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Research

Spatial anxiety and self-confidence mediate
sex/gender differences in mental rotation

Linda Arrighi and Markus Hausmann

Department of Psychology, Durham University, Durham DH1 3LE, United Kingdom

A recent meta-synthesis study with a sample of >12 million participants revealed that the male advantage in mental rotation
(MR) is the largest cognitive sex/gender difference found in psychological literature. MR requires test takers to mentally
rotate three-dimensional cubic figures under time restrictions. Previous studies have investigated how biological and social
factors contribute to cognitive sex/gender differences in tasks of this type. Spatial anxiety and self-confidence in MR tasks
have received less attention. The present study investigated the contribution of these psychological factors to sex/gender
differences in MR performance. Participants (n= 269) completed two MR tasks that differed in task difficulty. Participants
also indicated their self-confidence (for each item) and spatial anxiety. The results revealed that pronounced sex/gender
differences in spatial anxiety and self-confidence mediate sex/gender in MR performance, especially when task demands
are high. The current findings suggest that task-irrelevant factors that are not spatial cognitive in nature contribute
largely to the well-known medium to large sex/gender differences in MR. Future studies should further explore mechanisms
underlying cognitive sex/gender differences within a biopsychosocial approach.

[Supplemental material is available for this article.]

Although men’s and women'’s cognitive profiles largely overlap,
sex/gender’ differences in certain cognitive abilities are consistent-
ly reported, albeit with different effect sizes (e.g., Hyde 2005; Torres
et al. 2006; Toivainen et al. 2018; Hirnstein et al. 2019). While
women tend to outperform men in some verbal tasks, such as
speech production (d=0.33) (Hyde 2005), men tend to achieve
higher performance in some spatial abilities (Voyer et al. 1995;
Reilly and Neumann 2013). Spatial abilities are needed to perceive,
localize, visualize, manipulate, and understand relationships be-
tween objects in space (Uttal et al. 2013; Newcombe and Shipley
2015).

When compared with other tests of spatial perception
(d = 0.44) and spatial visualization (d = 0.19), mental rotation
(MR; d=0.56-0.73) produces the most reliable sex/gender differ-
ence (Voyer et al. 1995). In fact, a metasynthesis based on >12 mil-
lion participants revealed that the male advantage in MR is the
largest cognitive sex/gender difference found in the psychological
literature (Zell et al. 2015). MR refers to a process in which partici-
pants visualize and mentally rotate objects (Voyer et al. 1995). MR
is an intrinsic dynamic spatial task in line with a classification by
Uttal et al. (2013). In particular, the Mental Rotation Test (MRT)
is a well-established psychometric paper—pencil test in which par-
ticipants are required to mentally rotate three-dimensional (3D)
cube figures designed by Shepard and Metzler (1971) and asked

The terms sex and gender are often used interchangeably in the academic lit-
erature, although they refer to different concepts. Sex is primarily used to cate-
gorize individuals as either males or females, based on the characteristics of their
reproductive system, whereas gender is typically used to refer to social factors
related to an individual’s sex or to the individual’s gender identity. In line
with a number of recent suggestions (see Hausmann 2021), we use the term
sex/gender throughout, since it is not always clear whether results to date are
related to sex, gender, or both.
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to identify which two out of four stimulus figures match a target
figure under a time limit (Peters 1995).

Meta-analyses on sex/gender differences in MR have shown
medium to large effect sizes in favor of men (Linn and Petersen
1985; Voyer et al. 1995; Voyer 2011; Reilly and Neumann 2013),
which have remained relatively stable across the years (Masters
and Sanders 1993). Although the male advantage in MR has
been shown to be larger in adults compared with children (Voyer
et al. 1995), it did not significantly decrease as the year of birth in-
creased. This suggests that the magnitude of sex/gender differences
in MR is less affected by the social environment in which partici-
pants were raised (Voyer et al. 1995).

Additionally, there are specific task characteristics that affect
the size of the sex/gender difference in MR performance (Linn
and Petersen 1985; Collins and Kimura 1997; Peters 2005; Voyer
2011). For example, it has been argued that the use of 3D objects
might increase sex/gender differences. However, MR tasks involv-
ing 2D objects have also shown a male advantage when task diffi-
culty is high (Collins and Kimura 1997). Furthermore, a study by
Jansen-Osmann and Heil (2007) did not find sex/gender differenc-
es in the speed of mental rotation of 3D cube figures, disconfirming
the importance of dimensionality in sex/gender differences. Apart
from dimensionality, the size of the rotation angle, the number of
rotation axes, and the complexity of the stimuli also contribute to
the male advantage (Caissie et al. 2009). Other task factors that
might enhance the sex/gender difference in MR are stimulus shape
(Amorim et al. 2006; Jansen-Osmann and Heil 2007), stimulus col-
or (Rahe et al. 2022), and response format (e.g., whether the num-
ber of correct answers per item is constant) (Hirnstein et al. 2009).

Psychometric MR tasks are usually administered with time
constraints. Peters (2005) argued that including a time constraint
of any duration makes the task more ecologically valid, as percep-
tual speed is relevant to spatial abilities in a real-life environment.
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Sex/gender differences in mental rotation

Time-constrained MR tasks produce larger sex/gender differences
than MR tasks administered with no time limits (Peters 2005;
Voyer 2011). As sex/gender differences are not eliminated when
administered with no time constraints, this suggests that other
task-related factors affect the sex/gender difference too (Voyer
2011). However, it is clear that time constraint is one critical factor
in MR tasks that will usually amplify the size of the sex/gender dif-
ference. Notably, chronometric MR tests, which measure reaction
time when identifying whether an object is a rotated or mirrored
version of another without a time limit, do not tend to show
sex/gender differences (Rahe et al. 2019).

It should be noted that task-related factors can only partially
explain sex/gender differences in mental rotation, which are still
not fully understood (Halpern and LaMay 2000). A slightly differ-
ent perspective on how to answer this research question has been
offered by studies investigating biological, social, and psychologi-
cal factors that may affect sex/gender differences in mental rota-
tion performance. Although there is no doubt that biological
factors such as sex hormones (Hausmann et al. 2000; Miller and
Halpern 2014) and individual differences in structural and func-
tional brain organization (e.g., Hausmann 2017; Hirnstein et al.
2019), social factors such as gender stereotypes (e.g., Halpern
et al. 2007; Hausmann 2014), and the interaction between biolog-
ical and social factors (e.g., Josephs et al. 2003; Wraga et al. 2007;
Hausmann et al. 2009) contribute to sex/gender differences in spa-
tial abilities, psychological factors are frequently neglected. This is
surprising, as psychological factors have been shown to be partic-
ularly good candidates for elucidating interindividual and sex/gen-
der differences in spatial abilities in general and MR in particular.

The current study aimed to replicate the well-known sex/gen-
der difference in MR performance and to investigate to what extent
individual differences in psychological factors spatial anxiety and
self-confidence contribute to and mediate the effect of sex/gender
on MR performance when task demands are high and low. To
achieve this, the present study included the more demanding
Revised Vandenberg and Kuse Mental Rotations Tests (version
MRT-A) (Peters 1995), which involve 2D drawings of 3D cube fig-
ures (Shepard and Metzler 1971), and the less demanding Mirror
Pictures task—a 2D mental rotation test and subtest of the
WILDE-Intelligenz-Test (Jager and Althoff 1983). Self-confidence
was measured on item level of each test. Trait spatial anxiety was
measured with a questionnaire after cognitive testing.

Self-confidence (i.e., the certainty that the participant’s re-
sponses are correct) is known to be generally higher in men than
in women, especially in evaluation settings (Lenney 1977).
Men’s higher self-confidence in their visuospatial performance
even occurred when sex/gender differences in spatial performance
were not observed (Ariel et al. 2018). However, self-confidence was
positively correlated with MR performance (Cooke-Simpson and
Voyer 2007). Given that men showed higher self-confidence in
MR tasks compared with women, this might partly explain why
men on average outperformed women in this study. The sex/gen-
der difference in MR self-confidence was replicated by Estes and
Felker (2012), who also found that self-confidence significantly
mediated the sex/gender difference in MR performance; that is,
more self-confident men revealed higher MR scores than women
(Estes and Felker 2012). Furthermore, the positive relationship be-
tween self-confidence and MR performance was stronger in men
than in women. These studies usually neglected psychological
traits that might affect both individuals’ self-confidence and MR
performance.

Spatial anxiety is a domain-specific anxiety defined by nega-
tive thoughts and feelings when performing spatial tasks
(Lawton 1994; Ramirez et al. 2012). A construct similar but not
identical to spatial anxiety is self-efficacy, which has been defined
as the belief in one’s own ability to perform a task (Bandura 1994).
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Spatial self-efficacy was positively correlated with MR performance
in both men and women (Towle et al. 2005). Sex/gender differenc-
es in spatial anxiety emerged in children aged 6-12 yr (Lauer et al.
2018) and continued in adulthood (Lawton 1994). Women and
girls showed significantly higher spatial anxiety than men and
boys (Lawton 1994; Lauer et al. 2018; Alvarez-Vargas et al. 2020).
Different aspects of spatial anxiety include navigation anxiety
and spatial mental manipulation anxiety (Lyons et al. 2018).
Navigation anxiety is defined by negative thoughts when attempt-
ing tasks involving directions and wayfinding. Mental manipula-
tion anxiety is an anxiety surrounding spatial visualization,
mental rotation, and imagined movement of abstract 3D objects,
and hence reflects the demands of MR tasks. Women showed sig-
nificantly higher navigation and mental manipulation anxiety
than men (Lyons et al. 2018). Some evidence of a negative correla-
tion between spatial anxiety and MR performance has been previ-
ously shown, with a recent study finding that spatial anxiety and
not trait anxiety partially mediated the effect of sex/gender on
MR performance; that is, women, higher in spatial anxiety than
men, obtained lower performances (Alvarez-Vargas et al. 2020).
When looking at within-scale factors identified with exploratory
factor analysis, MR and navigation anxiety significantly mediated
the effect of sex/gender on MR performance. However, the effect of
sex/gender remained significant despite the effects of MR/naviga-
tion anxiety. Additionally, a moderate negative correlation be-
tween spatial anxiety and MR performance was found in
children aged 6-12 yr, suggesting that the detrimental effect of spa-
tial anxiety on MR performance might develop relatively early on
(Lauer et al. 2018). Overall, these findings suggest that spatial anx-
iety is a key factor mediating sex/gender differences in MR.
However, the precise mechanism through which spatial anxiety af-
fects MR performance remains unclear.

We hypothesized that men outperform women, especially in
the more demanding MRT (hypothesis 1). We also predicted that,
on average, women show higher spatial anxiety and lower self-
confidence compared with men (hypothesis 2). Critically, it was
hypothesized that the sex/gender difference in MR performance
are mediated by the sex/gender differences in spatial anxiety and
self-confidence, especially when task demands are high (hypothe-
sis 3). Finally, in a series of exploratory analyses, we examined the
sex/gender difference in self-confidence at the item level as well as
in MR performance at each level of self-confidence (and spatial
anxiety).

Results

Mental rotation test

As expected (hypothesis 1), men (13.70+5.70; M+ SD) obtained
higher MRT scores compared with women (10.66+4.94; 67 =
3.18, P<0.001, d=0.60). Similarly, the accuracy score (i.e., MRT
score divided by number of attempted items) for men (0.74+
0.24) was significantly higher than for women (0.62+0.25; f267)
=2.97, P=0.003, d=0.51). The number of attempted items did
not differ between men (18.48+4.75) and women (17.93 +4.96;
t267)=0.65, P=0.516, d=0.11). Mean and SEMs for MRT scores, ac-
curacy, and number of attempted items are shown in Figure 1, A-C.

Mirror pictures

Men (17.28+6.22) obtained numerically higher MP scores com-
pared with women (15.82+5.88). The sex/gender difference in
MP score was not significant (fp67=1.43, P=0.154, d=0.25).
Similarly, the accuracy score (i.e., MP score divided by number of
attempted items) did not differ between men (0.88+0.25) and
women (0.87+£0.23; f267)=0.34, P=0.733, d=0.06). Finally, the
number of attempted items did not differ between men (19.40+
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Figure 1. (A-C) Means (and SEMs) for MRT score (A), accuracy (i.e.,
MRT score divided by number of attempted items) (B), and attempted
items (C). Black bars represent men (M), and white bars represent
women (W). (***) P<0.001.

4.58) and women (18.32+4.83; t367,=1.31, P=0.191, d=0.23).
Mean and SEMs for MP scores, accuracy, and number of attempted
items are shown in Figure 2, A-C.

To compare performances between the two tasks, paired sam-
ple t-tests and correlations were performed. The results revealed sig-
nificantly higher test scores in MP than in MRT for men (f39)=
-5.06, P<.001, d=-0.80) and women (t28)=—-14.97, P<0.001,
d=-0.99). The results suggest that despite significant positive cor-
relations for men [r(40)=0.72, P<0.001] and women [r(229)=
0.55, P<0.001], the MRT is more demanding than MP for both sex-
es/genders.

To check for test order effects and interactions with sex, 2
(MRT first, MP first) x 2 (men, women) ANOVAs were carried out
on the MRT and MP scores. Neither the main effect nor interaction
with “test order” approached significance (all Ps>0.237).

Self-confidence in spatial abilities

For the MRT, as predicted (hypothesis 2), men (5.44 £ 1.07) showed
significantly higher self-confidence than women (4.39 +1.42; ts6)
=5.46, P<0.001, d=0.77). For MP, men (5.82+1.36) showed sig-
nificantly higher self-confidence than women (5.18 +1.45; t(267)=
2.59, P=0.01, d=0.44) (see Table 1).

To investigate task-specific differences in self-confidence for
both sexes/genders, paired t-tests were carried out. The results
showed higher self-confidence for MP than MRT for men (t39)=
—2.442, P=0.019, d=-0.39) and women (t228,=—-9.824, P<.001,
d=-0.635), suggesting that MP was perceived as less demanding
than MRT, which is also supported by participants’ performance
in both tasks.

Sex/gender differences in self-confidence on a trial-by-trial analysis

To investigate whether sex/gender differences in self-confidence
change across test trials, exploratory post-hoc t-tests (one-tailed)
were performed with sex/gender as between-subject variable and
self-confidence as dependent variable. The significance level was
set to P<0.01 to correct for multiple comparisons.

For the MRT, men showed significantly higher self-
confidence (P<0.01) for all items (apart from items 11, 12, and
24), with effect size Cohen’s d ranging between d=0.41 and d=
1.34. Please note that the MRT was administered under time restric-
tions in two blocks: items 1-12 and items 13-24. The results sug-
gest that the sex/gender difference in self-confidence was
relatively constant and not susceptible to the specific item and
its position (see Fig. 3A).

For MP, the same analysis of men revealed significantly higher
self-confidence than women for items 5, 7, 9-14, and 16-19 (all Ps
<0.01), with effect size Cohen’s d ranging from d=0.43 to d=0.66.
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Sex/gender differences in self-confidence for items 1-4 and 20-24,
although numerically higher in men than women, were not signif-
icant. It is important to note that items in the MP task are orga-
nized by incremental difficulty (Lippens 2016), suggesting that
sexes/genders only differed in self-confidence for medium task de-
mands. Men and women did not differ in self-confidence in MP for
least demanding and most demanding items (see Fig. 3B).

Exploratory post-hoc Mann-Whitney tests were carried out
with sex/gender (men and women) as independent variable and
the proportions of men and women who got each MP item correct
as dependent variables to investigate whether sex/gender differ-
ences in performance change across trials in a pattern similar to
that of self-confidence. The significance level was set to P<0.01
to correct for multiple comparisons. A significantly higher percent-
age of men than women got items 2, 10, 11, 13, 17, and 24 correct.
This indicates that sex/gender differences in self-confidence in MP
do not necessarily correspond to sex/gender differences in perfor-
mance at the trial level.

Spatial anxiety (and spatial self-efficacy)

Spatial anxiety and spatial self-efficacy were measured after cogni-
tive testing with Likert scale questionnaires consisting of 12 items
each. As predicted, women (4.18 + 1.05) showed significantly high-
er spatial anxiety scores than men (3.55+0.93; t267,=-3.58, P<
0.001, d=-0.62). Similarly, women (3.70+1.14) showed signifi-
cantly lower spatial self-efficacy scores than men (4.32+0.92;
te7)=3.22, P<0.002, d=0.55) (see Table 1).

Relationship between psychological variables and spatial
abilities
Mental rotation test

For the MRT, bivariate correlation analyses were carried out to in-
vestigate the relationship between self-confidence and spatial anx-
iety and the MRT score. Self-confidence during the MRT testing
showed a significant positive correlation with MRT score for both
men (r40)=0.61, P<0.001) and women (r(229)=0.43, P<0.001).
Direct comparison (Fisher’s r-to-z transformation) revealed no sig-
nificant difference (z=1.41, P>0.05), indicating higher MRT scores
in more confident men and women.

Spatial anxiety showed a significant negative correlation with
the MRT score for men (r40,=-0.51, P<0.001) and women (129 =
—0.47, P<0.001), and no significant difference between men and
women (z=0.30, P>0.05), indicating higher MRT scores in less
spatially anxious men and women.

To further dissect the relationship between MRT self-
confidence/spatial anxiety and MRT score, participants were divid-
ed into seven groups based on average self-confidence/spatial
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Figure 2. (A-C) Means (and SEMs) for MP score (A), accuracy (B), and
attempted items (C). Black bars represent men (M), and white bars repre-
sent women (W).
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Table 1. Means, standard deviations (M £ SD), and statistics in self-confidence (MRT and MP), spatial self-efficacy, and spatial anxiety in men

and women

Variable Men Women t P d
Self-confidence (MRT) 5.44+1.07 4.39+1.42 5.46 <0.001 0.77
Self-confidence (MP) 5.82+1.36 5.18+1.45 2.59 0.01 0.44
Spatial anxiety 3.55+0.93 4.18+1.05 -3.58 <0.001 -0.62
Spatial self-efficacy 4.32+£0.92 3.70+1.14 3.23 <0.002 0.55

All variables were measures on a seven-point Likert scale.

anxiety scores, and average MRT scores were calculated for each
group (see Fig. 4A,B). All men showed average self-confidence score
>2. Exploratory post-hoc t-tests (uncorrected for multiple testing)
were carried out to investigate sex/gender differences in MRT score
at different self-confidence scores. For an average self-confidence
score of 5, men (N=14, 15.57 +4.50) showed a higher MRT score
compared with women (N=45, 12.64+4.79; ts7,,=199, P=
0.048, d=0.62). For all other average self-confidence scores, men
and women showed no differences in MRT scores (all Ps>0.082).
Similarly, all men showed average spatial anxiety <6. Post-hoc
t-tests (uncorrected for multiple testing) were carried out to inves-
tigate sex/gender differences in MRT score at different spatial anx-
iety scores. For all average spatial anxiety scores, post-hoc
comparisons revealed no sex/gender differences in MRT scores
(all Ps>0.083).

Mirror pictures

The bivariate correlation between MP self-confidence and the MP
score was significant for men (r(40,=0.80, p<0.001) and women
(r229)=0.50, P<0.001), albeit stronger for men than women (z=
3.02, P<0.05).

Spatial anxiety showed a significant negative correlation
with MP score for men (r40,=—-0.52, P<0.001) and women (r(229)
=-0.42, P<0.001) and did not differ between the sexes/genders
(z=0.55, P>0.05), indicating higher MP scores in less spatially
anxious men and women.

To further dissect the relationship between MP self-
confidence/spatial anxiety and MP score, participants were divided
into seven groups based on average self-confidence/spatial anxiety.
Average MP scores were calculated for each group (see Fig. SA,B). All
men showed average self-confidence score >2. Exploratory post-
hoc t-tests (uncorrected for multiple testing) were carried out to in-
vestigate sex/gender differences in MP score at different self-
confidence scores. No significant differences in MP performance
between men and women were shown (all Ps>0.096). Similarly,
all men showed average spatial anxiety <6. Post-hoc f-tests (uncor-
rected for multiple testing) were carried out to investigate sex/gen-
der differences in MP score at different spatial anxiety scores.
Women with average spatial anxiety of 4 (N=78, 15.62+5.55) ob-
tained a higher MP score compared with equally spatially anxious
men (N=11, 11.82+7.05; tg7,=—2.05, P=0.043, d=-0.66). In all
other groups, men and women showed no differences in MP scores
(all Ps>0.243).

A7 - Mediation analysis
Two double-mediation analyses were per-
8 6 1 formed, one for MRT scores and one for
S MP scores, using model 6 from the
2 ° PROCESS macro for SPSS (Hayes 2022) to
84 —=—Men further investigate whether sex/gender
= —O—Women predicted spatial scores directly or whether
ff 3 - the effect was mediated through self-
“E: confidence and spatial anxiety. The hypo-
21 thetical mediation model included sex/
; gender as a dichotomous independent
12345678 91011121314151617 181920212223 24 variable (men coded as 1 and women cod-
MRT Item ed as 2), spatial anxiety and self-
confidence as mediators, and MRT/MP
B7 scores as dependent variable. Bias-correct-
6 ed bootstrap confidence intervals (95%)
3 for interference about indirect effects
55 4 were used with 5000 samples (generated
% by stratifying the resampling in each
§ 4 1 —a—Men group). The total effect model (c path)
g 3 | oW and the mediation model (¢’ path) with re-
o omen gression coefficient p are shown for MRT
= > | in Figure 6A and for MP in Figure 6B.
1

1234567 8 9101112131415161718192021222324

MP ltem

Figure 3. (A,B) Mean MRT self-confidence (4) and MP self-confidence (B) in individual items as a func-
tion of sex/gender. Self-confidence was measured on a seven-point scale (1 =not at all confident to 7=

extremely confident). (*) P<0.01.
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Mental rotation test

The mediation analysis revealed a signifi-
cant total effect (c path) of sex/gender on
MRT score (R2=0.04, Fa,267y=12.35, P<
0.001). The two mediators added to this
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(hypothesis 1). Men outperformed wom-
en in the MRT task with a medium effect
size (d=0.60), which is in line with sever-
al meta-analyses (d=0.56-0.73) (Linn
and Petersen 1985; Voyer et al. 1995;
Voyer 2011; Reilly and Neumann 2013).
The male advantage in MRT was indepen-
dent of the number of attempted items, as
has been suggested previously (Hirnstein
et al. 2009; Estes and Felker 2012). In

—=—Men

—O—Women

1 2 3 4 5 6 7 1 2 3 4
Spatial Anxiety

Figure 4. (A,B) Mean MRT score as a function of sex/gender at different MRT self-confidence ratings
(1-7) (A) and spatial anxiety ratings (1-7) (B). Error bars indicate 1 SE. Black dots represent men, and
white dots represent women. The missing data points indicate no man in the corresponding category.

prediction accounted for the additional 25.7% of explained vari-
ance (R?=0.30, AR?=0.257, F(3 26s5)= 38.00, P<0.001). The associa-
tion between participants’ sex/gender and spatial anxiety (path a;
=0.63, SE=0.18, t(z65=3.58, P<0.001, 95% CI [0.28, 0.98]) was pos-
itively and statistically significant, indicating that spatial anxiety was
higher in women (coded as 2). The association between participants’
sex/gender and self-confidence (path a,=-0.55, SE=0.19, t;67)=
-2.85, P=0.005, 95% CI [-0.93, —0.17]) was negatively and statisti-
cally significant, indicating that self-confidence was lower in wom-
en. The association between spatial anxiety and self-confidence
(path d=-0.80, SE=0.07, f67,=-12.24, P<0.001, 95% CI [-0.93,
—0.67]) was negatively and statistically significant. The influence of
spatial anxiety on MRT score (path b;=-1.55, SE=0.32, t;66)=
—4.81, P<0.001, 95% CI [-2.18, —0.92]) and that of self-confidence
on MRT score (path b,=0.97, SE=0.24, {566 =4.00, P<0.001, 95%
CI [0.49, 1.45]) were both significant, indicating that participants
high in spatial anxiety and low in self-confidence obtained lower
MRT scores. The total indirect effect was significant (path ab=
—-2.00, SE=0.43, 95% CI [-2.87, —1.17]). After adding the mediators
in the model, the influence of sex/gender on MRT score became not
significant (path ¢ =-1.04,SE=0.77, t266)=—1.35,P=0.179,95% CI
[-2.56, 0.48]), but ¢ path was not equal to 0, indicating a partial me-
diation. The results indicate that spatial anxiety and self-confidence
mediate the association between sex/gender and MRT score.

Mirror pictures

The mediation analysis revealed the total effect (c path) of sex/gen-
der on MRT score (R? <0.01, F(1 267, = 2.05, P=0.154) was not signifi-
cant. The two mediators added to the initial prediction accounted
for the additional 32.2% of explained variance (R?=0.33, AR?=
0.322, F(3,265)=44.09, P<0.001). The indirect effect of sex/gender
on MP score through both spatial anxiety

and self-confidence was significant (ab=

—0.85, SE=0.27, 95% CI [-1.43, —0.37]).

Although the total effect (c path) between Az
sex/gender and MP score was not sig-
nificant, the significant indirect effect
suggests that spatial anxiety and self-
confidence mediate the association be-
tween sex/gender and performance even
in the less sex/gender-sensitive MP. As
the ¢ path (-0.44) was not equal to O,
this is a case of partial mediation.

MP Score
o~ a4
oo N o o

IS

6 7
MRT Self-confidence

the less demanding MP task, men’s per-
formance was numerically higher than
women’s, but this performance difference
was not significant, which is in line with
previous findings in studies using compa-
rable tasks (Collins and Kimura 1997). As
predicted, self-confidence was positively
correlated with MRT (r=0.49) and MP (r=0.55) performance,
which is similar in size to previous studies using a comparable self-
confidence protocol (r=0.56) (Estes and Felker 2012). Although
the strength of the relationship between self-confidence in MRT
and MRT performance did not differ between men and women,
men’s self-confidence in MRT/MP is significantly higher than
women’s, especially for the MRT. In line with previous studies
(Cooke-Simpson and Voyer 2007; Estes and Felker 2012), the find-
ings suggest that self-confidence in MRT/MP is (1) a powerful pre-
dictor of MRT/MP performance and (2) partly accounts for the
differences in MR performance between and within sex/gender
groups, especially when task demands are high. However, al-
though men showed higher self-confidence in MP than women,
men and women did not significantly differ in MP performance,
suggesting either no direct causal relationship between self-
confidence and MR performance exists or that task characteristics
played a significant role.

When looking at self-confidence on a trial-by-trial basis, fur-
ther differences between the two MR tasks emerged. For MRT,
most items showed a significant sex/gender difference in self-
confidence favoring men, regardless of specific item characteristics
or order position. Some of the items showed only numerically
higher self-confidence in men (11, 12, and 24), which may be at-
tributable to the fact that only a minority of participants complet-
ed those items under time restrictions, as they were at the end of
each set. The effect size of the sex/gender difference in self-
confidence was particularly large for item 10. Item 10 was one of
five MRT items whose figures have occluded parts—a characteristic
that was found to increase the size of the sex/gender difference in
MRT performance (Voyer and Hou 2006). Self-confidence in MP
showed a slightly different pattern, not only because the MP task
was overall less demanding but also because items in this task
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Figure 5. (A,B) Mean MP score as a function of sex/gender at different MP self-confidence ratings (1-

The present study replicated the well-
known sex/gender differences in MRT
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7) (A) and spatial anxiety ratings (1-7) (B). Error bars indicate 1 SE. Black dots represent men, and white
dots represent women. The missing data points indicate no man in the corresponding category.
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Figure 6. (A B) Double-mediation model in path diagram form corre-
sponding to a model with a dichotomous independent variable with
two categories (men and women) and with two mediators, spatial
anxiety (M,) and self-confidence (M), through which sex/gender (X)
exerts its effect on MRT score (Y) (A) and MP score (Y) (B). Of interest
are the indirect effects of X and the direct effect, quantified as c’. The
total effect of X on Y, denoted by c, is the sum of X’s direct and indirect
effects on Y. N=269. (**) P<0.01, (***) P<0.001.

were arranged in an order of incremental difficulty. Although self-
confidence showed a significant sex/gender difference for items of
medium difficulty, men and women showed no differences in self-
confidence for easier and more difficult MP items. The different re-
sults for MRT and MP suggest that task difficulty is an important
factor that contributes to sex/gender differences in both self-
confidence and performance. It is plausible that the medium/
high range of difficulty characterizing all MRT items is one critical
factor that makes the MRT the most sex/gender-sensitive task in
the psychological literature (Zell et al. 2015).

Self-confidence in MRT/MP and the certainty that the partic-
ipant’s responses are correct in those tasks depends not only on
specific task characteristics but also on individuals’ psychological
traits such as spatial anxiety (a domain-specific anxiety defined
by negative thoughts and feelings when performing spatial tasks)
(Lawton 1994; Ramirez et al. 2012) and self-efficacy (a related
construct that has been defined as the belief in one’s own ability
to perform a task) (Bandura 1994). In the present study, we fo-
cused on spatial anxiety, which was negatively correlated with
MRT (r=-0.50) and MP (r=-0.44) performance. The correlation
coefficients in the present study were larger than were previously
found (r=-0.20) (Alvarez-Vargas et al. 2020). The strong correla-
tion found in the present study may be attributed to the specific
statements used in the spatial anxiety scale, which referred to ac-
tivities that involve visualization and mentally rotating abstract
objects. Also, Alvarez-Vargas et al. (2020) did not set time con-
straints. Previous studies found similar effects of test/math anxi-
ety under time restrictions. For example, high test anxiety
participants obtained a lower score in the timed compared with
the nontimed condition, which was not observed in the low
test anxiety participants (Kellogg et al. 1999; Orfus 2008).
Therefore, it is plausible that spatial anxiety also became more rel-
evant in the timed MR tasks of the present study and might ex-
plain why high spatial anxiety participants obtained lower MR
scores. Finally, the correlations between spatial anxiety and
MRT/MP performance were similar for men and women in the
present study, suggesting spatial anxiety contributed to individu-
al differences in both MR tasks between and within sex/gender
groups (Estes and Felker 2012). Very similar findings were re-
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vealed for spatial self-efficacy. In line with previous studies (e.g.,
Towle et al. 2005; Miola et al. 2021), the present study found a
significant positive relationship between spatial self-efficacy and
MR performance in both men and women, and spatial self-
efficacy as a significant mediator of sex/gender and MR perfor-
mance. Due to page count restrictions and the conceptual overlap
with spatial anxiety, the findings are available in the
Supplemental Material, Appendix A.

The present study suggests that self-confidence and spatial
anxiety are important psychological factors that partially mediate
the effect of sex/gender on performance in both MR tasks. For
the MRT, the current findings add on to previous studies that
found significant partial mediation of self-confidence and spatial
anxiety on the association between sex/gender and MR perfor-
mance (Estes and Felker 2012; Alvarez-Vargas et al. 2020).
However, both factors have never been combined in a single medi-
ation model, and task difficulty has not been considered in this
context. For MP, the present study found that self-confidence
and spatial anxiety mediated the association between sex/gender
and MR performance in a less demanding and less sex/gender-
sensitive 2D task, which adds to the body of evidence highlighting
the importance of psychological variables as mediators of cognitive
performance (Towle et al. 2005; Cooke-Simpson and Voyer 2007;
Estes and Felker 2012; Sutin et al. 2019; Alvarez-Vargas et al.
2020). One important question that emerges from the findings
of the current study is that of causation. The current study has in-
vestigated the significance and direction of the correlation be-
tween sex/gender, spatial anxiety (and self-efficacy),
self-confidence, and MR performance. However, direct causal rela-
tionships between the investigated psychological factors and MR
performance have not yet been demonstrated. The significant find-
ings of this study, and specifically the mediation models, highlight
that the causality between psychological factors and MR perfor-
mance is worth investigating further through experimental stud-
ies. While Estes and Felker (2012) found some evidence of a
causal relationship between self-confidence and MR performance,
spatial anxiety (and spatial self-efficacy) have never been experi-
mentally manipulated in the context of MR tasks.

Additionally, the findings of the mediation analyses align
with the cognitive appraisal model (Smith and Ellsworth 1987).
According to the cognitive appraisal theory, both psychological
traits and situational factors influence whether individuals ap-
praise a testing situation as a challenge or threat (Wiese-Bjornstal
etal. 1998; Li 2009; Tomaka and Magoc 2021). Spatial anxiety, sim-
ilarly to cognitive test anxiety, may be related to lower self-
confidence and lower test performance by an effect on emotion-
al/physiological arousal during cognitive tasks, task-irrelevant
thoughts, and attention (Bargh and Cohen 1978; Seibert and
Ellis 1991; Cassady and Johnson 2002; Sullivan 2002; Roos et al.
2021). It is plausible that individuals high in spatial anxiety expe-
rienced negative cognitive appraisal, increased arousal, and, in
turn, task-irrelevant thoughts while completing the MRT. All of
these factors, when considered together, could offer an explana-
tion for the propensity for lower self-confidence and lower perfor-
mance by participants high in spatial anxiety.

The unequal size of the two sex/gender groups in the current
online study is an important limitation that might potentially lim-
it the generalization of the findings. However, it is important to
note that MRT and MP scores in men and women were very similar
to previous studies (Hausmann et al. 2009; Peters 1995). Another
online Qualtrics study found almost identical MRT scores (men:
13.70+£5.70 vs. 14.24+7.35, women: 10.66+4.94 vs. 10.45+
6.47) (Alvarez-Vargas et al. 2020). Also, the effect size of the sex/
gender difference in MRT self-confidence scores (d=0.77) is of a
similar large size to that in previous studies (d=1.04) (Estes and
Felker 2012). Therefore, we are inclined to believe that the current
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sample was fairly representational despite differences in group
sizes.

In addition, future studies might want to revisit the proposed
link between task difficulty and sex/gender differences in self-
confidence in MR tasks by manipulating task difficulty more thor-
oughly and potentially on a trial-by-trial basis with and without
time constraints, which typically increase the male advantage in
MR tasks (Voyer 2011). Also, it might be interesting to investigate
whether the observed differences reported here are sex/gender-
specific or also apply to other groups who differ in spatial anxiety
and self-confidence, such as people from different ethnicities, edu-
cation levels, income ranges, etc. (Rushton and Jensen 2005;
Zahodne et al. 2017). Future studies might also want to investigate
physiological correlates of individual differences in spatial anxiety,
self-confidence, and spatial self-efficacy when performing MR
tasks, building their theoretical models in line with the findings
of the current study. Finally, similar studies should be conducted
with a more diverse, less binary concept of sex and gender. In
fact, there are hardly any studies that operationalized nonbinary
measures of sex/gender (Cameron and Stinson 2019) that also
take into account the potential mismatch between a participants’
sex assigned at birth versus their gender identity. A way to encom-
pass the diversity of sexes/genders is to add cisgender and noncis-
gender categories alongside the binary ones (see the Supplemental
Material, Appendix B; Chan 2019).

In sum, the present study replicated direction and size of the
sex/gender differences previously reported in MR studies. We also
identified self-confidence and spatial anxiety as two major psycho-
logical factors that mediate the effect of sex/gender on MR, which
is known to be the most sex/gender-sensitive cognitive ability (Zell
etal. 2015). The results suggest that the well-known sex/gender dif-
ference in MR (with men outperforming women) primarily occurs
when men and women differ in spatial anxiety (and spatial self-
efficacy), which leads to reduced self-confidence while performing
the task, regardless of task difficulty.

Materials and Methods

Participants
Participants were recruited through volunteer sampling by adver-
tising on a participant pool platform and an email newsletter ser-
vice. All participants entered a free prize draw to win one of two
£10 Amazon vouchers as incentive to take part in the study. In ad-
dition, Psychology students received course credits. Based on previ-
ous effect sizes found by studies testing sex/gender differences in
mental rotation, a power analysis recommended a sample size of
45 participants in each group to detect an effect size Cohen’s d=
0.60, with a=0.05 and $=0.80. Due to the COVID-19 pandemic,
the experiment was moved online, and sample size was increased
where possible to account for potential noise due to the online
data collection. Participants were naive to the study hypotheses
and the sex/gender-sensitive nature of the study and had not par-
ticipated in other mental rotation tasks. The present study was ap-
proved by the local Ethics Subcommittee at Durham University. All
participants completed a consent form prior to participation.

In total, data were collected from 363 participants. Data from
94 participants were excluded because data were incomplete. Data
from 269 participants were included in the analysis: 40 men (i.e.,
males assigned at birth) and 229 women (i.e., females assigned at
birth). The participants’ sex was determined by asking “What
was the sex you were assigned at birth?” Participants’ age did not
significantly differ between men (20.18 £3.75, M £ SD) and wom-
en (19.91+£3.28; t267,=0.456, P=0.649, d=0.08). The majority
of participants were first year undergraduate Psychology students
(n=239) at Durham University. Participants of the sample identi-
fied as White (70.6%), Asian (24.9%), Black (1.1%), Japanese
(0.4%), and other (3.0%).
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Design

The study was carried out on the online platform Qualtrics. The
study was self-paced apart from the two MR tasks, which included
self-confidence questions. After testing, participants completed a
spatial anxiety scale and a spatial self-efficacy questionnaire.
Participants were then asked demographic questions and de-
briefed. Participants on average completed the experiment in 2
h, with cognitive testing lasting no longer than 20 min in total.

Materials

Mental rotation tests

The MRT-A version of the Revised Vandenberg and Kuse Mental
Rotations Tests (MRTs) (Peters 1995) is a very established test
(>1000 citations). The test contains two sets of 12 items. Each
item consists of five Shepard and Metzler (1971) cube figures. A tar-
get figure is located on the left, and four stimulus figures are on the
right. Two of these figures are rotated versions of the target figure.
The other two figures cannot be rotated to match the target figure,
as they show different objects altogether. If both matching figures
are correctly identified, one point is given. Thus, the maximum
score in this test is 24 points. A higher score in this test indicates
better MR performance.

The mirror pictures (MPs) is a subtest of the
WILDE-Intelligenz-Test (Jager and Althoff 1983). The test contains
24 items of increasing difficulty (Lippens 2016), and each item
consists of five simple line drawings. Four drawings show an iden-
tical figure but rotated. One of the drawings is a mirrored/flipped
figure and therefore cannot be rotated to match the other four
drawings. If the mirror figure is identified correctly, one point is
given, resulting in a maximum score of 24 points. A higher score
in this test indicates better MR performance.

Both MR tests have shown sex/gender differences but with
different effect sizes. While Hausmann et al. (2009) revealed the
well-known medium effect size for the MRT (d=0.69), the same
study revealed that the sex/gender difference in MP was only small
(d=0.34). To avoid test order effects, both mental rotation tests
were administered to participants in a randomized order.

In line with Estes and Felker (2012), participants rated their
self-confidence after each item of the two spatial tests.
Specifically, participants were asked “How confident are you that
you answered the previous question correctly?” The responses
were scored on a seven-point Likert scale (1 =not at all confident
to 7=extremely confident). Only self-confidence scores of at-
tempted items were included in the analyses.

For the MRT, participants were allowed 4 min for each set of
12 items (8 min in total). For the MP, participants were given 5
min for one set of 24 mirrored figures.

Spatial anxiety
To investigate the extent to which spatial anxiety can explain sex/
gender differences in cognitive performance, a spatial anxiety scale
was adapted from the math anxiety scale (Zakariya 2018).

The spatial anxiety scale consisted of 12 statements (see Table
2). Participants were asked to indicate on a seven-point Likert scale
(1=do not identify at all to 7 =strongly identify) how much they
identified with the statements. The average score was calculated af-
ter appropriate reverse coding. This resulted in a spatial anxiety
score ranging from 1 to 7, with a mean score of 4 indicating average
spatial anxiety (4=indifferent). To avoid any priming effects on
test performance, the spatial anxiety scale was administered
directly after cognitive testing was completed. The internal consis-
tency of the spatial anxiety scale was high (Cronbach’s a.=0.87).

The original test battery also included a questionnaire on spa-
tial self-efficacy (M Hausmann, unpubl.). Participants were asked
to indicate on a seven-point Likert scale (1 =not at all confident
to 7 =extremely confident) how confident they were in their ability
regarding 12 statements related to spatial navigation, spatial imag-
ery, and MR tasks. The internal consistency of the spatial self-
efficacy scale was high (Cronbach’s a.=0.90). Due to the high cor-
relation with the spatial anxiety score and to avoid
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Table 2. Items of the spatial anxiety scale

Statements

(1) I usually have been at ease in geometry classes.
(2) | can easily picture the path | need to follow to reach a destination.
(3) I am generally secure when solving spatial problems.

(4) 1 do not think that | would perform well in advanced Engineering or Chemistry courses.

(5) Imagining abstract objects and rotating them mentally seems unusually hard for me.

(6) It would not bother me to study more subjects that require me to understand and remember spatial relations among objects.
(7) My mind goes blank and | am unable to think clearly when visualizing complex objects moving in space.

(8) Visualizing, making objects fit in space, and/or orientation are skills | wish would be required in my job.

(9) Imagining common objects from different perspectives makes me uncomfortable.

(10) I think | could handle more difficult tasks such as origami and the Rubik’s Cube.

(11) I am not the type to do well in tasks that involve maps, directions, and abstract objects.

(12) Tasks that involve spatial and visualization skills do not scare me at all.

multicollinearity issues (i.e., a strong negative correlation between
spatial self-efficacy and spatial anxiety; r69)=—0.756, P<0.001),
the present study reported self-efficacy results only briefly. A
more detailed report of the self-efficacy results is in the
Supplemental Material, Appendix A.
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