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Abstract
Sex differences are pervasive in schizophrenia, ranging from differences in the age of onset and
symptoms of the illness to structural brain differences. Yet, there has been very little research on the
interaction of these differences with established cognitive sex differences that exist in healthy
populations. We tested 25 patients with schizophrenia and 17 healthy controls on a 2-dimensional
task of object location memory. It has been previously shown that healthy females outperform healthy
males on this task, a result that was upheld in this experiment. However, this female advantage is
completely absent in patients with schizophrenia. This finding has important implications for the
interpretation of clinical and physiological sex differences present in schizophrenia.
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Introduction
It is generally accepted that, on average, males outperform females on most tests of spatial
ability including mental rotation, spatial perception and virtual navigation (Voyer et al.,
1995; Astur et al., 1998; Burton et al., 2005), while females, on average, have the advantage
on verbal tasks such as verbal fluency (Burton et al., 2005; Weiss et al., 2006). Indeed, this
spatial dominance by males is expressed not only in humans, but also in other non-human
mammals, such as rodents (Beatty, 1979) and baboons (Vauclair et al., 1993). Several
hypotheses have been put forth positing biological explanations for these sex differences
including differences in gonadal hormones (Beatty, 1979; Williams et al., 1990) and the pacing
of brain development (Waber, 1976; Sanders and Soares, 1986).

The developmental pacing hypothesis states that the presence of sex differences on spatial and
verbal abilities may be due to an earlier puberty in females, which has been shown to correlate
with a verbal specialization at the expense of spatial abilities. To this end, it has been shown
that children who reach sexual maturity at a later age become significantly better at spatial
tasks than verbal tasks regardless of sex, whereas children who reach sexual maturity at an
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earlier age show the opposite relation (Waber, 1976; Sanders and Soares, 1986). Moreover,
those who mature later demonstrate a stronger lateralization of language abilities than those
who mature earlier, suggesting that bilateral dedication of areas to verbal abilities may be
impeding the development of spatial abilities (Waber, 1976).

Yet, incongruent with these expected sex differences, women have been shown to outperform
men on tests of object location memory (Silverman and Eals, 1992). Specifically, when women
and men are given 2-dimensional arrays of objects to study, then asked to examine new arrays
in which some of the objects have moved position and requested to identify those objects that
have moved, women tend to score significantly higher than men (Silverman and Eals, 1992;
Eals and Silverman, 1994; McBurney et al., 1997). One caveat to this female advantage was
presented by James and Kimura (1997), in which males and females performed equally on the
task if objects in the new array were moved to new positions rather than simply exchanged.
However, more recent research contradicts this finding, upholding the female advantage even
in the case where objects are shifted to new positions (Levy et al., 2005). A proposed
explanation for these results has ascribed women’s advantage to their superior verbal skills
and thus ability to better name the objects in question, which could aid in their memory for
objects. Alternately, some have argued that these abilities are a byproduct of women’s theorized
role as gatherers in early human societies, a role that would be benefited by superior abilities
to locate and remember certain objects (i.e. plants), while men derive their spatial abilities from
their ancestral roots as hunters, who had to navigate large expanses of territory (Eals and
Silverman, 1994).

However, the argument that females rely on their superior verbal skills to complete this task
is partially refuted by the evidence that females continue to display significant location memory
advantages over men even if the objects in the array are uncommon, thus making it difficult
to assign a verbal tag (Eals and Silverman, 1994). The hunter-gatherer theory is equally suspect
given that non-human animals, such as rats, display the same male preference for geometric
cues in solving mazes, while female rats, like female humans, use landmark cues (Williams et
al., 1990). Moreover, homosexual males show the same advantage over heterosexual males as
females on the object array task (Rahman et al., 2003).

While the exact etiology of cognitive sex differences is elusive and still under investigation,
sex differences also extend from cognitive to psychiatric domains in that there are pronounced
sex differences within schizophrenia, in age of onset, clinical presentation and neuroanatomical
structure (DeLisi et al., 1989; Cowell et al., 1996; Frederikse et al., 2000; Narr et al., 2001).
For example, males with schizophrenia have an earlier age of onset, generally developing the
disease 3 to 4 years earlier than females, depending on the diagnostic criteria used (Hafner,
2003). In addition, males with schizophrenia generally have less favorable outcomes and more
negative symptoms, while females with schizophrenia have better outcomes and more positive
symptoms (Lewine, 1981; DeLisi et al., 1989). In addition to these clinical differences, a range
of sex differences in the brain anatomy of patients with schizophrenia have emerged, including
larger ventricular volumes in males than females, hippocampal asymmetries in males that are
not present in females with schizophrenia, and abnormalities in the expression of sex
differences in the inferior parietal lobule (Bryant et al., 1999; Frederikse et al., 1999; Frederikse
et al., 2000; Narr et al., 2001).

However, there is some debate surrounding the issue of hippocampal abnormalities in
schizophrenia. Some studies report reduced hippocampal volumes in schizophrenia (Nelson et
al., 1998; Velakoulis et al., 1999; Narr et al., 2001; Sim et al., 2006), while others report no
reductions in hippocampal volume (Kelsoe et al., 1988; Swayze et al., 1992; Tanskanen et al.,
2005). Still other studies report functional abnormalities of hippocampal brain activations
during fMRI memory tasks (Ongur et al., 2006), specific reductions in the density of
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nonpyramidal cells in the CA2 region of the hippocampus (Benes et al., 1998), dysfunctional
inputs to the hippocampus originating in the amygdala (Benes and Berretta, 2000), and
reductions in hippocampal volume that are shifted toward anterior regions of the hippocampal
body (Narr et al., 2004). Therefore, while the true nature of the hippocampal abnormalities that
accompany schizophrenia may be vastly more complicated than a simple reduction in volume,
the majority of evidence indicates the existence of some structural and functional hippocampal
differences in schizophrenia as compared to healthy populations. Moreover, the evidence for
the differential expression of these differences by sex indicates that hippocampal irregularities
could produce cognitive sex differences in patients with schizophrenia (Bryant et al., 1999;
Narr et al., 2001).

The effects of schizophrenia on established sex differences in the inferior parietal lobule may
also give rise to cognitive sex differences. In healthy populations, males display a leftward
asymmetry in the inferior parietal lobule that is not present in females, leading to significantly
larger left inferior parietal lobule volumes in males as compared to females (Frederikse et al.,
1999). This asymmetry may be relevant to cognitive sex differences as mental rotation tasks
have been linked to lateralized activity in the left inferior parietal lobule (Alivisatos and
Petrides, 1997). However, male patients with schizophrenia fail to display the leftward
asymmetry that is present in healthy males, possibly indicating that sex differences within
schizophrenia would differ as compared to those in healthy populations (Frederikse et al.,
2000).

Due to the differential expression of the illness across sex and the sex differences in brain
anatomy that accompany schizophrenia, particularly in the hippocampus and inferior parietal
lobule, there exists the possibility that schizophrenia may have sex specific associations on
spatial cognitive tasks. This has been investigated on the delayed-response task, where no sex
difference was found between males and females with schizophrenia (Minor and Park, 1999,
Myles-Worsley and Park, 2002). However, there were also no sex differences between control
subjects on this task (Minor and Park, 1999). Thus it is unclear whether schizophrenia impacts
established spatial cognitive sex differences in healthy populations. We addressed this issue
by testing a group of males and females with schizophrenia and healthy controls on a 2-
dimensional object array task —a spatial task on which healthy females have been shown to
hold the advantage over healthy males. By doing so, we hoped to test whether established sex
differences are retained or reduced in patients with schizophrenia.

Materials and Methods
Participants

Patients with schizophrenia were recruited by referrals from the Institute of Living, as well as
from local advertisements, flyers, and word of mouth. All participants were screened via the
Structured Clinical Interview for the DSM-IV-TR (SCID), and symptom assessment was
conducted on the people with schizophrenia using the Positive and Negative Syndrome Scale
(PANSS). All patients with schizophrenia were currently on a variety of medications to manage
their symptoms. The majority of these medications were atypical antipsychotics. All subjects
presented with normal or corrected-to-normal vision, no history of traumatic brain injury, and
proficiency in English. Control subjects with current substance abuse or dependence or any
Axis I disorder were excluded from participating, but past substance abuse or dependence was
allowed. The patient group was also free of current substance abuse or dependence. All subjects
provided written, informed consent for this study, which was approved by the Hartford Hospital
Institutional Review Board. Subjects were compensated for their participation with payments
of $20 an hour. 25 patients with schizophrenia or schizoaffective disorder (15 males, average
age = 41.5±10.1; 10 females, average age = 45.5±2.8) and 17 healthy control subjects (10
males, average age = 40.2±8.0; 7 females, average age = 44.9±9.0) were recruited for this
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study. There were no significant differences in handedness between any of the groups (laterality
quotient, p > 0.1; right hand ratio, p > 0.1) as confirmed by the Handedness and Right-Left
Orientation diagnostic questionnaire. The average PANSS positive symptoms score was 2.5 ±
1.5, and the average negative symptoms score was 2.0 ± 1.4. Patients with schizophrenia had
significantly lower IQs as estimated by the Hopkins Adult Reading Test (Full Scale Intelligence
Quotient: Sz = 101 ± 12; Controls = 112 ± 7; F(1,37)=12.49, p < 0.001). Moreover, the patients
with schizophrenia and controls significantly differed on years of education (Sz = 9.8 + 3.3;
Controls = 12.6 + 2.4. However there were no IQ differences between ages or between sexes
in either the healthy control or patient group (p > 0.1).

Task
As part of a larger study, participants were presented with a black and white array of
recognizable, 2-dimensional objects and asked to study the objects for one minute (see fig.
1A). During this time, participants were explicitly told to remember the location of the objects.
After one minute with the original array, participants were presented with a new array in which
the locations of some of the objects were exchanged, but no new images were introduced
(object-exchange condition, see fig. 1B). Subjects were given one minute to circle the objects
that had changed position from the original array. Next, participants were presented with a
second test array in which some objects from the original array had moved to new locations
that were previously unoccupied by any object (object-shift condition, see fig. 1C). Participants
were again given one minute to circle any objects that had changed position from the original
array.

Participants completed the final task in this experiment following a delay of approximately 20
minutes. After the object-exchange and object-shift tests, subjects were given a series of
intervening cognitive tasks, without being told that the object location task would be revisited.
However, after the intervening tasks (approx. 20 min.), subjects were told to recall the original
array. A third new array was then presented in which new objects appeared in place of some
of the objects in the original array (delayed-recognition condition, see fig. 1C). Subjects were
given one minute to circle any objects that were new to the array. For each of the tests, score
was defined as the number of correct responses minus the number of incorrect responses.

Results
A multivariate analysis of the effects of sex and diagnosis on score (correct minus incorrect)
revealed several significant correlations. As expected, women performed significantly better
than men on both the object-exchange (F(1,38) = 12.29, P < 0.001) and object-shift (F(1,38)
= 5.38, P < 0.05) tasks. However, there was no significant effect of sex on the delayed-
recognition task (P > 0.1). The effects of diagnosis were significant on all of the tasks, with
schizophrenic patients in each case performing worse than the healthy controls (object-
exchange: F(1,38) = 8.75, P < 0.005; object-shift: F(1,38) = 13.85, P < 0.001; delayed-
recognition: F(1,38) = 6.45, P < 0.05). However, importantly, there was a significant interaction
effect of sex and diagnosis on both the object-exchange (F(1,38) = 5.46, P < 0.05) and object-
shift (F(1,38) = 4.43, P < 0.05). Simple effects tests indicate that for both the object-exchange
task and the object-shift task, the females healthy control participants perform significantly
better than the other three groups (p < 0.001), but the other three groups do not significantly
differ from each other (p > 0.05). This indicates that the main effects of group and sex over
these two tasks were carried by the female healthy control participants. The delayed-
recognition task showed no significant interactions (P > 0.1). Fig. 2 illustrates each of these
effects.

The results confirm the previous finding that healthy women outperform healthy men on a 2-
dimensional test of object location. Furthermore, they establish that patients with schizophrenia
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are impaired on this task of object location memory as compared to healthy controls. Most
importantly, they indicate that the sex difference present in healthy controls is absent in patients
with schizophrenia.

Discussion
This experiment provides evidence for the abolishment of an established cognitive sex
difference in patients with schizophrenia. We acknowledge that the sample size in this study
is small, limiting the generalizability of our conclusions. However, we believe that this study
provides insight into a rarely investigated realm of mental illness in a patient population that
is difficult to study. We find an abolishment of the established cognitive sex difference in
patients with schizophrenia in spite of the fact that the task chosen was one which favors
females, who, in schizophrenia, have later onsets and a generally less severe course of the
illness than their male counterparts (Lewine et al., 1981; DeLisi et al., 1989; Hafner, 2003).
Indeed, Goldstein et al. (1998) reported that male patients with schizophrenia were significantly
impaired on tests of attention, verbal memory, and executive function as compared to female
patients. Based on this information and the fact that there was no IQ difference between male
and female patients with schizophrenia, there is no reason to believe that the abolishment of
the sex difference seen on this task in patients is due to a more disrupted performance in female
patients than male patients. Rather, these results point to a specific erosion of the female
advantage on this particular spatial task in schizophrenia. This is substantiated by the fact that,
on the object-exchange condition, patients with schizophrenia performed as well as healthy
males. Thus, these results are not attributable to an overall impairment in schizophrenia, but,
in fact, represent the loss of the specific female advantage.

While the cause of this effect is unknown, there are several reasonable explanatory hypotheses.
The first is that developmental differences between healthy females and those with
schizophrenia underlie the lack of expression of the female advantage on this task in patients
with schizophrenia. Specifically, children who later go on to develop schizophrenia display
mild, but significant delays in achieving early developmental milestones such as standing,
walking and talking (Tarrant et al., 1999) and are deficient in comparison to their peers on tests
of attention and verbal short-term memory (Niemi et al., 2003).

Moreover, children who go on to develop schizophrenia exhibit abnormal play behaviors with
respect to their peers. Schiffman et al. (2004) who had videotaped high-risk and control children
as they interacted, found that children who went on to develop schizophrenia as adults had
significantly lower scores on a childhood sociability scale than those who did not. These results
are in agreement with other published studies, which identify poor social competence as one
trait often present in children who will go on to develop the illness (Tarrant et al., 1999; Niemi
et al., 2003). This information, together with the data that links earlier puberty to enhanced
abilities on verbal tasks (Waber, 1976; Sanders and Soares, 1986), suggests that female children
who are predisposed to schizophrenia may not specialize in verbal skills to the same degree as
their peers, possibly due to delayed development and lack of socialization. If superior verbal
skills are an important driving factor of female dominance on this task in healthy populations,
these developmental differences may be at the root of the lack of expression of such a sex
difference in patients with schizophrenia. However, there is some evidence that the sex
difference seen on this task may not be entirely due to differences in verbal abilities, casting
some doubt on this explanation (Eals and Silverman, 1994). Future experiments will seek to
further quantify the contribution of verbal abilities to the female advantage on this task and
specifically test the possible verbal deficits suggested by this result in female patients with
schizophrenia.
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Related to these developmental differences are differences in hormonal expression in patients
with schizophrenia, which could be suppressing the female advantage on this 2-dimensional
object array task. Females with schizophrenia have lower levels of estrogen than healthy
females (Oades and Schepker, 1994; Riecher-Rossler et al., 1994; Goldstein, 2006), and these
lower estrogen levels were significantly related to lower scores on tests of verbal memory and
verbal fluency (Ko et al., 2006). While the exact relationship between estrogen levels and verbal
abilities has not been studied in healthy human populations, there is some evidence that early
estrogen exposure may mediate spatial sex differences in rats (Williams et al., 1990). Further
studies of this task, combined with hormonal measurements, may be able to address this with
greater precision.

Likewise, the reason for the impaired performance of patients with schizophrenia as compared
to healthy controls, particularly on the delayed-recognition condition, is also unknown.
Possibilities include interference from the psychotic symptoms of the illness, general cognitive
impairments which accompany schizophrenia (Nuechterlein et al. 2004; Bowie and Harvey,
2005), and brain abnormalities in patients with schizophrenia, including reduced or abnormal
hippocampal volumes (Nelson et al., 1998; Velakoulis et al., 1999). Indeed, based on results
of the Hopkins Adult Reading Test, an estimate of IQ, patients with schizophrenia were
significantly impaired with respect to healthy controls in this experiment.

In addition to revealing the lack of a sex difference in patients with schizophrenia, this
experiment substantiates evidence from Levy et al. (2005) that the female advantage on this
task in healthy subjects extends to the object-shift condition, in opposition to evidence from
James and Kimura (1997). There are several subtle methodological differences that may
account for this discrepancy. First, the array used in this experiment and in Levy et al.
(2005), although similar in nature to those in James and Kimura (1997), differed slightly in
that we used 31 objects in the array versus 27 objects in James and Kimura (1997) and the
objects themselves were different. It is possible, although unlikely, that differences in object
salience or the inclusion of four extra objects could have influenced the results. Another
difference is that subjects in the James and Kimura experiment only participated in either the
object-exchange or object-shift condition, whereas our subjects participated in both,
sequentially. It is possible that the first test array in this experiment (object-exchange condition)
affected performance on the second array (object-shift condition), either enhancing female
performance, possibly through rehearsal of object location, or degrading male performance
through interference.

The final methodological difference was in the scoring of results. In the James and Kimura
study, participants were required to mark every object that had moved with an “X” and circle
every object that had not moved. In this way, the participant was required to register an answer
for every object in the array, and score was calculated as the number of objects correctly
marked. In the current experiment, participants were instructed only to circle each object that
had moved and score was calculated as the number of correctly circled objects minus the
number of incorrectly circled objects. While both these methods should acceptably assess
behavior, James and Kimura may have induced a more active strategy by forcing a choice on
certain objects that the participant may have been unsure of, while in this study participants
were allowed the option to leave a particular object blank, thus neither gaining nor losing points.
Whether the divergent results between this study and that of James and Kimura are due to one
or a combination of the above methodological issues, the methods used in this experiment and
that of Levy et al. (2005) provide internally reliable results.

The evidence that patients with schizophrenia do not display the same sex difference as healthy
controls on a task of object location memory has important implications for the interpretation
of the physiological and phenomenological sex differences that exist within schizophrenia.
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However, this experiment only encompasses one specific task. In future experiments, it will
be interesting to categorize the presence or absence of sex differences in patients with
schizophrenia on additional tasks that have established sex differences in healthy populations.
In particular, the investigation of tasks on which healthy males have been shown to outperform
healthy females would greatly expand our understanding of this phenomenon. Likewise, it
would be especially interesting to record the performance of at-risk children and adolescents
over time as compared to control groups on tasks that have been shown to invoke a sex
difference. Knowing whether these differences pre-exist the symptoms of schizophrenia could
help to define the progression of the disease and may lead to behavioral markers that could be
used to identify at-risk individuals. Moreover, functional brain imaging during this and other
tasks may provide us with more insight into the fundamental brain activity changes that
accompany the differences seen in performance both between sexes and between patient and
healthy populations.
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Figure 1.
Participants were given one minute to study the instruction array (A), then one minute each to
circle exchanged, shifted or new items on the test arrays (B–D).
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Figure 2.
The significant interaction of sex and diagnosis on both the object-exchange and object-shift
conditions is due to significantly superior performance by the female healthy control group.
On the delayed-recognition condition, patients with schizophrenia performed significantly
worse than healthy controls with no significant effect of sex.
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