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Abstract In previous research, it has been argued that spa-
tial performance on psychometric tests might be accounted
for, in part, by the need for test-takers to transform mentally
two-dimensional (2-D) test items into a three-dimensional
(3-D) representation. With this in mind, the Landscape
Perception Test (LPT) was designed to isolate the 2-D to
3-D (and vice versa) transformational aspect of spatial cog-
nition. Gender differences were used as an indirect means to
examine the contribution of the 2-D to 3-D transformation to
spatial performance. Since the LPT was designed by means
of an image relevant to geospatial cognition, measures of
environmental cognition, as well as experience in various
activities, were also examined. One hundred thirty under-
graduate students (66 females and 64 males) completed the
Childhood Activities Questionnaire, the Santa Barbara
Sense of Direction Test, the Visualization of Views (VV)
Test, the Perspective Taking/Spatial Orientation Test, and
the LPT. Results showed higher scores for men than for
women on LPT items requiring 2-D to 3-D conversion
(LPT23), but not on those requiring the reverse operation.
In addition, only the LPT23 produced significant indirect
effects of gender on VV Test performance. Performance on
the tests was also correlated with environmental cognition
and previous experience with spatial activities. The results
suggest that dimensional transformation might be a factor
significantly contributing to spatial performance.
Psychometric aspects of the LPT are also discussed.
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Spatial thinking is used implicitly and explicitly in most of
our daily activities, such as tying our shoes, as well as when
we play music, pack a suitcase, or navigate around our
environment. Traditionally, spatial abilities have been inves-
tigated using a geometric abstraction of our physical envi-
ronment, rather than a reasonable approximation of the
actual three-dimensional (3-D) environment we live in
(Lobben, 2007). In this context, spatial abilities are referred
to as “the ability to generate, retain, retrieve and transform
well-structured visual images” (Lohman, 1996, p. 98). This
kind of research is often carried out using psychometric
approaches that emphasize the ability to mentally rotate
two-dimensional (2-D) and 3-D shapes and objects
(Hegarty, Richardson, Montello, Lovelace, & Subbiah,
2002). There is an abundance of psychological literature
utilizing these mental rotation tests as a measure of spatial
ability (Voyer, Voyer, & Bryden, 1995). In fact, mental
rotation is considered by some researchers to be the “stan-
dard” measure of spatial ability (Driscoll, Hamilton, Yeo,
Brooks, & Sutherland, 2005).

Despite this perception that mental rotation assesses cru-
cial aspects of spatial ability, these tasks are also believed to
involve multiple processes beyond the need to mentally
rotate (Hegarty &Waller, 2004), and it is possible that some,
but not all, of these components relate to spatial cognition in
our everyday environment. In fact, evidence from research
conducted in virtual environments might help elucidate the
processes required on such tests, above and beyond mental
rotation. For instance, Parsons et al. (2004) suggested that
the increase in the complexity of the stimuli from 2-D to 3-D
might activate the use of different strategies in adults when
they approach the task. This may partially explain why
performance is facilitated in a 3-D virtual environment.
Parsons et al. also pointed out that a virtual environment
precludes the need to mentally perform 2-D to 3-D trans-
formations—a purported source of difficulties for the pen-
and-paper versions of mental rotation tasks (McWilliams,
Hamilton, & Muncer, 1997; Voyer & Hou, 2006). Moreover,
virtual environments offer an immersive sensory and
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perceptual experience, which perhaps reflects human spatial
thinking in the real-world environment more accurately.

Considering spatial cognition from a real-world perspec-
tive has inspired several researchers to investigate the con-
cept of environmental cognition (Hegarty et al., 2002;
Hegarty & Waller, 2004; Kozhevnikov& Hegarty, 2001).
Simply speaking, environmental cognition refers to the pro-
cess of spatial thinking in the geographic context and to the
ability to make spatial relations and maintain relationships
between objects in geographical space (Golledge,
Dougherty, & Bell, 1995; Self & Golledge, 1994). As such,
environmental cognition is involved in processes such as
orientation of the self in the environment, wayfinding, route
tracing, landmark recognition, and self-orientation (Hegarty
et al., 2002). The common element among these processes is
that they tend to involve mental operations in large- rather
than small-scale spaces and are self-referential and egocen-
tric, in that they rely on updating one’s location in space on
the basis of dynamic positioning of self (Hegarty et al.,
2002). Consequently, performance on tasks tapping these
environmental, as opposed to abstract, cognitions seems to
be better predicted by self-report measures (Kozlowski &
Bryant, 1977), rather than by psychometric tests of spatial
ability (Hegarty et al., 2002). One possible reason for this
finding is that both self-report measures and environmental
cognition tasks might involve familiar situations that have a
clear meaning for test takers.

From this perspective, it is interesting that several studies
point to the idea that meaning and familiarity may facilitate
better performance on tests of spatial rotation. Smith and
Dror (2001) examined the relative influences of stimulus
meaning and familiarity on performance in mental rotation.
They concluded that the presence of semantic meaning in a
stimulus seems to facilitate effective mental rotation, in that
it allows for greater flexibility in choice of strategies.
According to Smith and Dror, meaningful stimuli tend to
be processed holistically when simple, but in a piecemeal
fashion when more complex. Meaningless stimuli, however,
tend to be rotated through a holistic process. However, it
should be noted that Smith and Dror’s interpretation that
piecemeal rotation allows for a greater flexibility and accu-
racy in performing mental transformations has been
contradicted by more recent research (Alexander & Son,
2007). Nevertheless, the fact remains that meaningful stim-
uli are typically processed more accurately and efficiently
than meaningless stimuli (see also Amorim, Isableu, &
Jarraya, 2006).

Considering the research presented so far, it is possible to
propose a framework for investigating the potential influ-
ence of factors not related directly to the mental rotation
process without the need to resort to a virtual environment.
Specifically, we would argue that mental rotation tests typ-
ically involve meaningless stimuli that require the mental

transformation of 2-D stimuli into 3-D representations. The
present study focuses on this mental transformation aspect
and proposes an indirect way to examine its influence.
Specifically, the finding of substantial gender differences
in favor of men in psychometric tests of spatial ability is
seen by many researchers as one of the defining character-
istics of these measures (Amponsah & Krekling, 1997;
Moffat, Hampsom, & Hatzipantelis, 1998; Peters et al.,
1995; Voyer et al., 1995). It is interesting to note, however,
that these gender differences, while unequivocal in pen-and-
paper tests, have been shown to disappear in equivalent tests
conducted in virtual reality environments. For example,
Parsons et al. (2004) conducted a study with 44 participants
utilizing both pen-and-paper and virtual environment ver-
sions of mental rotation tasks. The geometric shapes used in
both test versions were designed to approximate each other
as closely as possible. The virtual environment test required
the participants to interact with the working stimulus by
rotating it, as quickly and efficiently as possible, to match
the target stimulus. Significant gender differences were
reported on the pen-and-paper version, but not on the virtual
environment test. Similarly, Piburn et al. (2002) adminis-
tered pen-and-paper and computer-generated tests of mental
rotation and surface development (mental paper folding).
The tests were equivalent in content. However, the paper-
and-pen task had a time limit, whereas the computer task
had no explicit time limit. The researchers obtained signif-
icant gender differences on the pen-and-paper, but not the
computerized, test. In this case, the time pressure difference
was confounded with the format manipulation and could
explain the lack of gender differences in the computer tests
(see Voyer, 2011). In any case, these findings suggest the
possibility that much of the gender differences in mental
rotation might be due to the need to mentally transform 2-D
stimuli into 3-D representations (see also Neubauer,
Bergner, & Schatz, 2010, on this point). Therefore, demon-
strating that gender differences are significantly reduced in
magnitude when this mental transformation is accounted for
would support the more general notion that mental rotation
test performance partly reflects this process. Following the
logic presented by Preacher and Hayes (2004), this is similar
to stating that the 2-D to 3-D transformation partly mediates
gender differences in psychometric tests of mental rotation.
Essentially, support for such mediation would demonstrate
the importance of this transformation in general.

In addition to the 2-D to 3-D transformation component,
the abstract nature of most standard tests is illustrated by the
fact that tests of mental rotation typically use stylized 2-D
representations of 3-D objects, such as block configurations
with minimal depth cues. In fact, occlusion is often the only
cue available, and it actually has been shown to hinder
performance on the task (Voyer & Hou, 2006). Accordingly,
such images have little bearing on the type of mental rotation
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tasks one might need to perform in the real world. In most
cases, this means that completing a mental rotation test with 2-
D stimuli requires the construction of a 3-D representation on
the part of the test-taker on the basis of inappropriate depth
cues. In addition, this aspect (2-D to 3-D conversion) was
presented byVoyer and Hou as an important component of the
observed better performance for males than for females in
mental rotation. It is therefore possible that spatial thinking
investigated by psychometric tests and real-world spatial
thinking might be partly governed by different cognitive
processes. This difference could then account for the better
performance of men than of women on paper tests, but not in
environments more closely resembling the real-world view,
purportedly as a function of the dimensional abstraction re-
quired in task completion.

The research presented here investigated the relation
between abstract spatial ability, as measured with standard
spatial tests, and geospatial cognition, as measured with a
new test using images of landscapes relying on shading as a
depth cue. In the present experiment, we aimed to examine
more closely the potential role of the 2-D to 3-D conversion
on gender differences in mental rotation as a handle for
understanding the role of this conversion in mental rotation
performance. A test of landscape perception that offers a
closer approximation of an intuitive view of a landscape was
designed specifically for this research. A computer-
generated rendition of a natural landscape was synthesized
in an attempt to depict that landscape in a way that is
generally familiar to the viewer (requiring no or minimal
abstract image construction). The aim was to present the
participant with a view of a natural terrain corresponding to
a landscape rather than a line representation of an abstract
geometric object. That terrain (a mountainous landscape)
was visualized using standard 3-D graphic sun-
illumination techniques, with shading proportional to local
surface slope and directional light source. Thus, the only
clues to relative changes in elevation came from intuitive
hill shading. The task required mapping the 3-D view into a
2-D view and vice-versa. In this way, we hoped to have an
indirect measure of the 2-D to 3-D conversion process with
a minimal mental rotation component. Construction of such
a test was necessary since, to our knowledge, past research
of seeming relevance has focused on map-reading skills (e.
g., Goldberg & Kirman, 1990), thereby involving only 2-D
processing. An example of one item from this Landscape
Perception Test (LPT) is presented in Fig. 1.

An informal analysis of the items on the LPT allows
inferences concerning the processes that might be involved
in this test. In a general sense, the test requires skills that
cartographers might apply in their everyday work.
Specifically, the task involves reading the topography of a
terrain by translation of a 2-D target into a 3-D response
alternative (and vice versa). This is the base process that the

task purports to measure, and it would allow a cartographer
to have a sense of the elevation and shape of the terrain. In
fact, this would also allow a hiker to obtain a “read” of the
terrain if the image referred to a trail map, for example. This
emphasizes the real-world relevance of the LPT. However, it
is possible that some participants might use mental rotation
to some extent in completing the task—for example, to
match line position on the landscape with the terrain profile.
In addition, some participants might choose to alter their
perspective on the alternatives in the course of task comple-
tion. In fact, participants could potentially rotate themselves
around the alternatives in imagination (perspective change)
or rotate the alternatives (mental rotation), as is always a
possibility in this type of task (Hegarty & Waller, 2004).
Therefore, the LPT should show a relatively large correla-
tion with any mental rotation measure, due mostly to the
common 2-D to 3-D transformation component and, to a
much smaller extent, to a minimal mental rotation compo-
nent. In addition, it should show a small significant correla-
tion with a measure of perspective taking.

Another important aspect of the LPT is that half the items
were laid out as the sample in Fig. 1 (2-D target and 3-D
alternatives), whereas the remaining items required translat-
ing a 3-D target into 2-D alternatives. Only the former
should reflect the critical process that we intend to measure,
but this characteristic also allows a dissociation of the ef-
fects of interest. Specifically, if the 2-D to 3-D transforma-
tion is actually involved in mental rotation, only 2-D to 3-D
items on the LPT should produce results supportive of the
role of this factor, and items reflecting the need to perform a
3-D to 2-D transformation should not.

Therefore, our aim in constructing this new test was to
answer three specific questions. Specifically, the first ques-
tion was whether there would be gender differences in
performance on the LPT and, if so, what would be their
magnitude, as compared with those found on standard tests
of spatial ability. Considering that 2-D to 3-D conversion
should be the main process involved in the LPT, it was
expected that men would perform better than women, but
only on items requiring 2-D to 3-D transformation, not on
those where the reverse translation (3-D to 2-D) is required
(hypothesis 1). However, since the LPT should have a mini-
mal mental rotation component, the magnitude of this gender
difference should be smaller than that on a pen-and-paper test
of mental rotation, as measured with the Visualization of
Views (VV) Test (Hegarty, Keehner, Khooshabeh, &
Montello, 2009; hypothesis 2).

The second question focused on whether a correlation
would be found between performances on a mental rotation
measure and the LPT. We hypothesized that there would be
a positive correlation between performances on a mental
rotation test and the LPT, presumably due mostly to the
common 2-D to 3-D conversion component. Accordingly,
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this correlation should be larger for items requiring transla-
tion from 2-D to 3-D than the reverse (hypothesis 3).

The third question concerned the possibility that process-
es underlying performance on the landscape test mediate
performance on a test of mental rotation, but only on 2-D to
3-D items, and this should be reflected in the pattern of
gender differences. Accordingly, it was hypothesized that
performance on 2-D to 3-D items, but not 3-D to 2-D items,
should produce significant indirect effects in the relation
between gender and performance in mental rotation (hy-
pothesis 4).

In addition to the tests central to the research questions,
several other measures were administered to allow a more
refined characterization of the processes involved in the
LPT. Specifically, a measure of environmental cognition,
the Santa Barbara Sense of Direction (SBSOD) Scale
(Hegarty et al., 2002), was administered to verify that the
landscape test was indeed relevant to environmental cogni-
tion. Accordingly, there should be a significant correlation
between the SBOD Scale and both components (2-D to 3-D,
3-D to 2-D) of the LPT. In addition, a measure of perspec-
tive taking, the Perspective Taking/Spatial Orientation Scale
(Hegarty & Waller, 2004), was administered, since it has
been shown to assess abilities that are separate from mental
rotation, although it does correlate with mental rotation
ability. This should verify the expectation that, although
the 2-D to 3-D component of the LPT should show a

relatively large correlation with a mental rotation measure,
it should also show a smaller correlation with a measure of
perspective taking (hypothesis 5).

From the perspective of the positive manifold of intelli-
gence, many of the correlations predicted so far would be
expected if only because the various cognitive measures
used reflect a general intelligence factor (e.g., van der
Maas et al., 2006). However, differences in the magnitude
of these correlations are predicted on the basis of the puta-
tive components involved in the LPT. In addition, a
noncognitive measure assessing childhood experience with
various activities, the Childhood Activities Questionnaire
(CAQ; Cherney & Voyer, 2010; Doyle, Voyer, & Cherney,
2012), was included in an attempt to replicate the findings of
a correlation between this measure and spatial performance.
This would confirm the role of experiential factors in the
tests included here.

Method

Participants

Sixty-four males and 66 females were recruited from sepa-
rate sections of introductory psychology classes. The mean
age in the sample was 19.28 years (SD = 2.94, range = 17–
35). Participants received bonus credit in their introductory

Fig. 1 Sample item from the
Landscape Perception Test.
This item requires conversion
of the 2-D target into the 3-D
response alternatives.
Participants are told that the
arrow line in the 3-D view
reflects the location of the cut
seen in the 2-D view above the
response alternatives. The
correct response for this item
is a
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psychology course for their voluntary participation.
Participants were tested according to proper ethical guide-
lines, and approval was obtained from the institutional
Research Ethics Board.

Materials

All participants were asked to complete a demographic
questionnaire that included questions about gender and
whether or not they had taken any prior geography courses
at high school, college, or university levels.

The SBSOD Scale (Hegarty et al., 2002) is a self-report
scale pertaining to environmental spatial cognition and
consisting of 15 statements about spatial and navigational
abilities, preferences, and experiences. The items are scored
on a Likert-type scale from 1 (strongly agree) to 7 (strongly
disagree). Seven of the items are phrased positively (e.g., “I
am very good at . . .”), whereas the other eight are phrased
negatively (e.g.,, “I am not good at . . ."). The positive items
are reverse scored, so that higher total scores on this scale
correspond to a better self-reported sense of direction. This
measure demonstrated good internal consistency in the pres-
ent sample (α = .85).

The VV Test (Hegarty et al., 2009) was selected as
measure of mental rotation.1 This test consists of 24 ques-
tions that ask a participant to identify a viewing position
from which a picture of a 3-D object was taken. The object
is drawn hovering in the middle of a “glass cube” whose
edges are delineated by a dashed line. The target object,
from a different viewing perspective, is drawn underneath
the cube. The participants are to “move around the cube” to
determine from which corner the picture of the object was
taken and to circle that corner. The participants are given
8 min to complete the 24 questions. The score is obtained by
calculating the number of correct responses, subtracting the
number of incorrect responses, which has been divided by
six (to correct for guessing). This measure also demonstrat-
ed good internal consistency in the present sample (α = .90).
A sample item from this test is presented in Fig. 2.

The CAQ (Cherney & Voyer, 2010; Doyle et al., 2012)
contains 27 items reflecting the participants’ engagement
during childhood (3–12 years old) in masculine–spatial, mas-
culine–nonspatial, feminine–spatial, and feminine–nonspatial
activities. The items are scored on a visual analog scale
represented by a 100-mm-long line. The participants are asked
to place an X along the line at the location corresponding to
their degree of involvement in that activity during childhood.
The starting and end points of the line are labeled Never and
Always, respectively. The location of the X is measured from
the start (score of 0) and end (score of 100) in millimeters. The
scores on the items reflecting each of the four activity types
(masculine–spatial, masculine–nonspatial, feminine–spatial,
and feminine–nonspatial) are averaged to obtain the total
score corresponding to each of the factors. Doyle et al. used
masculine and spatial preference scores, where Masculine =
ln(Mmasculine activities/Mfeminine activities) and Spatial =
ln(Mspatial activities/Mnonspatial activities), to validate this
measure. However, Doyle et al. reported that these
measures are highly correlated. Therefore, following
their approach, only the spatial score was used in data
analysis, since it still reflects all the items in the ques-
tionnaire. Internal consistency for this measure was very
good in the present sample (α = .83).

1 Some readers might have expected selection of the Mental Rotations
Test (Vandenberg & Kuse, 1978) as a measure of mental rotation, since
it is likely the most widely used test in the literature (e.g., Peters, 2005;
Voyer et al., 1995). However, issues with impossible rotations for
response alternatives that cannot be rotated into congruence with the
target figure have brought into question the actual contribution of the
mental rotation process on this test (Bors & Vigneau, 2010; Kerkman,
Wise, & Harwood 2000). In fact, Bors and Vigneau did not find the
expected relation between angular disparity and accuracy when ana-
lyzing Mental Rotations Test performance. In contrast, in the VV Test
(Hegarty et al., 2009), it is always possible to rotate the two block
configurations into congruence. Therefore, the VV Test was deemed
likely to provide a good measure of mental rotation abilities for the
present study, since it also involves a 2-D to 3-D conversion, as is
hypothesized in our main research question.

Fig. 2 Sample item from the Visualization of Views Test. The correct
response for this item is circled. (Reproduced with permission from
Hegarty et al., (2009))
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The Perspective Taking/Spatial Orientation Scale (Hegarty
&Waller, 2004) consists of 12 questions that test one’s ability
to imagine relative azimuthal orientation in space. Each ques-
tion consists of a random collection of objects drawn at the top
of the page. At the bottom half of the page, there is a reference
circle with an arrow pointing at 0° (12 o’clock). The partici-
pants are asked to identify the direction between some of the
objects. For example, they are asked to imagine standing at
one object (drawn in the middle of the reference circle below),
while facing another (drawn on the circle at the top of the 0°
line), and then to determine the direction to a third object from
that viewing perspective. That direction is to be marked by an
arrow from the middle of the circle to a location on the
circumference of the circle, corresponding to the azimuth of
the direction between the two objects. The participants are
allocated 5 min for this test. The score represents the total
number of correct responses. No correction for guessing was
applied to the score on this test. This measure produced an
acceptable level of internal consistency in the present sample
(α = .73).

As was previously mentioned, the LPTwas developed for
the present study. Its aim is to present the participant with a
view of a natural terrain corresponding to a landscape. The
landscape is visualized using standard 3-D graphic sun-
illumination techniques (315° azimuth, 45° elevation angle).
The only cues to relative changes in elevation come from
shading, which is an important pictorial cue to depth (Foley
& Matlin, 2010).

Digital terrain models with resolutions ranging from 25
to 100 m were created using publicly available topographic
data from U.S. (http://eros.usgs.gov/#/Home) and Canadian
(http://geogratis.cgdi.gc.ca/geogratis/en/index.html) land-
scapes. A fixed aspect area (910 × 500 pixels) was derived,
and a sun-illuminated image was created from this area
using the addSUN function from the UNB Ocean Mapping
Group swathed software suite (in-house, unpublished). The
surface gray-level intensity was derived from the cosine of
the angle between the sun vector and the facet surface
normal. This replicates a lambertian surface typical of
nonspecular illumination models. Cast shadows were not
included in the algorithm. Two-dimensional topographic
profiles were extracted along sections from 20 to 70 km
long of arbitrary azimuth. The sections were plotted with an
automatically adjusted vertical scale to maximize the verti-
cal exaggeration.

The test involves a 3-D to 2-D spatial transformation (and
vice versa) and includes 20 multiple-choice questions.
Participants are told that the 2-D profile represents a cut
through the landscape, as if one could take a vertical slice
along the indicated line (see top of Fig. 1). Half the questions
(even-numbered items) involve matching one of four cross-
section profiles to a reference line through a sun-illuminated
digital terrain model (3-D to 2-D transformation). The other

half of the questions (odd-numbered items) apply the task in
reverse: Given a 2-D cross-section profile, the participants are
asked to identify which one of four indicated reference lines
across the digital terrain model constitutes the source topog-
raphy (2-D to 3-D transformation; see Fig. 1). Participants are
allowed 10 min to complete this task. The score is computed
as the number of correct responses minus the number of
incorrect responses, which has been divided by four to correct
for guessing. This novel measure demonstrated good internal
consistency in the present sample (α = .84).

Procedure

Participants were tested in small groups ranging in size from
1 to 10 persons. Upon arriving at the lab, participants were
seated in small cubicles separated by screens, and they
completed a consent form. Participants were then given test
booklets containing a demographics questionnaire, the
SBSOD Test, the CAQ, the VV Test, the Perspectives
Taking/Spatial Orientation Test (PTSOT), and the LPT.

The experiment was divided into two parts. The first part
was self-paced and involved completing the demographic
questionnaire, the SBSOD Test, and the CAQ. The second
part commenced upon the signal from the experimenter after
all the participants had completed part I. It contained the
three timed spatial ability tasks: the VV Test, the PTSOT,
and the LPT. The order of the tests in part II was fully
counterbalanced.

Results

Preliminary analyses showed that whether participants had
taken geography courses in the past had no effect on per-
formance for any of the measures considered here. In addi-
tion, a similar proportion of men and women had taken
geography courses, χ2(1) = 0.89, p > .34. Accordingly, this
variable was excluded from further analyses.

Hypotheses 1 and 2 predicted that men would perform
better than women on the LPT, but only on items requiring
2-D to 3-D transformation (hereafter, LPT23), not on those
requiring the reverse conversion (3-D to 2-D; hereafter,
LPT32) (hypothesis 1), and that this gender difference
would be smaller than that on a pen-and-paper test of mental
rotation, as measured with the VV Test (hypothesis 2).
These hypotheses were examined by means of a multivari-
ate ANOVA. Gender was the independent variable, and the
scores on the SBSOD Test, the VV Test, the LPT, and the
PTSOT and the spatial score on the CAQ were the depen-
dent variables.

The multivariate test of significance revealed a signifi-
cant main effect of gender, F(6, 123) = 19.70, p < .01, based
on Pillai’s trace. Follow-up univariate F tests revealed a
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significant main effect of gender for the SBSOD, F(1, 128) =
24.70, p < .01, the VV, F(1, 128) = 36.12, p < .01, the LPT23,
F(1, 128) = 11.84, p < .01, and the CAQ spatial score,
F(1, 128) = 82.25, p < .01, but not for the LPT32, F(1, 128) =
2.82, p > .09, or the PTSOT, F(1, 128) = 1.70, p > .19. As
can be seen in Table 1, relevant means showed higher scores
for men in all cases where gender differences were significant
(with higher scores reflecting better performance on the VV
and the LPT23 and preference for spatial rather than
nonspatial activities on the CAQ). In particular, these findings
confirmed hypothesis 1, since significant differences were
obtained for LPT23, but not LPT32. Examination of the
second hypothesis required calculation of Cohen’s d (Cohen,
1977), reflecting the difference between the scores of men and
women on the VV and the LPT. This value is also shown for
the other measures as a point of information. Cohen’s d
showed a large effect size for gender differences in VV scores
(d = 0.94) but a medium effect size for gender differences in
LPT23 scores (d = 0.58) and a small effect size on LPT32
scores (d = 0.30). The second hypothesis is therefore con-
firmed. It should be noted that the SBSOD and CAQ also
produced large effect sizes of 0.80 and 1.24, respectively,
whereas for the PTSOT, the effect size (d = 0.23) was, not
surprisingly, small.

Hypothesis 3, predicting that the correlation between the
LPT23 and the VV should be larger than that between
LPT32 and VV, can be examined by a direct comparison
of the correlations (see Table 2). However, the differences
between these two correlations were significant only with a
one-tailed test, z = 1.78, p < .038, one-tailed. This finding
supports hypothesis 3. As further points of information, it
should be noted that all but three correlations presented in
Table 2 (for the SBSOD with LPT32 and PTSOT and for
CAQ with PTSOT) were found to be significant.

Hypothesis 4 required a demonstration that LPT23, but not
LPT32, mediates the relation between gender and VV

performance. Essentially, this hypothesis would be confirmed
by demonstrating significant indirect effects with LPT23, but
not LPT32, as mediator. The analysis required for a test of
hypothesis 4 was computed as recommend by Preacher and
Hayes (2004) and relied on the SPSS macros provided by
these authors. Results of this analysis showed significant
indirect effects when LPT23 was used as a mediator of
the relation between gender and VV performance
(estimate of indirect effect = 1.5652; 95 % confidence
intervals based on 1,000 bootstrap resamples = 0.6532–2.6062;
p < .01). In contrast, indirect effects were not significant when
LPT32 was used as mediator (estimate of indirect effect = 0.
5737; 95 % confidence intervals based on 1,000 bootstrap
resamples = −0.1978–1.4030; p > .14). This confirms hypoth-
esis 4. However, it should be noted that gender differences on
the VV remained significant even after accounting for LPT23
performance, b = 5.50, t(126) = 4.83, p < .01. The present
results would therefore be described as reflecting partial me-
diation (Preacher & Hayes, 2004).

Finally, hypothesis 5, predicting that the 2-D to 3-D
component of the LPT23 would show a relatively large
correlation with a mental rotation measure (VV) but a
smaller correlation with a measure of perspective taking
(PTSOT), was confirmed by showing that the differences
between these two correlations were significant, z = 2.19 ,
p < .03, two-tailed. The remaining correlations between the
LPT23 and all the other measures support the notion that the
cognitive tests involve similar processes (i.e., positive man-
ifold), whereas its correlation with the CAQ suggests an
experiential basis to performance.

Discussion

The purpose of the present experiment was to investigate the
relationship between abstract spatial ability, as represented
in standard tests of these abilities, and environmental cog-
nition, as represented by a self-report measure and a novel

Table 1 Mean scores on dependent variables as a function of gender
(standard deviations in parentheses)

Dependent variable Men Women d

VV 14.77 (7.21) 7.70 (6.17) 0.94

SBSOD 56.08 (10.41) 46.11 (12.36) 0.80

PTSOT 7.47 (2.57) 6.71 (3.90) 0.23

LPT23 4.75 (2.15) 3.41 (2.26) 0.58

LPT32 5.12 (2.41) 4.39 (2.50) 0.30

CAQ 0.19 (0.53) −0.53 (0.38) 1.24

Note. VV = Visualization of Views Test; SBSOD = Santa Barbara
Sense of Direction Scale; PTSOT = Perspective Taking/Spatial Orienta-
tion Scale; LPT23 = Landscape Perception Test, 2-D to 3-D; LPT32 =
Landscape Perception Test, 3-D to 2-D; CAQ = Childhood Activities
Questionnaire spatial score. d represents men’s scores minus women’s
scores, divided by the pooled standard deviation (see J. Cohen, 1977).

Table 2 Correlations among the various measures (N = 130)

LPT32 VV PTSOT SBSOD CAQ

LPT23 .510* .463* .266* .272* .330*

LPT32 .323* .248* .103 .246*

VV .370* .289* .332*

PTSOT .082 .139

SBSOD .410*

Note. LPT23 = Landscape Perception Test, 2-D to 3-D; LPT32 =
Landscape Perception Test, 3-D to 2-D; VV = Visualization of Views
Test; PTSOT = Perspective Taking/Spatial Orientation Scale; SBSOD =
Santa Barbara Sense of Direction Scale; CAQ = Childhood Activities
Questionnaire spatial score.

* p < .01
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test designed to tap the ability to convert 2-D stimuli into 3-
D representations (and vice versa). More specifically, the
aim was to isolate the 2-D to 3-D component in a measure of
abstract spatial ability by means of a novel measure that
integrated this component in a geospatial task. The well-
known finding of gender differences in spatial performance
was exploited to go beyond simple correlations and provide
an indirect way to measure the role of the 2-D to 3-D
conversion required in performing an abstract spatial task.
Building on research by Parsons et al. (2004) and Piburn et
al. (2002), who reported gender differences on pen-and-
paper tests of spatial ability, but not on equivalent tests
conducted in virtual reality environments, we posited that
these findings were due to the differential ability regarding
the 2-D to 3-D mental transformation. The LPT, designed
specifically for the present study, focused on this abstraction
and tested performance on 2-D to 3-D and 3-D to 2-D
transformation tasks.

As was expected, men performed better than women on
items requiring 2-D to 3-D transformation, not on those
requiring the reverse conversion on the LPT, and this gender
difference was smaller than that on the VV Test. These
findings support the notion that men are more efficient than
women on the processes underlying the conversion from a
2-D image to a 3-D representation, suggesting that gender
differences in abstract tasks of spatial abilities might be
partly due to the required 2-D to 3-D conversion in many
of them. At a more general level, the present results fit well
with findings that have emphasized the 3-D nature of the
stimuli in explaining gender differences in mental rotation
(Voyer & Hou, 2006).

The observed correlations suggest that participants also
had to understand the perspective that the line in the land-
scape represented as reflected in the significant correlation
between performance on both components of the LPT and
performance on the PTSOT. Finally, the presence of a min-
imal mental rotation component on the LPT is supported by
the finding that the VV Test produced larger gender differ-
ences than did our novel test. Therefore, our results support
the expectations that the LPT includes mostly the transfor-
mation component, with minimal mental rotation and
perspective-taking components (based on the observed pat-
tern of correlations).

As was predicted, the 2-D to 3-D component of the LPT
produced a larger correlation with the VV Test than did the
3-D to 2-D component. The fact that this was only signifi-
cant on the basis of a one-tailed test of significance could be
considered a partial confirmation, although, since this was
the predicted direction of the effect, a one-tailed test was
also sufficient (Furlong, Lovelace, & Lovelace, 2000). This
suggests that the 2-D to 3-D component accounts for vari-
ance in performance over and above the mental rotation
component that would be common to both types of items.

From this perspective, it would be interesting to have par-
ticipants complete both tests (VV and LPT) in a virtual
reality setting, which would preclude the need to mentally
perform the 2-D to 3-D conversion. Presumably, these two
tests should still be correlated significantly on both compo-
nents (2-D to 3-D and 3-D to 2-D). However, the correlation
for 2-D to 3-D items would likely drop to the same level as
that observed for 3-D to 2-D items. In addition, if gender
differences in 2-D to 3-D transformation are critical, the
gender difference in favor of men should disappear on the
2-D to 3-D items, and it should be substantially reduced on
the VV Test. Future work should investigate this question.

Likely the most critical finding observed here was that
performance on 2-D to 3-D items, but not 3-D to 2-D items,
produced significant indirect effects in the relation between
gender and performance on the VV Test. This further sup-
ports the notion that component processes involved in per-
formance of the LPT are relevant to performance on the VV
Test. This finding is easily explained with the converging
evidence presented so far. Specifically, it is plausible to
believe that the need to convert a 2-D image to a 3-D
representation is common to both tasks. Therefore, statisti-
cally controlling for this aspect significantly decreases the
magnitude of gender differences on the VV Test. However,
the fact that gender differences did remain significant on the
VV Test suggests that components over and above the 2-D
to 3-D conversion account for gender differences on this
test. Of course, the mental rotation component itself is one
of the most obvious candidates on this point. In fact, al-
though the VV Test has been presented by some as a
measure of perspective taking (e.g., Hegarty et al., 2009),
only a mental rotation component could account for the
large magnitude of gender differences observed here on this
test, especially considering the absence of gender differ-
ences on the PTSOT in the present study (on this point,
see also Hegarty, Montello, Richardson, Ishikawa, &
Lovelace, 2006; Zacks, Mires, Tversky, & Hazeltine,
2000). This suggests the possibility that participants favor
a mental rotation strategy rather than a perspective change
strategy on the VV Test.

The 2-D to 3-D component of the LPT showed a rela-
tively large correlation with the VV Test but a significantly
smaller correlation with the PTSOT. This suggests that, as
was expected, the LPT likely has a perspective-taking com-
ponent in common with the PTSOT. However, as also was
expected, the combination of mental rotation and 2-D to 3-D
conversion components in common with the VV test pro-
duced a larger correlation than that observed when only the
perspective component was in common.

Confirmation of all five hypotheses therefore supports
the results of our informal analysis of the processes involved
in the LPT (major 2-D to 3-D or 3-D to 2-D transformation
component, minimal mental rotation, and perspective-taking
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components). In addition, the results support the notion that
2-D to 3-D conversion is an integral part of performance
(and gender differences) in a psychometric measure of men-
tal rotation. This was demonstrated through a task that, we
felt, had real-life relevance, since it involves skills that
might be used by cartographers or hikers in their respective
activities. Accordingly, the present results can be added to
the body of evidence demonstrating that tasks with real-life
applicability relate to psychometric test performance
(Hambrick et al., 2012; Liu, Oman, Natapoff, & Coleman,
2008; Menchaca-Brandan, Liu, Oman, & Natapoff, 2007).

Aside from those of relevance to the hypotheses, other
correlations require some brief discussion. Specifically, the
correlation between the SBSOD Test and the PTSOT failed
to achieve significance. This likely reflects the fact that the
Santa Barbara test has a strong real-life navigation compo-
nent (Hegarty et al., 2002), whereas the PTSOT measure is
more relevant to an abstract manipulation of egocentric
orientation (Hegarty & Waller, 2004). In contrast, the corre-
lations presented in Table 2 suggest that the PTSOT might
share a common component with the VV Test and the 2-D to
3-D aspect of the LPT. It is also interesting to note that both
the VV Test and the 2-D to 3-D LPT seem to include a
navigational component, as is shown in their relatively
strong correlation with the SBSOD Test. Inasmuch as the
Santa Barbara test reflects real-life spatial abilities in general
(Hegarty et al., 2002), the pattern of findings would support
the conclusion that the VV Test and the 2-D to 3-D compo-
nent of the landscape test are relevant to real-life spatial
skills. However, the lack of correlation of the 3-D to 2-D
component with the SBSOD Test might simply reflect the
fact that it is quite rare to have to perform a 3-D to 2-D
transformation from a picture. Therefore, this transformation
would have little in common with the real-life skills that its
authors claimed are assessed by the SBSOD Test.

It is worth noting that all the measures administered here
were significantly correlated with the score on the CAQ,
except for the PTSOT. This provides further support for the
notion that spatial performance in adulthood is affected by
activities preference and practice in childhood (Baenninger
& Newcombe, 1989; Doyle et al., 2012).

Another finding requiring some discussion is that the
SBSOD Scale produced higher scores in men than in wom-
en. This suggests that environmental spatial abilities also
favor males. However, it is important to remember that,
since this is a self-report measure, it would also be affected
by confidence and the influence of social desirability asso-
ciated with stereotype. Specifically, men are typically more
confident than women concerning their spatial abilities
(Cooke-Simpson & Voyer, 2007), and this is likely to be
reflected in their self-report concerning related performance.
Similarly, women might stereotypically view themselves as
less skilled than men on the particular items they have to

complete on the Santa Barbara tests (Wraga, Duncan,
Jacobs, Helt, & Church, 2006), and it is possible that it
affected responses on this test for both men and women.
Experimental manipulation of this aspect with the SBSOD
Scale, similar to the approach used by Wraga et al. with
mental rotation, would elucidate this point.

In conclusion, the present study relied on a newly devel-
oped test presumed to tap more directly into processes
required in converting a 2-D image into a 3-D representa-
tion. Altogether, the results support our contention that the
2-D to 3-D component influences performance on a mental
rotation test and, potentially, on other psychometric mea-
sures of spatial ability relying on 3-D stimuli, although this
remains an empirical question. In addition, the findings
suggest better performance for men than for women on the
2-D to 3-D component, and they support the notion that this
component might also partly underlie gender differences in
a task with a strong mental rotation component. Future work
with the novel task should attempt to ascertain the role of the
alleged transformation component (from 2-D to 3-D) by
implementing its administration in a virtual reality setting,
for example. In addition, a full construct validity study of
the LPTwould provide more in-depth information concerning
the processes it involves. However, in the meantime, the study
presented here establishes the usefulness of this test as a
measure of geospatial cognition and as a means for isolating
the 2-D to 3-D component in psychometric measures of
cognitive abilities.
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