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Abstract Differences between men and women in the performance of tests designed
to measure spatial abilities are explained by evolutionary psychologists in terms of
adaptive design. The Hunter-Gatherer Theory of Spatial Ability suggests that the
adoption of a hunter-gatherer lifestyle (assuming a sexual division of labor) created
differential selective pressure on the development of spatial skills in men and women
and, therefore, cognitive differences between the sexes. Here, we examine a basic
spatial skill—wayfinding (the ability to plan routes and navigate a landscape)—in
men and women in a natural, real-world setting as a means of testing the proposition
that sex-based differences in spatial ability exist outside of the laboratory. Our results
indicate that when physical differences are accounted for, men and women with
equivalent experience perform equally well at complex navigation tasks in a real-
world setting. We conclude that experience, gendered patterns of activity, and self-
assessment are contributing factors in producing previously reported differences in
spatial ability.
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Introduction

Numerous studies report differences between the sexes in the performance of tests
designed to measure spatial abilities in humans; these differences are thought to
reflect fundamental differences in spatial cognition. The observed effect is strongest
in tests of spatial perception and mental rotation (Linn and Petersen 1985; Montello et
al. 1999; Voyer et al. 1995) in which men reliably outperform women—although
contradictory results are also reported (Rilea et al. 2004). Men also tend to perform
better than women in map-reading tests (Beatty 2002; Dabbs et al. 1998), pointing
tasks (Lawton 1996), and direction-giving tasks (Dabbs et al. 1998; Lawton 2001). In
turn, women perform better than men in tests designed to assess spatial memory (the
ability to memorize spatial configurations), in terms of both the content and the
location of the arrays (Barnfield 1999; Levy et al. 2005; Tottenham et al. 2003). In
some route-learning experiments (Choi et al. 2006), women perform better than men,
although no differences are noted in other experiments (Golledge et al. 1993).

As several authors have noted, however, the link between laboratory tests and the
performance of spatial tasks in the real world is not clear (Coluccia and Louse 2004;
Jones et al. 2003; Montello et al. 1999; Nadolne and Stringer 2001; Wynn et al.
1996). Widely reported differences in visuo-spatial ability in experimental settings,
for example, have generally not been addressed in terms of actual wayfinding skills
(Bosco et al. 2004). In most mental rotation tasks, geometric space (e.g., rotating
cubes) is the object of study, rather than geographic space—a distinction that may
well be significant (Lobben 2004). Finally, cultural influences on the performance of
spatial tasks (e.g., the opportunity to develop spatial competencies as a function of
gendered roles in a wider social context) are rarely considered when interpreting test
results (Saucier et al. 2002; Shelton and Gabrieli 2004) but are clearly relevant
(Lawton 1994; Quaiser-Pohl and Lehmann 2002). Many studies of spatial ability
are performed in the laboratory or in urban settings—in other words, not in culturally
neutral environments. As a result, the implications of differences in spatial ability
between men and women observed in the laboratory for the performance of orienta-
tion tasks in the real world is unclear (Coluccia and Louse 2004; Gilmartin and Patton
1984).

The proposition that men and women differ in their wayfinding abilities in a
natural, large-scale environment is central to the “Hunter-Gatherer Theory” of spatial
differences (HGT), a hypothesis generated by evolutionary psychologists that seeks
to explain sex-based differences in spatial abilities in terms of natural and sexual
selection, operating on human cognition during the Pleistocene (Eals and Silverman
1994; New et al. 2007; Silverman et al. 2000; Silverman and Eals 1992). According
to the HGT, sex-specific patterns of spatial behavior emerged with the appearance of
a hunter-gatherer way of life, accompanied by a sexual division of labor (Silverman
and Eals 1992:514). Men in prehistory are assumed to have been predominantly
hunters, ranging widely in unfamiliar surroundings in search of game (Silverman and
Eals 1992). This heightened mobility in men is thought to have resulted in the
adoption of navigation strategies that use global coordinates and rely on distance
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and direction cues (James and Kimura 1997:162). The corresponding argument is that
smaller-scale mobility, associated with foraging activities, created the context for the
selection of spatial memory in women (Eals and Silverman 1994; McBurney et al.
1997; New et al. 2007). This hypothesis would explain why men excel in mental
rotation tests, while women excel in object location tests.

In this research we generate new, empirical data in order to test the proposition that
men and women differ in their wayfinding abilities in a natural, large-scale environ-
ment. Various definitions of the term wayfinding exist. In this research, we use the
definition provided by Golledge (1999:47): “purposeful movement to a specific
destination that is distal and thus cannot be perceived by the traveller.” In wayfinding,
the destination may be known or novel and, if it is not connected by an existing path
or track to the point of origin, may involve exploratory travel. Our test population is
drawn from participants in an international orienteering event. The results of this
research are used to evaluate the HGT and related hypotheses linking the advent of a
hunting and gathering lifestyle to the appearance of sex- or gender-based differences
in spatial ability.

Spatial Cognition and Wayfinding

The ability to plan and carry out navigation tasks is governed by underlying cognitive
processes that use two, parallel representations of the world: an egocentric represen-
tation, or “transient action-oriented egocentric self-object associations,” and an allo-
centric representation, which is a “more enduring . . . object-object or environment-
object association” (Burgess 2006:555). Allocentric and egocentric representations
are linked by a process of translation (supra) elsewhere referred to as “spatial
updating”; this process is key to orientating oneself (recognizing one’s current
position and translating that position onto the enduring representation). Internal
representations can be built up either from direct experience of the world or from
external aids (maps). Allocentric representations are essential to building “cognitive
maps” or cognitive representations of space (Golledge 1999, 2003; Kitchin 1994).

The process of building cognitive maps from direct experience involves path
integration and the forming of networks (Golledge 1999; Loomis et al. 1999) as well
as landmark recognition (Foo et al. 2005). Golledge (2003:30) argues that use of a
cognitive map implies motivated and deliberate encoding of environmental informa-
tion. Allocentric representations are updated with new information as individuals
experience their environment. Landmark recognition (the ability to select relevant
features of the landscape and consign their position to memory) is one of the skills
that allows people to orient themselves relative to immediately perceived stimuli
(egocentric representation) and then to locate their current position relative to the
allocentric representation. Landmark recognition, in other words, is a required ele-
ment in the process of translation between spatial perspectives.

In the sport of orienteering, spatial perception, visualization, and spatio-temporal
skills are all tested, as well as memory, concentration, and, of course, physical ability.
Orienteers make use of mapped terrain detail to generate a referential network (or
cognitive map) with “spatial and temporal implications for possible actions” (Johansen
1997). The orienteer chooses a route between control points, predicting which
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features of the landscape should appear along the selected route; these will serve as
cues for action. The anticipated route is harmonized with the landscape as it is
perceived during the run (a.k.a. spatial updating) and cues for action are acted upon.
Failure to update their spatial position relative to the map, known in orienteering
circles as “losing touch with the map,” results in time loss while the competitor
relocates. Relocation strategies include matching the current perspective with per-
spectives offered by the map at various hypothesized current locations (searching for
recognizable landmarks) and retracing one’s route to a previously encountered feature
on the landscape (Whitaker and Cuqlock-Knopp 1992).

Previous tests of spatial ability in real-world settings are rare. Sandstrom et al.
(1998) point out that the study of navigational ability in humans is limited by the
restricted availability and inconvenience of using large-scale, novel environments.
Two studies conducted on orienteering courses are an exception (Malinowski 2001;
Malinowski and Gillespie 2001). In the first study (Malinowski and Gillespie 2001),
the participants were military college students; in the second (Malinowski 2001), they
were university students. Both studies report a correlation between mental rotation
tasks and wayfinding performance, and gender is offered as the basis of this differ-
ence. Although map-reading and orientation skills were provided prior to the events,
this does not in itself mean that the effect of prior experience was eliminated.

The sport of orienteering, therefore, provides an excellent opportunity to study
wayfinding competence in a large population of men and women of all ages who
regularly use their navigation skills in novel territory and overwhelmingly natural
settings. Furthermore, men and women frequently run identical courses, increasing
the potential for sex- and gender-based comparisons.

Orienteering

Orienteering is a sport in which participants navigate a course of their own choosing
between a series of prescribed landscape features, or “control points,” in a predefined
order as fast as possible. Orienteering competitions take place in a variety of settings,
including city parks; in this research we concentrate on events taking place in mostly
natural settings (forests, heathlands).

Orienteering maps are typically produced on a scale of 1:15,000 or 1:10,000 using
base maps with 5 m topographic contours. Additional information, including fences,
paths and roads, cover type (vegetation), and other prominent features (e.g.,
distinct trees or boulders), is mapped onto the base map using five standard
colors. Forest cover is categorized by color into three classes according to
runability. Participants use compasses to aid navigation and orient the maps,
which are drawn using magnetic north (rather than true north). Maps are
overprinted with a course consisting of a series of control points that must be
visited in a given order. Participants compete individually and race at three-
minute intervals to discourage following.

Orienteering courses are ranked by degree of technical difficulty (TD) from 1
(easiest) to 5* (hardest); in this study we analyzed adult competitive classes running
TD05*. TD 5* is defined as “Hard but fair,” which means that the course should
offer significant route choices and should force regular changes in technique (e.g.,
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“long route choice followed by short intricate legs”).1 Course designers are testing
competitors with respect to the following abilities:

& navigate for long distances using only major contour features
& read and interpret complex contours
& concentration over long distances
& recognition of indistinct features
& use all the different skills and adapt speed and technique to changes in the terrain

and orienteering difficulty

Control sites for TD 5* should be distant from obvious relocating features (a
relocating feature is an obvious landmark, such as a linear feature, the summit of a large
hill, major valley bottoms, or significant slope changes). Finally, two distinct strategies
may be employed (alone or in combination) to navigate between control points. A
control point

will need to be found by either careful map reading all the way in from a
relatively distant attack point or running roughly into the vicinity of the control,
relocating using the available contour detail, then swinging into the control
itself. In either case, the ability to relate small-scale (5 m high rather than 25 m
high) relief to contour detail on the map should be being tested.

In most national and international orienteering events, such as the Scottish 6-Day
Orienteering Festival, electronic data collection is used to record split times and to
verify that a course has been navigated correctly. Competitors carry a SPORTident
datachip (http://www.sportident.com/en/) and upload timing information from the
control points encountered on their course. At the finish, information from each chip
is downloaded to a computer and competitors are ranked for each class/course. The
resulting database, combined with course information obtained from the maps, can
therefore be used to assess differences in navigation ability, cross-referenced by age
and gender. Failure to navigate a clean course results in time loss; finishing times,
therefore, are a first approximation of wayfinding abilities.

To summarize, in this research we test the proposition that men and women differ in
their ability to plan routes and navigate in a large-scale environment using an expert
sample of men and women with commensurable prior experience. The results of this
research are used to evaluate hypotheses brought forward by evolutionary psychologists
linking the advent of a hunting and gathering lifestyle to the appearance of sex-based
differences in spatial ability.

Methods

Participants

Our target group is drawn from a pool of adult competitors taking part in an
international orienteering event held every 2 years in the U.K. Participants in the
1 The source for definitions, rules, and regulations cited here is the British Orienteering website
http://www.britishorienteering.org.uk/images/uploaded/downloads/coaching_support_td5.pdf, accessed
May 5, 2012.
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Scottish 6-Day Orienteering Festival are organized into 17 age categories and segre-
gated by sex.2 Courses are set on six novel, mapped areas (averaging 30–35 km2 in
area) used over six successive days of competition.

While it would be wrong to assume that the population under study is represen-
tative of the general population, the ratio of women to men in the Scottish 6-Day
event is the same as reported nationally for people of similar age across all sports,
games, and physical activities in the U.K. by the Office for National Statistics (1996
and 2002 General Household Surveys; http://www.esds.ac.uk/government/ghs/) and
the Women’s Sports and Fitness Foundation (“Active People Survey” 2008–2009;
http://wsff.org.uk/). Gender representation in our study population is, therefore,
representative of the gender ratio in the active population of men and women in the
U.K. In this research we study adult orienteers, many of whom will have orienteered
from a very young age. In the orienteering community, particularly in the U.K. and in
Scandinavia, where the sport is very popular, men and women are similarly encul-
tured with respect to wayfinding. Girls and boys often begin orienteering training
before the age of 10, when they are first allowed to compete. The participants in this
event, therefore, will have had similar training opportunities, thus lessening the effect
of gender-bias on spatial abilities due to previous life experience. A follow-up study
will directly address the issue of previous training (training effect) through the
administration of a questionnaire, which will be used to select a new target
population.

The total number of participants in this study varies from day to day, with sample
sizes of between 60 and 80 for women and between 85 and 105 for men (Table 1).
Competitors may choose to run fewer than 6 days (for reasons related to work or
family obligations, fatigue, or injury) without penalty since the final, cumulative
score for the 6-day event is calculated using an individual’s best four results.

Statistical Tests

In this research the number of erroneously identified controls (mis-punches), course
completion times, and the actual distance covered (reflecting route choices) are used
to assess the navigation abilities of men and women running the same orienteering
courses over a six-day period. We chose two courses with technical difficulty (TD)
ratings of 5* (the highest technical difficulty rating in orienteering) run by men and
women aged 40–45 years (course 20) and men and women aged between 45 and
50 years (course 18) (Table 1). This choice was dictated by the fact that these were the
only courses where men and women of similar age and experience were running
identical courses.

Rather than using the number of successfully identified control features, a measure
of orienteering ability adopted elsewhere (Malinowski and Gillespie 2001), we use
the number of mis-punches to assess relative success at identifying control features. A
mis-punch occurs when a competitor punches an incorrect control point, usually a

2 Participants are divided into 2-year age categories from ages 10 to 35 and 5-year categories from then on.
Male and female Elite classes are open to all age groups. There is no maximum age.
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control for another course. The number of mis-punched controls on each course is
tabulated for men and women and compared as a direct measure of navigation error.

Next, we test the relationship between men’s and women’s finishing times (course
completion times) for each day of competition. First, we use a Mann-Whitney test to
test for differences in the mean finishing times for men and women over both courses.
Nonparametric tests are used in this research because the distribution of men and
women’s times is not normally distributed but rather skewed toward faster completion
times. An orienteer may compensate for navigation errors by running faster, and vice
versa. That being the case, a competitor’s finishing time in an orienteering event
reflects both their navigation skills and running ability. Luckily, we have a means of
controlling for differences in running ability: the run-in. The run-in is the last leg of
each day and consists of a taped route between the final control and the finishing
line—as such, run-in times reflect running ability alone. We use a Mann-Whitney test
to test for differences in run-in times, then regression analysis to test the relationship
between finishing times and run-in times for both men and women. Since navigation
is the variable of interest in this study, we then use the run-in times to control for the
effect of differences in running ability on men’s and women’s finishing times. The
average difference in run-in times for men and women on either course is used to
adjust the men’s finishing times for each day of competition; the adjusted men’s times
are then compared with the observed women’s finishing times as a means of
comparing navigation ability whilst controlling for differences in running ability.

Finally, we use the actual distance traveled by competitors as a means of compar-
ing men’s and women’s route choices. Actual course lengths (the distance run by a
competitor, rather than the hypothetical course length provided by the planners) are
only available for a restricted sample of competitors. Courses were plotted by the
competitors on a digitized map using RouteGadget (http://www.routegadget.net/)
software hosted by the Spey 2007 website (at http://www.scottish6days.com/), and
course lengths are generated by the software in numbers of pixels. Digitized route
choices are available for 5 women and 7 men, for course 20 only. We compared the

Table 1 Courses 20 (age 40–45) and 18 (age 45–50). The number of competitors in this table includes
mis-punches and disqualified runners

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Course 20

Length (km) 5.1 5.5 5.7 5.4 5.6 5.6

Climb (m) 220 230 140 50 85 175

N of controls 17 14 12 17 14 27

Men (40–45) 86 84 85 88 85 84

Women (40–45) 68 66 63 66 68 66

Course 18

Length (km) 4.8 5.2 5.1 4.9 5.2 5.2

Climb (m) 230 210 70 45 90 165

N of controls 16 13 11 18 12 16

Men (45–50) 105 102 104 103 103 99

Women (45–50) 79 76 81 79 76 77
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resulting course lengths (pixel counts) for these competitors as a means of assessing
actual distance traveled.

Results

The record of mis-punches shows that women running course 20 were, on average,
slightly less prone to mis-punch than men; this trend is reversed in course 18. Overall,
men and women orienteers proved equally adept at identifying the correct control
features and mis-punches are rare (Table 2).

Finishing times for women are greater, on average, than finishing times for men
(Table 3). Results of an asymmetrical, 2-tailed Mann-Whitney test comparing finish-
ing times for men and women (Table 4) confirm that they are significantly different at
the 0.05 level in eight out of twelve cases. Run-in times for men and women also
differ significantly. A regression analysis shows that finishing times and run-in times
for both men and women are unrelated, confirming the hypothesis that course
completion times are affected by a more complex set of processes than run-in times
(i.e., the combined effect of navigation decisions and running ability).

The run-in times (Table 5) indicate that when running ability alone is measured,
women are slower than men by an average of 8.1 % (for course 20) to 8.6 % (for
course 18). When men’s finishing times are adjusted by the mean difference in run-in
times and compared with the finishing times for women, a 2-tailed Mann–Whitney
test indicates that there is no longer a significant difference between the average
values (Table 6). Figure 1 compares the distributions of women’s finishing times and
men’s adjusted finishing times for a representative sample. Similar results are
obtained for course 18 and 20 for all 6 days. We conclude that observed differences

Table 2 Percentage of competitors identifying an incorrect control feature (mp)

Day1 Day 2 Day 3 Day 4 Day 5 Day 6 Average

Course 18

mp (M) 0 6 3 2 5 4

mp (W) 1 9 0 0 4 9

N (M) 105 102 104 103 103 99

N (W) 79 76 81 79 75 77

% mp (M) 0.00 5.88 2.88 1.94 4.85 4.04 3.26

% mp (W) 0.95 11.84 0.00 0.00 5.33 11.68 4.96

Course 20

mp (M) 0 6 0 6 9 3

mp (W) 2 4 0 2 3 5

N (M) 86 84 85 88 85 84

N (W) 68 66 63 66 68 66

% mp (M) 0.00 7.14 0.00 6.81 10.58 3.57 4.68

% mp (W) 2.98 6.06 0.00 3.03 4.41 7.57 4.00
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in finishing times between women and men are rooted in differences in running
ability, rather than wayfinding ability.

Finally, a comparison of the actual course lengths (the real distance covered by a
competitor as a function of individual route choice) available for men (N07) and
women (N05) on course 20 shows that men’s and women’s route choices are
essentially identical in terms of length.

Discussion

Spatial Tasks in a Real-World Setting

Many of the arguments linking performance in tests of spatial abilities (e.g., mental
rotation tests, water level tests, tests of spatial memory) and real-world skills such as
wayfinding are untestable or unsupported (Coluccia and Louse 2004; Jones et al.
2003; Nadolne and Stringer 2001; Wynn et al. 1996). The spatial abilities required to
solve problems at one spatial scale may be disassociated from those necessary for

Table 3 Finishing times for women and men (courses 18 and 20): summary statistics

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Course 20 Men

Mean 61.33 83.49 63.85 56.57 78.84 71.22

SD 15.04 27.44 14.16 11.79 17.33 15.29

Women

Mean 66.15 86.9 69.94 62.81 84.04 76.43

SD 10.94 21.46 16.38 13.29 18.85 17.69

Course 18 Men

Mean 61.24 76.53 53.59 55.25 72.17 65.40

SD 14.49 21.56 10.35 12.29 16.87 15.10

Women

Mean 69.23 86.38 59.47 61.38 78.39 75.59

SD 14.97 20.61 11.83 11.36 15.11 14.19

Table 4 Comparison of the dis-
tribution of men’s and women’s
finishing times for courses 18 and
20 (p-values)

Mann-Whitney
test (course 20)

Mann-Whitney
test (course 18)

Day 1 0.169 0.000

Day 2 0.095 0.001

Day 3 0.018 0.001

Day 4 0.008 0.000

Day 5 0.062 0.006

Day 6 0.084 0.000
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solving problems at another scale—for example, mental rotation tests may not be
testing the skills required to solve real-world navigation problems (Hegarty et al.
2006). In this study, large-scale spatial abilities are measured at the appropriate scale,
in terms of the speed, accuracy (number of correctly identified controls), and effi-
ciency with which navigation tasks are carried out in a real-world setting.

Men and women in this study do not differ significantly in their ability to find the
correct control points—which is a direct measure of wayfinding ability. Differences
in course completion times for men and women of comparable age running the same
course disappear once a sex-based difference in running ability is controlled for.
Finally, men’s and women’s route choices do not differ in terms of the actual distance
run by a competitor. Although the shortest distance between two points is theoreti-
cally the fastest route choice (and therefore the most desirable), distance is not the
only factor determining the “best” route choice when orienteering. Terrain roughness
(amount of climb, vegetation type) and individual fitness levels affect route selection,

Table 5 Mean values of run-in times for men and women, in seconds, and % difference between the means
for all 6 days

Men Women % difference

Mean SD Mean SD

Course 20

Day 1 28.17 4.96 29.77 5.82 5.6798

Day 2 58.12 11.67 63.71 11.39 9.6180

Day 3 25.86 5.41 27.66 4.30 6.9606

Day 4 28.98 4.12 32.31 4.13 11.4907

Day 5 18.16 3.16 19.56 2.92 7.7093

Day 6 25.51 4.91 27.42 3.87 7.4873

Course 18

Day 1 27.05 4.45 29.45 4.55 2.21

Day 2 57.55 10.59 62.72 10.41 8.9

Day 3 23.87 3.87 27.14 5.64 13.7

Day 4 30.10 6.81 32.90 4.93 9.3

Day 5 18.51 7.51 20.14 3.27 8.81

Day 6 25.84 6.02 28.06 4.59 8.59

Table 6 Comparison between
adjusted men’s finishing times and
observed finishing times for women
for courses 18 and 20 (p-values)

Mann-Whitney test
significance (course 20)

Mann-Whitney test
significance (course 18)

Day 1 0.707 0.808

Day 2 0.953 0.639

Day 3 0.564 0.750

Day 4 0.320 0.817

Day 5 0.957 0.535

Day 6 0.872 0.199
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making it almost impossible to determine a single “best” route for all competitors
(Myrvold 1996). A key element in successful course completion for many, if not
most, orienteers is the ability not only to plot a route but also to calibrate one’s own
physical capacities and the likelihood of being able to move swiftly along it. If we use
distance as a measure of the efficiency of route choice, our data indicate an overall
similarity between men and women, although the population available for study is too
small to draw any real conclusions. Our results, therefore, indicate that wayfinding
abilities in men and women with previous orienteering experience are essentially
equal.

Globally, our results suggest that the differential performances of men and women
in experimental tests of spatial abilities are not linked to an underlying sex-based
difference in spatial cognition. Instead, gender-based differences in training opportu-
nity linked to habitual activity patterns are proposed as the more likely cause of the
observed differences. The importance of similar activity patterns promoting equal
spatial performance in men and women in a real-world setting is demonstrated
ethnographically (Istomin and Dwyer 2009). The existence of a training effect on
spatial skills is demonstrated elsewhere (Gibson and Bergman 1954). Even the
apparently robust, sex-based differences in the performance of mental rotation tasks
are reversible when a target population of men and women is provided with task-
appropriate training and experience (Baenninger and Newcombe 1989; Feng et al.
2007). Training in orienteering skills provided prior to studies by Malinowski (2001);
Malinowski and Gillespie 2001) did not have a similar leveling effect, but the training

Fig. 1 Comparison of the distributions of women’s finishing times and men’s adjusted finishing times for
course 20, Day 1
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was of short duration and participants had no prior experience in orienteering. There
are many reasons why this lack of a training effect might exist. The set of skills
involved in successfully completing an orienteering course is both extensive and
complex, and experience using those skills in an authentic environment can be a key
factor in their consolidation and subsequent successful deployment. Furthermore, the
failure of a training regime by itself may indicate nothing about the ability of those
being trained to learn.

The extent to which a more general sex- or gender-linked factor could underlie the
observed differences in performance in both laboratory and mundane conditions
requires further exploration. One would expect differential experience below some
critical threshold to have a differential effect on performance, and that threshold
would be relatively high for activities such as orienteering, which integrate a set of
cognitive and perceptual skills that are deployed in a physically demanding motor
task. The impact of that experience could be compounded by a generic gender-linked
effect mediated through variation in levels of self-efficacy (Bandura 1997).

Many studies report a systematic difference between men and women in their
levels of perceived self-efficacy in different domains, with consequent negative
effects on performance and personal development. This has long been observed in
studies of mathematics for example (Mau and Bikos 2000; O’Brien et al. 1999;
Pajares and Miller 1994; Randhawa 1994) and in studies of spatial abilities (Quaiser-
Pohl and Lehmann 2002). This gender-linked effect is, however, overturned in cases
of substantial experience and effective performance (Reis and Park 2001). It is quite
conceivable that in the case of a developed sense of one’s wayfinding skills, a similar
process could be at work. The authentic experience of successfully deploying one’s
knowledge and skills could lead to increased levels of perceived self-efficacy in
women, overturning the typical effect of gender. Thus, documented differences in
spatial performance would be related to gender, which amplifies culturally based
preferences and differential experience. An analysis of prior training and experience,
perceived self-efficacy levels, and gender in an ecologically valid environment would
allow the interpretation of differences in wayfinding performance as a function of
gender, self-efficacy, or experience. We will return to this conjecture in a future study.

Conclusion

Our results indicate that when sex-based differences in running ability (speed and
stamina) are accounted for, men and women perform equally well at complex
navigation tasks in a real-world setting. We measured this by considering the number
of erroneously identified control points, course completion times (controlling for
relative differences in running ability), and the actual distances covered by compet-
itors during a multi-day orienteering event. Our research does not support the claim
that men and women have different spatial abilities relating to movement in the real
world as a result of differential selection acting upon spatial cognition. We suggest
instead that the differences in spatial abilities consistently reported in the literature are
the result of gender bias in training opportunities, rather than underlying sex-based
differences in spatial cognition. It seems reasonable to propose that underlying
cognitive skills are present in all adults but that they are developed (expressed as
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“spatial skills”) in adults as needed, according to their habitual activity patterns—a
proposal consistent with current neurophysiological research (Maguire et al. 2003).
These developments may not be uniform across a population (Janzen et al. 2007) or
between populations. Alternatively, the experimental tests used to measure spatial
skills in the laboratory may not reflect actual, real-world wayfinding skills.

In conclusion, we see no reason to support an evolutionary hypothesis for the
emergence of sex-based differences in spatial cognition, such as the hunter-gatherer
theory of spatial ability. Another evolutionary hypothesis, closely linked to the HGT,
argues in favor of female superiority in object location memory as a result of the
predominance of gathering in women’s foraging activities (McBurney et al. 1997;
Neave et al. 2005; New et al. 2007; Voyer et al. 2007; but see Dabbs et al. 1998;
James and Kimura 1997; Postma et al. 2004). If women have biologically inherited
strengths in object-location, which assesses topological memory, this could hypothet-
ically make them better orienteers than men since landscape features would be readily
retained in memory and accessed during the run without consulting the map. Our
results do not support this hypothesis either.

Similar outcomes for men and women in this study do not rule out the possibility
that men and women are using different cognitive strategies toward the same end,
however, since the present study does not address the issue of wayfinding strategies.
This question forms the basis of a follow-up study that the authors will conduct in
conjunction with the 2009 6-Day Scottish Orienteering Festival.
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