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On average, males have reliably been found to outperform females on several traditional psychomet-
ric tests of spatial ability, especially those involving a component of mental rotation. The evidence
is much less clear and complete with respect to performance on larger-scale and more ecologically
valid tasks generally associated with geographic investigation, such as those involved in wayfinding,
map use, and place learning. In this study, a community sample of 43 females and 36 males performed
a large battery of spatial and geographic tasks. The battery included psychometric tests; tests of
directly acquired spatial knowledge from a campus walk; map-learning tests; tests of extant
geographic knowledge at local, regional, national, and international scales; tests of object-location
memory; a verbal spatial task; and various self-report measures of spatial competence and style.
Both univariate means tests and multivariate discriminant analyses largely agree on a comprehensive
picture of the spatial abilities and styles of males and females. In particular, the study supports a
“route-survey” distinction between the sexes, and replicates previously published evidence of female
superiority at a static object-location memory task. Males were found to most clearly outperform
females on tests of newly acquired spatial knowledge of places from direct experience rather than
tests of extant knowledge or map-derived knowledge; the latter tests revealed no clear differences

between the sexes. Key Words: gender, geographic skills, sex, spatial abilities.

oth common belief and a great deal of

scientific literature claim that the sexes

differ in their ability to perform certain
spatial and geographic tasks. Some of these claims
enjoy more empirical substantiation than others.
Frequently such claims overgeneralize from pat-
terns found on a single spatial task or on a limited
range of tasks, effectively defining “spatial tasks”
in an overly narrow way. In this paper, we briefly
review the extensive multidisciplinary literature
on sex-related differences in spatial abilities, em-
phasizing results that are most relevant to the
development of geographic knowledge. We then
present the results of a study designed to compare
the sexes on a wide array of spatial and geographic
tasks. Unlike most of the past research conducted
in other disciplines, we do not restrict ourselves
to pictorial and graphical spatial tasks, but in-
clude tasks involving environmental and geo-
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graphic spaces. Qur focus is on characterizing the
pattern of performance across this broad array of
tasks in a way that more accurately conveys both
the differences and similarities between males
and females in “spatial” ability.

We use the term “sex-related” to refer to sta-
tistical comparisons of performance between
males and females (see Deaux 1993). By using
this term, we do not imply a particular causal
explanation for any differences that may actually
exist, only a description of data patterns. “Sex-
related” refers only to a correlation between the
measured value of a variable and a person’s status
as a female or male (or, equivalently, a mean
difference between females and males on a par-
ticular variable). Some causal explanation under-
lies such a correlation, but it is typically ambiguous
as to what that explanation is. Of course, the
question of why any sex-related differences exist
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is an important one, and one that has generated

- a great deal of theorizing and speculation. Expla-
nations have run the gamut from biological theo-
ries of hormones, brain laterality, and
evolutionary strategies of the sexes, to learning
and socialization theories of toy play, activity
spaces, and parental and societal feedback, to
theories about bias and stereotyping in spatial
testing and data interpretation (Serbin and Con-
ner 1979; McGlone 1980; Shute et al. 1983;
Signorella and Jamison 1986; Bowers and La-
Barba 1988; Goldstein et al. 1990; Kimura 1992;
Newcombe and Dubas 1992; Sharps et al. 1994;
see reviews in Maccoby and Jacklin 1974; McGee
1979; Harris 1981; Self et al. 1992). We remain
neutral however, in this paper on the issue of
causality, though we recognize the likely interac-
tive roles of genetics, neurophysiology, learning,
and biased socialization. The research we present
below was not designed to shed light on the causes
of differences; the one-shot correlational design
we use and the lack of child and adolescent
research participants make causal conclusions
quite ambiguous (the literature in fact contains
many such dubious conclusions about causality).
Instead, our research was designed simply to de-
scribe and characterize the nature and extent of
differences and similarities in a comprehensive
fashion. We believe this fulfills the necessary func-
tion of describing sex-related patterns of perfor-
mance that is a prerequisite to causal research. It
also serves the purpose of alerting geographers to
some of the possible ways that a person’s sex
might influence teaching and research in geogra-
phy, as well as to ways in which sex might not be
influential.

Review of Literature

Hundreds of studies on patterns of spatial task
performance as a function of sex have been con-
ducted and reported during the last hundred
years. The great majority of such studies have
involved psychometric paper-and-pencil tests, of
which there are over a hundred published exam-
ples (Eliot and Smith 1983; Eliot 1996). Even
restricting ourselves to these psychometric tests,
there are many different ways in which “spatial
ability” has been conceptualized and operational-
ized. Tests have variously required individuals to
find hidden shapes, match 2-D or 3-D figures,
balance figures with respect to horizontal or ver-
tical axes, solve mazes, imagine the results of

rotations or manipulations of figures, and more.
In many cases, data collected with these tests
have been subjected to data reduction techniques
like factor analysis in an attempt to identify a
small number of basic underlying spatial abilities
(summarized by Eliot and Smith 1983). Most
often two or three primary factors have been
identified, sometimes along with less important
minor factors (Guilford’s [1967] once-influential
approach was an important exception in identi-
fying a large number of spatial and other intellec-
tual component “abilities”). The two most
common primary factors have typically been la-
beled “spatial visualization,” the ability to men-
tally manipulate or rotate 2-D or 3-D pictorially
presented visual stimuli, and “spatial orientation,”
the comprehension of the components or ele-
ments within a visual stimulus pattern or the
ability to imagine how a stimulus or configuration
would appear from another perspective (McGee
1979; Eliot and Smith 1983). A “spatial relations”
factor has also been identified, though its unique-
ness relative to visualization and orientation has
been unclear.

Statistically reliable sex-related differences fa-
voring males in their performance of several psy-
chometric tests of spatial ability have repeatedly
been found, though the differences are typically
modest in size (reviewed by Harris 1981; Maccoby
and Jacklin 1974). Not all tests reveal differences
of equal magnitude or robust significance, how-
ever, and there may exist a number of studies that
did not find statistically reliable sex-related differ-
ences and thus were not published. Although not
the only type of test that has revealed differences
favoring males (for example, males outperform
females on “dynamic spatial reasoning” tasks,
such as judging the relative speeds of two moving
symbols on a computer screen [Law et al. 1993]),
those involving the mental rotation of 2-D and
3-D figures consistently show the largest differ-
ences (Linn and Peterson 1985; Masters and
Sanders 1993; Voyer et al. 1995). The difference
appears to reflect the fact that males perform
mental rotation more quickly than do females
(Kail et al. 1979; Goldstein et al. 1990).

In sum, the extensive psychometric literature
has conclusively demonstrated that males on av-
erage perform better than females on some types
of spatial tests, especially speeded tests involving
a component of mental rotation. What is unclear
is what role “spatial ability,” as it has been defined
in psychometric research, plays in the perfor-
mance of such real-world and large-scale spatial
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tasks as using a map, navigating through an envi-
ronment, and giving and interpreting verbal spa-
tial descriptions. For example, commentators
have noted that:

Nearly all of this research [on sex differences], how-
ever, has used two-dimensional spatial tasks (paper-
and-pencil tests) and has not investigated
three-dimensional, spatial comprehension at real

scale (Evans 1980:275).

Few “spatial ability” studies have involved the re-
quirement to perform such practical, everyday tasks
as finding one’s way around a locale (Caplan et al.

1985:795).

To what extent [do] common processes and repre-
sentations underlie skill in dealing with large-scale
space and spatial ability as measured by standard
aptitude tests? (Cooper and Mumaw 1985:91-92).

A few studies suggest that factors derived from
paper-and-pencil tests account only very weakly
for performance on large-scale spatial tasks (Pear-
son and lalongo 1986; Bryant 1991; Allen et al.
1996). We believe it is unlikely that factors de-
rived from paper-and-pencil tests could account
for the entire spectrum of skills that might rea-
sonably be thought to involve “spatial ability” in
this more ecologically relevant sense. The re-
stricted definition of spatial ability, as incorpo-
rated into many psychometric tests, contrasts
with the richness of the general literature on
spatial activities and spatial behavior, much of it
from disciplines other than psychology. What is
not at all obvious is how scores on spatial psy-
chometric tests relate to the spatial skills neces-
sary in many of these problem-solving situations.

Some research does exist comparing males and
females on their performance of environmental
and real-world spatial tasks, though it constitutes
only a small portion of the research on sex-related
differences in spatial abilities. For instance, sev-
eral studies have examined the performance of
spatial tasks involving extant knowledge of places
acquired from previous experience. Evans (1980)
summarized work of this type involving sketch
map measures by concluding either that the sexes
did not differ or that the male superiority some-
times found was due to differences in home range.
Several studies since then have found only small
differences between the sexes on their extant
knowledge of distances and directions between
places in local environments (Girling et al. 1982;
Kirasic et al. 1984; Kitchin 1996). Holding
(1992) did find that males were significantly more

accurate locating campus buildings on” a grid
placement task.

The evidence for sex-related differences is
much stronger in studies that have examined
environmental spatial knowledge acquired as
part of the study, particularly when based on
direct locomotor experience. Bryant (1982) re-
ported that females made significantly higher er-
rors pointing to target landmarks in the
environment. Other studies have replicated this
male superiority in indicating directions to places
and features along routes in the environment to
which they were exposed as part of the study
(Holding and Holding 1989; Presson et al. 1989;
Lawton 1996; Lawton et al. 1996). Pearson and
Ferguson (1989) had female and male college
students learn a city route by viewing a sequence
of slides taken during a walk along the route (they
did not actually locomote along the route). Males
drew more accurate sketch maps of the route,
though this difference was small and did not reach
statistical significance.

A few studies have examined differences be-
tween the sexes in learning information from
maps, finding quite mixed results. Gilmartin and
Patton (1984) and Golledge et al. (1995) reported
small and nonsignificant differences between the
sexes on a variety of map use and map-learning
tasks. Beatty and Tr6ster (1987) found that males
located cities and other features more accurately
on U.S. and state outline maps based on extant
knowledge of geography, but no difference was
found on such a task when based on new knowl-
edge learned from fictitious maps. Henrie et al.
(1997) found that male college students outper-
formed female college students on a multiple-
choice test of map skills and map-based
geographic knowledge. Galea and Kimura (1993)
had participants learn a route from a fictitious city
map. Males retraced the route faster and more
accurately, and were more accurate estimating
straight-line directions. It is clearly difficult to
make any generalization about “map abilities,”
however, given the wide variety of map types and
tasks employed in these studies.

A task that has revealed some of the most
robust evidence for sex-related differences in en-
vironmental spatial tasks is self-report of spatial
ability and anxiety. Kozlowski and Bryant (1977)
provide one of the earliest reports of this trend,
finding, in their first study, that 20 of 28 male
participants, but only 8 of 17 females, self-
classified themselves as having a “good sense-
of-direction” (notwithstanding Evans’s 1980
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interpretation of this as no difference). Since
then, several studies have reported higher self-
reports of “sense-of-direction” or “spatial confi-
dence” by males (Harris 1981; Bryant 1982; Foley
and Cohen 1984; Lunneborg 1984; Devlin and
Bernstein 1995) and higher reports of “spatial
anxiety” by females (Lawton 1994, 1996; Lawton
et al. 1996).

It has often been suggested in the literature
that males and females differ stylistically in their
environmental cognition along a dimension of
“route versus survey” knowledge. Females are
said to rely more on a “route strategy” that de-
pends on a sequential knowledge of landmarks.
Males, on the other hand, are thought to employ
a “survey strategy” to a relatively greater extent.
This would be reflected in greater reliance on
metric knowledge of distances and directions
(particularly cardinal directions), and better
knowledge of straight-line relationships of places
between which they had not directly traveled.
This stylistic difference has been identified in
sketch maps drawn by the two sexes (e.g., Spencer
and Weetman 1981; McGuinness and Sparks
1983). Evidence reviewed above involving envi-
ronmental knowledge acquired as part of the
study is consistent with this difference as well.
Furthermore, Galea and Kimura (1993) found
that females did in fact recall more landmarks on
a task involving route-learning from a fictitious
city map. As reviewed above, however, males
retraced the route faster and more accurately,
and made more accurate estimates of straight-line
directions. But Devlin and Bernstein (1995), us-
ing a task that exposed first-time campus visitors
to a computer-simulated tour of the campus,
found that females did not benefit from a condi-
tion in which landmarks were highlighted.

Probably the most common form of evidence
that females and males differ stylistically along
some type of route-survey knowledge dimension
comes from studies of verbal descriptions of
routes and places. Ward et al. (1986) had partici-
pants give verbal instructions for following routes
from fictitious maps (“directions”). Whether
done while viewing the maps or from memory,
males used more cardinal-direction terms and
more metric-distance terms than females. Miller
and Santoni (1986), using a similar task, found
that females referred more to landmarks in their
route descriptions.

Self-report measures have also supported the
existence of some type of route-survey distinc-
tion. Lawton (1994, 1996) reported that females

were more likely to report using a route strategy
(attending to feature cues and connections be-
tween places), while men were more likely to
report using an “orientation” strategy (maintain-
ing a sense of self-location relative to environ-
mental reference points). Lawton et al. (1996)
found no difference in the reported use of land-
marks in a task that required participants to learn
a route in a large building.

To this point, whatever the nature of the spa-
tial task, nearly all evidence finds either that
males are faster or more accurate at the task, or
that the sexes do not differ. Recently, reasoning
from ostensible evolved differences between the
spatial skills of “hunters” and “gatherers,” Silver-
man and Eals (1992) introduced a spatial task for
which they predicted and found better perfor-
mance by females. We call the task “object-loca-
tion memory.” In their first study, Silverman and
Eals found that females recognized significantly
more objects on a sheet of paper that they had
seen on a study sheet shown earlier; they also
recognized better whether objects were in differ-
ent locations than on the study sheet. The second
study was conducted in a small office with objects
placed around the room. In an incidental learning
task, females verbally recalled more of the names
and approximate locations of the room objects
after a short delay. Study 3 used the same office,
but both incidental and intentional learning con-
ditions. In both learning conditions, females
placed more objects into their approximately cor-
rect locations on a schematic drawing of the
room. This was true even when placed objects
were divided by the number of remembered ob-
jects, an attempt to control for differences in
object-identity memory. In follow-up research,
Eals and Silverman (1994) drew a further ex-
planatory analogy by reference to the supposed
“landmark” style of females. They replicated the
patterns of object memory with both common
and uncommon objects; the latter would not
easily be labeled verbally, and a female advantage
with them could not readily be attributed to
female verbal superiority. In fact, the patterns
were less consistently replicated with uncommon
objects; for example, female location memory was
better only in an incidental learning condition.

In sum, existing research indicates that males
and females do differ in their performance of some
spatial and geographic tasks, but not others.
Males have usually been shown to excel at knowl-
edge of directions between places in the environ-
ment; this pattern is much clearer in studies
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involving knowledge directly acquired as part of
the study, rather than extant knowledge of the
environment brought into the study. The notion
of a stylistic difference along the lines of a “route-
survey” distinction receives support from several
bodies of evidence. Also, males typically report a
better “sense-of-direction” and lower anxiety
about wayfinding and spatial learning. The evi-
dence from studies of map abilities is quite mixed,
but it is probably correct to conclude that males
have no consistent superiority on map tasks in
general. Finally, there is evidence that females
excel at object-location memory, whether based
on pictorial stimuli or environmental spaces. The
suggestion of female superiority in a spatial task
is quite novel and intriguing, but this finding
needs to be replicated.

In the study reported below, we administered
a wide variety of environmental and geographic
spatial tasks to a single sample of research partici-
pants in order to assess the nature of sex-related
differences and similarities. Attempts were made
to evaluate a wide cross-section of measures of
spatial abilities that have been reported in the
literature. Traditional paper-and-pencil psy-
chometric tests were included as a replication of
past research. Spatial learning and acquired
knowledge in larger-scale spaces was also investi-
gated, including a room space, a campus route,
city landmark locations, and national and world-
city locations. The ability to learn information
from maps was tested. We also included a task
involving verbal spatial ability, specifically the
verbal description of a route through campus.
Finally, several self-report measures of spatial fa-
miliarity and ability were administered. In addi-
tion to traditional measures of psychometric
dimensions of spatial ability, this array of tasks
and measures included several that more closely
resemble real-world spatial activities. They varied
in the scale of the space, the contribution of static
and dynamic abilities, and the type of spatial
knowledge assessed.

Methods

Participants

Participants were drawn from a pool of about
450 residents of the Santa Barbara area who had
earlier responded to a mail survey about their
spatial activities and experiences (described in a
separate manuscript in preparation). Participa-

tion was solicited by phone; an attempt was made

to balance the age composition of our sample

between the two sexes. Eighty-one participants
agreed to participate and began the study, but two
participants were dropped because they did not
complete both data-collection sessions. Partici-
pants completing both sessions were paid $40.
The final group of 79 participants consisted of 43
females and 36 males. They ranged in age from
19 to 76 years, with a mean age of 47. The
socioeconomic status of our participants was
quite high, with a median income level of
$40,000-60,000 per year and a median education
of “four years of college” (none had less than a
high-school diploma, and 23 had postgraduate
degrees). In addition to their similarity in age,
female and male participants were very similar
and not significantly different on average with
respect to income and education. Furthermore,
the two sexes had lived in the Santa Barbara area
for about the same number of years and had
nearly equal amounts of self-reported contact
with local landmarks, familiarity with the campus,
and knowledge of U.S. and world cities.

Tasks and Measures

The battery of tasks administered to partici-
pants may be organized into seven groups:

Psychometric Tests. Three standard paper-
and-pencil tests were administered: the Hidden
Patterns (French et al. 1963), Card Rotations
(French et al. 1963), and Vandenberg Mental
Rotations (Vandenberg and Kuse 1978) tests. Sam-
ple items from each test are presented in Figure 1.
These tests assess both “visualization” and “orien-
tation” dimensions, static and dynamic spatial abili-
ties, and 2-D and 3-D spaces. All of these tests are
composed of small abstract shapes drawn on
paper. Each test consists of 2 sections, each of
which must be completed within 3 minutes.

Campus Route Learning. Participants were
taken on a walk through an area of campus. This
route was approximately 420 m in length and
wound around various buildings and other struc-
tures (Figure 2); it required about 5 minutes to
walk once. The first walk constituted an inciden-
tal learning trial, as no instructions were given to
pay attention to landmarks or spatial properties
of the route, only to follow the researcher. After
completing this first walk, participants sat on a
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Figure 1. Sample items from the Hidden Patterns Test, Card Rotations Test, and Vandenberg Mental Rotations

Tests.

bench next to the end of the route and were asked
to draw a sketch map of the route. The sketch
map was drawn on an 8.5" X 11" piece of paper
that was blank except for the initial straight seg-
ment of the route, 55 m in length, which was
included to provide scale for the maps. This scale
segment was explained to participants, and they

were told to show distances, directions, and other
details as accurately as possible. No time limit was
placed on the sketch mapping. After the sketch
map was complete, participants were taken on
two more walks along the route. These may be
considered intentional learning trials, as partici-
pants knew they would be drawing sketch maps
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after each walk. Also, a series of eight landmarks
were pointed out and named to participants on
the second and third trials (see Figure 2). They
were told to remember the names and locations
of these landmarks because they would need to
place them on their sketch maps. An alphabeti-
cally ordered list of landmark names was given to
participants while they drew their maps on these
two trials, so that all sketch maps would contain
marked locations for all landmarks (a small number
of participants omitted one or more nonetheless).

Map Learning. This set of measures con-
sisted of two separate tasks in which participants
learned information from novel maps.

(a) Amusement Park Map: This task was a map
analogue to the campus route-learning task de-
scribed above. Participants were shown a simple
map of a fictitious amusement park (Figure 3).
The route shape was exactly the same as the
campus route and had 8 landmarks in the same
locations as the target landmarks in the campus
route (Lloyd [1989] inspired our use of analogue
maps in this task and the Grand Forks task be-
low). Participants were given a copy of the 8.5" X
11" map, which they looked at as the researcher

highlighted a specific route through the environ-
ment on a copy of the map projected with an
overhead projector (see Figure 3). Three learning
trials were administered, as in the campus route
task. The first trial again constituted incidental
learning. After the route was shown, the projector
was turned off, and participants were given a
minute to study their maps. After that minute,
they were given a piece of 8.5" X 11" paper, which
included the initial segment of the route. They
were asked to draw a sketch map of the route, just
as in the campus route task, requiring up to five
minutes to complete. After this drawing, two
more intentional learning trials were adminis-
tered (the participants knew they were going to
draw sketch maps). The 8 target landmarks were
pointed out on the projector and provided to
participants in an alphabetically ordered list while
they drew their sketch maps.

(b) Grand Forks Map. In this map-learning
task, participants were shown a fictitious map of
Grand Forks, North Dakota (Figure 4), con-
structed by rotating a simplified line map of the
city of Santa Barbara and changing the names of
the target landmarks used in the Santa Barbara
distance-estimation task described below, allowing
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Figure 2. Campus route learned via walking, including locations of eight landmarks taught to participants.
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Figure 3. Fictitious amusement park learned via map, including eight landmarks taught to participants. Route
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a direct comparison with the data from that task.
Participants were given the 8.5" X 11" map and
were given 2 minutes to study the map in order
to learn the names of 8 target landmarks. After
studying the map, they were asked to draw a
sketch map of the city including as many of the
landmarks with their names as they could remem-
ber. This map study and drawing cycle was re-
peated twice more. After each drawing was
complete, the researcher checked the map for
correctness of the names of the landmarks. If
landmarks were missing or incorrect, the name
was told to participants. No feedback was given
on the correctness of the drawing or the locations
of the landmarks. These 3 sketches served as
learning trials only. After they were complete,
participants performed straight-line distance es-

timates between pairs of the 8 landmarks. Mag-
nitude estimates were of the form, “If it is 100
units from A to B, how many units is it from C to
D?” Eight landmarks can be grouped into 28
possible pairs. One pair was always used as the
reference distance (A to B), leaving 27 pairs to be
estimated. Participants read a set of instructions
and an example, and were given a chance to ask
questions before performing these estimates. Up
to 25 minutes were given to complete this task.

Extant Geographic Knowledge. This set of
measures consisted of four separate tasks in which
participants answered questions about local, na-
tional, and international place locations they
knew from prior experience, either direct travel
or indirect sources such as maps.
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Figure 4. Fictitious map of Grand Forks.

(a) Santa Barbara Distances. Magnitude esti-
mates of distances between 27 pairs of locations
in the Santa Barbara area were collected as in
the Grand Forks task above. As described
there, these eight landmarks formed the same
configuration as those depicted on the Grand
Forks map, though rotated. It is important to
note, however, that participants were never
shown a map of the Santa Barbara landmarks,
but had to estimate distances from prior knowl-
edge. Up to 25 minutes were given to complete
this task.

(b) City Cardinal Locations. In this task, par-
ticipants judged which of a pair of cities was either
farther north or farther east (e.g., “which s farther
to the north, Washington, DC or Paris, France?”).
Eight pairs of cities were used. Four minutes were
given to complete this task.

(c) City/State Ordinal Distances. Participants
answered 27 questions of the type, “Which city
(or state) is closer to A: B or C?” (e.g., “which city
is closer to Phoenix: Las Vegas or Los Angeles?”).
Fifteen questions involved city locations, and 12

questions involved U.S. state locations. Up to 10
minutes were given to complete this task.

(d) City Placements. Participants were given an
outline map of the world (Mercator projection)
and a list of 15 cities (with their countries identi-
fied) to place on the map (e.g., Athens, Greece;
Sydney, Australia). They placed a small dot on
the map at their best guess of the location of each
city and wrote its name. Participants were given
up to 7 minutes to complete this task.

Object Location Memory. This task was a
replication of the task introduced by Silverman
and Eals (1992). Participants were taken to a
curtained-off corner of a room that contained two
tables. Thirty-five items (e.g., battery, chalk,
shoes) were placed on the two table tops, the walls
above the two tables, and on the floor beneath
the tables. Participants were given 2 minutes to
study the items, and told to try to memorize the
identities of everything there, including items on
the walls and floor. Object locations were learned
incidentally. Participants were also asked not to
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touch anything. After 2 minutes, the participants
were taken to a different table where they were
given a perspective drawing of the corner of the
room (Figure 5) and a list of the 35 items (in
alphabetical order). The participants were asked
to place the numerical label of each of the 35
items onto the drawing in the location where the
item was. They were instructed to skip any item
which they could not remember having seen. The
recall of object locations required as long as 12
minutes to complete, about 5 minutes on average.

Verbal Spatial Descriptions. This task was
performed as part of the campus route-learning
task described above. After the third walk and
sketch map of the route, participants verbally
described the route into a tape recorder as if they
were instructing someone how to follow the
route. They were told to use whatever informa-
tion they thought would be most useful.

Self-Report Measures. Demographic vari-
ables assessed included sex, age, years living in the
area, income level, education level, and occupa-
tion (the latter three measures were taken from
participants’ earlier responses to our mail survey).
Self-reports about prior familiarity with and ex-
posure to the campus, the city, and U.S. and world
cities were collected with 5- and 7-point scales.
Participants also rated their environmental spa-
tial “style.” This consisted of 10 7-point scales
asking about sense-of-direction, spatial ability,
spatial preferences, and spatial anxiety (Table 1).

Design and Procedure

Tasks were administered in 2 sessions, a group
session (1 to 6 participants), lasting approxi-

Table 1. Self-Report Environmental
Spatial-Style Questions?

I am very good at giving directions.

My “sense of direction” is very poor.

I am very good at judging distances.

I do not like to explore.

I tend to think of my environment in terms of
cardinal directions (N,S,E,W).

I very easily get lost in a new city.

I don't confuse right and left much.

I am very good at reading maps.

I don’t remember routes very well while riding as
a passenger in a car.

(10) It’s not important to me to know where I am.
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8Answers were made on 7-point Likert scales: 1 was
“strongly agree,” 7 was “strongly disagree.”

Figure 5. Perspective drawing of room used to collect
data for Object Location Memory task.

mately 2.5 hours, and an individual session, last-
ing approximately 1.5 hours. The sessions were
scheduled about 2 weeks apart, in counterbal-
anced order. Participants were assigned to a ses-
sion according to their sex and age group. The
group session consisted of the psychometric tests,
the map learning tasks, and the extant geographic-
knowledge tasks. Within this session, the order of
these 3 groups of tasks was counterbalanced. Two
breaks of 10 and 5 minutes were taken in be-
tween these groups of tasks. The individual ses-
sions consisted of the route learning and
object-location tasks, also counterbalanced for
order. The self-report questions dealing with spa-
tial ability and familiarity were administered
either at the beginning or at the end of the route
learning task. All sessions were conducted by
female research assistants.

Results

Separate univariate analyses are first presented
for each of the spatial tasks, organized into groups
as in the Methods Section. The results are then
examined using multivariate discriminant analysis.

Univariate Results

Psychometric Tests. Mean scores for males
and females on the Hidden Patterns Test (HPT),
Card Rotations Test (CRT), and Vandenberg
Mental Rotations Test (MRT) are shown in Table
2. Males scored significantly higher than females
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Table 2. Mean Scores? by Males and Females on
the Psychometric Paper-and-Pencil Tests

Table 3. Mean Error Scores? by Males and
Females on the Campus Route Learning Task

Test Male Female Task Male Female

Mental Rotation***  16.6 (6.4) 11.8 (5.0) Route-Turn 2.5(1.4) 2.8 (1.6)

Hidden Patterns 191.4 (50.3) 177.3 (47.1) Route-Landmark 3 (.6) 2 (.3)

Card Rotation 100.7 (28.4) 93.9 (31.1) Route-Distance™* (mm) 51.5 (34.0)  73.2 (40.3)

@Mean raw scores (standard deviations) Survey—Distange (mm?) 18.9 (14.6) 19.5 (14.7)

wanp < 001 : Survey-Direction** (°) 8.7 (7.3) 17.6 (16.3)
3Mean raw scores (standard deviations).

on the MRT, t(77) = -3.72, p < .001, but not on
the HPT, t(77) = —1.28, nor on the CRT, t(77) =
-1.01.

Campus Route Learning. Several variables
were scored from the sketch maps, based on the
average performance after the second and third
walks. Mean scores for males and females for the
following variables are shown in Table 3: route-
turn errors (Route-Turn), including extra turns,
omitted turns, and turns in the wrong direction;
route-landmark errors (Route-Landmark), in-
cluding landmarks on the wrong route segment
and skipped landmarks; route-distance error from
correct (Route-Distance), in mm; straight-line dis-
tance error from the end to the beginning of the
route (Survey-Distance); and straight-line direction
error from the end to the beginning of the route
(Survey-Direction). The first two may be thought
of unambiguously as measures of “route knowl-
edge,” while the latter two are clearly measures of
“survey knowledge”; Route-Distance is a measure
of metric spatial knowledge along the route, ar-
guably transitional between route and survey
knowledge. Route-Distance error was signifi-
cantly lower for males than for females, t(77) =
2.55, p < .01, as was Survey-Direction, t(77) =
3.04, p < .0l. Females made marginally fewer
Route-Landmark errors, t(77) = -1.92, p < .06.
Neither Route-Turn errors, t(77) = 1.00, nor
Survey-Distance errors, t(77) = 0.20, signifi-
cantly differed for males and females.

Map Learning. Participants learned a route
from a map of a fictitious amusement park. They
were not informed that the route was shaped the
same as the campus route described above that
was learned through direct experience. The same
variables were scored here, again based on the
average performance after the second and third
learning trials (Table 4). In the case of this map-
acquired knowledge, unlike the directly acquired
campus knowledge, males and females did not
significantly differ on any of the variables (degrees

**p < .01

Table 4. Mean Error Scores® by Males and
Females on the Amusement Park Map

Learning Task
Task Male Female
Route-Turn 1.5 (1.1) 1.6 (1.2)
Route-Landmark .9 (1.0) .9 (.8)
Route-Distance (mm) 37.3(29.6)  34.6 (28.8)
Survey-Distance (mm)  12.9 (7.8). 12.5 (9.9)
Survey-Direction (°) 9.1 (7.3) 10.9 (8.0)

@Mean raw scores (standard deviations).

of freedom are less because two respondents were
accidentally given the wrong data sheets for this
task): Route-Landmark errors, t(75) = —0.27;
Route-Turn errors, t(75) = 0.51; Route-Distance
error, t(75) = -0.39; Survey-Distance errors,
t(75) = —0.16; and Survey-Direction errors, t(75)
= 1.05.

In a second map task, participants learned a
fictitious map of Grand Forks, North Dakota. The
street layout was a rotated version of the street
layout of Santa Barbara, which allows us to com-
pare these results to the results from the Santa
Barbara knowledge task presented below. One
measure was scored here: mean error on a pair-
wise distance estimation task involving 8 land-
marks on the map. Females (M = 103.1 units, SD
= 49.9) and males (M = 115.8 units, SD = 64.1)
did not significantly differ, t(77) = -0.99.

Extant Geographic Knowledge. This con-
sisted of four tasks. The “Santa Barbara Dis-
tances” task required participants to make
distance estimates between pairs of landmarks, as
was done for the Grand Forks task. These were
actual landmarks from the Santa Barbara area
that participants had learned about through some
combination of direct and indirect experience
during the time they had lived in the area. They
were not shown a map of the area as part of the
study. Just as was true for errors estimating dis-
tances from the Grand Forks map, males and
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females performed very similarly on this task (Ta-
ble 5) and did not significantly differ, t(77) =
—-0.27. The “City Cardinal Locations” task re-
quired participants to judge which of a pair of
world cities was further north or east. This data
consists of the proportion correct out of eight
pairs. Males and females (Table 5) did not signifi-
cantly differ on their performance of this task,
t(77) = -1.53. The “City/State Ordinal Distances”
task required participants to judge which of a pair
of cities or states is closer to a third. Male and
female proportion correct out of 23 was similar
(Table 5) and did not significantly differ, t(77) =
-1.28.

The final geographic-knowledge task, “City
Placements,” was the only one of the four that did
result in significantly different performance by
males and females. The task required participants
to place 15 world cities on an outline map of the
world. Mean error in miles (Table 5) was greater
for females than for males, t(77) = 2.21.

Object Location Memory. This task re-
quired the placement of objects on an outline
drawing of the corner of a room. Object-identity
memory did not confound any variables scored
from this task because participants were given the
list of the objects and did not have to recall their
identities, only their locations. The task was
scored in several ways, all of which converge on
the conclusion that females perform this spatial
task better than males. A mean of only 2.4 out of
35 objects were not placed, 1.9 by females and 3.0
by males, which was not a significant difference.
“Topological” errors were separated from “metric”
errors. The former consisted of a count of objects
that were located on an incorrect surface—for
instance, a table object placed on the floor. Over-
all, an average of 1.6 objects were so misplaced.
Males misplaced significantly more objects in this
way (M = 2.2, SD = 2.1) than did females (M =
1.0, SD = 1.4), t(77) = -3.00, p < .0l. Metric
errors consisted of a measurement of the dis-
tances between the objects’ recalled locations

and their actual locations (in cm of room space
after being scaled from the response sheet). First,
all recalled objects were included; objects deter-
mined to be topological errors obviously contrib-
uted large metric errors. Calculated in this way,
males in fact had significantly greater metric er-
rors (M = 25.3cm, SD = 10.3) than did females
(M =20.0cm, SD = 8.6), t(77) =-2.49,p < .01.
It is possible that including objects misplaced
topologically, as has been done in all previous
research, is misleading. Maybe the difference is
entirely due to such topological misplacements.
Because of this possibility, we carried out a second
analysis of metric errors. This included only ob-
jects located topologically correctly. Errors were
somewhat smaller of course, yet males (M =
21.9cm, SD = 9.3) and females (M = 18.3cm,
SD = 7.6) still differed. The difference, however,
did not quite reach significance when analyzed
this way, t(77) = -1.85, p = .07.

Verbal Spatial Descriptions. This set of
measures was derived from a verbal description of
the route walked as part of the Campus Route
Learning task. Several variables were obtained
from this task (Table 6): the total number of words
used; the total amount of filler, including repeated
words, pauses, and irrelevant asides; total number
of turns mentioned; total number of mentioned
turns that were correct; total number of land-
marks mentioned (almost all of which were
correct); total number of maintenance state-
ments (such as “keep going”); total number of
nonmetric-distance terms (such as “next” or
“beyond”); total number of fuzzy and precise
metric-distance terms (such as “quite a ways” or
“about 50 feet”); and the number of terms refer-
ring to cardinal directions. Of these, females re-
ferred to cardinal directions less frequently than
males, t(77) = —4.04. Females also used marginally
more nonmetric-distance terms, t(77) = 1.82,p =
.07, and marginally fewer metric-distance terms,
t(77) = -1.75, p = .08. None of the other measures
approached statistical significance.

Table 5. Mean Performance by Males and Females on the Extant Geographic Knowledge Tasks®

Male Female
Santa Barbara Distances (units) 135.0 (108.9) 129.8 (62.2)
City Cardinal Locations 74 (23) 67 (18)
City/State Ordinal Distances? 66 (9) 64 (10)

City Placements* (mi)

941.2 (600.0)

1273.1 (716.1)

@Mean raw scores (standard deviations).
*p<.05
percentage correct.
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Table 6. Mean Performance® by Males and Females on the Verbal Description of the Campus Route

Description

Male Female

Total words

263.2 (115.3)

260.7 (122.5)

Filler expressions 58.6 (38.6) 49.3 (35.2)
Turns mentioned 7.3 (2.5) 7.1 (2.5)
Turns correct 6.2 (2.5) 5.8 (2.0)
Landmarks mentioned 17.2 (8.2) 18.4 (5.9)
Maintenance statements 6.8 (2.8) 79 (3.2)
Nonmetric-distance terms 1.4 (2.0) 2.5(3.2)
Metric-distance terms 3.13.1) 1.9 3.3)
Cardinal-direction terms 2.4 (2.7) 0.6 (1.1)%**=

#Mean raw scores (standard deviations).
*REE < 0001

Self-Report Measures. Finally, self-report
variables were compared for males and females.
“Environmental spatial style” consisted of the
answers to 10 self-report items dealing with abili-
ties and preferences. Calculated as a simple mean
of the 10items, males did not rate themselves very
differently than did females on environmental
spatial style, and the difference did not reach
significance (Table 7). Furthermore, self-reports
of spatial style did not differ much as a function
of order; both overall and within each sex, they
were similar whether provided before or after the
other tasks performed that session (including the
campus-route task). Analyzed individually, males
rated themselves significantly higher on item 3
(Table 1), about judging distances, and item 5, on
thinking in terms of cardinal directions. The sexes
did not significantly differ on any other item.

Self-report measures also included the demo-
graphic variables of age, income, and education,
and several geographic familiarity variables, in-
cluding years living in Santa Barbara, mean con-
tact with Santa Barbara landmarks, familiarity
with the university campus, and familiarity with
the U.S. and world cities whose location was
tested for in the geographic-knowledge tasks. On
none of these variables did males and females

differ much (Table 7), and none of the differences
approached statistical significance.

Multivariate Results

Conducting separate univariate analyses has
some real limitations as an approach to under-
standing these data. The primary reason is that
interrelationships between measures are ignored
by the univariate approach; it is definitely not the
case that each variable in the dataset represents
an independent assessment of some aspect of
spatial ability. Furthermore, alpha inflation is a
real danger with multiple univariate statistical
tests. A laundry list of univariate results does not
provide us with the clearest answer possible to the
question of whether males and females differ in
some aspects of spatial ability. Because of these
limitations, we use the approach of multivariate
discriminant analysis to gain further perspectives
on the data.

The first question addressed by the discrimi-
nant analyses is whether some linear combination
or composite of measures can reliably distinguish
males from females, and how strongly does it do
so. The answer is clearly yes, as an optimally

Table 7. Mean Values for Self-Report Variables for Males and Females®

Male Female
Environmental spatial styleb 5.1(.8) 4.8 (.9)
Age 48.0 (12.6) 46.9 (13.5)
Income 3.3 (1.3) 3.2 (1.4)
Education 49 (1.1) 4.6 (.9)
Years in Santa Barbara 25.0 (14.4) 22.1 (12.2)
Contact with SB landmarks 3.2 (.5) 3.2 (.5)
Campus familiarity 49 (1.7) 5.0 (1.7)
U.S. city familiarity 3.3 (1.1) 3.2 (1.0)
World city familiarity 2.8 (1.2) 2.5 (1.1)

zMean raw scores (standard deviations).
Items were reverse-scored as appropriate.
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weighted composite of all of the measures ana-
lyzed above quite reliably distinguishes the 40
females from the 36 males, F(33,42) = 2.70,p <
.001 (three females were excluded from the
analyses because of missing data). The squared
canonical correlation indicates that the shared
variance between sex and the linear composite of
spatial measures is 67.9 percent. Another infor-
mative way to consider how well scores on the
linear composite are discriminated by sex is to
have the function predict the sex of a given
person from his or her pattern of performance on
the spatial measures. In this way, the composite
categorizes 37 of the 40 females as female, and 33
of the 36 males as male. In other words, given an
individual’s performance on this set of spatial
tasks, you could use the discriminant function to
predict his or her sex with only about 8 percent
probability of being wrong. That is much better
than a simple guess, where you would be wrong
approximately 50 percent of the time (knowledge
of the unequal numbers of males and females
allows a little better than 50 percent).

After establishing the reliable existence and
predictive strength of a linear composite, we next
attempted to characterize the pattern of the com-
posite that maximally discriminates males and
females based on their spatial task performance.
A stepwise discriminant analysis is an informative
way to do this. This analysis constructs an effi-
cient linear composite using only the subset of the
spatial task variables that most strongly discrimi-
nates between the two sexes. We first used a
forward selection approach that selectively in-
cludes variables with the largest R? as long as
there is at least one that is predicted better than
some threshold. Using an entrance criterion at
the .15 probability level or better results in the

model reported in Table 8. Out of 33 variables
available, a set of 10 discriminated males and
females strongly enough to be included in the
model. Participant sex accounts for some 61 per-
cent of the variance in these 10 variables (this is
smaller than the sum of the partial contributions
of each variable selected because of overlap be-
tween them). Males used more cardinal-direction
terms in their verbal description of the campus-
route, estimated campus-route distances with less
error, had higher scores on the Card Rotation
Test, estimated the direction from the end to the
start of the campus route with less error, reported
higher spatial ability, and used more metric spa-
tial terms in their verbal description of the cam-
pus route. Females made fewer topological errors
in the object-location memory task, estimated
distances from the Grand Forks map with less
error, used more maintenance terms in their ver-
bal description of the campus route, and made
fewer mistakes recalling landmarks from the cam-
pus route.

Selection procedures like these can be mis-
leading insofar as the variable chosen at each step
depends on what is already in the model at that
point (variable overlap). We therefore performed
another stepwise discriminant analysis, using a
backward selection approach. This starts with a
model that includes all of the variables, selec-
tively removing them as long as there is at least
one that discriminates worse than some thresh-
old. Again using a removal criterion that only
variables that discriminate participant sex at the
.15 probability level or worse are removed, Table
9 presents the final set of variables in the discrimi-
nant function. This is very similar to the set
arrived at with forward selection. Out of 33 vari-
ables available to the model, a set of 10 again

Table 8. Results of Stepwise Discriminant Analysis, Forward Selection

Variable Entered Step Entered Partial®

R? F p-level Better  More
Cardinal direction references 1 17 15.46 .0002 M
Campus route-distance error 2 13 10.68 .0017 M
Object memory: Topological errors 3 12 10.04 .0022 F
Card rotation score 4 13 10.53 .0018 M
Campus survey-direction error 5 .07 492 .0299 M
Self-report spatial ability 6 .06 4.21 .0439 M
Grand Forks distance error 7 .08 5.68 .0199 F
Maintenance terms 8 .05 3.22 0771 F
Metric terms 9 .05 3.82 .0550 M
Campus route-landmark errors 10 .04 2.36 .1289 F

@Need not be in strictly descending order, because only variables entered at an earlier step are partialed. Partialing an additional
variable can strengthen the relationship of sex with the variable being entered because of suppression.
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Table 9. Results of Stepwise Discriminant Analysis, Backward Selection

Variable Remaining

Partial

Rank RZ F p-level  Better  More

Cardinal direction references 1 .26 23.10 .0001 M
Campus route-distance error 2 22 18.24 .0001 M
Card rotation score 3 A7 13.32 .0005 M
Object memory: Metric 4 .14 10.39 .0020 F

errors (all objects)
Grand Forks distance error 5 .10 7.57 .0077 F
Object memory: Metric 6 .10 7.14 .0095 F

errors (topo correct only)
Self-report spatial ability 7 .08 5.37 .0237 M
Campus survey-direction etror 8 .07 5.07 0277 M
Campus route-landmark errors 9 .05 3.62 .0616 F
Maintenance terms 10 .05 341 .0695 F

discriminated males and females strongly enough
to be kept in the model. Participant sex accounts
for 60 percent of the variance in these 10 vari-
ables. As with the forward approach, males used
more cardinal-direction terms in their verbal de-
scription of the campus route, estimated campus-
route distances with less error, had higher scores
on the Card Rotation Test, estimated the direc-
tion from the end to the start of the campus route
with less error, and reported higher spatial ability.
Unlike the forward model, the use of metric spa-
tial terms in the verbal description of the campus
route did not end up in the final model. Like the
forward model, females estimated distances from
the Grand Forks map with less error, used more
maintenance terms in their verbal description of
the campus route, and made fewer mistakes re-
calling landmarks from the campus route. Topo-
logical errors from the object-location memory
task did not end up in the model, but the smaller
metric errors by females did, whether based on all
of the objects or just those recalled topologically
correctly.

Discussion

There are both theoretical and practical rea-
sons why it is important to explain sex-related
differences in the performance of various tasks.
Understanding such differences should have im-
plications for educational, scientific, and societal
strategies for ameliorating occupational inequi-
ties in fields that frequently involve spatial abili-
ties. In this respect, it is important to recognize
that even genetically determined differences can
possibly be attenuated by interventions such as
training programs. For example, body size clearly

has a strong genetic component but may be modi-
fied by diet, exercise, steroids, and so on.

The results of this study largely confirm what
is suggested by much of the research literature,
though we expand the relevance of what are
mostly laboratory studies with microscale materi-
als to larger-scale and more complex settings that
are more geographically relevant. Our results
clearly show that males and females differ on
average in their spatial abilities and styles on
particular tasks, and not only on abstract and
artificial spatial tasks that may have little rele-
vance to spatial performance in realistic, ecologi-
cally valid settings. Our study contributes
significantly to the literature insofar as it assesses
a single sample of community residents, spanning
the adult age range on a large and comprehensive
set of measures of environmental and geographic
spatial knowledge. Analyzed univariately, several
variables reliably differ between males and fe-
males. The multivariate discriminant analysis we
conducted perhaps demonstrates the existence of
reliable differences most clearly. An optimally
weighted composite of all task variables in the
study accounts for more than 60 percent of the
variance in assigning participants to their sex,
strong enough to correctly categorize the great
majority of participants as females or males from
their spatial task performance only. The utility of
sex as a variable in predicting some aspects of
spatial behaviors in geographic and real-world
environments is clearly evinced. Statements such
as that by Evans (1980:276), concluding that “the
preponderance of evidence from real-scale spatial
tasks indicates few sex differences in environ-
mental cognition,” are no longer tenable.

It is also quite wrong, however, to say that
males in general have better spatial ability than
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females. There are many “spatial tasks” on which
the two sexes do not differ, or at least differ to such
a small degree that research with reasonable
power does not detect the difference. Even on
most of the tasks for which the sexes can be shown
to reliably differ, the distributions of each sex’s
performance largely overlap. Thus, knowledge of
the reliable differences would not help one pre-
dict the relative performance of two individuals
very much, though it may have large, important
implications for the representation of the two
sexes at the tails of the distributions. Finally, in at
least one spatial task that has been identified,
females outperform males on average.

Replicating a firmly established finding, we
report that males outscore females on the paper-
and-pencil Mental Rotations Test. On our test of
newly acquired knowledge of the campus from
direct experience, males estimate distances along
the route more accurately and estimate the
straight-line direction from the end to the start
more accurately. Females do make marginally
fewer errors in recalling landmarks along the
campus route. And as suggested by results in the
literature, males and females differ little on their
extant knowledge of geography brought into the
study, including knowledge of distances within
the local community, and the relative directions
and distances of world cities. We do find that
males place world cities on a map more accurately
than do females.

Finding sex-related differences more clearly
with newly acquired knowledge of a local envi-
ronment, but not with extant knowledge, is im-
portant. One likely explanation is that maps
normally play an important role in the acquisition
of spatial knowledge of places as large as a campus
or town. As is often reported in the literature, we
find almost no reliable differences on our tasks
involving knowledge acquired only from maps
(the World City Placements task was the sole
exception). One of our tasks involves learning a
route from a map of a fictitious amusement park.
Even though the geometry of this route is identi-
cal to that of the campus route acquired directly
during the study, and on which the sexes differ,
males and females perform very similarly on this
map task. On a second task involving a fictitious
map of Grand Forks, males and females estimate
distances between landmarks equally accurately.

Although its characterization needs to be
made more precise, our results do support the
existence of a stylistic difference between the
sexes in their environmental knowledge along the

lines of a “route-survey” distinction. The results
of out tests of directly acquired knowledge dis-
cussed above are consistent with this, insofar as
males are significantly more accurate at estimat-
ing metric distances and straight-line directions,
and females marginally more accurate at recalling
landmarks. Verbal descriptions of the route are
also largely consistent with a route-survey dis-
tinction. Female descriptions contain a margin-
ally greater number of nonmetric-distance terms
and marginally fewer metric-distance terms;
males use significantly more cardinal-direction
terms. The sexes differ little, however, in their use
of verbal terms referring to turns, to landmarks,
and to travel maintenance, all of which females
might be expected to use more if they, in fact,
have greater preference or skill for a “route” style
of navigation and spatial learning. Future re-
search should continue to compare patterns of
spatial style as evidenced from verbal descriptions
to that derived from nonverbal knowledge tests,
and to consider further whether the route-survey
distinction is actually a more one-sided prefer-
ence for the survey style by males.

We do replicate a female superiority on the
object-location memory task, as first reported by
Silverman and Eals (1992). Our replication in-
volves recall of the locations of objects in a
blocked-off corner of a large room. Because par-
ticipants are given a list of object names during
the recall phase, rather than being asked to recall
object identities, our test is a purer evaluation of
location memory alone. We also make the poten-
tially important distinction between topological
and metric errors. The former occur when objects
are located on the wrong surface, such as an
object on the wall being placed on the table. The
latter refers to errors in location measured in
metric units such as centimeters. This distinction
is a recognition that the two types of error are
qualitatively different; we believe it is important
for fully characterizing patterns of error from the
task. Topological errors alone may be insuffi-
ciently sensitive to detect a sex-related differ-
ence, but failure to consider topological
correctness may result in inflated and misleading
estimates of metric errot. In our study, in fact,
females make significantly fewer topological er-
rors, about half as many as males. They also make
significantly smaller metric errors, about 5 cm
less, when the topological placement of objects is
ignored. When metric errors are aggregated only
for objects located topologically correctly, fe-
males still make smaller errors, about 3 cm less,
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though this does not quite reach significance at
the .05 level.

The pattern of results from the multivariate
discriminant analyses largely echoes the univari-
ate findings. This is important because it provides
a clearer answer to the question of whether males
and females differ overall, and it allows the detec-
tion of independent contributions to variance
between the performance of the sexes. Whether
based on forward or backward selection, the dis-
criminant analyses agree with the univariate
analyses in finding that males use more cardinal-
direction terms in their verbal descriptions of the
campus route, estimate metric distances along
the route with less error, and estimate the direc-
tion from the end to the start of the route with
less error. Females again make fewer mistakes
recalling landmarks from the campus route. Only
the forward selection finds, as do the univariate
comparisons, that males use more metric spatial
terms in their verbal description of the campus
route, and that females make fewer topological
errors on the object-location task. Backward se-
lection agrees with the univariate analyses, how-
ever, in finding that females make smaller metric
errors on this task, whether topological errors are
removed or not.

Both selection procedures differ from the uni-
variate analyses in finding that females estimate
distances from the Grand Forks map with less
error and use more maintenance terms in their
verbal description of the campus route. Only two
findings from the discriminant analyses differ
from the univariate results, both of which are
consistent with expectations from the literature.
Whichever selection direction is used, males
have higher scores on the Card Rotation Test, but
not on the Mental Rotation Test, and self-report
a different spatial style. This suggests that vari-
ance in the MRT is captured by other variables
that do make it into the final discriminant models,
but that self-report spatial style contributes
unique variance to discriminating the sexes.

Self-report spatial style in fact includes ability
questions, preference questions, and emotional
response questions. One apparent disagreement
of our results with those reported in the literature
is with respect to some of these measures of spatial
style. We do find that males report a greater ability
to judge distances and more use of cardinal direc-
tions in their thinking about the environment.
Although females have frequently been found to
report a poorer sense of direction and higher
spatial anxiety, we find very little difference be-

tween the sexes on these items. When all 10 items

* are combined to produce one spatial style mea-

sure, the sexes do not differ when analyzed uni-
variately. It is possible that self-report spatial style
would be more differentiated in a younger sample
or one lower in socioeconomic status. Our spatial
style measure does, however, help discriminate
the sexes in the discriminant analyses.

Conclusions

Our results have implications for geographic
research, educational practice, societal under-
standing, and science and technology. For years,
human geographers have included a “sex” vari-
able in their studies of human activities, interac-
tions, and relationships, without fully
understanding why it might be important. Be-
cause sex is confounded with so many other at-
tributes and variables, its importance was often
hidden. Until the emergence of a feminist re-
search tradition in geography and elsewhere, it
was rare to see a study that used only females as
participants, or to find a study in which gender
relations, and not just “sex,” was a major explana-
tory variable. The usual assumption in analytic
studies has been that males and females do not
differ significantly in their geographic activities,
and that any differences that exist can be de-
tected by incorporating a binary variable into the
model (1 = females; 0 = males). Our research
goes beyond these traditional limitations by seek-
ing to explore the nature of spatial abilities, using
a geographic context for our tasks, and conse-
quently obtaining insights into why differences in
performance should or should not be expected
when analyzing certain everyday geographic ac-
tivities. Our work also supports the claim of much
recent feminist research in geography that, to
paraphrase Massey, “sex matters.” But we have
also shown in this paper that we need to under-
stand the contexts in which sex matters—there
are specific geographic activities in which sex
matters because of the abilities needed to under-
take them, and there are others in which it ap-
pears not to matter as much (i.e., females and
males might be expected to be very similar in their
performance or activities). It is obvious that the
discipline needs much more work in this area to
refine current knowledge and to produce under-
standing of which geographic activities are per-
formed from a sex-biased perspective, and which
are not.
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An obvious spin-off from this broad finding is
in the area of geographic education. Self and
Golledge (1994) suggested that every geography
educator should be aware that males and females
may differ in their abilities to interpret or use
spatial or geographic information presented in
different ways. The finding that males favor
survey-type knowledge acquisition with embed-
ded metric relations, while females favor route-type
knowledge acquisition emphasizing nonmetric
relations, implies that educators should use a
mixed-mode teaching strategy in the classroom.
The results of the object-location memory task
suggest that females may obtain more geographic
knowledge from some types of environmental
models than do males. The implication here is
that presentation and representation of geo-
graphic information for educational purposes
need to be carefully considered in light of differ-
ent modes that might favor one sex or the other,
if equity in geographic learning among males and
females is to be the goal. As we move to a future
where computer displays will replace table-top
models or cartographic maps, new challenges are
presented to us in our attempts to ensure that our
teaching environments are equitable.

Practically speaking, there has been a long if
sometimes implicit tradition of assuming that
male spatial abilities are superior to those of fe-
males, and consequently that certain job classifi-
cations and tasks (e.g., engineering, physical
science, and occupations involving navigation
skills, such as pilots or delivery services) are “male
territory.” Women are now breaking down these
gendered occupational barriers by demonstrating
that the abilities and knowledges needed to com-
plete spatial tasks in real-world environments
may not be as sex-specific as previously thought.
But there is a continued residue of stereotype in
this regard. Such a stereotype is probably one
factor that accounts for disparities in the numbers
of males and females in academic geography,
where male Ph.Ds outnumber females by 4 to 1.
This extreme disparity certainly cannot be ex-
plained solely by reference to differences in spatial
style and abilities, as these differences are not
comprehensive across different tasks and traits,
and the magnitudes of average differences that do
exist, while statistically reliable, are of small or
modest size.

Clarification of the nature and magnitude of
differences in abilities where they exist, and iden-
tification of areas where they do not exist, are
important areas for continuing research. As this

kind of clarification has increased, science itself
has begun changing, particularly, in the recogni-
tion that many abilities needed for scientific in-
vestigation are not peculiar to males. And as we
discover more about the influence of genetics,
hormones, learning, and stereotyping, implica-
tions for geographic research and the accumula-
tion of geographic knowledge become clearer.
The training and education of both sexes to en-
hance their abilities and compensate for their
different modes of acquiring and employing spa-
tial information become possible. As with other
areas of human science, geography needs to pat-
ticipate in this search for the clarification of peo-
ple’s abilities, and more studies such as those
reported in this paper are called for.
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