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Rats Spontaneously Discriminate Purely Visual, Two-Dimensional Stimuli
in Tests of Recognition Memory and Perceptual Oddity

Suzanna E. Forwood and Susan J. Bartko
University of Cambridge

Lisa M. Saksida and Timothy J. Bussey
University of Cambridge and The MRC and Wellcome Trust

Behavioural and Clinical Neuroscience Institute

Animal models have been central to advances made in understanding the neural basis of human
cognition, but maximizing the use of animal models requires tasks that match those used to assess human
subjects. Tasks used in humans frequently use visual 2-dimensional stimuli, assess 1-trial learning, and
require little pretraining. This article describes novel versions of 2 tasks for the rat, spontaneous object
recognition and spontaneous oddity preference, both of which use purely visual, 2-dimensional picture-
card stimuli, test 1-trial learning, and require no pretraining. Rats showed robust memory for a variety
of picture-card stimuli, demonstrating almost no loss of memory for some of the stimulus types even after
a 2-hr delay period. Rats were able to show spontaneous oddity preference for all 3 visual stimulus types
tested (photos, shapes, and patterns), as well as for 3-dimensional objects. These 2 tasks are quick to
administer, involve no fearful learning associations, and require a simple apparatus. They may be
particularly useful for high-throughput pharmacological or genetic screening using rodent models.

Keywords: perception, object, visual screening test, declarative memory, vision

Animal behavioral models have been an indispensable tool for
modeling the neural basis of human cognition. To maximize the
value of rodents as models for human cognition, the tasks used to
test rodents must be as similar as possible to those used to test
humans. Humans are predominantly visual creatures, and increas-
ingly, tests of cognition in humans rely on the use of visual stimuli.
Therefore, where possible, many researchers using animal behav-
ioral models have chosen to use visual stimuli. In addition, when
modeling learning and memory, researchers often emphasize the
importance of one-trial learning, as many memories experienced
by humans, and impaired in brain disorders, are acquired in a
single learning episode. Furthermore, rapid tests of cognition,
without the need for long training periods, are particularly valuable
for high-throughput applications such as pharmacological or ge-
netic screening using rodent models.

Currently available cognitive tests for the rat often use either
spatial stimulus material, for example, maze and swim tasks (Bar-
nes, 1979; Morris, 1981; Olton, Walker, & Gage, 1978), or object
stimuli, as in delayed nonmatching to sample (Aggleton, Hunt, &
Rawlins, 1986; Mumby, Pinel, & Wood, 1990; Rawlins, Lyford,
Seferiades, Deacon, & Cassaday, 1993) or spontaneous object
recognition (Clark, Zola, & Squire, 2000; Dix & Aggleton, 1999;
Ennaceur & Delacour, 1988; Forwood, Winters, & Bussey, 2005;
Tees, 1999). However, neither of these methods ensures solution

of the task purely in the visual modality. Other methods are
capable of assessing purely visual performance (Alvarado & Rudy,
1995; Bussey, Muir, & Robbins, 1994; Gaffan & Eacott, 1995),
but one-trial learning is not yet possible using these methods. At
least one method has achieved one-trial learning with purely visual
stimuli (Prusky, Douglas, Nelson, Shabanpoor, & Sutherland,
2004); however, this method requires significant pretraining (ap-
proximately 15 days; see Prusky et al., 2004, Supporting Text).

One of the most widely used one-trial tests of memory in the rat is
the spontaneous object recognition task (Clark et al., 2000; Dix &
Aggleton, 1999; Ennaceur & Delacour, 1988; Forwood et al., 2005;
Tees, 1999; Winters, Forwood, Cowell, Saksida, & Bussey, 2004).
This task requires no pretraining, is based on unrewarded behavior,
and can be used to assess memory following a single presentation of
an object. Conventionally, however, the task uses three-dimensional
junk objects as stimuli, which the rats are allowed to touch, smell, and
explore with the vibrissae. This means that performance cannot be
considered to be based purely on visual memory.

In the present study, therefore, we developed and tested a
method by which the spontaneous object recognition task can be
carried out with purely visual, two-dimensional picture stimuli
rather than three-dimensional junk objects. We then derived and
tested a sister task better suited to assessing perceptual rather than
mnemonic abilities, the spontaneous oddity preference task. These
two tasks were tested with three different classes of two-
dimensional stimuli—photos, shapes, and patterns—and the rats’
performance with these stimulus types was compared with that
using conventional junk object stimuli.

Experiment 1: Recognition Memory for Pictures and
Objects

The spontaneous object recognition task, which normally uses
junk object stimuli, can be modified to test purely visual memory
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by replacing the objects with pictures. This task is based on
spontaneous exploration of the stimulus; whether rats will spon-
taneously explore and remember picture stimuli as they do with
three-dimensional objects is not known.

Rats were tested with three different types of visual stimuli—
photographs, shapes, and patterns—as well as with the three-
dimensional objects traditionally used in the spontaneous object
recognition task. The photo stimuli consisted of monochromatic
photos of objects on a white background. The shape stimuli con-
sisted of black shapes on a white background, similar to the stimuli
used in other studies of visual cognition in the rat (Bussey et al.,
1994; Prusky et al., 2004). Finally, pattern stimuli consisted of
shapes with differing fill patterns, requiring discrimination of
high-resolution detail. At the outset it was recognized that although
the stimuli may place demands on different visual attributes, and
so may be engaging different parts of the rodent visual system, in
the absence of any detailed extant data on the representation of
visual information in the rat brain, this selection of stimuli was
simply viewed as including an interesting range of visual at-
tributes.

Method

Subjects

Eight naive male rats of the Lister hooded strain (Harlan Olac,
Bicester, England), weighing 270–320 g at the beginning of the
experiment, were used for this experiment. All subjects were
housed in groups of 4 under reversed diurnal conditions (12-hr
light–dark), and all testing occurred at a regular time during the
dark period. During testing, rats were fed approximately 15 g of
laboratory rat chow after the daily testing sessions to maintain
weights at 85%–90% of free-feeding body weight. Water was
available ad libitum throughout the experiment. All experimenta-
tion was conducted in accordance with the United Kingdom An-
imals (Scientific Procedures) Act of 1986.

Apparatus

The task was performed in a Y-shaped apparatus, as described in
Forwood et al. (2005). The apparatus was made of white Foamalux
(a foam polyvinyl chloride sheet material; Brett Martin, Mallusk,
County, Antrim, Northern Ireland, UK). The three arms of the
apparatus were separated by 120° angles. The objects and pictures
were placed in two of the arms that could be modified to accom-
modate either objects or pictures (see Figure 1). When arranged to
accommodate objects, these arms were both 23 cm long and 10 cm
wide and in every respect identical to each other. The length of the
arm was chosen so that the front face of the objects tested was
approximately 15 cm from the rat. When arranged to accommodate
pictures, both of the arms were 15 cm long and 10 cm wide, with
the pictures fixed onto the end walls of the arms. The ends of the
arms were designed to increase the amount of exploration of the
pictures. A cross-section of a picture arm is shown in Figure 1B.
The gap at the end of the arm was designed to facilitate viewing of
the picture, as it stopped rats at a distance from which they could
see more easily the entire picture. Rats had a tendency to lower
their head into the gap; thus, the gap also encouraged the rats to
explore the bottom part of the picture. Rats naturally explored the

top half of the picture when they reared. The third arm was the start
arm; it was 10 cm wide with a guillotine door 10 cm from the
center of the apparatus. During exploration time this door re-
mained shut. Behind the door was the start box (10 cm � 20 cm).

There was a white shelf 40 cm from the top of the apparatus, and
the walls of the apparatus were all 40 cm high. Thus, when inside
the apparatus the rats could neither see out nor jump up the walls
to climb out. The apparatus was illuminated by a fluorescent lamp
placed centrally above the apparatus and attached to the shelf. The
apparatus was not washed between rats to allow it to become
saturated with odors, but it was wiped between trials with a dry
cloth when necessary. A video camera was attached above the
apparatus and used to videotape the rats. This was connected to a
TV/VCR monitor, which showed the rat in the apparatus during
the experiment. The experimenter remained in the test room during
testing and observed the rat on the monitor while scoring its
exploration behavior with the help of a computer program (written
by Suzanna E. Forwood in Microsoft Visual Basic).

Stimuli

The stimuli used were of four types; three were pictures and the
fourth type was three-dimensional objects (see Figures 2 and 3).
The three types of picture stimuli were designed to have different
perceptual demands, as described in the introduction to this exper-
iment. They were gray-scale photo stimuli, black shape stimuli on
a white background, and black-and-white pattern stimuli. The
photographic stimuli were purchased from an online photographic
database (www.iStockphoto.com). Note that the pattern stimuli
were patterns within shapes, but the shapes used were the same for
each of the two objects within each pair.

All of the picture stimuli were printed with a Hewlett Packard
LaserJet printer onto Xerox Premier white paper and then lami-
nated. The pictures were 10 � 20 cm, and so they filled the width
of the picture arm and extended to a similar height to the objects
used. The pictures were secured to the back wall by being folded
around it and attached with Velcro.

Objects used were made of metal, ceramic, and plastic. They
ranged in size from 10 cm wide � 10 cm deep � 2 cm high to 5
cm wide � 5 cm deep � 15 cm high, and when placed in the
apparatus the object was approximately 15 cm from the center of
the apparatus. All objects were secured to the floor of the apparatus
with Blu-Tack (Bostik, Stafford, England, UK) and were always
placed in the apparatus in the same orientation. The objects all
varied in shape, color, and patterning, and rats could explore the
objects using touch, taste, and smell, as well as vision. They could
explore the face of the object and could rear up and explore the top
surface. Objects were chosen that the rats could not chew or leave
scratch marks on.

Triplicate copies of each object or picture were used within one
testing session. Objects and pictures were wiped down with 50%
ethanol solution between each trial to discourage discrimination
using olfactory cues. As far as could be ascertained, the objects
and pictures had no natural significance for the rats, and they had
never been associated with a reinforcer. The rats had never en-
countered the objects or pictures before.
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Procedure

After habituation to the apparatus, the rats were first tested on
the picture stimuli, then on the object stimuli. The three picture
stimulus types were each tested at three delays. For each stimulus
type and each delay, four pairs of stimuli were used, and only one
recognition test was performed per day. Therefore a total of 36
days of testing was needed (3 types � 3 delays � 4 pairs). To
reduce possible interference between the stimuli, we divided the
testing into six blocks of 6 days of testing, each block separated by
3 rest days. In each block, performance was assessed on two pairs
of stimuli for each of the three different stimulus types. For the

first two blocks of testing, all of the stimulus types were tested at
a delay of 6 min; for the second two blocks of testing, all of the
stimulus types were tested at a delay of 60 min; and for the last two
blocks of testing, the delay used depended on performance by the
control rats at the 60-min delay. If performance was poor (not
significantly different from chance), then a delay of 20 min would
be tested; otherwise, a delay of 120 min would be tested.

Six days after testing with picture stimuli finished, testing began
with three-dimensional object stimuli. Before testing began, the
apparatus was slightly modified; the trough in front of the back
wall was replaced with a continuous floor, and the back wall of the

Figure 1. Apparatus used in Experiment 1 for the object and picture recognition task. The near wall appears
transparent for illustrative purposes. The guillotine door is shown raised; it was lowered during the sample and
choice phases. A: The apparatus for testing object recognition. Shown are a sample phase (left), with two copies
of a sample object, and a choice phase (right), with a third copy of the sample object and a novel object. B:
Apparatus modified for assessing picture recognition memory (left) and a cross-section of the end of the picture
arm showing detail of the arm end (right). Illustration by Charles Henn.
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stimulus arms was moved back to 23 cm from the center of the
apparatus (Figure 1A). No habituation preceded this test, as the
rats were already familiar with the apparatus. Recognition for
three-dimensional objects was tested at two delays; for each delay
four pairs of stimuli were used, and only one recognition test was
performed per day. Testing was done in two blocks of 4 days of
testing, separated by 3 rest days. In the first block, rats were tested
at a delay of 6 min, and in the second at a delay of 60 min.

Rats were not tested on the same pair of stimuli more than once,
and so the stimuli used were trial unique. The order in which the

pairs were presented was counterbalanced between rats and be-
tween delays. Within the pair, which object was shown in the
sample phase was counterbalanced so that half of the rats were
shown one and half the other. The side of the apparatus in which
the novel object was placed was counterbalanced in a pseudoran-
dom order, such that it was equally likely to occur on the left as on
the right.

Habituation. Rats were placed in the empty apparatus for 5
min on each of the 2 days before testing on picture stimuli began.
They were placed in the start box and were released into the

Figure 2. Object and photo stimuli. Actual stimuli appeared in color. The object stimuli were those used in
previous experiments using the standard spontaneous object recognition task; the real three-dimensional objects
were presented to the rat in the orientations shown in these photos. The photo stimuli were chosen to contain one
object on an uncluttered background. The stimuli were presented in pairs, with the pairings held constant
throughout testing. For the object recognition task in Experiment 1, all stimulus pairs were used; four pairs per
delay were tested. For the oddity task in Experiment 2, only Pairs 2 to 5 for the objects, and Pairs 1 to 4 for the
photos, were used.
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apparatus when the door was opened. When the rat moved into the
main part of the apparatus of its own accord, the door was shut
behind it.

Testing. Each trial consisted of three phases: sample phase,
delay, and choice phase. In the sample phase, the rat was placed in
the start box and released into the apparatus with two identical
copies of the sample stimulus at the end of each stimulus arm. The
experimenter watched the rat on the monitor and scored, with the
help of the Visual Basic computer program, the rat’s exploration of
each stimulus. The experimenter scored the rat as exploring a
stimulus when its nose was within 2 cm of the stimulus. For all
stimulus types, exploration was not scored if the rat looked at the

stimulus from a distance. For the objects, exploration was not
scored if the rat looked over the object to the back wall, looked
behind the object, or climbed onto the object. The rat was removed
from the apparatus when it had explored for a total of 15 s or when
it had been in the box for 5 min, whichever happened first.

During the delay phase, the rat was kept in a transport box in the
testing room (for delays of 6 min and 20 min) or in its home cage
in an adjoining holding room (for delays of 60 min and 120 min).
In the choice phase, the rat was placed in the start box and released
into the apparatus with an identical third copy of the stimulus seen
in the sample phase and its paired stimulus, which was novel. As
in the sample phase, the experimenter observed the rat and scored,

Figure 3. Shape and pattern stimuli. The shape stimuli were designed to be highly discriminable high-contrast
shapes. The pattern stimuli were designed so that only the fill pattern of each shape changed within a pairing,
making this the discriminable feature of the stimuli. The stimuli were presented in pairs, with the pairings held
constant throughout testing. For the object recognition task in Experiment 1, all stimulus pairs were used; four
pairs per delay were tested. For the oddity task in Experiment 2, only Pairs 1 to 4 were used.
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with the help of the Visual Basic computer program, the rat’s
exploration of each stimulus. The experimenter was able to see
both of the stimuli and so was not blind to the status of the object
as being novel or familiar. The rat remained in the apparatus for 3
min and was then removed and returned to its home cage.

Data Analysis

The method of data analysis used in the present study is the
same as that used in previous studies looking at novelty preference
during spontaneous exploration. Novelty preference is typically
assessed after 1 min or 3 min of the choice phase (e.g., Aggleton,
Keen, Warburton, & Bussey, 1997; Bussey, Duck, Muir, & Aggle-
ton, 2000; Bussey, Muir, & Aggleton, 1999; Ennaceur, Neave, &
Aggleton, 1996) by calculating a discrimination ratio. In the
present study the discrimination ratio was calculated from the
exploration data after 3 min in the apparatus because pilot studies
suggested that the exploration of the picture stimuli would be
lower than that seen with object stimuli; thus, it was expected that
a longer time might be required for rats to express novelty pref-
erence. The discrimination ratio is the difference in exploration of
the novel and familiar objects during the choice phase expressed as
a proportion of the total exploration in the choice phase:

Discrimination ratio �
explorationnovel � explorationfamiliar

explorationtotal
.

Results

Exploration During the Sample Phase

Data from the sample phase are represented in Table 1. In the
sample phase, the rat was allowed to explore the objects until it had
explored for a total of 15 s or until 5 min had elapsed, whichever
occurred first. A Friedman rank test (for nonparametric data) of the
exploration in the sample phase revealed a significant effect of
stimulus type, �F

2(3) � 17.55, p � .001. Analysis of variance
(ANOVA) of the total duration of the sample phase revealed a
significant effect of stimulus, F(3, 21) � 174.77, p � .001. A post
hoc analysis of the main effect of stimulus showed that this effect
was due to the rats reaching 15 s of exploration faster with the
objects than with any of the three picture stimuli (all ps � .001).

Exploration During the Choice Phase

The choice phase lasted for 3 min. ANOVA of the amount of
exploration during this time revealed a significant effect of stim-

ulus, F(3, 21) � 87.61, p � .001. A post hoc analysis of the main
effects of the stimulus showed that this effect was due to more
exploration of the objects than of any of the three picture stimuli
(all ps � .001).

Overall, these data demonstrate that the pattern of exploration of
objects differs from that of any of the picture stimuli tested here.
In both the sample and choice phases, all of the rats explored the
objects more; they were quicker to acquire the fixed 15 s of
exploration in the sample phase and explored more in the fixed 3
min of the choice phase. This result suggests that objects are in
some way more interesting to rats.

Changes in Behavior Within a Block of Testing

The behavior being assessed is spontaneous exploration behav-
ior, and it is possible that exploration levels might fall from one
day to the next within each block of testing as rats become
habituated to a particular stimulus. To assess this, we tested the
sample phase duration data and the choice phase total exploration
data for any effect of day within the block. Data were combined
across all delays and stimulus types, with the pictures (tested in
blocks of 6 days) being analyzed separately from the objects
(tested in blocks of 4 days). ANOVA of these data revealed no
significant effect of day within block for either pictures or objects
(both ps � .50). The absence of such effects in the current task is
likely due to testing of only one trial per day, with a small number
of trials per block (four to six) and several nontest days in between
each block (three).

Recognition Memory

The discrimination ratio for the stimulus types and delays tested
is represented in Figure 4. The rats were first tested on the picture
stimuli at a delay of 6 min and then at a delay of 60 min. The
performance at the 60-min delay was used to decide the last delay
to test; if it was significantly better than chance performance (a
discrimination ratio of 0), rats were tested at a delay of 120 min,
and if not, rats were tested at a delay of 20 min. A series of t tests
of the 60-min data revealed that the rats performed significantly
above chance with the photos and the patterns, t(14) � 4.54, p �
.001, and t(14) � 3.95, p � .001, respectively, whereas with the
shapes the rats’ performance was no different from chance, t(14) �
0.99, p � .05. Therefore, rats were tested at a delay of 120 min for
the photo and the pattern stimuli and at a delay of 20 min for the
shape stimuli. As planned, the rats were tested on only two delays
with the object stimuli, 6 min and 60 min.

Table 1
Total Amount of Exploration in Experiment 1 in the Sample and Choice Phases and Experiment 2 in the Testing Phase

Experiment and phase

Objects Photos Shapes Patterns

M SEM M SEM M SEM M SEM

Experiment 1 (SOR)
Sample exploration 15.09 0.01 14.18 0.52 13.64 0.57 13.41 0.37
Sample duration 56.75 6.35 207.72 8.73 220.10 11.44 239.8 4.29
Choice exploration 32.36 2.43 10.65 0.55 9.47 0.53 9.27 0.58

Experiment 2 (SOP): Total exploration 35.78 1.42 29.02 0.76 16.80 0.56 15.03 0.65

Note. Values are in seconds. SOR � spontaneous object recognition task; SOP � spontaneous oddity preference task.
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ANOVA of the discrimination ratio over the four stimulus sets
for the 6-min and 60-min delays revealed a significant effect of
stimulus, F(3, 21) � 4.70, p � .05, but no significant effect of
delay, F(1, 7) � 1.29, p � .05, or Stimulus � Delay interaction,
F(3, 21) � 1.39, p � .05. A post hoc analysis of the main effect
of stimulus (using a Sidak adjustment) showed that this effect was
in part due to a significant difference in discrimination ratio
between the objects and the shapes ( p � .05). Of note, there were
no other significant differences, suggesting that performance with
the photos and patterns did not differ significantly from perfor-
mance with the objects. The apparent numerical improvement in
performance with increasing delay for the photos and patterns was
not significant ( p � .05), indicating that there was no effect of the
order of testing. The intercept of the ANOVA was significant, F(1,
7) � 136.02, p � .001, revealing that the performance overall was
significantly different from a chance score of 0. This finding
demonstrates that the rats were showing significant preference for
the novel stimulus with all of the stimulus types, and performance
was not significantly different between the two-dimensional pho-
tos and patterns and the three-dimensional objects.

Experiment 2: Oddity Perception of Pictures and Objects

Modifying the spontaneous object recognition task to assess
perception requires the removal of the interval between the sample
phase, when the test stimuli are presented, and the choice phase.
To remove the delay interval we combined the two phases and
presented all of the stimuli simultaneously. This meant presenting
the rat with three novel objects comprising two identical copies of
one object and a third, different object. We predicted that whereas
a rat would normally divide its exploration more or less evenly
across three different objects, in the spontaneous oddity preference
task a rat would express an overall preference for the odd object if
it could perceive it as being different from the two repeating
objects and perceive the two identical objects as being the same.
Thus detecting a preference for the different, or odd, object in the

rat’s spontaneous exploration would indicate that the rat could
discriminate between the stimuli present, and thus provide an assay
of object perception. A rewarded oddity task has previously been
used to assess perceptual skills in primates (Buckley, Booth, Rolls,
& Gaffan, 2001) and in humans (Lee et al., 2006). In addition to
objects, we also tested the three nonobject stimulus types used in
Experiment 1—that is, photos, shapes, and patterns.

Method

Subjects

The subjects were 8 naive adult male Lister hooded rats
(Harlan Olac) weighing 270 –320 g at the beginning of the
experiment and housed in pairs in a room with a 12-hr light–
dark cycle. These subjects were housed and fed in the same
manner as in Experiment 1.

Apparatus

The oddity apparatus (see Figure 5) incorporated the same
considerations used to design the Y-shaped apparatus used in
Experiment 1. The oddity apparatus had high, homogeneous white
walls constructed from Perspex (Lucite International, Southamp-
ton, England, UK) to prevent the rat from seeing into the room. All
walls were 40 cm high, and the start box, where the rat could be
confined at the start of a trial, was 25 cm long, with a guillotine
door leading to the exploration area. The exploration area was
triangular in shape, with the stimuli being placed along the back
wall. The back wall was 35 cm long, with two 2-cm-wide dividers
between the three 10-cm-wide spaces where the pictures were
placed. Panels, holding one picture card each, filled each of these
three spaces. To accommodate object stimuli, the panels were
replaced with recesses that were 10 cm deep.

The apparatus was illuminated by a fluorescent lamp placed
centrally above it. The apparatus was not washed between rats to

Figure 4. Performance on the spontaneous object recognition task with each stimulus type at increasing delays.
Performance is shown as a discrimination ratio; a score of zero indicates no object preference, and a positive
score indicates a preference for exploring the novel object. Error bars indicate standard errors of the mean. Each
data point is the average of each rat’s performance on four pairs of stimuli. The stimuli used were counterbal-
anced across rats and delays such that each rat was tested with all stimulus pairs and all stimulus pairs were
included in testing at each delay.
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allow it to become saturated with odors, but it was wiped between
trials with a dry cloth when necessary. A video camera was
attached above the apparatus and used to videotape the rats. This
was connected to a TV/VCR monitor, which showed the rat in the
apparatus during the experiment. The experimenter remained in
the test room during testing and observed the rat on the monitor
while scoring its exploration behavior with the help of the same
computer program used in Experiment 1.

Stimuli

This experiment used the same four stimulus types that were
used for Experiment 1 (photos, shapes, patterns, and three-
dimensional objects: Figures 2 and 3). Four pairs of each stimulus
type were used: Pairs 1 to 4 for the two-dimensional stimuli and
Pairs 2 to 5 for the three-dimensional objects.

Objects and pictures were wiped down with 50% ethanol solu-
tion between each trial. As far as could be ascertained, the objects
and pictures had no natural significance for the rats, and they had
never been associated with a reinforcer. The rats had never en-
countered the objects or pictures before.

Procedure

Testing began 24 hr after the second habituation session. Rats
were tested with four stimulus types: photos, patterns, shapes, and
three-dimensional objects. The two-dimensional picture stimuli
were tested first (with the three types counterbalanced). The 12
pairs of picture stimuli were tested in three blocks of 4 days, with

a 3-day rest period between each block of testing. Upon comple-
tion of the third block of testing and a 3-day rest period, the
three-dimensional object condition testing commenced.

A different object trio was used for each trial for a given rat. The
order of exposure to object pairs, the designated repeated and odd
object for each pair, and the odd object location were counterbal-
anced across rats.

Habituation. All rats were habituated in two consecutive daily
sessions in which they were allowed to explore the empty oddity
apparatus for 5 min. For these habituation sessions, the rats were
placed in the start box, and the guillotine door was opened to allow
the rat to explore the main area of the apparatus. The guillotine
door was lowered when the rat exited the start box to prevent
reentry into this area of the apparatus. The experimenter began
timing the trial when the rat exited the start box.

Testing. All object sets used in a given trial were placed in the
apparatus before the rat was placed in the start box. The rat was
then placed in the start box with the guillotine door lowered. The
guillotine door was then raised to allow the rat into the exploration
area of the apparatus. When the rat exited the start box, the
guillotine door was lowered to prevent reentry, and testing began.
The testing phase lasted for 5 min. The time spent exploring the
three objects during the testing phase was scored by an experi-
menter viewing the rat on a video screen. The cumulative duration
of exploratory bouts, the beginning and end of which were indi-
cated by pressing a given key on the computer keyboard, was
calculated by the computer program. Exploration of an object was
defined using the same criteria as for Experiment 1 (i.e., as the rat
directing the nose to the object at a distance of � 2 cm and/or
touching it with the nose). The experimenter was able to see all
three stimuli and so was not blind to the status of the object as
being odd or repeated.

Data Analysis

The preference for the odd object was assessed from the explo-
ration data collected during the testing phase. Odd object explo-
ration was analyzed as a percentage of the total exploration in the
5-min testing phase. An odd object preference score of 33.3%
would indicate chance performance (the rat explored all objects
equally). A score of 50.0% would indicate that the rat was explor-
ing the odd object as much as the total exploration given to the
repeated object. The total object exploration during the oddity
testing phase (the total exploration of the odd and repeated objects)
was also analyzed.

Results

Total Exploration

The total exploration during the 5 min of the testing phase is
given in Table 1. ANOVA of the exploration time revealed a
significant effect of stimulus, F(3, 21) � 134.67, p � .001. A post
hoc analysis of the main effect of stimulus showed that this effect
was due to the objects being explored more than all of the three
two-dimensional picture stimulus types (all ps � .05). In addition,
the photos were explored more than the shapes and patterns (all
ps � .001), which were explored equally ( p � .05).

Figure 5. Apparatus used in Experiment 2 for the object and picture
oddity task. The near wall appears transparent for illustrative purposes. The
guillotine door is shown raised; it was lowered during the test phase. The
apparatus shown is as modified for assessing picture oddity; a second
modification was used for assessing object oddity in which the pictures
were replaced by recesses 10 cm deep for presenting the objects.
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Changes in Behavior Within a Block of Testing

As for Experiment 1, the test phase total exploration data were
tested for any effect of day within the block. Data for the three
pictures (tested in blocks of 4 days) were analyzed separately from
the objects (tested in blocks of 4 days). ANOVA of these data
revealed no significant effect of day within block for either pic-
tures or objects (both ps � .50). The absence of such effects in the
current task is likely due to testing of only one trial per day, with
a small number of trials per block (four) and several nontest days
in between each block (three).

Oddity Preference

The percentage of oddity exploration is presented in Figure 6.
To establish which stimulus types the rats showed significant
oddity preference for, we compared the oddity score for each
stimulus with chance-level performance (33.3%) using a two-
tailed paired-sample t test. This analysis revealed that rats showed
a significant preference for the odd object at a level greater than
chance for all four stimulus types: objects, t(7) � 5.57, p � .01;
photos, t(7) � 5.97, p � .01; shapes, t(7) � 6.86, p � .001; and
patterns, t(7) � 2.48, p � .05.

Discussion

The present study has demonstrated that rats are able to perform
well in the spontaneous object recognition and spontaneous oddity
preference tasks using purely visual, two-dimensional stimuli.
These tasks enable one-trial testing of cognition in rats and other
rodents in the purely visual domain, thus bringing rodent tasks
closer to the tasks used to test humans and thereby enhancing the
utility of rodents as animal models of human cognition. The tasks
presented here are novel variants of a well-established spontaneous
object recognition task used to assess recognition memory for
three-dimensional objects (Ennaceur & Delacour, 1988). They are
easy and quick to administer, require no pretraining and a simple

apparatus, and can be used to obtain a useful range of data over a
variety of conditions, including stimulus type, in a short space of
time.

The data from Experiment 1 demonstrate that rats are able to
show robust novelty preference when the conventionally used
three-dimensional objects are replaced with two-dimensional pic-
tures. However, the change from three-dimensional objects to
two-dimensional pictures did have a significant effect on overall
exploration levels. The rats consistently explored the picture stim-
uli less than the objects; this was the case in Experiment 1, in both
the sample and choice phases, and in Experiment 2 in the testing
phase. The cause of this difference is likely to be in the nature of
the sensory information available to the rat when exploring an
object stimulus. The quantity of the information available will be
greater because exploration of the objects stimulates multiple
senses. While exploring the objects with its nose and whiskers, the
rat will be gathering haptic and olfactory as well as visual infor-
mation about the object. The quality of the visual information
available to the rat may also be greater when exploring the objects.
For example, exploration of the objects will provide color infor-
mation (some of which rats, possessing two cones types, may be
able to perceive; Jacobs, Fenwick, & Williams, 2001) and visual
cues to the three-dimensional structure of the object. This infor-
mation, when added to other visual information such as form and
size, could provide a richer Gestalt representation of an object than
a two-dimensional photo of an object. This additional visual and
nonvisual information seems to make it more interesting to the rat,
motivating more exploration. It is therefore of particular note that
with this extra information absent in the picture cards, and with
significantly reduced exploration levels, the rats were still able to
discriminate between picture stimuli (Experiments 1 and 2) and to
show robust recognition for picture stimuli across a delay of 2 hr
(Experiment 1) at a level not significantly different from objects.

This result is in contrast to a previous study in rats that found
better memory performance for stimuli that had both textural and
visual features than for stimuli with purely visual features (Huston
& Aggleton, 1987). The most prominent differences between that
study and the current study are in the task and the stimuli used:
Huston and Aggleton (1987) used a rewarded delayed
nonmatching-to-sample task and, rather than objects and pictures,
used “box” stimuli with textured floors and visual patterns on three
of the walls. Although there are many potential reasons for the
contrasting results in the two studies, one possibility is that
whereas the simpler stimuli in both studies were purely visual, in
the Huston and Aggleton study the more complex stimuli may
have been more multimodal, owing to the explicit use of rich
haptic cues on the floor surface. This extra information could have
provided an additional advantage for rats in the complex cue
condition.

Experiment 1 showed that rats were able to display recognition
memory despite a delay between sample and choice phases of at
least 2 hr, and showed no signs of performance loss for some
visual stimuli within this time frame. This result strongly suggests
that longer delays could successfully be tested, but only with
appropriate choice of visual stimuli. Indeed, the choice of visual
stimuli appears to be crucial. Whereas memory for shapes fell to
chance in under 1 hr, consistent with the findings of Prusky et al.
(2004), memory for photos and patterns showed no loss in perfor-
mance at all after the 2-hr delay tested in the present study. Of

Figure 6. Performance on the spontaneous oddity preference task with
each stimulus type. Performance is shown as odd object exploration (expl.)
expressed as a percentage of total exploration; a score of 33.3% indicates
no object preference (chance), a score greater than this indicates a prefer-
ence for the odd object, and a score of 50.0% indicates that the odd object
was explored as much as the total exploration given to the two repeated
objects. Error bars indicate standard errors of the mean. Asterisks indicate
significant difference from chance (33.3%): *p � .05; **p � .01; ***p �
.001.
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note, our findings suggest that the memory pattern in rats for
shapes, the visual stimulus type most frequently used in visual
experiments with rats (Bussey et al., 1994; Prusky et al., 2004), is
poorer than performance with other visual stimuli such as photos.
Thus, previous experiments may have underestimated the visual
abilities of rats.

One obvious advantage of using purely visual stimuli is that the
tasks for testing rodent models are then more similar to those used
with humans, thus facilitating interspecies comparison. In addition,
properties of visual stimuli, including the hue, saturation, spatial
frequencies, and spatial arrangements of stimulus components, can
all be easily quantified and manipulated to suit the current exper-
imental design. A situation where such tight control over the
stimulus material has been vital is in determining the role of the
medial-temporal lobe structures in memory and perception. Some
recent studies have highlighted how these structures, traditionally
viewed as primarily engaged in memory, can be important for
perceptual tasks, but only when the perceptual properties of the
stimuli are appropriately manipulated (Buckley et al., 2001; Bus-
sey, Saksida, & Murray, 2003; Lee, Barense, & Graham, 2005).
The present method allows such stimulus manipulation. When one
assesses learning using more simple stimuli, for example, the
lights or tones used in tasks such as cued fear conditioning, the
scope for stimulus manipulation is much more limited.

An additional advantage of a purely visual method is that with
methods in other modalities such as olfaction, it is difficult for the
experimenter to know when and where, from the rat’s point of
view, an odor is present or absent. For example, in paradigms in
which rats must dig in a medium such as sand laced with odors, the
stimulus may be present in the environment or on the animal, and
may remain there across delays or across trials, possibly becoming
contaminated with odors from other trials. Stimulus control is
obviously much greater when one uses purely visual stimuli.

One aspect of these methods that could perhaps be improved is
that the experimenter is not blind to the status of the novel or odd
object, potentially leading to bias in the scoring of exploration.
However, this is not a major concern with respect to the use of
these methods for testing cognitive functions in rats with neuro-
biological manipulations because in such studies the critical com-
parison is between experimental and control groups, and in such
studies the experimenter would be blind to group membership
(e.g., Clark et al., 2000; Dix & Aggleton, 1999; Forwood et al.,
2005). That no bias in scoring exploration was evident in the
present study is indicated by the finding that recognition memory
for shapes in Experiment 1 at a 60-min delay was not significantly
different from chance.

The tasks presented here assess one-trial learning, without the
need for pretraining. These features provide additional ways in
which these tasks are more similar to tasks used to assess human
cognition, thus enhancing the value of rats as models of human
cognition. One-trial learning and minimal pretraining are also
desirable in cases where there is a need to assess visual memory or
perception in large numbers of rodents, for example, in genetic and
drug screening (Pinto & Enroth-Cugell, 2000). The two tasks
presented here are well suited to this purpose as they can generate
useful data rapidly, without the need to use fearful stimuli or
complex training procedures. The visual spontaneous object rec-
ognition task is also notable in that it assesses memory over time
intervals greater than 1 hr, unlike many of the existing tasks for

assessing memory in rats, where the intervals used are on the order
of seconds or minutes (Aggleton et al., 1986; Mumby et al., 1990;
Prusky et al., 2004; Rawlins et al., 1993).

To summarize, the main findings of the present study are that
rats were able to demonstrate recognition memory and oddity
preference for two-dimensional visual stimuli with the same test-
ing method as for three-dimensional objects, and at levels of
performance that were not significantly different. Picture stimuli
were all explored less than objects, but this did not affect whether
the rats were able to discriminate the stimuli or demonstrate
recognition memory for the stimuli. Memory for different visual
stimuli showed different rates of performance loss; after a delay of
1 hr, rats were unable to recognize shape stimuli as familiar, but
they were able to recognize pattern and photo stimuli as familiar
after at least a 2-hr delay. This finding in particular demonstrates
that purely visual memory over long time intervals can be assessed
in the rat with appropriate choice of stimuli. In total, these findings
support the future use of visual stimuli when assessing cognition in
the rat and provide new methods for high-throughput pharmaco-
logical and genetic screening using rodent models.
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