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Abstract
Eye movements were monitored in 16 women and 20 men during completion of a standard diagram-
based test of mental rotation ability to provide measures of cognitive function not requiring conscious,
decisional processes. Overall, women and men allocated visual attention during task performance in
very similar, systematic ways. However, consistent with previous suggestions that sex differences
in attentional processes during completion of the mental rotation task may exist, eye movements in
men compared to women indicated greater discrimination and longer processing of correct
alternatives during task performance. Other findings suggested that androgens may enhance
cognitive processes that are recruited differentially by women and men as a function of the task.
Specifically, smaller (i.e., more masculine) digit ratios were associated with men’s shorter fixations
on distracters, suggesting that perinatal androgen action may influence brain systems that facilitate
the identification of relevant task stimuli. In women, higher circulating testosterone levels appeared
to contribute to more general processes engaged during task performance, for example higher levels
of visual persistence. It is possible that variability in the relative contribution of such hormone
sensitive cognitive processes to accuracy scores as a function of different sample characteristics or
assessment methods may partially account for the inconsistent findings of previous research on
hormonal factors in mental rotation ability.
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In other species, hormonal factors that direct the sexual differentiation of brain substrates in
perinatal life and modulate their expression in postnatal life are well-established determinants
of sex differences in behavior (Breedlove et al., 1999; Goy and McEwen, 1980). Increasingly,
comparative research on human behavior supports the hypothesis that hormonal factors also
contribute to sex-linked behavior in children and adults (Cohen-Bendahan et al., 2005; Collaer
and Hines, 1995). Yet, evidence for a role of prenatal and postnatal hormones in the
development of the large and reliable sex difference in the ability to mentally rotate objects
(Linn and Petersen, 1974; Voyer et al., 1995) remains equivocal.

The hypothesis that higher levels of prenatal androgens in men organize brain systems that
better support mental rotation ability, for instance, is consistent with recent reports of
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significant associations between accuracy scores and the ratio of the second to fourth digits in
men (Kempel et al., 2005; Manning and Taylor, 2002; McFadden and Shubel, 2003), a putative
marker of perinatal androgen action (Brown et al., 2002; Manning et al., 2003; Manning et al.,
1998; McIntyre, 2006) and with earlier studies showing enhanced abilities in girls exposed to
higher levels of prenatal androgens because of an endocrine disorder (Hampson et al., 1998;
Resnick et al., 1986). However, other investigations of sex-linked cognitive behavior find no
relationship (Austin et al., 2002; Coolican and Peters, 2003; Poulin et al., 2003) or the opposite
association (Putz et al., 2004) between androgen sensitivity (as indicated by digit ratios) and
measures of mental rotation ability in women and men. Further, other researchers measuring
spatial abilities following atypical prenatal androgen exposure have reported enhanced
performance in girls on a targeting task that shows a large male advantage but not on a three-
dimensional mental rotation test (Hines et al., 2003). This last finding has suggested that the
relative contribution of hormonal and experiential factors to spatial abilities varies across tasks,
such that sex-linked factors in postnatal life may be more significant determinants of the sex
difference in mental rotation ability.

One possibility is that sex differences in levels of hormones following reproductive maturity
contribute to behavioral variability between and within the sexes, presumably by the
differential activation of neural systems organized by hormones earlier in prenatal life (Collaer
and Hines, 1995). The activational hypothesis is supported by studies showing sex-linked
cognitive abilities (including spatial abilities) fluctuate with levels of estradiol and testosterone
across the human menstrual cycle (Hampson, 1990a; Hampson, 1990b) and reports of within-
sex correlations between hormones and task performance in women and men (Moffat and
Hampson, 1996). However, although some menstrual cycle research indicates that mental
rotation ability is enhanced during times of low ovarian steroid production (Hausmann et al.,
2000), others have found mental rotation ability is unrelated to menstrual cycle phase (Epting
and Overman, 1998). Similarly, whereas significant correlations between endogenous
testosterone levels and mental rotation ability have been reported in adults (Moffat and
Hampson, 1996), more recent research has found that sex-linked spatial abilities, including
mental rotation, were unrelated to individual differences in levels of circulating sex steroids
and gondotropins in healthy women and men (Halari et al., 2005). Likewise, in research on the
behavioral effects of exogenous androgen administration to individuals with androgen
deficiencies, marked elevations in circulating levels of hormone were not associated with
significant improvements in performance on measures of two-dimensional (Liben et al.,
2002) or three-dimensional (Alexander et al., 1998) mental rotation ability.

It is generally assumed that accuracy scores (the primary dependent variable across studies)
are measures of the ability to mentally rotate objects. However, accuracy scores are also
influenced by decisional processes (Hooven et al., 2004) that may contribute to their apparent
sensitivity to factors such as propensity to guess (Voyer and Saunders, 2004), time constraints
(Voyer, 1997), socioeconomic status (Levine et al., 2005), and the presence of emotional
stimuli (Alexander, 2005). Therefore, a useful strategy in research aiming to better understand
the role of hormones in sex differences in mental rotation ability may be to include measures
of cognition that are not dependent on conscious, decisional processes during task performance.
The potential value of this approach is implied in the previous speculations that attentional
processes during mental rotation ability may differ between women and men (Jordan et al.,
2002; Peters, 2005) and supported by recent research on mental rotation ability in men
suggesting higher levels of circulating testosterone in men may improve performance on mental
rotation tasks by enhancing discrimination between different objects (Hooven et al., 2004).

An examination of such processes in the context of hormone-behavior research was
accomplished in the present investigation by monitoring eye movements in women and men
during completion of a widely used diagram-based test of mental rotation, the redrawn
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Vandenberg and Kuse Mental Rotations Test (Peters et al., 1995; Vandenberg and Kuse,
1978). The rationale for examining eye movements in research on sex-linked cognitive
processes included evidence that eye movement patterns can differentiate between individuals
who successfully and unsuccessfully solve a diagram-based problem (Grant and Spivey,
2003), evidence that eye movements are an implicit, unobtrusive measure of performance
(Richardson and Spivey, 2000), and evidence that, compared to percentage correct or reaction
time measures, eye-movements permit stronger inferences about cognitive function,
specifically the allocation of visual attention (Hayhoe, 2004). Indicators of visual attention
such as fixation number and fixation duration, for example, are generally thought to reflect
visual interest and processing efforts, respectively (Rayner, 1998). We reasoned that because
eye-movements are implicit and sensitive to online visual and cognitive processes, eye-
movements may reveal sex-linked information processes that, compared to response accuracy,
show a stronger association to hormonal factors. We tested this hypothesis by examining
whether eye-movements during task performance were associated with salivary levels of sex
steroids and digit ratios.

METHOD
Participants

Participants were 16 women and 20 men between 18 and 35 years of age who were enrolled
in an introductory psychology course at Texas A&M University. Women and men reported
being in good health (i.e., no systemic disease) and none were using hormonal preparations,
including hormonal contraceptives. All participants were tested individually in a session lasting
approximately 40 minutes. All participants provided signed, informed consent and received
partial course credit for their participation in the protocol.

Measures
Cognitive Tasks—Participants first completed a vocabulary test (Ekstrom et al., 1976), a
measure of general cognitive ability that typically does not show a sex difference. Mental
rotation ability was assessed using the redrawn Vandenberg and Kuse Mental Rotations Test
(Peters et al., 1995; Vandenberg and Kuse, 1978) that consists of 24 items, each depicting five
line drawings of a three-dimensional block figure. One figure is the target, two figures are the
target figure depicted in a different rotation (i.e., correct alternatives) and two figures are
distracters. The task instructions (to identify the two rotated versions of the target figure) and
time constraints (3 mins per 12 test items separated by a 2 min rest interval) were identical to
the paper and pencil version of the task. However, to permit eye-tracking during completion
of the test, the 24 items (i.e., each set of five figures) were presented one at a time on a 17 in
computer monitor. The size of each resulting array was approximately 2.5 in by 7.5 in, with
individual figures sized at approximately 2.5 in by 1.5 in. Participants verbally identified the
serial position of the two correct alternatives from left to right (e.g.., “one and four”) before
pressing the space bar to advance to the next item. An experimenter recorded verbal responses
and later scored the total number of responses identifying both correct items (maximum score:
24), a method that maximizes the sex difference in performance (Voyer et al., 1995).

Eye movement data collection—Eye-movements were monitored using an infra-red eye-
tracker with remote optics (Model 504, Applied Science Laboratory) that can measure gaze
position with an accuracy of approximately 0.5° of visual angle, a margin of error consistent
with the natural function of the human eye. The remote optics system uses corneal and retinal
reflections of infra-red light to determine eye gaze with a “bright pupil technology” that
minimizes interference from eyeglasses, contacts, and eye-lashes. The camera was situated
directly below the computer monitor and participants were seated so that the camera to eye
distance was approximately 22 in. A magnetic head tracker (Flock of Birds®, Ascension

Alexander and Son Page 3

Horm Behav. Author manuscript; available in PMC 2009 June 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Technology Corporation) was worn by participants to limit any disruption in eye-tracking as
a function of head movement (i.e., no chin rest was required). To obtain valid and reliable eye
movement data, 9 gaze positions covering over 80% of the viewing area were first collected
from each participant (i.e., a 9-point calibration). Stimulus presentation and data collection
(i.e., eye-position) were achieved using GazeTracker™ software (Lankford, 2000). Fixations
were defined as a period of at least 100 msec during which point of regard did not change by
more than 1-degree visual angle (i.e., a distance on the display of less than 0.5 in).

Hormone Measures—A small amount of saliva (<15 ml) collected by passive drool was
obtained from each participant. Prior to the test session, women and men were e-mailed
instructions to avoid alcohol and dental work (for 24 hours pre-testing) and to not eat or brush
their teeth (for 3 hours pre-testing), restrictions that were later verified by questionnaire. Saliva
samples were stored at −80° C, a temperature that compared to −20° C increases the validity
of assay results (Granger et al., 2004). Frozen samples were shipped overnight in dry ice to
Salimetrics (State College, Pennsylvania), where salivary levels of testosterone (in women and
men) and estradiol (in women) were measured in duplicate using enzyme immunoassays.

The ratio of the lengths of the second and fourth digits (2D: 4D) was calculated by obtaining
a digital photo scan of the participant’s right hand. Color images of hands were later used to
measure the distance in millimeters from the basal crease to the tip of the second and fourth
fingers with digital vernier calipers. Two independent judges coded finger-lengths for each
hand copy. Measurements averaged across the two judges showed excellent inter-rater
reliability (rs >.97), consistent with the findings of previous research using this method of
assessment (McIntyre, 2006).

Results
Behavioral and Hormone Measures

There were no outliers (defined as two standard deviations above or below the mean) in the
distribution of scores for the self-report behavioral measures and the hormone measures. As
shown in Table 1, women and men were similar in age and in their scores on the vocabulary
test. As expected, compared to women, men had higher (i.e., more male-typical) salivary levels
of free testosterone and higher scores on the test of mental rotation ability. The means for digit
ratios in women and men differed in the expected direction (i.e., larger in women) but the trend
did not reach statistical significance.

Visual Attention
Eye-movement data were based on a successful calibration and a high percentage of successful
eye-tracking time (> 95%) in women and men. The five figures associated with each item were
defined as areas of interest (AOI). Visual attention in the five AOI was measured in terms of
the average number and average duration of visual fixations.

Preliminary analyses—An inspection of the distribution of data values showed no outliers
except in the distribution of the average number of fixations on incorrect alternatives (one male
above the mean, one female above the mean, and one female below the mean). However, the
inclusion or exclusion of these individuals did not significantly impact the direction and
significance of the results, and so the analysis of all participant data is reported below.

First, the average amount of time to complete each trial and the percentage of time fixated on
stimuli during each trial was calculated for women and men. Men compared to women took
less time to complete trials (M = 18.9 ± 5.53 secs vs. M = 20.53 ± 5.88 secs). However, this
sex difference in response time was not significant, F(1, 34) =.069, p =.42. Similarly, the
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percentage of total time fixated on task stimuli during each trial was comparable in men (60.18
± 16.92 %) and in women (58.65 ± 16.75%), F(1, 34) =.071, p =.79. Next, to ensure that the
serial position of visual stimuli did not have differential effects on the patterns of eye-
movements in women compared to men, separate ANOVAs with sex as a grouping factor and
serial position from left to right (1 to 5) as a repeated measure were performed on visual
attention measures. The analysis of fixation number showed a main effect of serial position, F
(4, 31) = 39.54, p <.001, but no significant main effect of sex, F(1, 34) = 0.55, p =.46, and no
significant sex by serial position interaction effect, F(4, 31) = 2.90, p =.08. The analysis of
fixation duration also showed the serial position effect, F(4, 31) = 4.56, p <.001, but no main
effect of sex, F(1, 34) = 0.01, p =.84 and no sex by serial position interaction effect, F(4, 31)
= 0.99, p =.42. The main effects of serial position on visual attention measures reflected the
finding that a larger number of fixations and a longer duration of fixations on the first figure
(i.e., the target) occurred compared to the four choice items (all ps <.01). Notably, measures
of visual attention directed to the target figures were comparable in women and men (fixation
number: M=10.13 ± 4.61 for men vs. M = 9.16 ± 3.64 for women, t(34) =.68, p =.50; fixation
duration: M=0.39 secs ± 0.10 secs for men vs. M = 0.43 secs ± 0.13 secs for women, t(34) =
−.92, p =.36). Post hoc analyses using Tukey’s tests for multiple comparisons also showed that
in both sexes a smaller number and shorter duration of visual fixations on the figure in the last
(i.e., extreme right) location occurred (p <.01). These effects of serial position on visual
attention measures are consistent with a decision making process that involves a consideration
of each item according to its serial position and then is terminated after identifying two correct
or two incorrect items. Importantly, there was no evidence that this pattern of eye-movements
differed between women and men.

Sex Differences in Visual Attention
As noted above, no significant sex differences were observed in response times, in the
percentage of total time fixated on stimuli during each trial, and in measures of visual attention
directed to task stimuli defined according to serial position. Therefore, sex differences in visual
attention to correct alternatives and distracters during performance of the test of mental rotation
ability were examined by averaging measures of fixation and duration for each figure type
using ANOVA for repeated measures with sex (male vs. females) as a grouping factor and
figure type (correct alternatives vs. distracters) as the within-subject factor. However, because
men showed marginally shorter response times and completed significantly more items than
did women, a second analysis tested specifically for sex differences in the percentage of total
fixations and percentage of total fixation time for the trial in each AOI (correct and incorrect
alternatives).

Fixation Number—The analysis of all completed trials using sex (women vs. men) as a
grouping factor and the number of items completed as a covariate showed a main effect of
figure type, F(1, 31) = 4.65, p <.05, but no interaction effect (all Fs < 1.0) and no main effect
of sex, F(1, 31) = 0.36, p =.55. The main effect of figure type reflects the finding that the
average number of fixations on correct alternatives was generally greater than the number of
fixations on distracters (Figure 1). The between-sex comparison of the relative number of
fixations on figure type showed the percentage of total fixations on correct alternatives was
similar in women and men (M = 18.60% ± 2.95% for women vs. M = 17.64% ± 3.31% for
men), t (34) = 0.89, p =.38. However, relative to women, men directed a smaller percentage
of their total fixations to the incorrect alternative (M = 14.30% ± 2.95% vs. M = 15.99% ±
2.59%, t (34) = 2.07, p <.05).

Fixation Duration—The analysis of fixation duration across all completed trials showed a
main effect of figure type, F(1, 33) = 26.24, p <.001, and a sex by figure type interaction, F
(1, 33) = 4.07, p =.05. The main effect of sex on performance was not significant, F(1, 33) =
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2.67, p =.11. The main effect of figure type resulted because fixation durations were longer on
correct alternatives than on distracters in both sexes. However, posthoc analysis showed that
the interaction between sex and figure type occurred because men compared to women showed
longer fixations on correct alternatives, p <.05 (Figure 1). The between-sex comparison of the
relative duration of time in each AOI showed similar results. Whereas the percentage of time
in the zone defined as incorrect alternatives did not differ between women and men (M =
11.66% ± 2.15% for men vs. M = 11.48% ± 2.42% for women), the percentage of time in the
zone defined as correct alternatives was greater in men (M = 14.68% ± 2.58%) than in women
(M = 12.89% ± 2.57%), t (34) = 2.06, p <.05.

Within-sex correlational analysis: eye-movements and hormonal measures
As some previous researchers have demonstrated curvilinear associations between circulating
testosterone levels and spatial abilities (Moffat and Hampson, 1996; but see Alexander et al.,
1998), we visually inspected the data for nonlinear trends and also calculated the association
between behavior and the quadratic transformation of the deviation from the mean testosterone
level. Although there were no significant nonlinear hormone-behavior associations, Table 2
summarizes the significant linear associations (as measured by Pearson product moment
correlations) among response accuracy, average measures of visual attention, and measures of
digit ratio and postnatal testosterone levels. In men only, higher levels of response accuracy
were significantly correlated with less visual attention on task stimuli. In particular, the
association between fixation number on targets and accuracy scores in men, r(20) =−.58, p <.
05, was significantly different from the association between these variables in women, r(16)
= 0.06, Fisher’s z-test = −1.96, p <.05. In men, smaller (i.e., more masculine) digit ratios were
associated with shorter fixations on distracters (p <.05), but this association was not
significantly different than that observed in women. In contrast, as illustrated in Figure 2,
salivary testosterone levels in women were positively associated with both the number of
fixations on targets, r(16) = 0.74, p <.01, and the number of fixations on correct alternatives,
r(16) =.59, p <.05, a pattern of results that was significantly different from the correlations
found between testosterone levels in men and the number of fixations on targets, r(20) = −.02,
and correct alternatives, r(20) = −.11, Fisher’s z-test = −2.63, −2.03, p <.01 and.05,
respectively. No significant correlations between estradiol levels in women and behavior were
found. Correlations between sex steroid levels and measures of the relative amount of attention
directed to correct alternatives and distracters were also small and nonsignificant.

To assess further the apparent specificity of the observed linear associations between hormone
measures and visual attention in women and men, correlations between hormone measures and
the serial position of alternatives from left to right were also calculated. In men, there were no
significant associations between digit ratios and fixation number or the average duration of
fixations on the four alternatives (all rs <.30). However, in women significant corrections were
observed between salivary testosterone and the number of fixations on alternatives early in
serial position (Alternative 1: r(16) =.69, p <.01; Alternative 2: r(16) =.51, p <.05; Alternative
3: r(16) =.48, p =.06; Alternative 4: r(16) =.23, p =.39). Testosterone levels in women and the
average fixation duration on the four alternatives were unrelated (all rs <.34).

DISCUSSION
Eye movements in women and men were monitored during completion of a diagram-based test
of mental rotation ability that typically shows a large sex difference in response accuracy.
Consistent with our hypothesis, global measures of visual attention directed to the test stimuli
during task performance in this research were sensitive to hormonal factors even though
accuracy scores were not. These findings suggest that the contribution of hormonal factors to
the underlying cognitive processes recruited by women and men during the mental rotation
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test may be larger than their contribution to accuracy scores, perhaps because accuracy scores
reflect the sum of a variety attentional and decisional processes (Hooven et al., 2004; Voyer,
1997). If so, then variability in the relative contribution of these hormone sensitive processes
to accuracy scores (for example, as a consequence of sample characteristics or study design)
may partially account for the inconsistent findings of previous research on hormonal factors
in mental rotation ability.

It is noteworthy that women and men in this research allocated visual attention during task
performance in very similar, systematic ways. Specifically, sex differences were not found in
the percentage of time fixated on task stimuli during each trial or on the number or duration of
visual fixations on the five figures when considered only in terms of their serial position. Both
sexes directed more visual attention to the target figure relative to the four comparison figures.
Further, in both women and men, comparison figures located last in serial position received a
smaller amount of visual attention relative to those figures located earlier in serial position, a
pattern of response that is consistent with a decision making process that terminates after
identifying two correct or incorrect exemplars of the target figure. Perhaps of greater theoretical
interest than these results for serial position and attention, women and men also allocated more
visual attention to the two figures that were correct alternatives compared to the two other
figures that were distracters. Fixation number and fixation duration, the measures derived from
the analysis of eye movements used in this research, are generally thought to reflect visual
interest and processing efforts, respectively (Rayner, 1998). For example, other research of
visual attention has shown that chess experts fixated proportionally more on relevant pieces
than non-expert players (Charness et al., 2001) and successful and unsuccessful problem
solvers can be differentiated in terms of the allocation of visual attention to relevant features
of a diagram-based problem (Grant and Spivey, 2003). Therefore, the present findings showing
that both sexes directed greater visual attention or processing efforts to the two comparison
figures associated with the successful completion of the mental rotations test are consistent
with a fundamental assumption underlying this research, namely that eye movements are
sensitive to cognitive processes engaged during complex cognitive tasks.

A sex difference stands against the background of many similar, essential elements of a
behavior (i.e., the behavior is identifiable in women and men, but may differ in its frequency,
strength, or efficiency). It is interesting, therefore, that although eye movement measures were
generally comparable in women and men, other findings from this research support the previous
speculations that some attentional processes during completion of the mental rotation task may
differ between women and men (Jordan et al., 2002; Peters, 2005). One finding was that the
proportion of fixations on correct alternatives was smaller in men than in women. A second
finding was that fixations on correct alternatives were generally longer in men compared to
women, although both sexes looked longer at correct alternatives. An interpretation of these
results in the context of eye movements and cognitive processes is that men show a greater
discrimination and a generally longer or deeper processing of correct alternatives during
completion of the mental rotation task.

Men (with generally better accuracy scores than women) showed longer fixations on correct
alternatives than did women. However, shorter fixations on correct alternatives were associated
with better accuracy in both sexes (although the trend in women did not reach statistical
significance). To our knowledge, this is the first report of eye movements in women and men
during performance of a mental rotation task and so any interpretation of these apparently
inconsistent results must include a measure of speculation. To visualize the findings, imagine
the correlation between response accuracy (x-axis) and fixation duration (y-axis) in women
and men as one negatively sloped line positioned above another. A reasonable interpretation
of the negative slopes is that a greater efficiency in extracting information is advantageous to
task performance in men and to some degree in women. A more speculative interpretation of
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the higher position of the line for men on the y-axis (i.e., the longer fixations in men) is that
women and men differ in the type of information that they are extracting from the visual
stimulus.

Sex differences in the efficacy or the type of cognitive processes engaged during the mental
rotation task are implicated in research showing sex differences in the areas of brain activation
(Butler et al., 2006; Jordan et al., 2002) or in the intensity of brain activation (Halari et al.,
2006) during completion of the mental rotation task. One suggestion is that sex differences in
spatial processing may occur because women show a processing bias for more relative spatial
information (i.e., the relationship among parts of a whole), whereas men show a processing
bias for global or absolute spatial information (Alexander, 2003; Alexander et al., 2002; Collaer
and Hill, 2006; Rybash and Hoyer, 1992). Interestingly, research measuring eye movements
has shown that global analysis (i.e., the hypothesized male-typical strategy) compared to
attention to object parts (i.e., the hypothesized female-typical strategy) activates a more focused
attention (Weber et al., 2000), consistent with the relatively longer fixation durations of men
in this research. Although this proposal is tentative, by examining the numbers of components
of the block-like stimuli that are fixated and their duration (i.e., a part or whole analyses) when
making comparison among alternatives, it may be possible in future research to determine
whether such sex-linked strategies are applied during the test of mental rotation ability and
whether they can account for the present results.

Sex differences in behaviors are thought to be determined in part by hormonal factors.
Therefore, it may be important in understanding the observed sex differences in eye movements
that the correlational analysis suggests that cognitive processes activated during the test of
mental rotation ability are also hormone sensitive. In men, smaller (i.e., more male-typical)
digit ratios were associated with less visual attention on distracters. In women, higher levels
of salivary testosterone were associated with a greater number of fixations on multiple areas
of interest. Digit ratios appear to be a useful indicator of perinatal androgen action (for review,
see McIntyre, 2006). If so, then our data suggest that greater sensitivity to androgens may
enhance brain systems that are recruited during the identification or rejection of nonrelevant
task stimuli, and that the efficacy of these systems may be important for successful male-typical
strategies. The more generalized pattern of correlations observed in women suggests
circulating androgens may increase broad factors, such as motivation, visual or attentional
persistence, consistent with recent functional neuroimaging research indicating that women
compared to men use “top-down” effortful processing during performance of the mental
rotation task (Butler et al., 2006) and may recruit more brain resources before obtaining
performance levels comparable to men (Halari et al., 2006). Interestingly, women’s eye
movements were unrelated to accuracy scores, suggesting that processes that may be sensitive
to salivary testosterone levels in women are not reliable predictors of correct solutions to the
task problems. However, other more critical factors being constant, hormonal effects on general
processes such as visual persistence or attention may contribute to the within-subject
improvement in mental rotation ability reported following testosterone administration to
young, healthy women (Aleman et al., 2004) and to women with low levels of sex steroids
because of anorexia nervosa (Miller et al., 2005). Future research examining task related eye
movements prior to and following hormone administration may be informative in this regard.

Finally, we argue that the results of this research support a role for hormonal influences on
cognitive processing during the mental rotation task. However, our interpretations are subject
to some caveats. The relatively small number of participants likely limited our power to detect
significant associations between estradiol and behavior and between sex steroids and accuracy
scores. Our procedures also required a verbal response from participants which may have
increased anxiety and influenced our behavioral results for women and men. Further, findings
that increased experience with blocks enhances young children’s subsequent recognition and
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reproduction of geometric shapes (Sprafkin et al., 1983) and reports of small but significant
associations between experiences with blocks and other male-typical toys and adult spatial
ability, including mental rotation ability (Baenninger and Newcombe, 1989; Voyer et al.,
2000) suggest practice or familiarity may also influence abilities to identify task relevant
features. Future research using larger numbers of participants and measuring how visual
attention may change across trials or how prior experience with blocks or geometric shapes
may influence eye movement measures may help better identify sex-linked factors in postnatal
development that influence sex differences in mental rotation ability.

In sum, this research using very global measures of visual attention provides new evidence
supporting the hypothesis that components of processing during the mental rotation task are
sensitive to both sex and hormonal factors. By incorporating a finer analysis of eye movements
in future research on sex-linked cognitive abilities, such as that used in research on cognitive
and perceptual processes associated with reading (Rayner, 1998), it may be possible to identify
more precisely how biological and social factors contribute to human sex differences in tests
of mental rotation ability.
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Figure 1.
Mean (±SEM) number and duration of fixations on correct alternatives and distracters by sex
across all completed items. Means with the same letter name are not significantly different.
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Figure 2.
Scatterplots illustrating the positive linear associations between measures of testosterone in
women and visual attention directed to targets (top) and correct alternatives (center).
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TABLE 1
Characteristics of women and men, data are means ± SD

Men (n=20) Women (n=16) Cohen’s d

Age, yrs 19.10 ±1.41 19.18 ± 1.04 0.06

Vocabulary, number correct 21.73 ± 6.96 24.62 ± 10.45 0.32

Mental Rotations, items completed 19.50 ± 3.87 17.40 ± 5.81* 0.42

 range 12–24 11–24

 mode 23 13

 median 21 18.5

Mental Rotation, number correct 13.60 ± 4.60 10.73 ± 3.43* 0.71

2D:4D Ratio .958 ±.04 .970 ±.02 0.38

Salivary Testosterone, pg/mL 208.34 ± 77.10 114.83 ± 45.00** 1.48

Salivary Estradiol, pg/mL --------- 13.23 ± 4.67

**
P<.01,

*
P<.05
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