stress hormones

and the amygdala measured long-term memory rather

than working memory, and there is some evidence that
the amygdala may not modulate working memory in

rats [2].

A second possibility for the performance differences

between the wet and dry conditions is that the animals

were employing different behavioral strategies in each

condition to solve the same task. In a study of

spontaneous alternation in wet and dry conditions,

Whishaw and Pasztor [26] suggested that rats utilize a
strategy based on an array of visual cues (cognitive

mapping) when foraging, and an escape or homing

strategy when returning to their nest. Reinforcement

type is related to these different strategies because

foraging behavior is appetitively motivated, and escape

or homing behavior is emitted to avoid harm.

Cognitive mapping can be used in foraging tasks [21],

and cognitive mapping may in turn depend on environ-
mental shape [7]. In contrast, an escape strategy may

rely on non-geometric cues rather than cognitive map-

ping to define a goal location [26]. If an escape strategy

was operative in the wet condition, this would suggest

the rats were using non-geometric cues, such as the

position of the landmark cue, to define the correct

corner. In this manner, the rats would not confuse the

geometric equivalent corners because they were using a
strategy other than cognitive mapping, and conse-

quently would not have depended on environmental

shape for orientation.

Indirect evidence that water maze tasks may not

necessarily require cognitive mapping is provided by

studies showing that animals with hippocampal lesions

can be taught under certain conditions to find a hidden

platform in a water maze task [24,25]. Since the
hippocampus is thought to be crucial for supporting a

cognitive mapping strategy [21], accurate performance

without a hippocampus implies the use of a strategy

other than cognitive mapping. In contrast, in the dry

version of the task, the rats may be more likely to engage

a cognitive mapping strategy based on landmarks, such

as environmental shape, and thus be more prone to

rotational errors. Hippocampal lesions have been shown
to impair performance on a dry version of the water

maze task [17], but additional study is needed to

determine if, as in the typical water maze, hippocampal

animals given extensive pretraining can perform an

appetitive spatial task well.

Strategy differences may also lead to greater difficulty

in the dry, versus wet, condition. In delayed-match-to-

sample tasks rats must overcome the tendency to
alternate locations in the dry condition to receive

reinforcement, while the wet condition is consistent

with the tendency to return to previous locations in

water mazes [26]. A comparison of delayed non-match-
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to-sample and delayed-match-to-sample tasks could be

used to evaluate the influence of potential strategy

differences in the wet and dry conditions.

4.1. Absence of notable correct-rotational bias in dry

condition

An unexpected finding was the absence of a strong

bias towards approaching the geometrically equivalent

corners, relative to the geometrically incorrect corners,

in the dry conditions. There was a small, but significant,

bias towards the geometrically equivalent corners only

when the total number of correct and rotational

responses were compared with the total number of

near and far responses, but this effect was smaller than

we expected. In previous studies rats chose the correct or

rotational corners on �/70% of the trials (67%, Mar-

gules and Gallistel, 1988 [18]; 73%, Golob et al., 2001

[10]), compared with B/60% of the responses in the

present study. It is important to note that in previous

studies there were subgroups of rats that did not acquire

the task [10] (Experiment 3), or were not tested [18]

(Experiment 3). This procedure would have increased

the apparent performance scores in these previous

studies.

What differences across these studies led to the

absence of a strong correct/rotational bias in our dry

condition? One possibility is that in our rectangular

arena the corners were smooth and continuous, which

did not provide sharp demarcations between the walls.

The arena we used may not have provided adequate

spatial cues to allow the rats to adopt a geometry-

based response strategy in the dry condition. Another

possibility follows from the observation that the task

includes a delayed matching component, in addition to

reorientation. Accuracy in two-choice spatial delayed

matching paradigms in rats typically ranges from �/70

to 90% correct for delay intervals comparable to those

in the present experiments (�/60 s) (e.g. [1,11,20]). Thus,

a long delay could obscure the tendency for rats to

approach geometrically equivalent corners.
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