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Abstract
The aim of the present thesis was to study sex differences in memory
and other cognitive abilities in healthy adults. In Study I, participants
performed a number of episodic memory tasks that were more or less
verbal in nature. Results showed that women performed on a higher
level than did men in the episodic memory tasks where it was possible
to use verbal labels, whereas men performed on a higher level than did
women in a visuospatial episodic memory task. In Study II, women’s
advantage in face recognition was investigated. Results showed that
women performed at a higher level than did men only in the
recognition of other women’s faces. In Study III, sex differences in
cognitive tasks as well as brain measures were investigated in healthy
older adults. Results showed that only the sex differences in a motor
task could, to some extent, be explained by sex differences in one of
the brain measures. The findings, as well as possible explanations for
these patterns of results, are discussed in a theoretical context.
Key words: cognition, memory, sex differences, gender, verbal
abilities, visuospatial, face recognition, brain aging.
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General Introduction
The present thesis examines sex differences in memory and other cognitive
abilities in healthy adults. There has been a surge of research about sex
differences in cognition since the highly influential work of Maccoby and
Jacklin entitled “The psychology of sex differences“ was published in
1974. This increase has been especially strong in the last ten to fifteen
years.
This thesis is about cognition, and memory in particular. Cognition is a
general term for different mental processes including thought, reasoning,
understanding, perception, memory, decision making and problem solving.
The term cognition derives from the Latin “cogitare”, meaning “to think”.
Of the three studies included in this thesis, the first two concern sex
differences in memory in young healthy adults, whereas the third examines
sex differences in a variety of cognitive tasks and their relation to the aging
brain. Other cognitive abilities are beyond the scope of the present thesis.
Most would likely agree that the primary way of classifying people into
groups is on the basis of their sex, and that there are relatively obvious
ways in which men and women differ, in addition to having much in
common. The interest of the general public concerning topics about sex
differences seems to be unlimited, judging from the vast amount of popular
press on the topic sold every year.
So, why are we, the public, so interested in these differences? There are
undoubtedly more between-sex similarities than differences, yet the
differences receive more interest. Whatever the reason, the fact that men
and women differ in various aspects raises the curiosity of the general
public and researchers alike – what are these differences, how large are
they and why do they exist?
There are some researchers who believe that studies of sex differences in
cognition result in enforced stereotypes and increased discrimination and
should therefore not be conducted or reported (e.g., Baumeister, 1988).
However, a number of researchers disagree with this opinion and believe
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that this line of research is important (e.g., Eagly, 1990, 1994, 1995;
Halpern, 2000). For instance, Halpern states that with this type of research
it might also be possible to unravel myths regarding sex differences. It is
also important to note that the existing differences are not necessarily
deficiencies and that they can help us gain knowledge of how and why the
brains of men and women work differently. It is also important to keep in
mind that men and women, respectively, have the upper hand in different
tasks. It is not the case that one sex is superior to the other in all cases.
Once sex differences have been found, or the absence of sex differences
has been confirmed, the cause or causes of these findings should be
investigated. Thus, an important reason for studying sex differences in
cognition is to learn more about brain and mind.
My personal belief is that valuable information can be gained in studying
sex differences in cognition, most importantly with respect to how the
brains of men and women work differently. With further research on
differences and similarities in brain functioning, it might be possible to
determine why boys and men are more prone to dyslexia (Miles, Haslum,
& Wheeler, 1998), all levels of mental retardation (Drews, YearginAllsopp, Decoufle, & Murphy, 1995) and some forms of mental illnesses,
such as schizophrenia (e.g., Usall et al., 2001). In the early phases of
research on sex differences in cognition, the results were perhaps of even
greater importance – if it had been concluded that there were large sex
differences in memory and other cognitive abilities, it might have
warranted different kinds of teaching methods and training skills for boys
and girls. Today, we know that although some differences exist they are not
very large and do not warrant different training skills, and perhaps above
all, that there are many individuals who do not fit the general pattern. This
issue will be addressed further in the discussion section of this thesis.
Terminology: Sex or Gender?
The focus of this work is on differences between men and women in
different aspects of cognition. There is disagreement among researchers as
to the terminology - some prefer to use the word “gender” and others the
word “sex”. Originally, the word “sex” referred to the biological
distinction, whereas the word “gender” referred to where the person
belongs in regard to the society’s social constructions and expectations. I
believe (and as will be discussed elsewhere) that the differences between
men and women are a result of a combination of their biological and
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social/environmental backgrounds, and that these two are strongly
intertwined. I will use the term “sex” throughout this thesis, as individuals
are initially affected by biology (e.g., prenatal hormones), before societal
constructs can have any influence on them.

Sex Differences in Cognition
There are several different types of cognitive abilities, and the sex
differences in these vary with respect to both direction and size. All tasks
are not pure; that is, they may assess two or more abilities. For example, a
task assessing motor skills may also tap working memory and/or
visuospatial abilities, as these cognitive skills are needed or give an
advantage when solving the task at hand. A summary of the findings of sex
differences and similarities in different kinds of memory will be discussed
first, followed by the findings in other cognitive tasks used, or related to
those used in the present thesis (i.e., spatial abilities, motor skills, and
attention).

Memory
“Memory is the glue that binds our mental life,
the scaffolding that holds our personal history
and that makes it possible to grow and change
throughout life. When memory is lost, as in
Alzheimer’s disease, we lose the ability to recreate our past, and as a result we lose our
connection with ourselves and with others.”
Squire and Kandel (1999, p. ix)
A Brief History
German psychologist Hermann Ebbinghaus became a pioneer in memory
research, which evolved as a branch of philosophy, when he published On
Memory in 1885. One of Ebbinghaus’ findings was that some memories
have a short life span (minutes) and others have a much longer life span,
remaining for days or months (Squire & Kandel, 1999). Also at the turn of
last century, the American philosopher William James made a distinction
between primary memory, which involved memories from seconds to
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minutes, and secondary memory ranging from hours to weeks, months or
up to a lifetime (Squire & Kandel, 1999). This distinction still holds today,
although the terms most often used are short-term and long-term memory.
The structure and organization of memory has been vividly discussed and
debated for decades, and there is still much unknown about how memory
works, not least about how and where in the brain memories are processed
and stored. The main issues today concern the question of memory being
composed of a number of independent memory systems (the “memory
systems view”), or a unitary system (the “processing view”). Both of these
views have received ample support.
The Processing View
The processing view emphasizes differences in processing within a unitary
memory system (e.g., Roediger, 1990; Blaxton, 1995). This view proposes
transfer-appropriate processing, meaning that memory performance is
enhanced when the same type of processing is used at study and test, and
that the performance will drop if there is a mismatch in processing between
study and test. The levels-of-processing framework, which also belongs to
this view, entails that the deeper the processing stimuli are subject to, the
easier recollection will be (Craik & Lockhart, 1972).
The Memory Systems View
Apart from the distinction between short-term and long-term memory,
there was no consensus regarding the structure of memory before 1972. It
was more or less seen as one system with many different and relatively
specific parts such as acquisition memory, active memory, short-term and
very short-term memory (Tulving, 1972). As Tulving pointed out, there are
often loose definitions and major concepts in new and immature sciences.
In 1972, however, Tulving proposed a structure for memory, which,
although since modified (Nyberg & Tulving, 1996; Tulving, 1983, 1985,
1993, 1999; Tulving & Schacter 1990), has become widely accepted. This
conceptualization claims that human memory can be divided into five
memory systems. These systems are not independent but rather work
together, and represent different types of memories from the most simple
and general to the more specific. The five memory systems are: short-term
memory, procedural memory, perceptual representation system, semantic
memory and episodic memory.
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Short-term Memory and Working Memory
Following Hermann Ebbinghaus’ and William James’ distinction between
short-term and long-term memory at the turn of the last century, a surge of
research on short-term memory emerged around 1960. Broadbent (1958)
proposed a model of attention, claiming that humans have a limited
capacity for attention and thus must screen information in order to let the
most important information come into awareness and disregard irrelevant
information. Peterson and Peterson (1959) found that it was difficult to
remember a few unrelated words for a very short period of time, even
seconds, if distracted or asked to do another task simultaneously.
Atkinson and Shiffrin (1968, 1971) proposed that memory consisted of
three memory stores. One consisted of sensory registers, information that
was briefly heard or seen for a few seconds, before its traces decayed. The
second consisted of stimuli that are given attention, identified and recoded
and then entered into short-term memory (STM), which has a limited
capacity. In order to learn, the stimulus must be consolidated in order to be
transferred to long-term memory, which is the third memory store. The
long-term memory is more durable than are the other two memory stores
proposed by Atkinson and Shiffrin. Miller (1956) claimed that short-term
memory could hold only seven items (plus or minus two), although items
could be grouped together (chunked), in which case the limit of what could
be retained would be seven chunks, plus or minus two. Thus, short-term
memory is extremely vulnerable to distraction and decay.
Baddeley and Hitch (1974) had an alternative viewpoint. They suggested
the term “working memory” for tasks when participants are required to
maintain items in short-term memory while performing another task, such
as reading, counting or problem solving (Baddeley, 1986). Thus, short-term
memory can be seen as a passive store, whereas working memory involves
storage and concurrent manipulation of information (Baddeley, 1986).
Herlitz, Nilsson, and Bäckman (1997) reported no sex differences in
working memory tasks in a large sample of adults. Until very recently,
there were few direct reports of sex differences in human working memory.
However, Duff and Hampson (2001) somewhat surprisingly found sex
differences favoring women in three spatial working memory tasks,
independent of overall ability, perceptual speed or speed of verbal access.
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Duff and Hampson also found sex differences favoring women in a verbal
working memory task.
One working memory task that has shown sex differences favoring women
(e.g., Majeres, 1983) is the Digit Symbol subtest from the Wechsler Adult
Intelligence Scales (WAIS) battery (Wechsler, 1981). Besides assessing
working memory, this task also taps on perceptual and motor speed. In this
task, the participant is given a code with digits and their corresponding
symbols. With this in view, they are asked to, as quickly and accurately as
possible, transform a number of symbols to the correct digit. Younger
adults have been found to perform at a higher level in this task than do
older adults (e.g., Joy, Fein, Kaplan, & Freedman, 2000; Peretti, Danion,
Gierski, & Grangé, 2002). A modified version of this test is the Letter Digit
Substitution task, which was used in Study III. In this task, letters are
transformed into their corresponding digits.
Age-related decline in working memory has been found among both men
and women (e.g., Janowsky, Chavez, & Orwoll, 2000). However, the
decline in performance with aging is smaller in short-term memory (which
does not involve maintaining other information or conducting a concurrent
task) than in working memory tasks (Verhaeghen, Macoen, & Goosens,
1993). Thus, there is some evidence that older adults are more affected by
interference effects than are younger adults (e.g., Hasher, Zacks, & May,
1999).
Procedural Memory
Procedural memory deals with learning and knowing how to perform motor
and cognitive skills (Schacter, Wagner, & Buckner, 2000). How to zip a
zipper, ride a bicycle or read are typical procedural memory skills, once
these abilities have been mastered. It is an implicit memory system,
meaning that these abilities are exhibited without consciously thinking of
how they are performed. There is a very limited amount of literature on sex
and age differences in procedural memory. However, there seems to be
almost no age-related decline (e.g., Light & La Voie, 1993) or sex
differences (Mitchell, 1989) in procedural memory.
Perceptual Representation System
The perceptual representation system (PRS) is involved in identifying
objects and words (Tulving & Schacter, 1990). Instantly knowing, when
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seeing a telephone, that it is used to make calls, or knowing that a glass is
used in drinking, is knowledge that belongs to the perceptual representation
system. PRS is an implicit memory system, meaning that associations are
not made consciously. Being an unconscious process, this memory can be
referred to as “just knowing”. However, as with all memories, the
individual must have learned at some point to make the necessary
associations. PRS is involved in priming. Priming involves the increasing
ability to identify an object or a word as a result of prior exposure to the
object or word (Schacter, 1987). For example, a participant is presented
with the word “pineapple” and later given the letters “pi” and asked to say
the first word that comes to mind. If the word “pineapple” is said, then this
is believed to have been as a result of the previous presentation. There are
no sex differences in priming (Herlitz et al., 1997), and small effects of age,
with young adults performing at a higher level than do older adults,
according to a meta-analysis by La Voie and Light (1994).
Semantic Memory
Semantic memory can be thought of as a mental dictionary or thesaurus. It
handles the individual’s knowledge of words, their meanings, relationships
and referents, and deals with rules and formulas. It can be seen as our
personal knowledge bank (Tulving, 1972). Knowing that Paris is the capital
of France, or where you were born, is information belonging to the
semantic memory.
Semantic memory can be tested with several different types of tests, those
tapping verbal abilities apparently the most common. In fluency tasks,
participants are asked to generate as many words as possible in a limited
amount of time starting with a given letter (phonological fluency) or
belonging to a semantic category, such as ‘animals’, ‘fruits’ or ‘tools’
(semantic fluency). It has been shown that semantic and phonological
fluency are affected differently by disease – phonological fluency is more
sensitive to lesions of the frontal lobe and semantic fluency is more
impaired in Alzheimer’s disease (Troyer, Moscovitch, Winocur, Leach, &
Freedman, 1998; Pendleton, Heaton, Lehman, & Hulihan, 1982).
Phonological fluency demands a higher degree of attention, whereas
semantic fluency is more demanding on the semantic system (which is
impaired in Alzheimer’s disease).
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In phonological fluency tasks, women often perform at a higher level than
do men, although the differences are usually quite small (e.g., Crossley,
D’Arcy, & Rawson, 1997; Herlitz, Airaksinen, & Nordström, 1999). In
semantic fluency tasks, the size and direction of the sex differences seems
to vary with the category. Men have been found to perform at a higher level
than do women when asked to name tools, whereas women have the
advantage in naming fruits (Capitani, Laiacona, & Barbarotto, 1999). In
naming animals, no sex differences have been found (e.g., Acevado et al.,
2000; Bolla, Gray, Resnick, Galane, & Kawas, 1998). An effect of men’s
and women’s different interests could account for this pattern of results. It
could be the case that men have a larger vocabulary for tools and, although
women might be slightly more familiar with fruits, there could be doubt as
to whether this would account for women’s superiority in naming fruits.
Fluency tasks are often used in tests of neuropsychological assessment, as
they are helpful in diagnosing things such as different forms of dementia
(e.g., Pasquier, Lebert, Grymonprez, & Petit, 1995). Fluency tasks seem to
be affected by several factors, including educational attainment with more
educated participants performing at a higher level (Crossley et al., 1997),
verbal intellectual ability (Bolla et al., 1998) and depression (see King &
Caine, 1990). In regard to age, younger participants perform at a higher
level than do older participants (Crossley et al., 1997; Kempler, Teng,
Dick, Taussig, & Davis, 1998; Tomer & Levin, 1993), although one largesample study (Bäckman & Nilsson, 1996) found that between the ages of
35 and 50 years there was a stability in performance, but noted a gradual
decline among the older (aged 55 to 80 years).
Episodic Memory
Episodic memory is the most personal of the memory systems as it
involves memories that are personally related and have both a setting and a
time (Tulving, 1972). All autobiographical memories therefore belong to
the episodic category. A typical episodic memory is what you did last
summer, or what you had for lunch yesterday.
According to Tulving (2002, p. 5) “Episodic memory is a recently evolved,
late-developing, and early deteriorating past-oriented memory system,
more vulnerable than other memory systems to neuronal dysfunction, and
probably unique to humans”. Tulving emphasized that episodic memory
requires the ability to mentally travel in time, to re-experience previous
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experiences in one’s own life. At one time, episodic memory is believed to
have evolved from semantic memory (Tulving, 2002). According to
Tulving (1983), for a memory of an event to be episodic there are three
criteria: “what, where and when”.
Episodic memory is the system most vulnerable to aging (Bäckman, Small,
& Wahlin, 2001) and diseases such as Alzheimer’s disease (Bäckman,
Mäntylä, & Herlitz, 1990). From early to late adulthood, episodic memory
performance declines fairly slowly and continuously (Nilsson et al., 1997;
Salthouse, 1998).
The direction and size of sex differences in episodic memory tasks vary as
a function of type of task. There are several ways in which to categorize
episodic memory tasks. For the purpose of the present thesis, the following
categories have been used: words or stories, pictures, faces, odors, object
location, and wayfinding. These categories are, however, not to be
interpreted as different memory systems, but as several different types of
memory tasks, used to assess different aspects of episodic memory.
Testing can consist of free recall, cued recall and/or recognition tasks. In a
test with free recall, the participant is first presented with a stimulus
material and immediately thereafter or later is asked what he or she can
remember of the stimulus material. In cued recall there are cues as to what
was to be remembered (e.g., one or more letters of the word). In contrast, in
a recognition task, the participant is first presented with material (usually a
number of pictures or words) and immediately thereafter or after a delay is
presented with a number of words or pictures from the original presentation
intermixed with distractors, and is asked to determine which ones were in
the original presentation.
Words or Stories
A common test of episodic memory is words or stories. The participant is
presented with a number of words, either verbally or visually, and
immediately or after a delay is asked to recall (free recall or cued recall) or
recognize the presented words. Tests assessing memory of pictures are
conducted in a similar way.
Sex differences favoring women in memory for words have been found
(e.g., Bolla-Wilson & Bleecker, 1986; Ruff, Light, & Quayhagen, 1988)
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and seem to already be present at an early age. Kramer, Delis, Kaplan,
O’Donnell, and Prifitera (1997) found that, already in the age group of five
to six years, girls perform at a higher level than do boys in free delayed
recall of a word list, and similar results were evident in the other age
groups tested (i.e., boys and girls up to 15-16 years of age). Temple and
Cornish (1993) also found these differences in children nine to eleven years
of age. Even among samples with very old and healthy adults (i.e., 76 years
or older), women have been found to outperform men in word recall (e.g.,
Herlitz et al., 1997; Hill et al., 1995).
Similar results are found in memories for stories with women normally
performing at a higher level than men (e.g., Zelinski, Gilewski, & Shaie,
1993), although some sex differences in the opposite direction have been
found in special cases, e.g., when the material to be remembered is erotic in
nature. One such study (Geer & McGlone, 1990) found that women
performed at a higher level in identifying previously presented romantic
sentences, whereas men performed at a higher level in identifying
previously shown erotic sentences.
Pictures
Tests assessing memory for different types of visual stimuli are common in
the research literature. Women normally perform at a higher level than do
men in recall and recognition of concrete pictures (e.g., Herlitz et al.,
1999). However, in recognition tasks of a more abstract nature (e.g., ink
blots and snow crystals) the sex differences disappear (e.g., Goldstein &
Chance, 1970). Men and boys, on the other hand, outperform women and
girls in memory for cars (e.g., Davies & Robertson, 1993; McKelvie,
Standing, St. Jean, & Law, 1993). It is possible that this is the result of
interest; that is, that people tend to remember things that they are interested
in to a greater extent than objects that have lesser meaning to them. In this
case it is likely that men have greater knowledge of and interest in cars, and
perhaps women in meaningful pictures, whereas ink blots and snow
crystals do not appeal to either men or women and therefore show no sex
differences.
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Faces
Memory for faces is an ability that we as humans need to have in order to
function properly. It is an interesting type of memory, as we are able to
recognize literally thousands of faces, regardless of changes in hairstyles,
hair color, makeup, and eyeglasses (Diamond & Carey, 1986).
In a typical face recognition task, the subject is presented with slide
pictures of faces, each for a short amount of time, and many pictures
directly following each other. After some delay, the subject is presented
with another group of pictures and for each picture is asked to determine
whether it has been shown previously or not. Women normally perform at a
higher level than do men in face recognition tasks (e.g., McKelvie, 1981).
Several studies have, however, failed to find sex differences in face
recognition among school-aged children (e.g., Freire & Lee, 2001; Temple
& Cornish, 1993). On the other hand, in a study of very old adults (aged
75-96 years old), Wahlin et al. (1993) found a decline in face recognition
with age, women generally performing at a higher level than did men. Age
differences have been found in face recognition, with young adults
performing at a higher level than do old adults (e.g., Bartlett & Leslie,
1986; Larrabee & Crook, 1993).
Odors
In 1993, Lehrner found that women perform at a higher level than do men
in episodic odor memory. Higher verbal ability in women is one possible
explanation (Hyde & Linn, 1988). Women’s higher verbal ability in regard
to olfactory information has been shown to be age-invariant (e.g., Corwin,
Loury, & Gilbert, 1995; Doty et al., 1984).
Öberg, Larsson and Bäckman (2002) found no sex differences in episodic
memory for unfamiliar odors. However, women outperformed men in tasks
of memory for familiar odors and in odor identification, the two tasks
involving verbal processing. Controlling for odor naming, no sex
differences were found, which according to the authors suggests that
women’s higher performance in episodic odor memory is related to
women’s higher ability to identify odors.
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Object Location
Whereas women perform at a higher level in most episodic memory tasks
tapping verbal abilities, some tasks are designed to be more visuospatial in
nature. One of these tasks requires the participants to remember a number
of objects and their locations in space. These tasks normally have both
verbal and spatial components.
Eals and Silverman (1994) showed participants an illustrated array of tools
and the participants were later asked to mark tools that had been added
after the initial presentation. In a second task, participants were asked to
mark the tools that had exchanged places with other objects since the
original presentation. Results showed a nonsignificant trend favoring
women in object memory, and women performing at a significantly higher
level in location memory. In a similar study, with objects moved to
previously unoccupied areas, James and Kimura (1997) found no sex
differences in this task and hypothesized that women may process object
identity and location together in overlapping brain systems, whereas men
may process them separately.
The classic game of Memory consists of a number of cards with pictures of
different objects, and each picture appearing identically on two cards. The
cards are mixed and placed face down on a table and the object is to turn
over as many identical pairs as possible, turning over two cards at a time, in
as few turns as possible. Thus, there is a verbal and a spatial component in
this game. McBurney, Gaulin, Devineni, and Adams (1997) found that
among college students, women outperformed men in this game. Thus, it
seems that women have the advantage in tasks assessing object and
location memory. It is possible that women have a stronger interest in such
tasks and thereby gain the advantage. In these tasks it is also possible to use
verbal labels to facilitate remembering, which could help explain the
female advantage.
Wayfinding
Most tasks assessing wayfinding abilities and strategies have been found to
favor men. Tasks involving navigation, reading or learning maps, or
retracing a memorized way between two points are tasks in which men
excel (e.g., Galea & Kimura, 1993). Men are more accurate than are
women in judgments of directional relationships and in pointing to
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landmarks or locations that are out of sight (e.g., Astur, Ortiz, &
Sutherland, 1998; Holding & Holding 1989; Lawton, 1996; Lawton,
Charleston, & Zieles, 1996; Lawton & Morrin, 1999). Women, on the
contrary, seem to remember landmarks and their locations more accurately
than do men (e.g., Eals & Silverman, 1994; Galea & Kimura, 1993;
Silverman & Eals, 1992).
An interesting finding is that men, when describing the way to get from one
place to another, are more prone to use cardinal directions (i.e., North, East,
South and West) and distances whereas women are more likely to use
landmarks and objects, such as signs, statues or names (Galea & Kimura,
1993). Women also seem to perform at a higher level when following
directions with landmark information, and men excel when following
cardinal directions and distances (Saucier, Green et al., 2002).

Other Cognitive Abilities
Spatial Abilities
Spatial abilities deal with “representing, transforming, generating, and
recalling symbolic, nonlinguistic information” (Linn & Petersen, 1985, p.
1482). Researchers have defined several different, and partly overlapping,
categories of spatial abilities. In the present thesis, four categories of spatial
abilities will be discussed. Linn and Petersen identified three of these
concepts, namely spatial perception, mental rotation and spatial
visualization. A fourth identified concept is spatiotemporal ability
(Halpern, 2000). The magnitude of sex differences in spatial abilities varies
with the type of task at hand.
In spatial perception tasks, the subject is asked to find the horizontal or
vertical axis in a picture while disregarding other information (Linn &
Petersen, 1985), such as deciding what the water level would look like (i.e.,
what angle it would have) in a picture of a tilted glass. Men perform at a
higher level than do women in tasks assessing this ability (e.g., Robert &
Harel, 1996).
Mental rotation tasks require the subject to identify what a two-dimensional
or three-dimensional object would look from a different angle. The most
common test assessing this ability is the modified version of the Shephard-
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Metzler Mental Rotation Test for group administration by Vandenberg
(1971). Large and consistent sex differences favoring men are found in
these tasks (two-dimensional mental rotation task: Collins & Kimura, 1997;
three-dimensional e.g., Masters & Sanders, 1993; Voyer, Voyer, & Bryden,
1995) and these differences hold throughout life (Delgado & Prieto, 1996).
Younger adults have not only been shown to perform at a higher level, but
also more quickly, than do older adults in these tasks (e.g., Clarkson-Smith
& Halpern, 1983; Hertzog, Vernon, & Rympa, 1993).
Spatial visualization requires a complex analysis in multiple steps using
spatial information. In these types of tasks, the subject is often asked to find
embedded figures in a complex pattern, determine how a flat object would
look if folded (paper folding), or how an object would look if unfolded. No
significant sex differences were found in spatial visualization in two
independent meta-analyses (Linn & Petersen, 1985; Voyer et al., 1995),
although Voyer et al. found tendencies favoring men in these tasks.
In tasks assessing spatiotemporal ability, the participant is asked to make
judgments about moving pictures or objects, such as when a moving object
is in line with a stationary object or when a moving object will reach a
certain point (Halpern, 2000). Men perform at a higher level than do
women in these tasks (e.g., Law, Pellegrino, & Hunt, 1993; Watson &
Kimura, 1991).
Thus, a fairly clear picture emerges with respect to performance in various
spatial tasks: men outperform women. Moreover, these sex differences in
spatial tasks seem to hold in different parts of the world, such as Europe
(e.g., Berry, 1966; Herlitz et al., 1999), Asia (e.g., Mann, Sasanuma,
Sakuma, & Masaki, 1990; Silverman, Philips, & Silverman, 1996), Africa
(e.g., Munroe & Munroe, 1971), and North America (e.g., Law et al., 1993;
Mann et al., 1990). Interestingly, two early studies (Berry, 1966;
MacArthur, 1967) found that although these sex differences seem to be
cross-cultural, Eskimos seem to be an exception: women perform at a
higher level in spatial tasks than do men.
Regarding age differences, Voyer et al. (1995) found that sex differences in
spatial perception, mental rotation and spatial visualization increased with
age when they divided the participants into three age groups: under 13
years of age, 13-18 years, and over 18 years. In contrast, sex differences in
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tasks assessing mental rotation have been found already at four-and-a-half
years of age (Levine, Huttenlocher, Taylor, & Langrock, 1999). Despite a
search for information on age differences in spatiotemporal ability, no such
studies have been found.
Motor Skills
One of the largest and most consistent sex differences in cognition is found
in tasks requiring motor skills, such as accuracy in aiming (e.g., dartthrowing) or intercepting a flying object (e.g., catching a ball) (Kimura,
1999). Men perform at a higher level than do women in such tasks (e.g.,
Watson & Kimura, 1991; Westergaard, Liv, Haynie, & Suomi, 2000).
These differences in throwing accuracy have been found regardless of
sporting/throwing experience, strength or physique, or gender identity (Hall
& Kimura, 1995). These sex differences seem to emerge early in life as
they have been found in children as young as three to five years of age
(Lunn, 1987 as cited in Kimura, 1999).
In the Purdue Pegboard task, participants are asked to move small pegs and
put them in holes in a wooden board (e.g., Desrosiers, Herbert, Bravo, &
Dutil, 1995). The task is often performed with only the right hand, only the
left hand, and with both hands simultaneously. Women have been found to
outperform men in this task (e.g., Nicholson & Kimura, 1996). One
research group (Peters, Servos, & Day, 1990) believed that the female
advantage is due to women having smaller hands, but others have not
drawn the same conclusions (Hall & Kimura, 1995; Nicholson & Kimura,
1996). Another study found that women have a higher degree of control
over distal muscles than do men (Kimura & Vanderwulf, 1970). Girls have
also been found to outperform boys at imitating hand postures already in
the age group three to five years (Ingram, 1975). In sum, although men
seem to outperform women in many tasks assessing motor skills, the
Purdue Pegboard task is an exception.
Attention
Attention refers to the process of selecting stimuli for further processing
from all of the information available. It can be studied in numerous
different ways, for example with the Brief Test of Attention (BTA; Spreen
& Strauss, 1998), in which strings of letter/number combinations
intermixed and of varying lengths are played from an audiocassette for the
participant. The participant’s task is to remember how many letters (or
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numbers) were read each time. It can also be tested as a task of divided
attention. In such tasks, the participant does two things at once, for
instance, using the above example, while listening to the string of
letter/word combinations, the participant is required to sort a deck of cards
into two piles: one with red cards and one with black.
Another task often used to assess attention is the Stroop task, which was
used in Study III. The Stroop task consists of three parts: First, participants
are shown and asked to read aloud as quickly and accurately as possible the
names of colors (green, blue, red, and yellow) printed in black ink. In the
second part, participants are asked to name the color of various colored
boxes. Finally, participants are presented with names of colors printed in
incongruently colored ink, for example the word “red” printed in blue. The
participants are asked to name the color of the ink as quickly and accurately
as possible. The time it takes the participant to complete the task and the
number of errors made serve as the dependent variable.
Most studies have found no sex differences in the Stroop task (Daniel,
Pelotte, & Lewis, 2000). The few studies that have found sex differences
have been in the color-naming and word-reading parts, and have favored
women (Strickland, D’Elia, James, & Stein, 1997). However, there are no
apparent sex differences in the color-interference part (Boone & Lu, 2000).
Brink and McDowd (1999) found a significant age-related decline in the
color-interference part, whereas older and younger participants performed
comparably on the colored boxes.
In related tasks, women have been found to outperform men in naming
colors and shapes as quickly and accurately as possible (e.g., Saucier, Elias,
& Nylen, 2002). Saucier, Elias et al. suggested that the difference was due
to women’s advantage in speeded naming tasks and access to verbal labels,
or women’s higher ability to produce and execute the necessary motor
sequences to articulate the names.
Summary
Sex differences have been found in some cognitive abilities, but not in all.
The magnitude and direction varies with the type of task; women excel in
some tasks, and men have the advantage in others.
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The largest and most consistent sex differences that have been found in
memory are those dealing with episodic memory. Women have been found
to outperform men on tasks that tap verbal abilities such as words and
stories, concrete picture recall and recognition (e.g., Herlitz et al., 1999), on
odor recognition (e.g., Lehrner, 1993) as well as on face recognition tasks
(e.g., McKelvie, 1981). Men, on the other hand, perform at a higher level
than do women on episodic memory tasks tapping visuospatial abilities,
such as wayfinding (e.g., Galea & Kimura, 1993).
On the tasks primarily assessing cognitive abilities other than memory, a
large sex difference favoring men has been found in tasks assessing
visuospatial abilities, such as mental rotations and spatiotemporal abilities
(e.g., Law et al., 1993; Watson & Kimura, 1991). In addition, men have the
advantage in aiming and/or catching tasks (e.g., Watson & Kimura, 1991;
Westergaard et al., 2000). Women, in contrast, perform at a higher level on
the Purdue Pegboard assessing fine motor skills (e.g., Nicholson & Kimura,
1996).
Few, if any, of the tasks described here can be conducted without the use of
memory. For instance, to perform the Purdue Pegboard task, the participant
must use procedural memory in order to move the pegs into their positions.
However, the tasks have been categorized to follow their primary
classification and no attempt has been made to classify them in terms of the
memory systems on which they rely.

Cognition and the Brain
The following section is an orientation in the interplay between the brain
and cognitive tasks.
Needless to say, the brain is a very complex structure, and was until fairly
recently only possible to study post-mortem. With the help of new
techniques such as functional magnetic resonance imaging (fMRI) and
positron emission tomography (PET), a great deal of research has been
conducted regarding the brain and cognitive functions. There are high
expectations that these techniques will help answer many questions in
memory research.
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Very generally, both PET and fMRI techniques build on the principle that
brain areas activated while performing a task experience an increased blood
flow (PET) or increased level of blood oxygenation (fMRI), which shows
on the images taken (Raichle, 1994). Functional brain imaging techniques
have provided evidence that changes in activity in numerous brain areas
result from even very simple tasks (e.g., Deiber et al., 1997). In addition to
women having smaller brain volume, even when correcting for body size
(e.g., Ankney, 1992; Dekaban, 1978), they have also been found to have a
faster blood flow rate in relation to brain weight than do men when
performing the same cognitive tasks (e.g., R.C. Gur et al., 1982; R. E. Gur
& Gur, 1990). It is possible that the increased blood flow compensates for
women’s smaller brains (Gur & Gur, 1990). In addition, men have been
found to have more neocortical neurons than do women, although the
relative decrease with age is similar for men and women (Pakkenberg &
Gundersen, 1997).
The corpus callosum binds together the left and right hemispheres of the
brain. Some studies have found that women have a larger corpus callosum
than do men (e.g., Steinmetz, Staiger, Schlaug, Huang, & Jancke, 1995),
although this line of thought has been challenged. One review claimed that
there are no sex differences in the size or shape of the corpus callosum
(Bishop & Wahlsten, 1997). However, if it is true that women have larger
corpus callosa, this would support the theory that they have more bilateral
activation in cognitive tasks, whereas men have more lateralized activation.
This would mean that women, to a higher extent than men, use both
hemispheres whereas men more often use only one hemisphere of the brain
in solving cognitive tasks.
Two areas of the brain that have been found to be of specific interest to
memory researchers are the hippocampus and the frontal lobes (e.g.,
Nyberg & Cabeza, 2000). The hippocampus curves into both hemispheres
of the brain, and in male and female rats has been found to differ and has
been claimed to explain the different strategies used among rats in solving
spatial navigation tasks (McEwen, Alves, Bulloch, & Weiland, 1997). In
humans, studies on brain surgery patients have shown that when the right
hippocampus is removed, a decline in visual memory is found in women
but not in men (Trenerry, Jack, Cascino, Sharbrough, & Ivnik, 1996). Thus,
there is some support for the hypothesis that men’s and women’s brains
work differently.

18

In a large-scale review of fMRI and PET studies, Cabeza and Nyberg
(2000) found that the prefrontal cortex (an area in the front of the brain) is
very often involved in working memory. In semantic memory retrieval,
there seems to be prefrontal activity in the left hemisphere, though not in
the right, and in episodic memory retrieval there is often a right-sided
lateralization in prefrontal activity. However, in episodic memory
encoding, the brain regions activated were prefrontal, cerebellar (i.e., the
hindbrain), and medial temporal (i.e., at the side of the brain). When
encoding verbal materials there was a strong left-hemispheric lateralization,
whereas the retrieval of these materials results in activity that is lateralized
to the right. Thus, the frontal lobes, in addition to other parts of the brain,
seem to be important in memory functioning.
The activation patterns in retrieval of episodic memories seem to be very
similar in men and women; however, Nyberg, Habib, and Herlitz (2000)
found that even with similar performance levels, the patterns differed
slightly. Women showed a larger increase in activation in two regions of
the anterior cingulum (i.e., in the middle of the brain) and in a frontal
region, whereas men showed a decrease in this frontal region compared to
baseline levels.

Cognition and Aging
In a recent study, Small, Tsai, DeLaPaz, Mayeux, and Stern (2002)
investigated whether memory decline is a part of normal aging, or a
disease. Small et al. showed that the hippocampal function declines with
age and that this is related to memory deterioration. The researchers thus
concluded that some memory decline with age is normal. Also, Herlitz et
al. (1997) found a similar decline with age among men and women in
memory performance.
For the purpose of the present thesis, only atrophy and white matter
changes will be discussed. These are two of the most common age-related
changes. Atrophy involves shrinkage of the brain with increasing fluids as
a result, and is caused by disease, old age or injury. Atrophy is usually
measured in cortical (the outer layer of the brain) and subcortical areas
(under the cortical areas) of the brain. Age-related brain atrophy varies with
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regard to location and degree in both men and women, although most
studies have found that men have a higher degree of age-related brain
atrophy (e.g., Xu et al., 2000).
In the brain and spinal cord there are large axon tracts, which are white in
color, and therefore named white matter. In both normal and pathological
aging, white matter changes occur in the brain. White matter changes can
be found in two areas of the brain - subcortically, and periventricularly, i.e.,
in the area nearest to the ventricals, in the middle of the brain. In a
longitudinal, large-scale study, de Groot et al. (2002) found that
participants with severe periventricular white-matter changes had a decline
in cognition (measured with the Mini-Mental State Examination) almost
three times faster than the average, whereas no relationship was found
between subcortical white matter changes and cognitive decline. White
matter changes seem to occur to a larger extent in men than in women (e.g.,
Passe et al., 1997).

Research Objectives
The Purpose of the Present Studies
The overall aim of this work is to study sex differences in memory and
other cognitive functions. The three studies investigate different aspects of
sex differences in cognition and discuss possible explanations.
The purpose of the first study was to examine if the sex differences found
favoring women in episodic memory tasks have to do with the verbal
nature of most episodic memory tasks, as women also outperform men in
most verbal tasks.
In the second study, the issue of possible verbal components facilitating
memory tasks for women was again addressed. This time the study used
face-recognition tasks, in which women normally outperform men. Two
things were investigated in this study. First, is women’s advantage in face
recognition due to a greater ability to recognize faces per se, or does the
female advantage lie in the ability to recognize women’s faces? And
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secondly, do women use, and benefit from using, verbal labels in order to
recognize faces to a greater extent than do men?
In Study III the aim was to examine the relationship between sex
differences in cognition and age-related changes in the brain in a sample of
healthy, older adults and to determine if sex differences in cognitive
abilities could be attributed to sex differences in the aging brain. Atrophy
and white matter changes as well as a variety of cognitive tasks were
assessed.
Study I
While it is an established fact that women outperform men in most episodic
memory tasks and that women often perform at a higher level than do men
in tasks containing a verbal component, this study aimed at determining
whether women use their higher verbal ability in episodic memory tasks in
which it is possible to use verbal labels. Additionally, the aim was to see if
episodic memory tasks with a highly limited verbal component and a larger
visuospatial component would still see women outperforming men.
Ninety-one men and 94 women, 20-40 years of age, with no significant
differences between the sexes with regard to age, years of education, and
self-rated state of health participated in the study. The participants were
tested on a large number of tasks relating to verbal, visuospatial and
episodic memory skills. The tasks varied in how heavily they relied on
verbal encoding (from very little to very much).
Whereas there were no differences between men and women in the verbal
tasks of phonological fluency (generating as many words as possible
beginning with a given letter in a limited time) and synonyms (generating
as many synonyms for a given word in a limited time), the results on the
visuospatial tasks were as predicted, with men outperforming women on
the tasks of paper-folding, mental rotation and water-level.
The results on the episodic memory tasks were mixed. On a facerecognition task women performed at a higher level than did men, although
men outperformed women on a task named Cubes. In the Cubes task, the
participants were shown a slide picture for ten seconds depicting a number
of cubes stacked on top of each other, with approximately half the sides
being black and the other white. Following a short delay, the participants
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were asked to mark, on an answer sheet displaying the same cubes, which
sides had been black. There were six such tasks of increasing difficulty.
Overall, men performed at a higher level than did women. When analyzing
the six tasks separately, it was found that on the first and easiest task,
women performed on a significantly higher level than did men. As the level
of difficulty increased, and the possibility to use verbal labels decreased,
men gradually gained a larger and larger advantage relative to women. Six
other episodic memory tasks, varyingly visuospatial in nature, were
assessed. None of these showed significant sex differences.
The results of this study showed that despite the expected results of women
outperforming men in the verbal tasks not being present, men outperformed
women in the visuospatial tasks and women expectedly outperformed men
in the face-recognition task. The results also showed that the less verbal
and more visuospatial a task was, the stronger the male advantage, whereas
women tended to perform at a higher level on verbal episodic memory
tasks, although the differences were sometimes small.
Study II
Study I showed that women outperform men in most episodic memory
tasks in which the material can be labeled verbally. Women have also
repeatedly been found to perform at a higher level than do men on facerecognition tasks. Thus, Study II investigated two things: whether women
do not outperform men in face recognition per se, but rather in the
recognition of faces of females or, alternatively, whether women use verbal
labels when encoding and recognizing faces and therefore have the
advantage.
So, why would women be especially proficient in the recognition of female
faces? One possible explanation is that women, to a greater extent than
men, are exposed to pictures of women in women’s magazines and
advertising and that women have a tendency to compare themselves and
study other women’s looks on a daily basis.
The 192 participants in this study were 20-40 years of age. Two groups of
participants were established, with approximately equal numbers of men
and women in each group. Each participant was asked to perform two facerecognition tasks, in one case each picture being shown for a very short
time (one second), and in one case each picture being shown for three
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seconds. The test battery also included verbal and visuospatial tasks.
Approximately half of the participants were shown normal full-face color
photographs in both face recognition tasks, whereas the other participants
were shown color face photographs in which the hair, ears, throat and
clothing had been removed using a computer program. All that remained
were egg-shaped faces depicting only the facial features, henceforth
referred to as “features only”. The other tasks were identical for both
groups.
If the hypothesis of women performing on a higher level in the recognition
of female faces, then this should be the case in all four (time/type of
picture) presentation conditions relative to men’s performance in these
conditions. However, if women use verbal labels while encoding and
recognizing pictures then they would be expected to outperform men
primarily in the full-face, long presentation condition, and least in the fast
presentation of the “features only” faces.
As expected, results showed that women outperformed men in face
recognition. Closer analysis indicated that the differences emerged from
women outperforming men in the recognition of faces of women regardless
of type of stimuli or presentation time, whereas no sex differences were
found in the recognition of faces of men.
The results indicated that women in general do not outperform men in face
recognition per se, but rather in the recognition of female faces. The
reasons for this could be that women, to a greater extent than men, compare
themselves to other women as well as are constantly exposed to pictures of
women in advertising, women’s magazines, etc. Women may be more
interested in how they look, and in how they would like to look than men
and therefore compare themselves to each other to a greater extent than do
men.
Study III
It has been established that most cognitive abilities in men and women
decline with increasing age. The human brain also undergoes changes with
advancing age, and these changes could affect cognitive performance. If
the brains of men and women are different, as research suggests, it is
reasonable to believe that men’s and women’s brains age differently as
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well. In this study, the object was to examine whether the sex differences in
cognitive abilities were related to sex differences in the aging brain.
One hundred and twenty-nine participants, 65 men and 64 women, 64-74
years of age, were included in the study. There were no differences
between the two groups with regard to age, years of education, or scores on
a test of global functioning (MMSE).
The participants were tested on a number of tasks assessing different
cognitive abilities: attention, motor skills, working memory, semantic
memory and episodic memory. Two different kinds of age-related changes
were measured for each participant using Magnetic Resonance Imaging
(MRI), namely atrophy and white matter changes (WMCs).
Results showed that there were sex differences favoring women in the
Purdue Pegboard task, measuring fine motor skills, and in Letter Digit
Substitution, measuring working memory, but no other cognitive task
showed significant sex differences. The brain analyses revealed that men
had a higher degree of subcortical atrophy than did women. No other sex
differences in brain measures were found.
When the effects of Letter Digit Substitution and Purdue Pegboard were
tested with subcortical atrophy kept constant, results showed that
subcortical atrophy, to some extent, could explain the sex differences in
Purdue Pegboard with both hands, but not the other cognitive tasks.
The results of the cognitive tasks are in line with previous studies, whereas
the picture of sex differences in brain aging is more mixed. Of the tasks
assessing different cognitive abilities, only the sex differences in the test of
motor skills (Purdue Pegboard, performed with both hands) could to some
extent be explained by subcortical atrophy. Therefore, the sex differences
in Letter Digit Substitution and Purdue Pegboard performed with the left
and right hands, respectively, must have some other explanation than
atrophy or white matter changes.
Summary
In sum, the following conclusions can be drawn from the three studies: The
female advantage in episodic memory tasks seems to be related to women’s
higher verbal ability, whereas it seems that men have an advantage in
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visuospatial episodic memory tasks (Study I). In face recognition, women’s
higher performance level seems to be related not to their higher verbal
ability or face recognition per se, but to their higher performance in the
recognition of other women (Study II). Sex differences in a task of motor
skills (Purdue Pegboard using both hands) could to some extent be
explained by sex differences in the aging brain (subcortical atrophy),
although we did not find support for sex differences in other tasks of motor
skills (Purdue Pegboard using the right and left hands, respectively) or in
Letter Digit Substitution being explained by sex differences in atrophy or
white matter changes (Study III).

Discussion
It has been known for some time that women excel in episodic memory
tasks tapping verbal abilities. However, as Study I showed, this seems to be
related to their higher verbal ability rather than episodic memory per se.
Men, on the other hand, have the advantage in episodic memory tasks that
are visuospatial in nature.
Face recognition, a most important ability in people’s everyday lives, is a
task in which women constantly outperform men. This difference seems to
be related to women’s higher ability to recognize other women’s faces
rather than faces in general, according to the results in Study II. No support
was found for the hypothesis that women use verbal labels when encoding
and recognizing faces and thus, face recognition seems to be a non-verbal
task. Some studies have, however, found an own-sex bias in these types of
tasks, meaning that women tend to recognize the faces of other women and
men recognize other men’s faces to a larger extent than they recognize
members of the opposite sex (e.g., Vokey & Read, 1988). Studies have also
shown that participants are more accurate in recognizing pictures of people
belonging to their own ethnic group than of those belonging to other ethnic
groups (e.g., Meissner & Brigham, 2001).
Many cognitive abilities have been found to decline with age among both
men and women. In Study III, the expected sex differences in cognitive
tasks were found, and although the picture with regard to sex differences in
atrophy and white matter changes is mixed, the results were in line with the

25

main stream of this research. However, there was little support for these
sex differences being explained by atrophy or white matter changes in older
adults and thus, there must be some other explanation.
So, then, why do these sex differences in cognition exist? Several possible
explanations have been proposed, ranging from evolutionary to biological
differences in the brain to psychological and social explanations.
Evolutionary Explanations
Some evolutionary theories regarding sex differences in cognition have
been put forward. According to these theories, men very early developed
skills in aiming and calculating the proper time to shoot in order to hit a
moving animal. Women, on the other hand, developed fine motor skills and
memory for locations in the vicinity of the home regarding where berries,
fruits and other foods could be found (Eals & Silverman, 1994; Silverman
& Eals, 1992). De Courten-Myers (1999) hypothesized that women may
have developed an increased awareness of context as a result of caring for
children and home and that men developed an ability to consider facts in
isolation to each other.
In line with these evolutionary explanations, studies have found that men
outperform women in aiming (Watson & Kimura, 1991), and predicting
when an object would reach a certain point (e.g., Wright, Smith, Geffen,
Geffen, & Martin, 2000) whereas women outperform men in recall of
spatial arrays (e.g., Silverman & Eals, 1992) as well as in remembering
spatial relationships between objects (e.g., Eals & Silverman, 1994;
Silverman & Eals, 1992). However, the evolutionary view does not explain
women’s higher verbal ability, although it could be argued that whereas the
men were away and hunting for most of the day and had to be quiet in
order to not scare the prey, the women stayed together and took care of the
young, talked more and, perhaps, used verbal labels to remember where
fruits and berries could be found. This could be one explanation for
women’s higher verbal abilities. It is also possible that women developed
fine motors skills through picking berries and making baskets, which could
explain women’s advantage in tasks such as Purdue Pegboard.
Interest Hypothesis
McKelvie et al. (1993) claimed that cognitive sex differences depend on
differential interests of men and women, and that these determine what
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individuals remember. They compared sex differences in face recognition,
in which women outperformed men, and recognition of cars, in which men
outperformed women. Results were thus interpreted as being due to men’s
and women’s differential interests. Similarly, in semantic fluency tasks,
women have been found to outperform men in generating names of fruits,
whereas the opposite is true of generating names of tools (Capitani et al.,
1999). It is also possible that interest could be one explanation to women’s
higher performance in face recognition. Perhaps women, consciously or
not, compare themselves to other women and thereby perform at a higher
level than do men in recognition of other women. Contrary to Study II,
some studies have shown that men outperform women in the recognition of
other men (e.g., Vokey & Read, 1988). Such results could be interpreted as
men comparing themselves to other men, just as women seem to compare
themselves to pictures of other women.
Biological Explanations
Many researchers believe that a large part of the explanation of why
cognitive sex differences exist has to do with biology. Roughly, biological
explanations can be divided into three partially overlapping categories: the
effect of sex hormones on the brain both before and after birth, genetic
differences regarding sex and sexual orientation, and anatomical
differences between the male and female brains.
Hormonal Effects
Already in the early stages of pregnancy, the fetus is exposed to large
amounts of sex hormones and the levels of testosterone are 10 times greater
in males than in females (Swaab, Zhou, Fodor, & Hofman, 1997). Sex
hormones affect brain development from early in fetal development to very
old age (Collaer & Hines, 1995; Hines & Collaer, 1993). According to one
theory, the left hemisphere is at greater risk in prenatal development than is
the right, because the developmental process takes a longer time for the left
hemisphere (Geschwind & Galaburda, 1987). High levels of testosterone in
the prenatal phase are believed to slow the neuronal growth in the left
hemisphere, resulting in right-hemisphere dominance (often resulting in
left-handedness), according to this theory. Studies have shown that more
men than women are left-handed (e.g., Halpern, Haviland, & Killian,
1998), which could be a result of male fetuses being exposed to higher
levels of prenatal testosterone.
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According to an alternative hypothesis (Levy 1976; Levy & Nagylaki,
1972), spatial tasks are performed optimally when the ability is lateralized
in the brain. However, if the lateralization is weak or if two or more
cognitive abilities are lateralized to the same part of the brain, they do not
have the “space” to develop completely and abilities consequently suffer.
Levy (1976) explained sex differences in verbal and spatial abilities by
claiming that women more often than men have a bilateral representation of
verbal abilities, and that visuospatial abilities therefore do not have enough
“space”. Men, on the other hand, have verbal and visuospatial abilities
lateralized to different hemispheres. The female advantage in verbal
abilities is explained by language functions involving larger areas in the
brain, thus the bilateral representation is at an advantage as it is able to
draw from these different areas.
Studies have provided some evidence for differences in functional
asymmetry. For example, Wood, Flowers, and Naylor (1991) found sex
differences in cerebral blood flow while performing verbal tasks, and
Shaywitz et al. (1995) found similar differences when measuring with
fMRI. In addition, it has been found that women do not suffer from
impaired language as a result of local trauma to the head to the same extent
as do men (McGlone, 1980). It is believed that this is because women, to a
greater extent than men, are able to compensate using the uninjured
hemisphere.
Sexual Orientation and Cognition
Theories regarding connections between sexual orientation and cognitive
performance concern beliefs that homosexual men are more cognitively
similar to women than to heterosexual men, and that sexual orientation is
genetic (e.g., Kimura, 1996). This line of research has rendered a great deal
of interest in recent years. Interestingly, not much research has been
conducted on cognitive abilities in homosexual women; therefore, any
conclusions about such women would be premature (Halpern, 2000).
In aiming tasks, homosexual men have been found to perform on a level
somewhere between heterosexual men and women (Hall & Kimura, 1995;
Sanders & Wright, 1997). Hall and Kimura and Gladue, Beatty, Larson,
and Staton, (1990) also found that homosexual men did not perform as well
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as did heterosexual men on mental rotations and other visuospatial tasks. In
addition, McCormick and Witelson (1991) found that homosexual men
scored on a level between the levels of heterosexual men and women, with
no significant differences from the group of women on three spatial tasks
and one verbal fluency task. Thus, there is some evidence pointing toward
sexual orientation, at least in part, being a genetic trait.
Anatomical Sex Differences and Cognition
In general, men’s brains are slightly larger and heavier than are women’s
and this difference is present very early in life (e.g., Ankney, 1992;
Dekaban, 1978). Studies on anatomical and functional differences in the
brain have focused mainly on the differences in lateralization during
different types of tasks. There is some support for the male brain being
more asymmetrical than the female brain regarding cognitive functions
(Hiscock, Perachio, & Inch, 2001). In women, speech seems to be less
dependent on the left hemisphere, and spatial and visuoperceptual functions
less dependent on the right hemisphere, than in men (Halpern, 2000). There
is conflicting evidence of sex differences in the size of the larger corpus
callosum, binding the hemispheres together, (e.g., Bishop & Wahlsten,
1997; Davatzikos & Resnick, 1998). Cognitive sex differences have been
related to differences in the size and shape of the corpus callosum (Collaer
& Hines, 1995 (for a review); Hines, Chiu, McAdams, Bentler, &
Lipcamon, 1992). However, the functional significance of anatomical
differences in the brain is largely unknown (e.g., Fitch & Bimonte, 2002).
Social Explanations
Social explanations concern the surrounding environment and the effects of
toys, parental upbringing, neighborhood, social stimulation, peers and
schooling in addition to cultural background, socioeconomic status, etc.
(Maccoby & Jacklin, 1974). These factors affect our lives and the skills we
develop. It is likely that a person pursues a hobby such as darts if he or she
is good at it, and pursuing the hobby includes practicing and thereby
improving skills even more.
The Psychobiosocial Model
In several papers, Halpern (e.g., Halpern, 2000; Halpern & Ikier, 2002;
Halpern & Tan, 2001) has contrasted the classical nature versus nature
dichotomy with what she calls a psychobiosocial model. According to this
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model, “biology and environment are as inseparable as conjoined twins
who share a common heart” (Halpern & Tan, 2001, p. 395). There are
many factors that together determine the performance levels of an
individual; for example genetic and biological factors, learning, thoughts,
behaviors, experiences and the environment (Halpern, 2000). This model
further claims that some variables can be both biological and social, and
cannot readily be categorized as either one or the other. As an example,
learning depends on biological variables such as neuronal processes in the
brain and psychological factors such as interest, which in turn is also
affected by prior learning (Halpern, 1997). Biological, social and
psychological influences affect all types of behaviors (Halpern, 2000).
My personal belief is that the reasons for the sex differences described in
this thesis include many of the explanations above. The foundations for sex
differences in cognition emerge in the fetal phase, when high levels of
hormones affect the developing brain. Later, social factors such as toys
given and interaction with other children and adults play a large part in the
developing child’s life. The child will be more curious and interested in
certain toys and other objects, resulting in more time spent developing
appropriate skills. Thus, in my mind, Halpern’s psychobiosocial model
seems the most appropriate as it incorporates these different theories.

Changes in Cognitive Sex Differences Over Time
There has been an overwhelming amount of research conducted on sex
differences in cognition. As a result, not all studies point in the same
direction. What is important is the pattern of significant results, rather than
the mere fact that there are studies that have come to the conclusion that
there are no sex differences, or point in the opposite direction, as noted by
Sanders, Sjodin, and de Chastelaine (2002).
Some researchers believe that the magnitude of sex differences is declining
over time (Hyde & McKinley, 1997; Feingold, 1988). For instance, Hyde
and Linn (1988) found that in verbal abilities, the effect size (the size of the
sex difference) had declined by over 50% for the studies published after
1973 compared with earlier studies (from an effect size of 0.23 to 0.10,
favoring women). Interestingly, a similar pattern with declining sex
differences has been found in mathematics performance, in which men
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perform at a higher level than do women (Hyde, Fennema, & Lamon,
1990). There are several possible explanations for these changes in results
over time, according to Hyde and McKinley (1997). First of all, the
possibility that these changes are real, and that the sex differences have
declined, must be considered. For instance, parents could be more equal
than previously in the way they treat their children and the toys that they
give. However, it is also possible that more nonsignificant results (i.e., not
showing any sex differences) are published now compared with thirty years
ago, or that the tests assessed today have a smaller sex bias. If there is a
real decline in sex differences, however, has there been a change in
performance patterns in men or in women, or in both men and women?
According to Halpern (2000), the decline that Hyde and Linn (1988) found
in verbal abilities was due exclusively to more nonsignificant results
having been published recently, and if these were excluded the effect sizes
would not differ between the time periods. Halpern (2000) also concluded
that more scientific journals are now publishing nonsignificant results as
opposed to earlier; thus, the increase in publishing data that was previously
impossible or almost impossible to publish explains these reports of
changes in cognitive sex differences over time.

Caution in Interpreting Results
Other Important Variables
Education has been found to be an important variable that can, to some
degree, explain differences in cognitive abilities. Kempler et al. (1998)
found an effect of education on a semantic fluency task (naming animals)
in an ethnically diverse sample. In addition, they found sex differences in
the opposite direction than expected, with men performing on a higher
level than did women. In a study of spatial abilities, Contreras, Colom,
Shih, Álava, and Santacreu (2001) found that men performed at a higher
level than did women, regardless of education. Portin, Saarijärvi,
Joukamaa, and Salokangas (1995) found a significant effect of education in
a number of working and episodic memory tasks in an older sample.
Although not all studies find effects of education (e.g., Hassing, Wahlin, &
Bäckman, 1998), it is a variable that should be accounted for in studies on
cognitive abilities.
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In every study, results are affected by many different factors. Stress and/or
time limits are important factors that are not always accounted for. These
factors are important and influence performance. One study found no sex
differences in mental rotations, a task normally associated with quite large
sex differences favoring men, when there was no time limit (Resnick,
1993), whereas Goldstein, Haldane, and Mitchell (1990) found that the
time limits in mental rotations substantially contributed to men’s
advantage. In similar tasks, Delgado and Prieto (1996) found that it was
detrimental to both men and women to receive instructions to work
quickly. Thus, there are mixed results as to the effects of time limits.
Strategy
It has been shown that in some tasks men and women seem to adopt
different strategies for solving tasks; this could affect the sex differences
found. For example, Lawton and Kallai (2002) found that, in wayfinding
tasks, men prefer a global orienting strategy and women prefer strategy
based on route information. In other tasks, it is often difficult to study the
strategies used and it is perhaps therefore that there seems to be very little
research conducted on this topic. It is possible that the strategy used affects
the results; this may explain why education is an important variable.
To my knowledge, studies on sex differences in memory using the levelsof-processing framework have not been conducted. It would be interesting
to study this with different types of tasks, where the degree to which the
material can be labeled verbally is varied. In such a study, participants
could be asked to look at different types of pictures and encode them in a
shallow or deep fashion. If no sex differences are found then it is likely that
the sex differences found in other studies in recognition of pictures are due
in part to men and women using different strategies.
The Participants
It is important to point out that the sex differences in memory are shown in
large groups. Whereas there are more men at both the lower and higher
ends of the distribution curves, women seem to be a more homogenous
group. The variations within the groups are often larger than the variations
between the sexes. However, as Kimura (1999) pointed out, if the criterion
of no overlap between the two groups were used, then there would be very
little acceptable data in behavioral science. This limits the conclusions one
can draw from these studies. The differences are not large enough to
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warrant that boys and girls should be educated differently or have separate
classes. However, it is possible for both men and women to practice and
thereby improve cognitive skills such as spatial abilities (Baenninger &
Newcombe, 1989).
Studies on Sex Differences in Cognition
A few words of caution must be said of the studies included in the present
thesis, as well as for studies in general. The external validity, i.e., referring
to the ability to generalize the results to a larger population, is limited when
using nonrandom samples. In Study I participants were recruited through
advertisements in a free, local newspaper and in Study II participants were
recruited on a university campus. Those who chose to participate in the
tests are not a representative sample of the population in general.
Therefore, the results should not be generalized to people in general
without reflection. The participants in Study III, however, were randomly
selected for a longitudinal large-scale study (named Betula). A subset of
these participants was then randomly selected to be included in a further
study (named Cascade), of which Study III is a part.
In addition, a word of caution about tests conducted in a laboratory
environment is necessary. The results may not reflect the “true” skills of
the participant. How a participant, for instance, performs in a test of face
recognition may not match his or her real ability regarding the recognition
of faces. In “real life”, a person is rarely confronted with only facial
pictures of unknown people and is even more rarely tested on his or her
ability to recognize the pictures later. However, it is unfortunately difficult
to assess memory experiments in anything but an artificial environment.
Although sex differences have been found in several cognitive abilities in a
number of studies, it is important to note that in most cases these
differences are very limited and thus the conclusions drawn should not be
exaggerated. However, what is interesting is that these differences, albeit
small, are present. One of the challenges in studying sex differences in
cognition is finding these small differences in performance. This often
requires large sample sizes and specific tests.
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Concluding Remarks
Many questions remain to be answered about sex differences in memory
and other cognitive abilities. There is a large amount of research currently
being conducted regarding these issues. The advancement of science, as
well as technological tools such as fMRI and PET, are making it possible to
study not only the consequences of sex differences, but also differences in
the brain and brain activation patterns.
In the future, it would be interesting if it were possible to test the different
proposed explanations against each other and determine truly why these
differences exist, as well as discover whether there are changes in sex
differences over time as the world becomes more equal with respect to
men’s and women’s societal roles. Often today, psychologists do their
research and biologists do theirs; Research crossing the boundaries between
different areas of science would be extremely valuable. I am sure that, by
working together, we will eventually be able to learn more about sex
differences in memory and other cognitive abilities.
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