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How  females  and males  differ  in  performance  in  object  recognition  tasks  appears  to vary  among  mam-
malian  species,  with  female  superiority  found  in  the laboratory  rat  and  humans  but  not  in the  laboratory
mouse.  Here  we  assessed  sex  differences  in object  recognition  in  C57BL/J6  mice  by  varying  the  similarity
between  objects  to be learned.  Females  outperformed  males  in  object  recognition  when  the  novel  object
vailable online 8 May 2012
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was  similar  to a previously  learned  object.
Published by Elsevier B.V.
patial memory
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An important task for the study of sex differences in memory is
bject recognition. In laboratory rats, object recognition tasks pro-
uce a female advantage, with female rats discriminating between
he novel and familiar object, indicating memory for the familiar
bject [1].  The pattern of sex differences in this task in the lab-
ratory mouse is controversial, however, with reports of no sex
ifferences or superior performance of males in some studies and of
emale mice in others [2–4]. In our previous study of C57BL/6J mice,
emales differentially explored a novel object more than a familiar
bject and this discrimination was not seen in males [5]. Despite
he controversy on the relative performance of females and males
n mice, nonetheless it is clear from several studies that male mice
an discriminate the novelty of some test objects [2,6,7].  Thus, it is
nclear why male mice are not able to discriminate the quality of
ovelty in some studies but not others. There are several variables
hat differ among studies, which may  offer some insight, including
he duration of habituation to the arena, exposure to the objects
uring the sample phase, differences in the length of the inter-trial

nterval, the shape of the arena and the perceptual features of the
bjects used as training stimuli. As discussed by Ennaceur, the ques-
ion of object perception by rodents is important and understudied,
et it is clearly critical to the pattern of performance in object recog-
ition studies [8].  For example, it is important to avoid objects with
pecial affordances that might induce preferences, thereby masking
he detection and exploration of an object as a result of its nov-

lty. The affordances of objects have been defined as “the relation
etween the abilities of animals and the properties of objects” [9].
his can include aspects of the object that allow a mouse to climb

∗ Corresponding author. Tel.: +1 510 642 5739; fax: +1 510 642 5293.
E-mail address: taniabettis@gmail.com (T. Bettis).

166-4328/$ – see front matter. Published by Elsevier B.V.
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on top of it or elicit other types of exploratory behaviors for rea-
sons other than novelty discrimination. Affordances of objects may
also refer to characteristics that distinguish them from one another
and allow for the recognition of differences between them. Objects
should therefore be maximally discriminable yet similar enough
to not incite preferential exploration irrespective of novelty, a dif-
ficult balance to attain. Because many studies supply only brief
descriptions, and not color photographs or detailed descriptions
that would allow for a comparison of the objects used in differ-
ent studies, it is difficult to reconcile conflicting results across such
studies. Other researchers have raised similar issues, such as the
need to control difference in odor absorption and texture [9],  and
to control object height, which can cause an exploratory bias inde-
pendent of the relative novelty [10].

In the present study, we hypothesized that sex differences in
object recognition in mice may  emerge from sex differences in
the ability to discriminate objects. In several mammalian species,
including humans as well as the laboratory rat (Rattus norvegicus),
and two  species of kangaroo rats (Dipodomys merriami, Dipodomys
microps), females have demonstrated a greater attention to the
identity of objects [11–14].  Therefore we  predicted that, when the
novel object was similar to the familiar object, females would out-
perform males, but if the novel object was  highly dissimilar, we
predicted that there would be no sex difference. A high degree of
difference will afford both the male and female mice the ability
to discriminate, while a low degree of difference will only afford
the female mice the ability to discriminate objects. To test this
hypothesis, we  constructed objects where features (color, shape,

size, texture) could be carefully controlled and varied. Using the
classic method of Ennaceur and Delacour [15], we constructed sets
of objects from commercial plastic blocks (Lego®), using a readily
available product to facilitate standardization across laboratories.

dx.doi.org/10.1016/j.bbr.2012.04.028
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:taniabettis@gmail.com
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ig. 1. Experimental design and stimuli. (a) A schematic representation of the exper-
mental design. (b) Experiment 1 objects. (c) Experiment 2 objects.

The subjects were C57BL/6J mice (N = 22, 11 female, 11 male),
hich were 12 weeks old at the time of testing. Mice were housed

n groups of three. Each cage was supplied with a disposable card-
oard igloo and bedding material (Nestlets®). Mice were kept on

 12:12 light cycle (lights on 20:00, off at 08:00). Cages were all
ept below the top tier of the racks in order to reduce the stress
f being directly under a light source. Water and food (standard
ouse chow) were available ad lib.
Two object recognition experiments were carried out as pre-

iously described [5].  Each experiment was carried out over three
onsecutive days, during which the mice were exposed to the appa-
atus for a period of 5 min  per day (Fig. 1). The arena was  an opaque
odent cage (40 cm × 51 cm × 20 cm). Unique objects were con-
tructed using Lego® blocks (Fig. 1B). A video camera was mounted
o the ceiling and was connected to a recorder, monitor, and com-
uter in the adjacent room. The two rooms were connected through

 partially open door. All experiments took place during the dark
hase of the light cycle and were conducted in test rooms with

ow lighting. Extra-apparatus cues were not masked but were not
rominent, as the sides of the arena were opaque.

On Day 1 (habituation phase), the mouse was released into
he empty arena for 5 min  of exploration and habituation. On Day

 (sample phase), the mouse was again released into the arena,
hich now contained two identical objects centered in the arena.
n Day 3 (choice phase), the arena now contained a duplicate of

he object from the sample phase and a novel object (Fig. 1). The
etention delay was thus 24 h. The location of the novel object was
ounterbalanced among mice to control for side biases. Different

bjects were constructed for each replication of the task such that
ll objects presented were completely novel to the mouse.

The only differences between Experiments 1 and 2 were the
timuli used and the relative degree of similarity between the novel
 Research 233 (2012) 288– 292 289

and familiar objects. In Experiment 1, two objects of relative sim-
ilarity were used. Both objects were constructed with identical
blocks on the bottom, thus the objects occupied identical foot-
prints. The objects were also designed such that they would not
allow for climbing. This was done in order to prevent the mice from
sitting on the objects and observing the room beyond the appa-
ratus. In addition, these objects were constructed using the same
color scheme and a similar pattern of alternating white/dark blocks,
which makes the contrast striking in both objects. The most salient
difference between the two  objects appeared to be the difference
in height. Experiment 2 was  carried out one week later. Here one of
the objects was  replaced with an object that differed dramatically
in many features: height, color, contrast and shape, as one object
had only one ‘tower’ and the other had two (Fig. 1B and C). While
color is probably not a feature that mice will attend to, contrast
is [16,17]. And the contrast apparent in the pattern in the black,
white and red object is greater than the contrast between colors
in the yellow, blue, white, and red object. While this is a qualita-
tive description of the level of similarity between stimuli paired
for these studies, it provides a starting point from which a more
detailed understanding of the nature of object recognition in mice
can be built.

All behavior was  recorded on videotape for subsequent analysis
using Ethovision Pro (Noldus, Inc.). Two measures of behavior were
made: the time spent within 4 cm of an object and the frequency of
visits to this zone per object. The criterion for the mouse’s presence
within the 4 cm zone was the location of the body’s center of gravity,
as defined by the Ethovision Pro tracking algorithm. The Ethovi-
sion tracking system results in high correlations between manual
recording and automatic scoring in object recognition tasks in mice
[18,19]. Using the center of gravity as the criterion for entering the
zone of interest has the potential to record instances where the
mouse enters the zone but faces away from the objects, as the pro-
gram does not distinguish between nose and tail. However, in prior
studies and in pilot studies we  found no differences between man-
ually recorded instances of attention to the objects (being within
4 cm and facing the object) and automated recorded instances as
defined above [5].  In addition a discrimination index was calculated
for each of the choice phases. The discrimination index was calcu-
lated by subtracting the duration spent exploring the familiar object
from the duration spent exploring the novel object and dividing by
the total duration spent exploring both objects. All statistical tests
reported are two-tailed except where indicated.

During the sample phase, on Day 2 of Experiment 1, no signif-
icant differences in total duration were observed between objects
for either female mice (paired samples t-test: t10 = 0.54, p > 0.10)
or male mice (paired samples t-test: t10 = 1.58, p > 0.10). Nor were
there any differences between the sexes in either measure of total
duration (ANOVAs of right object: F1,20 = 0.33, p > 0.10, and left
object: F1,20 = 1.13, p > 0.10) or percentage of time spent explor-
ing the objects (ANOVA of right object: F1,20 = 0.12, p > 0.10, and
left object: F1,20 = 0.16, p > 0.10; Fig. 2A). In addition, none of the
percentages differed significantly from 50% (one-sample t-tests
for female mice: t10 = 0. 09, p > 0.10 and for male mice: t10 = 0. 5,
p > 0.10).

On Day 3 of Experiment 1, in which the novel and famil-
iar objects were similar, significant differences were observed
between the sexes (Fig. 2B). Analysis using one-way ANOVA
revealed a significant difference between the sexes in total dura-
tion spent with both the novel (F1,20 = 4.63, p = 0.04) and the familiar
objects (F1,20 = 5.88, p = 0.03). A two-tailed, matched-pairs t-test
resulted in a significant difference in the total duration spent

exploring the novel vs. the familiar objects by the female mice
(t10 = 3.28, p = 0.01) but not for the male mice (t10 = 1.74, p > 0.10).
When percentage of exploratory time was analyzed, the female
mice spent a significantly greater percentage of time exploring the
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ig. 2. Experiment 1: Similar Objects. (a) Duration and percent time spent exploring
amiliar  and novel objects during the testing phase. * indicates p < 0.05.

ovel object than the familiar object (one-tailed t-test: t10 = 1.95,
 = 0.04). There was no significant difference in the percent of time
evoted to each of the objects by the males (one-tailed, paired-
amples t-test: t10 = 1.48, p = 0.06). Lastly, a discrimination index
as calculated by subtracting the time spent with the familiar from

he novel object and dividing by the total time spent exploring
bjects. An ANOVA of this discrimination index revealed no sig-
ificant sex difference (F1,20 = 0.00, p > 0.10). However, one-sample
-tests of the distributions revealed that the discrimination index
alculated for the female mice was significantly greater than zero
one-tailed t-test: t10 = 1.94, p = 0.04). In contrast, the same test of
he distribution from the male mice did not reveal a discrimination
ndex significantly different from zero (t10 = 1.47, p = 0.09).

The sample size was reduced by one male mouse in Experiment
, as this subject did not participate in the experiment due to health
oncerns. On Day 2, the sample phase of Experiment 2, in which the
bjects to be discriminated differ greatly, no significant differences
ere observed between sexes or objects and a repeated measures
NOVA with duration as the dependent measure reveals no sig-
ificant effect of Sex (F1,19 = 0.22, p > 0.10) or Object (F1,19 = 1.59,

 > 0.10) and no significant interaction (F1,19 = 3.16, p = 0.09). In
ddition, the percent of time devoted to each object was  not signif-
cantly different than 50% for either the female (t10 = 0.31, p > 0.10)
r the male (t9 = 1.98, p = 0.08) mice as analyzed with a one-sample
-test (Fig. 3A).

On Day 3, the choice phase, only a significant effect of Object
ype (F1,19 = 80.66, p < 0.01) was observed in a repeated measures

NOVA with duration as the dependent variable (Fig. 3B). There
as no significant effect of Sex (F1,19 = 0.70, p > 0.10) and no signifi-

ant Sex by Object interaction (F1,19 = 0.00, p > 0.10). One-sample
-tests revealed that the female (t10 = 10.42, p < 0.01) and male
ical objects during the training phase. (b) Duration and percent time spent exploring

(t9 = 8.04, p < 0.01) mice spent significantly more than 50% of their
exploratory time with the novel object, and therefore significantly
less than 50% of their time with the familiar object. Lastly, a one-
way ANOVA of the discrimination index reveals no significant
difference between the sexes (F1,19 = 0.02, p > 0.10). One-sample
t-tests demonstrate that the discrimination index calculated for
both the female (t10 = 10.40, p < 0.01) and the male mice (t9 = 8.06,
p < 0.01) were significantly different from zero (Fig. 4).

The results from Experiment 1 replicated our earlier findings
that female mice are better able to discriminate the identity of
similar objects than male mice [5]. This is consistent with the liter-
ature on sex differences in object recognition in other mammalian
species. It is also consistent with a model of spatial orientation in
mammals where sex differences in navigational strategies emerge
from the preferential reliance of females on local cues and males on
distal cues. For example, both female laboratory rats and women
show a sex-specific advantage in object location memory [1,20,21].
In addition, female rats demonstrate impaired performance in a
radial arm maze only when local cues were rearranged, while male
rats become disoriented if distal cues are obscured, even when local
cues are available [22]. In the present study, female and male mice
both attended to the objects to the same degree during the sam-
ple phase, in the presence of identical objects. During the choice
phase, female mice differentiated between the novel and familiar
objects by exploring the novel object for a longer duration. There
was a trend for male mice to show this pattern of exploration, but
there was also high variance in responses between individuals, and

the result was  not significant. While Experiment 1 demonstrated
a female advantage, Experiment 2, utilizing objects that differed
in several features, demonstrated that male mice can discriminate
remembered objects, even after delays of 24 h. This is consistent
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Fig. 3. Experiment 2: Different Objects. (a) Duration and percent time spent exploring identical objects during the training phase. (b) Duration and percent time spent
exploring familiar and novel objects during the testing phase. * indicates p < 0.05.
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sing only male mice, which is the standard design in rodent stud-

es of learning and memory [7].  Studies of both sexes, and their
ifferences in perception and memory, are therefore important to
ocument the complete range of cognitive abilities expressed by

 species, particularly such an important laboratory model species
s the C57J/B6 mouse. A further implication of our results is the

mportance of controlling the features of the object in discrimina-
ion tasks. The use of commercially available building blocks, such
s Lego®, in these experiments will greatly increase our ability to
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ig. 4. Discrimination indices for each of the sexes during the test phase on Day 3
f each experiment. (a) Experiment 1 (similar objects) (b). Experiment 2 (different
bjects) * indicates a significant difference from 0 (p < 0.05 in a one-sample t-test).
compare results across diverse mouse strains and laboratories.
Finally, there are no published studies reporting a retention of
object memory for delays as great as one week. We  therefore
assumed that there would be no order effects between the two
experiments. While we are fairly confident the order of testing did
not influence our results, further studies must address this question
experimentally.

In conclusion, the female advantage for memory of object fea-
ture has been reported in mammalian species as diverse as the
laboratory rat [20] and the human [11]. Thus our finding of the
same female advantage in mice, both in the present study and in a
prior study [5],  suggests that this pattern of sex difference in spa-
tial memory may  be found generally in mammalian species where
the sexes rely differentially on different types of cues in spatial
navigation [23].
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