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Whereas a gender eﬀect favouring males in adults’ mental rotation
performance can be reliably found, the respective gender eﬀect in children’s
performance does not appear consistently in the literature. Therefore, this
study investigated whether there is a ‘‘crucial’’ time slot on infantile
development when a gender eﬀect is detectable. Following Johnson and
Meade’s (1987) hypothesis that age ten might be crucial, we investigated 96
fourth graders—split into two age groups (mean: 9.3 vs. 10.3 years)—and 48
adults that performed the MRT (Peters et al., 1995). We observed large gender
eﬀects in older children as well as in adults. However, the younger children did
not reveal a signiﬁcant gender eﬀect, although eﬀect sizes indicated a small-tomedium eﬀect. Surprisingly, the performance of women, older girls, and
younger girls did not diﬀer signiﬁcantly, whereas older boys and adults clearly
outperformed younger boys. Possible reasons for these eﬀects are discussed.
Keywords: Developmental aspects; Fourth graders; Gender eﬀect; Mental
rotation.

It is a popular, commonly held, assumption that men outperform women
on visual-spatial tasks (Pease & Pease, 2001), even though there is evidence
that the magnitude of the gender eﬀect can be manipulated by diﬀerent
variables as for example the instructions (Moè & Pazzaglia, 2006).
Furthermore, the implications of this eﬀect are often over interpreted
(Halpern, 1996).
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Visual-spatial abilities contain three discrete aspects: spatial perception,
spatial visualization, and mental rotation (Linn & Petersen, 1986).
According to several meta-analyses (Linn & Petersen, 1986; Masters &
Sanders, 1993; Voyer, Voyer, & Bryden, 1995), the apparent visual-spatial
advantage favouring men does not apply to all aspects of visual-spatial
abilities. Instead, the male advantage shows most obviously if mental
rotation is considered (i.e., ‘‘. . . the ability to rotate a two or three
dimensional ﬁgure rapidly and accurately’’; Linn & Petersen, 1985, p. 1483).
This gender eﬀect in mental rotation performance is the largest
documented cognitive gender eﬀect (Halpern, 1989). Compared to other
cognitive gender eﬀects (e.g., females tend to excel in verbal tasks whereas
males tend to outperform females in math) the gender eﬀect in mental
rotation performance is reliable and stable over the life span, beginning at 18
years (at least). The large eﬀect size of the mental rotation gender eﬀect
d ¼ 0.9, however, is only observed on the basis of the three-dimensional
Mental Rotations Test (MRT; Peters et al., 1995; originally developed by
Vandenberg & Kuse, 1978). Other mental rotation tests—such as the
Primary Mental Abilities Test (PMA; Thurstone, 1958) or the Cards
Rotation Test (Ekstrom, French, & Harman, 1976)—achieve eﬀect sizes
ranging from d ¼ 0.31 to d ¼ 0.49 (which indicate small-to-medium eﬀects as
deﬁned by Cohen, 1977), see, e.g., Voyer et al. (1995). Although hypothesized
reasons for this eﬀect are numerous (for example ‘‘age’’, e.g., Lizarraga &
Ganuza, 2003; Willis & Schaie, 1988; ‘‘experience and practice’’, e.g.,
Alington, Leaf, & Monaghan, 1992; Terlecki & Newcombe, 2005; Voyer,
Nolan, & Voyer 2000; ‘‘social and cognitive factors’’, e.g., Feingold, 1993,
1996; Quaiser-Pohl & Lehmann, 2002; ‘‘speciﬁc characteristics of the stimuli
used’’, e.g., Jansen-Osmann & Heil, 2007; ‘‘hormonal inﬂuences’’, Hausmann, Slabbekoorn, Van Goozen, Cohen-Kettenis, & Güntürkün, 2000), its
sheer existence is widely accepted as long as adults’ performance is measured
with the MRT.
Whether or not a gender eﬀects in children’s mental rotation performance
exists, however, is still unclear. Maccoby and Jacklin (1974) hypothesized
adolescence to be the critical date of the ﬁrst occurrence of a gender eﬀect in
mental rotation. Supporting this assumption, Karadi, Szabo, Szepesi, Kallai,
and Kovacs (1999) did not observe any gender eﬀect in 8- to 11-year-old
children when egocentric mental hand rotation was measured. Adults (20–23
years), however, showed the gender eﬀect leading to the assumption of a
developmental phenomenon. Nevertheless, Linn and Petersen (1985) pointed
out that the MRT itself has never been used with children younger than 13
years. Instead, alternative measures were used that, when applied to adults,
produced substantially lower eﬀect sizes than the MRT itself. As a
consequence, Linn and Petersen postulated that: ‘‘Sex diﬀerences are
detected as soon as mental rotation could be measured.’’ (Linn & Petersen,
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1985, p. 1488). A number of later studies supported Linn and Petersen’s
(1985) assumption and were inconsistent with Maccoby and Jacklin’s (1974)
hypothesis, although according to our knowledge no study at all used the
MRT with children. Johnson and Meade (1987) showed a male advantage in
picture plane mental rotation that is reliably found by age 10 but,
interestingly, not before. They tested a large sample of 1800 public-school
students aged 6 to 18 years with a set of spatial tests. They chose seven adult
spatial tests that diﬀered regarding the dimensionality of the objects (2D vs.
3D), the kind of objects (abstract vs. concrete) and the kind of answer (same–
diﬀerent judgements vs. selection from up to ﬁve alternatives). Furthermore,
Johnson and Meade (1987) modiﬁed the test battery for diﬀerent ages.
Children at kindergarten level and younger children (7–10 years; grades 1–4)
completed the tests on 7 consecutive days with each testing session lasting 20
minutes. The oldest children (13–18 years; grades 7–12) completed the tests
on 2 consecutive days. One session lasted about 1 hour. Although Johnson
and Meade (1987) used the three-dimensional Shepard and Metzler (1971)
block ﬁgures for all children other than the children at kindergarten level,
they reported that: ‘‘. . . the test is of questionable value below grade 5.’’
(Johnson & Meade, 1987, p. 735).
Similarly, Kerns and Berenbaum (1991) used four spatial tests similar to
those that are well established to induce large gender eﬀects in adults. First,
they chose two tests measuring spatial visualization developed by Tuddenham (1970): the Geometric Forms and the House Plans test. Furthermore,
they constructed two new mental rotation tests: the Mirror Images Test and
the Three-Dimensional (3D) Mental Rotations Test. This last test used the
same shapes as the MRT but as real-life three-dimensional objects. Kerns
and Berenbaum (1991) observed that 9- to 13-year-old boys scored higher
on all tests than girls of the same age. Additionally, they reported moderate
eﬀect sizes ranging from d ¼ 0.30 to 0.65. Kerns and Berenbaum (1991)
concluded that the gender eﬀect can be found in pre-adolescents if
appropriate tests are used. It has to be remarked critically, however, that
Kerns and Berenbaum (1991) used three-dimensional objects rather than
their pictorial presentations. Additionally, the decision complexity diﬀered
(same–diﬀerent judgments vs. selecting two correct answers out of four
alternatives). Pezaris and Casey (1991), on the other hand, did not ﬁnd any
gender eﬀect in juveniles aged from 13 to 15 years using a mental-rotation
task that was built with the Shepard and Metzler (1971) ﬁgures and realized
a decision mode similar to the MRT itself.
In summary, it is still not clear when gender eﬀects in mental rotation
emerge. Diﬀerent ﬁndings might be due to the use of modiﬁed tests on
diﬀerent age groups—within diﬀerent groups of children (Johnson & Meade,
1987) and between adults and children (see Linn & Petersen, 1985)—or to the
use of real-life, non-abstract or two-dimensional objects (Alyman & Peters,
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1993; Foulkes & Holliﬁeld, 1989). As a consequence, the results are not fully
comparable between the studies cited above—precluding an unequivocal
interpretation. In our study, therefore, we considered this problem by using
the classical MRT itself—which is well known to induce a gender eﬀect in
adults—for children and adults without adapting the testing conditions for
age. As far as we know, no previous study has used the MRT itself with
children younger than 13 years. Furthermore, we wanted to test the
hypotheses of Maccoby and Jacklin (1974) and of Johnson and Meade (1987)
more thoroughly by testing 9-year-old children, 10-year-old children and
adults: if gender eﬀects arise primarily in adolescence as proposed by
Maccoby and Jacklin (1974), no appreciable gender eﬀects should be present
in either group of children. If, however, a gender eﬀect in children’s mental
rotation performance indeed is found only by age 10 (as proposed by
Johnson & Meade, 1987), then 9-year-old children should show this eﬀect in
a much reduced magnitude.

METHODS
Participants
Ninety-six fourth graders (48 boys and 48 girls) and 48 adults (24 men and
24 women) participated in this study. For statistical analysis the children’s
data were split into two age groups: one group with a mean age of 9.3 years
(range: 8.3 to 9.6 years, SD ¼ 0.24; 24 boys and girls each) and the other
group with a mean age of 10.3 years (range: 9.9 to 11.0 years, SD ¼ 0.28; 24
boys and girls each). Both groups of children consisted of fourth graders to
ensure that years of formal education was not confounded with age. To
ensure that the ﬁndings were not aﬀected by a diﬀerence on general
intelligence between both sexes, we used the CFT-20 (Weiß, 1998) as
co-variable. The CFT-20 is a non-verbal and culture-fair intelligence test,
which measures reasoning with four subtests on the basis of concrete
problems (classiﬁcations, matrices, . . . ). An ANOVA revealed no main
eﬀects of ‘‘gender’’, F(1, 92) ¼ 1.88; p ¼ .17; Z2 ¼ .020, and ‘‘age’’,
F(1, 92) ¼ 0.21; p ¼ .65; Z2 ¼ .002. There was no interaction eﬀect,
F(1, 92) ¼ 0.002; p ¼ .96; Z2 ¼ .000. Children were recruited from primary
schools near Düsseldorf and were tested during normal class time.
A maximum of 20 children was tested at once and each class was paid
e100 for their participation. Adults were students aged from 19 to 43 years
(M ¼ 23.1 years; SD ¼ 3.94). They were tested during normal course time in
the University of Düsseldorf. Group sizes varied from 10 up to 15
participants per session. An ANOVA revealed that the averaged age of male
and female participants did not diﬀer between the sexes, F(1, 138) ¼ 0.19;
p ¼ .657; Z2 ¼ .001.
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Material and procedure
Participants had to solve the ‘‘Mental Rotations Test (MRT)’’ in its versions
A or B (Peters et al., 1995), which is a redrawn version of the Vandenberg
and Kuse (1978) ‘‘Mental Rotations Test’’ with ﬁgures provided by Shepard
and Metzler (1971). The MRT is made of three-dimensional cube ﬁgures in
two sets with 12 items each (see Figure 1 for an example). Six items were
presented per DIN-A4-sized sheet of paper. Each item contains a target item
on the left side and four sample stimuli on the right. Two items of the sample
stimuli were identical but in-depth rotated versions of the target item. The
two remaining sample stimuli did not match regardless of rotation.
The participants were asked to cross out both correct sample stimuli.
Participants were given three minutes for the ﬁrst 12 items and another three
minutes for the remaining 12. We used the MRT in its versions A and B
within the group testing sessions to avoid participants copying their answers.
Stimulus ﬁgures in both versions were identical but rearranged to form
diﬀerent items. On this account, the level of diﬃculty did not change (Peters
et al., 1995).
One problem of using the MRT with children is that they may produce
poor results just because (a) they did not really understand this abstract kind
of task and/or (b) the level of attention required was too high. This problem
is important to consider because instructions were given in written form in
the original version of this test. To avoid the children not understanding the
task, we gave them another mental rotations test (MRT-Animal;
see Figure 2), which was specially designed for this study. This test was
designed similarly to the MRT but used two-dimensional familiar stimuli

Figure 1. This ﬁgure shows the ﬁrst item of the MRT in its versions A and B. The subject has to
mentally rotate the four sample stimuli on the right to decide whether they match the target
item. Two out of the four alternatives match the target item.
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(Snodgrass & Vanderwart, 1980) rotated in the picture plane instead of
three-dimensional abstract cube ﬁgures rotated in depth. In our test we used
black and white pictures to slightly increase diﬃculty (Alington et al., 1992)
and to enhance the similarity to the MRT.
As in the MRT, participants had to cross out both animals that matched
the target animal after rotation (i.e., children were asked to imagine the
rotated animals standing on their feet in an upright position and afterwards
to decide which two were looking in the same direction as the target animal).
This test is more concrete than the MRT and is thought to make children
familiar with the kind of test and its answer format as well as with the
concept of mental rotation. Children were given 60 seconds to complete 16
items presented on four DIN-A4-sized sheets of paper (horizontal format).
Afterwards, the MRT was given. Children were told that they had to solve
another test that worked exactly as the animal test but now used cube ﬁgures
instead of animals. Verbal instructions were followed by three practice
items, the correct solutions of which were given after all participants had
ﬁnished them.
An ANOVA revealed that children’s ‘‘gender’’ and ‘‘age’’ had no eﬀect
on the number of items answered correctly in the animal-MRT, F(1,
92) ¼ 1.08; p ¼ .301; Z2 ¼ .012; F(1, 92) ¼ 0.12; p ¼ .729; Z2 ¼ .001. Neither
was an interaction found, F(1, 92) ¼ 0.09; p ¼ .925; Z2 ¼ .000. Hence, it is
plausible to assume that boys and girls understood the task equally well.
Adults completed the MRT-Animal in the same way, to keep the testing
sessions constant between age groups (see Table 1 for descriptive results). A
Pearson correlation of the performance on the MRT-Animal and the MRT
revealed a signiﬁcant positive correlation r ¼ .27 and p 5 .001 (twotailed).The MRT-Animal was not analysed further as it was just used to
introduce the concept of mental rotation to the children. The completion of
both tests required about 25 minutes.1

Figure 2. This ﬁgure shows the ﬁrst item from the MRT-Animal. This test was given to make
children more familiar with the concept of mental rotation tasks and to prevent poor results
resulting from poor task comprehension.

1

A specimen test is available from the authors upon request.
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Design and statistical analysis
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Peters et al. (1995) proposed the following standard scoring method that was
used in the present study as well: one point was given if both and only both
correct sample stimuli of a target item were marked correctly. A maximum
of 24 points could thus be obtained.
The design of this study involved two factors: ‘‘age’’ (adults vs. younger
children, 9 years, vs. older children, 10 years) and ‘‘gender’’ (male vs.
female). The number of correctly answered items in the MRT was the
dependent variable.
Given a total sample size of N ¼ 144 and a desired level of a ¼ .05, b ¼ .05,
an eﬀect of size d ¼ 0.76 (i.e., a medium-to-large eﬀect as deﬁned by Cohen,
1977) could be detected with a probability of 1 7 b ¼ .95.2

RESULTS
Analysis of variance (ANOVA) revealed a main eﬀect of ‘‘age’’, F(2, 138) ¼
15.52; p 5 .001; Z2 ¼ .184, and of ‘‘gender’’, F(1, 138) ¼ 39.95; p 5 .001;
Z2 ¼ .224. Furthermore, an interaction was found, F(2, 138) ¼ 3.50; p ¼ .033;
Z2 ¼ .048. This interaction remained signiﬁcant, too, only if both groups
of children were included and did not change if ‘‘intelligence’’ was used as
co-variable, F(1, 92) ¼ 5.47/6.47; both ps 5 .021. The post hoc tests
described in the following paragraph were conducted using conservative
and a-error-revised Scheﬀé tests. The means and standard errors are shown
in Table 1. Adults signiﬁcantly outperformed the older children, as well as
the younger children. However, the older children did not outperform the
younger children. Collapsing across age groups, males outperformed
females. There is no statistically signiﬁcant diﬀerence on the performance
of boys and girls in the group of younger children. There was, however,
a signiﬁcant diﬀerence between boys and girls of the older group, as well as
between men and women of the adult group. Furthermore, younger boys
showed a signiﬁcantly lower performance than men. The performance of
older boys and adults and the performance of older and younger boys did
not diﬀer statistically. There were, however, no statistically signiﬁcant
diﬀerences in performance of younger girls, older girls and women.
The eﬀect size of the gender eﬀect within the older group was d ¼ 1.47
that is—following Cohen (1977)—a large gender eﬀect. The eﬀect size of the
gender eﬀect within the adults was d ¼ 1.24. The gender eﬀect thus seemed to
be stable with increasing age. As reported above, there was no signiﬁcant

2

All eﬀect size and power calculations reported in this article were conducted using the
G*Power 3 program (Faul, Erdfelder, Lang, & Buchner, 2007).
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gender eﬀect within the group of younger children but an eﬀect size of
d ¼ 0.45 indicated that there was a small-to-medium gender eﬀect.
Linn and Petersen (1985) claimed that the MRT was too diﬃcult for
children younger than 13 years because the level of attention required was
too high. To test this hypothesis, we decided to analyse the MRT data more
closely: the MRT consists of two sets and three minutes were given to the
participants to solve each set. There was no break, implying that
participants had to pay attention for six minutes—which might be too long
for children. Therefore, we analysed the number of items solved correctly on
set one and on set two of the MRT (see Table 2). A repeated-measures
MANOVA with ‘‘set’’ as within-subject factor and ‘‘age’’ and ‘‘gender’’
as between-subject factors revealed a signiﬁcant main eﬀect ‘‘set’’,

TABLE 1
Mean number of correct answers and standard-errors for the MRT-Animal as well as
the MRT as a function of gender and age
MRT-Animal

Younger group
Girls
Boys
Older group
Girls
Boys
Adult group
Women
Men
Over all
Female
Male

MRT

Mean correct

Standard error

Mean correct

Standard error

6.48
6.17
6.79
6.25
5.88
6.63
11.73
10.67
12.79
8.15
7.57
8.74

0.47
0.68
0.65
0.45
0.59
0.70
0.47
0.67
0.48
0.33
0.45
0.49

6.5
5.67
7.33
8.27
5.75
10.79
10.85
8.13
13.58
8.54
6.51
10.57

0.53
0.62
0.85
0.61
0.52
0.85
0.75
0.70
1.06
0.39
0.38
0.61

TABLE 2
Mean number of items answered correctly separately for the first and the second half of
the MRT as a function of age
MRT Set 1

Children
Younger group
Older group
Adults

MRT Set 2

Mean correct

Standard error

Mean correct

Standard error

4.1
3.5
4.7
5.6

0.24
0.31
0.36
0.45

3.4
3.1
3.7
5.2

0.23
0.28
0.37
0.36
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F(1, 138) ¼ 9.56, p ¼ .002, Z2 ¼ .065. Since no interaction with ‘‘gender’’,
F(1, 138) ¼ 0.40, p ¼ .528, Z2 ¼ .003, and since especially no interaction with
‘‘age’’, F(2, 138) ¼ 1.05, p ¼ .352, Z2 ¼ .015, was observed, we obtained no
evidence to suggest that the MRT requires a level of attention too high for
children at the age of 10.
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DISCUSSION
We found that adults and older children showed the typical large gender
eﬀect in mental rotation in favour of males. Younger children did not show
this large gender eﬀect although time of formal education had been kept
constant for both age groups. But the eﬀect size d ¼ 0.45 found in the group
of younger children pointed out that there is a small diﬀerence that cannot
be ignored. The non-signiﬁcant results might be due to sample size.
However, given an estimated eﬀect size of d ¼ 0.45 for the group of younger
children and a level of a ¼ b ¼ .05, a considerable sample size of N ¼ 260
would be needed to obtain this eﬀect, a size rarely met in developmental
cognitive psychology. Taken together, eﬀect sizes were substantially smaller
for younger children, reached a maximum in the older group and seemed to
still maintain a high level for adults—indicating the manifestation of a
gender eﬀect at about 10 years as proposed by Johnson and Meade (1987)
but contradicting the assumption of Maccoby and Jacklin (1974) that
gender eﬀects arise primarily in adolescence.
Furthermore, the results showed that adults outperformed the older as
well as the younger children. Performance of the older and the younger
children did not diﬀer. A signiﬁcant and positive correlation of the MRT
and the MRT-Animal showed that using the MRT-Animal prior to the
MRT introduced the concept of mental rotations test very well to primaryschool children. There was no gender eﬀect in the performance on the
MRT-Animal suggesting the conclusion that girls understood the concept of
two-dimensional picture plane mental rotation as well as boys. Additionally,
we showed that children’s performance did not decline more than adults’ on
set two compared to set one of the MRT. This indicates that children—
assuming that they understood the concept of the mental rotation task—
were able to solve the mental rotation task despite the concerns of Linn and
Petersen (1985).
A further important result is that there was an interaction of age and
gender: with increasing age, males continuously improved their mentalrotation performance as shown in a signiﬁcant diﬀerence between the
performance of adult men and the younger boys. But for females, we did not
ﬁnd any kind of signiﬁcant improvement of performance with increasing
age. As stated above, eﬀect sizes of the mental rotation gender eﬀect
increased with increasing age because women—contrary to men—did not
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improve their performance with increasing age signiﬁcantly. Reasons for
that disproportion are not yet known.
The ﬁndings displayed above raise at least two questions requiring
detailed discussion: (1) Why do girls/women not improve their performance
with increasing age as men do? and (2) Which developmental aspect is
responsible for the large gender eﬀect observed in 10-year-old boys and girls
that 9-year-olds do not (yet) show?
In general, pubertal hormonal changes have been discussed as a critical
factor on visual-spatial performance diﬀerences (see Linn & Petersen, 1986).
At least for adults, there is strong evidence that hormonal diﬀerences
contribute to the gender eﬀect on mental rotation. Hausmann et al. (2000)
showed that testosterone had a positive inﬂuence on mental rotation
performance whereas estradiol did not. Women improved their performance
on a mental rotation test during their menses—where the estradiol level is
lowest. Focusing on this biological aspect, it is diﬃcult to determine the age
when children should show the gender eﬀect for the ﬁrst time as a function of
beginning hormonal changes. Kluge and Jansen (1996) pointed out that within
the last 150 years the initiation of puberty has started to develop earlier.
Whereas the mean age of the ﬁrst menstruation was 16.6 years in 1860, today it
is 12.2 years. For boys there is a similar development. Furthermore, Kluge and
Jansen (1996) noticed that the beginning of puberty today is 8 to 14 years for
girls and 10 to 16 years for boys. This wide range indicates a rather
individualized development and therefore we cannot exclude the possibility
that the children tested in our study were already pubertal. Perhaps, the
youngest girls performed at the same level as women because hormonal
changes have already increased the level of estradiol. This would explain why
we did not ﬁnd an improvement in females’ performance in the diﬀerent age
groups. For the males’ performance, the range given by Kluge and Jansen
(1996) might also explain the diﬀerences found: the older boys (mean age: 10.3
years) did not diﬀer from men’s performance because hormonal changes (i.e.,
increasing testosterone) had already improved their performance whereas the
younger boys (mean age: 9.3 years) still showed a signiﬁcantly worse
performance compared to men. This interpretation, of course, remains very
speculative. We conclude that, even testing primary-school children, further
studies have to control the hormonal status of every participant.
However, as Casey (1996) pointed out, there is evidence that biological
and social factors interact in determining the extent of this gender eﬀect. We
want to focus on the discussion of the ‘‘self-concept’’ as a possible social
factor that inﬂuences the mental rotation performance. Nash (1979) argued
that individuals perform better on cognitive tasks if their gender stereotype
of the task and their self-concept match. Regarding visual-spatial tasks men
were expected to perform better than women. This hypothesis was
conﬁrmed by Signorella, Jamison, and Krupa (1989), who predicted the
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spatial performance on the basis of sex, self-concept and spatial activities.
Furthermore, Quaiser-Pohl and Lehmann (2002) studied the ‘‘achievementrelated self-concept’’ of men and women regarding their attitudes towards
maths and physics. They found that women with a high achievement-related
self-concept scored signiﬁcantly higher on the MRT than those with a lower
concept. For men no correlation between self-concept and mental rotation
performance was obtained. Apparently, women are more sensitive to their
own expectations concerning their abilities than men. This might be crucial
if female participants were asked to solve a test on which they expect
themselves to have low abilities—as on the MRT. Whether this relation is
also valid for children has been largely studied as a function of performance
on diﬀerent school subjects but not in the context of visual-spatial abilities.
Tiedemann and Faber (1995), for example, provided evidence that primaryschool children (third and fourth graders) diﬀered concerning their math
self-concept. Girls judged their abilities lower than boys did and expected a
lower test result even if no actual gender diﬀerences in test performance were
found. Furthermore, the self-concept in children is more diﬃcult to assess
because it only develops during childhood, especially during primary-school
education. Oerter (2002) stated that self-concept in children becomes more
realistic and diﬀerentiated in late childhood (9 to 12 years). The feedback on
their performance in school and the comparison with other children helps
them to construct their own complex and hierarchically structured selfconcept. This developmental progress might be an explanation why we
found gender diﬀerences in 10-year-olds but not in 9-year-olds. Future
research in our lab will test this hypothesis with fourth graders.
In summary, we found large gender eﬀects in children aged 10.3 years and
in adults using a classic mental rotation test that is well known to produce
large gender eﬀects in adults (MRT; Peters et al., 1995). With children aged
9.3 years, however, the eﬀect size of the (non-signiﬁcant) gender eﬀect
turned out to be substantially smaller. Furthermore, girls’ performance did
not diﬀer from women’s so it seems that females did not improve their
performance with increasing age as males did. Hormonal as well as socialcognitive explanations may account for the pattern of ﬁndings.
Manuscript received 12 December 2007
Revised manuscript accepted 30 September 2008
First published online day/month/year
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a b s t r a c t
The inﬂuence of gender beliefs on cognitive task performance has been demonstrated repeatedly for adults.
For children, there is evidence that gender beliefs can substantially impede or boost math performance — a
task where gender differences in favour of boys declined over past decades. Therefore, we examined this
phenomenon using the Mental Rotations Test (MRT), a task where gender differences still occur reliably
favouring males — for adults as well as for children. A sample of 252 fourth graders, whose beliefs about
spatial ability were manipulated experimentally (instructions given: boys are better, girls are better or
independent of gender) had to complete the MRT. In contrast to adult's literature, children's performance did
not decrease or increase as a function of instruction: boys always outperformed girls; girls not even
outperformed their same-sex counterparts given the “girls better” instruction. The transfer of the conceptual
approach failed — possible reasons are discussed.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction
Research on gender differences has become increasingly popular
in recent decades. In cognitive psychology, there are at least three
areas where gender differences have been found repeatedly: in verbal
and mathematical abilities as well as in visual-spatial abilities (see e.g.
Halpern et al., 2007; Linn & Hyde, 1989). Whereas in general, females
outperform males on verbal tasks, males excel (probably) on
mathematical performance and (reliably) on mental rotation, i.e. the
cognitive process of imagining an object turning around (Shepard &
Metzler, 1971). The male advantage in mental rotation is observed
most consistently with the Mental Rotations Test, MRT (Peters et al.,
1995; Vandenberg & Kuse, 1978), where the gender difference
amounts to one standard deviation (Voyer, Voyer, & Bryden, 1995).
The MRT consists of 24 items, each presenting a target ﬁgure and four
sample stimuli. Two sample stimuli are rotated-in-depth versions of
the target ﬁgure (see Fig. 1) and have to be identiﬁed.
The underlying causes of gender differences are still far from being
understood. Two broad classes of explanations are the “psycho-social”
variety (consisting of, e.g., stereotype threat, sex-role identiﬁcation, or
differential experience and socialization) and the biological-neuronal
variety (e.g., rate of maturation, genetic complement, sex hormone
level, or cerebral lateralization; for details and references of both, see
e.g., Jansen-Osmann & Heil, 2007; Voyer et al., 1995). Each of these
explanations can quote empirical support, and they are by no means
⁎ Corresponding author. Institute of Experimental Psychology, Heinrich-HeineUniversity, Universitätsstr. 1, 40225 Düsseldorf, Germany. Tel.: + 49 211 8112134;
fax: + 49 211 8115037.
E-mail address: Corinna.Titze@uni-duesseldorf.de (C. Titze).

mutually exclusive. Therefore, research efforts should be directed
towards the question of the relative contribution of different explanations and especially towards the question of whether the relative
contributions might differ between different cognitive areas. Although
such systematic research efforts are not published yet (and indeed are
difﬁcult), unsystematic comparisons suggest that math performance
and mental rotation might differ with respect to the relative contribution of psycho-social (probably larger for math performance) versus
biological-neuronal (probably larger for mental rotation) explanations.
This impression is based on the following observations: whereas the
gender differences in the MRT have remained stable over the last
decades, those in math performance have declined considerably over
time (e.g., Feingold, 1988; Hyde, Fennema, & Lamon, 1990). Whereas
gender differences in mental rotation were reported for preschool
children (Hahn, Jansen, & Heil, 2010) already (and probably even for
infants, see Moore & Johnson, 2008; Quinn & Liben, 2008), those in math
performance emerge only around age ten (Hyde et al., 1990). Mental
rotation is accompanied by gender-speciﬁc lateralization differences of
cortical activity (e.g., Hugdahl, Thomsen, & Ersland, 2006). Moreover,
the continuous steroid ﬂuctuations in normally cycling women leads to
concomitant changes of gender differences both in mental rotation
performance (Hausmann, Slabbekoorn, Van Goozen, Cohen-Kettenis, &
Güntürkün, 2000) and in the accompanying cerebral asymmetries
(Schöning et al., 2007). By contrast, with respect to math performance,
the effects of, inter alia, parent and teacher expectations (Jacobs &
Eccles, 1992), family structure (Kao, 1995), motivation (Dweck, 1986),
and cultural differences in gender-(in)equality (Guiso, Monte, Sapienza,
& Zingales, 2008) have been observed. Moreover, a growing body of
research indicates the effects of gender beliefs on math performance
both in adults (e.g., Shih, Pittinsky, & Ambady, 1999) and in children
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Fig. 1. This ﬁgure shows the ﬁrst item of the MRT. Two of four sample stimuli match the target ﬁgure after rotation in depth.

(Ambady, Shih, Kim, & Pittinsky, 2001; Muzzatti & Agnoli, 2007;
Neuville & Croizet, 2007). The activation of negative or positive gender
beliefs can substantially impede or boost math performance (see also:
Aronson, 2004; Nosek, Banaji, & Greenwald, 2002; Steele, 1997).
This comparison, of course, is a (over-)simpliﬁcation and suffers
from the fact that the corresponding counterparts in research are often
missing. We simply do not know whether math performance depends
upon steroid ﬂuctuations across the menstrual cycle. Until recently, no
research existed as to whether mental rotation performance is affected
by gender beliefs at all. In the meantime, Moè (Moè, 2009; Moè &
Pazzaglia, 2006) reported evidence that manipulating gender beliefs of
mental rotation abilities in men and women – by telling them that
researchers had found men/women to perform better on visual-spatial
tasks – led adult participants to outperform their same-sex counterparts in the MRT. No evidence exists as to whether or not this gender
belief effect on mental rotation is observed with children as was the
respective effect on math performance (Ambady et al., 2001). This
would be especially interesting since “there is considerably agreement
that, beginning in the second grade and persisting through the twelfth
grade, children perceive social-verbal and artistic skills as feminine,
whereas spatial, mechanical, and athletic skills are viewed as
masculine.” (Nash, 1979, p.265) whereas perceived gender differences
for math are less homogenous (e.g., Heyman & Legare, 2004).
Therefore, we investigated the inﬂuence of gender beliefs in
children following the common stereotype that men are more able
than women to solve tasks requiring spatial abilities (see e.g. Nash,
1979; Pease & Pease, 2001). We chose to investigate fourth graders,
ten or eleven years old on average, because Ruble and Martin (1998)
found that, at this age, the content of gender beliefs begins to
resemble the content of adults' stereotypes. This fact might contribute
to an expected poorer performance in cognitive tasks if a sex-role
stereotype predicts this. As Eccles, Wigﬁeld, and Schiefele (1998)
pointed out, there is evidence that children often distort their own
expectations towards their stereotypes about which gender is most
talented – regarding a particular domain – so as to be consistent with
gender beliefs. Moreover, Titze, Jansen and Heil (in press) demonstrated that gender differences in the MRT performance can reliably
be found (at least) at age 10. Finally, since the stereotype threat
literature describes test difﬁculty as a crucial feature in gender believe
effects (e.g., Neuville & Croizet, 2007), the MRT can be regarded as
well suited for children at this age because it is a rather difﬁcult test.

2. Methods
2.1. Participants
252 fourth graders (126 boys and girls each) volunteered (age:
M = 10.47 years, SD= .52). An ANOVA revealed no age difference
between both sexes (F (1, 250)=0.001; p=.976; η2 =.000). Prior to
testing, all parents gave their written consent. Children were divided
(class by class) into three groups (all of the same size, i.e. N=84 with 42
boys and girls each). Different experimental manipulations were given to
the groups (for a more detailed description see Section 2.3). Children were
recruited from primary schools near Düsseldorf. A maximum of 25
children was tested at once and each class was paid 100 € for participation.
2.2. Materials and procedure
All children were asked to complete two mental rotation tasks — the
ﬁrst one prior to and the second one after the experimental manipulation. Usually, the Mental Rotations Test (MRT, Peters et al., 1995) is not
used with children younger than 13 years (Linn & Petersen, 1985). In a
previous study with 4th graders we had good experience using a simple
rotation test (MRT-animal) prior to the MRT that introduced the answer
format as well as the concept of mental rotation (see Titze et al., in
press). The layout of this test strictly follows the design of the MRT but
uses two-dimensional familiar stimuli (Snodgrass & Vanderwart, 1980)
rotated in picture plane. Furthermore, we used black and white pictures
to slightly increase difﬁculty (Alington, Leaf, & Monaghan, 1992) and to
enhance similarity to the MRT (see Fig. 2). A target animal on the left and
four sample stimuli on the right were presented. Children had to identify
these two sample stimuli that match the target animal after rotation.
Sixteen items had to be solved within 60 s. The MRT-animal was not
analyzed since it was only meant to introduce the concept of mental
rotation. A specimen test is available from the authors.
Additionally, we used the MRT of Peters et al. (1995) in a shortened
version. This test uses three-dimensional abstract cube ﬁgures rotated in
depth (see Fig. 1). Two sample stimuli match the target ﬁgure on the left
after rotation. We shortened the MRT for two reasons: ﬁrst, solving 24
items (as in the original version) before and after the experimental
manipulation might have been too demanding for children. Second, we
needed to create two halves of comparable difﬁculty to present one before
and one after experimental manipulation. Therefore, in a prior study, we

Fig. 2. This ﬁgure shows the ﬁrst item of the two-dimensional MRT-Animal. After rotation in picture plane, two animals match the target animal on the left.
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had administered the original version of the MRT to 120 4th graders
who completed the MRT under standard conditions either in its version
A or B. We then matched the items that had been answered by all children
for level of difﬁculty (i.e. analyzing the percentage of children that
answered each item correctly) and built up two versions containing 12
items each. Half of the children started completing the new short version
A in the pre-test and version B in the post-test, the other half vice versa.
Three minutes were given (following Peters et al., 1995) to solve the items
as quickly and accurately as possible. We found that there was no
difference regarding the mean number of correctly answered items in the
pre-test depending on version (F (1, 250)=0.311; p=.800).
2.3. Procedure
Children were tested during regular class time and all instructions
were given verbally. They were informed that all questionnaires were
anonymous, that they will not get any marks and that their teachers
will not be allowed to have a look on their data. First, children had to
complete the MRT-animal. Afterwards the ﬁrst half of the MRT was
given. Children were then given a ﬁve minutes break to move around
and to drink something. Thereafter, we presented the experimental
manipulation: the ﬁrst group was told: “There is something we have to
tell you about the MRT. Many primary school children have already
completed the MRT and we always found that boys scored higher than
girls — as you have surly imagined. Now, we want to check whether in
this class the boys are better, too”; the second group was told: “There is
something we have to tell you about the MRT. Many primary school
children have already completed the MRT and we always found that
girls scored higher than boys — as you have surly imagined. Now, we
want to check whether in this class the girls are better, too”. The third
group was told: “There is something we have to tell you about the MRT.
Many primary school children have already completed the MRT and
this questionnaire measures your visual-spatial abilities. You need, for
example, these abilities if you want to explain a friend the way to your
home”. For ethic reason, we decided not to give children a manipulated
feedback of their performance in the ﬁrst half of the MRT. After the
instruction has been read out aloud, children had to complete the
second half of the MRT. Finally, we informed them about the real
intention of this study and answered all questions in detail.
2.4. Data scoring
Given a total sample size of N = 252 with 2 × 3 groups and a
desired level of α = .05, β = .05, an effect of size d = .5 (i.e. medium
effect as deﬁned by Cohen, 1977) could be detected with a probability
of 1 − β = .95.1 The number of correctly answered items in the MRT
was the dependent variable.
Peters et al. (1995) proposed the following standard scoring
method that was used in the present study as well: one point was
given if both and only both correct sample stimuli of a target item
were marked correctly. A maximum of 12 points could thus be
obtained for each half of the MRT respectively. The correlation
between both parts of the MRT was r = .556 with p b .001.
3. Results
A repeated measures design was applied with the within-subject
factor time (two levels: immediately before and after experimental
manipulation) and two between-subject factors: instruction (three levels:
boys better, girls better, neutral) and gender (two levels: boys, girls).
A repeated measures ANOVA revealed main effects of Gender
(F (1, 246) = 12.90; p b .000; η2 = .050) and Time (F (1, 246) = 57.41;
p b .000; η2 = .189) but did not reveal an interaction of Time ×
1

All effect size and power calculations reported in this article were conducted using
the G•Power 3 program (Faul, Erdfelder, Lang & Buchner, 2007).

Fig. 3. This ﬁgure shows the mental rotation performance in the pre- and post-test as a
function of sex.

Instruction (F (2, 246) = 2.21; p = .111; η2 = .018) or Time × Gender
(F (1, 246) = .084; p = .773; η2 = .000) and neither an interaction of
Time × Instruction × Gender (F (2, 246) = 1.16; p = .315; η2 = .009).
In general, boys outperformed girls (boys: M = 3.79, SD = 2.39;
girls: M = 2.91, SD = 2.03.) with Cohen's d = .39 — as an estimate of
gender effect size. Independent of this overall gender effect both, girls
and boys, improved their performance from the pre-test — immediately
before the experimental manipulation — to the post-test — immediately
after the manipulation — about one point independent of instruction
given (see Fig. 3). Cohen's d value of this repeated measures time effect
was d = . 45 (pre-test: M = 2.83, SD = 1.98; post-test: M = 3.87,
SD= 2.53).
Additionally, we analyzed our data following the analysis of Moè
and Pazzaglia (2006) whose paper built the basis of our study. Again, a
repeated measures design was applied with the within-subject factor
time (two levels: immediately before and after experimental manipulation) and two between-subject factors: instruction (three levels:
boys better, girls better, neutral) and gender (two levels: boys, girls).
We ran the repeated measures ANOVA separately for girls and boys
to examine whether the instructions had an inﬂuence to the performance of the three groups. For boys a main effect of Time (F (1, 123) =
27.91; p b .000; η2 = .185) showed but no interaction of Time× Instruction (F (2, 123) = .51; p = .601; η2 = .008) was found. Although the
interactions have not become signiﬁcant, we conducted post-hoc
Duncan test – as Moè and Pazzaglia did – to verify whether our results
obtained with children are tendentially in line with the results from
their study with adults. But post-hoc tests did not show any differences
between the three boys' groups (see Table 1 for accuracy scores).
Table 1
This table presents the accuracy score for the boys: the mean number and its standard
deviations of correct answered items in the MRT before and after the instructions are
shown. Additionally, Cohen's d – as an estimate of effect size – is given.
Instructions

Boys are better
Mean
S.D.
Girls are better
Mean
S.D.
Gender neutral
Mean
S.D.

Accuracy score
Before instruction

After instruction

Cohen's d

3.83
2.41

4.76
3.00

.34

2.86
1.85

4.12
2.51

.29

3.19
2.13

4.00
2.32

.36

Maximum score = 12.
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Table 2
This table presents the accuracy score for the girls: the mean number and its standard
deviations of correct answered items in the MRT before and after the instructions are
shown. Additionally, Cohen's d – as an estimate of effect size – is given.
Instructions

Boys are better
Mean
S.D.
Girls are better
Mean
S.D.
Gender neutral
Mean
S.D.

Accuracy score
Before instruction

After instruction

Cohen's d

2.36
1.51

3.93
2.41

.78

2.05
1.79

3.26
2.45

.56

2.71
1.68

3.17
2.24

.23

Maximum score = 12.

For the girls, the repeated measures ANOVA revealed a main effect
of Time (F (1, 123) = 29.51; p b .000; η2 = .194), too. An interaction of
Time × Instruction (F (2, 123) = 2.76; p = .067; η2 = .43) barely
missed to reach signiﬁcance. Nevertheless, for the girls, post-hoc
Duncan test showed that the “boys better” instruction differed
signiﬁcantly from the “neutral” one (see Table 2 for accuracy scores).
The “girls better” condition did not differ from “boys better” and
“neutral”.
4. Discussion
Whereas a substantial body of research demonstrated the effects
of gender beliefs on math performance both in adults (e.g., Shih et al.,
1999) and in children (e.g., Ambady et al., 2001), only two studies
with adults from the same lab (Moè, 2009; Moè & Pazzaglia, 2006)
indicated corresponding effects on mental rotation. Since no study
existed yet that examined the relation between mental rotation
performance and gender beliefs in children, we transferred the
conceptual approach used with adults (see e.g. Moè, 2009; Moè &
Pazzaglia, 2006) to 10- to 11-years old children.
Children's performance on the MRT, however, was not affected by
a gender belief manipulation. Boys' and girls' performance turned out
to be independent of the manipulation given. This is an interesting
ﬁnding, all the more since at the same time we observed signiﬁcant
and medium-sized gender effects on mental rotation performance
independent of the gender beliefs manipulation. By contrast, gender
belief manipulations affected children's math performance (e.g.,
Ambady et al., 2001) when at the same time no gender effects on
math performance were found. This double-dissociation underlines
the social power of stereotype threats.
A possible explanation for the present results is offered by Steele
(2003). Although the girls in the “boys better” condition of our study
were confronted with negative, stereotypical information about their
gender group, they might not have referred themselves as being a
member of this group. This phenomenon is called “stereotype
stratiﬁcation” and is proposed to be used especially by girls. The
question remains, however, why stereotype stratiﬁcation should
prevent the effects of gender beliefs with respect to mental rotation
but should not do so with respect to math performance.
Thus, in contrast to Moè and Pazzaglia (2006), who found that
both, women and men, outperformed their same-sex counterparts if
they were told that it will be likely that their gender performs better,
children did not show this pattern of behaviour. For girls, quite the
reverse might be true: post-hoc test indicated that girls may tend to
perform better, if they expect boys to outperform them. Nevertheless,
this result has to be interpreted with caution because the interaction
of Time × Instruction barely failed to reach signiﬁcance.
Thus, this result should be kept in mind for further investigations
without over-estimating the effect incidentally.

Taken together, it seems that with respect to mental rotation
adults but not children are affected by gender beliefs (Moè, 2009; Moè
& Pazzaglia, 2006). However, one has to keep in mind some subtle
differences between the present study and those of Moè: ﬁrst, we did
not ask – prior to the test – whether children would judge mental
rotation tasks as typically “boys or girls tasks” before we gave the
manipulative instruction since children did not have a distinctive
gender stereotype concerning the completely unfamiliar mental
rotation task. As a consequence, our approach might have caused
children not to believe the gender stereotype given. Second, we did
not test boys and girls separately but decided to test children “classby-class” in the normal setting.
What is deﬁnitely needed is more research directly comparing
gender belief effects on mental rotation and on math performance in
the same children and at different ages. If indeed gender beliefs affect
math performance substantially earlier than mental rotation performance, then research has to identify if this discrepancy is exclusively
based on differences in familiarity of the tests (high with respect to
math and low with respect to mental rotation performance). When
this explanation could successfully be excluded, one might start to
think more closely about whether the developmental differences in
gender belief effects for math versus mental rotation performance
might probably reﬂect differences in the relative contribution of
psycho-social versus biological-neuronal classes of explanations for
the respective gender effects.
Finally, we found that the simple replication of the MRT lead to a
uniform improvement in the performance of both boys and girls. Both
groups improved about one point in the second test, although they
had to solve different items. This ﬁnding indicates that practice can
improve girls' performance in the same way as boys' performance
(Spence, Yu, Feng, & Marshman, 2009).
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Abstract
Do girls attending a single-sex school are able to outperform their same-sex
counterparts attending a co-educative school solving a mental rotation task? To explore these
questions, 252 pupils of two different age groups and school types participated: 126 pupils
were 8th and 12th graders each (mean age: 13.63 vs. 17.99 years). Thereof 84 pupils attended a
single-sex school, 164 pupils attended a regular co-educative school (84 boys and girls each).
All pupils first had to complete the Mental Rotations Test by Peters et al. (1995). Testing of
co-educative pupils was separated by gender.
We found, that girls attending a single-sex school were able to outperform their same-sex
counterparts at least in grade twelve. In grade eight no differences between both groups were
obtained. As expected, the large, well known gender effect between 12th grade boys and coeducative girls was found. Furthermore, we found that boys and single-sex school girls
improved their performance from grade eight to twelve significantly – with nearly identical
effect sizes, indicating a uniform improvement. Girls attending a co-educative school,
however, did not improve their performance. Expectations as well as possible consequences
for educators and policy-makers are discussed.

3
The question, whether boys and girls should be educated together or separated by
gender is regarded as “one of the most researched topics in education” (Smithers & Robinson,
2006, p.1). Especially in the fields of mathematics, engineering and science, females still are
underrepresented. This is astonishing because level of education assimilated between men and
women over past decades (e.g. Herwartz-Emden, 2007) and girls are looked upon as
‘winners’ of the educational system, not only in Germany:
“On average, girls enter the school systems earlier, they achieve better at the key competence
of reading, they are less likely to leave school without qualification, they are quicker and more
successful as regards the transition from school to vocational education and training, they
qualify in the more demanding segments of profession, their rates for obtaining a higher
education qualification are significantly higher and they drop out of study courses less often...”
(see Bundesministerium für Bildung und Forschung, 2008, p.20).

Generally speaking, there still are at least three areas where cognitive gender
differences between boys and girls can be found repeatedly: in verbal and mathematical
abilities as well as in visual-spatial abilities (see e.g. Linn & Hyde, 1989; Halpern et al.,
2007). Whereas in general, females outperform males on verbal tasks, males possibly excel on
mathematical performance and definitely do so on visual-spatial abilities – at least if mental
rotation performance is required, i.e. the cognitive process of imagining an object turning
around (Shepard & Metzler, 1971). Nuttall, Casey and Pezaris (1992; p. 120) assumed “…that
gender differences in spatial skills are the key to understanding gender differences in math
achievement.” Disadvantages of girls in the area of spatial abilities have to attract interest of
research all the more since Cooper and Mumaw (1985) pointed out that the predictive validity
regarding (especially industrial) job performance of spatial tests is higher than that of
measures of general intelligence. Therefore, in this study we focused on the investigation of
modulating factors on gender differences in mental rotation performance of school-aged
adolescents.

4
For mental rotation performance differences, two broad classes of explanations are
discussed: the “psycho-social” variety (consisting of, e.g., stereotype threat, sex-role
identification, or differential experience and socialization) and the biological-neuronal variety
(e.g., rate of maturation, genetic complement, sex hormone level, or cerebral lateralization;
for details and references of both, see e.g., Voyer, Voyer & Bryden, 1995; Jansen Osmann &
Heil, 2007). Each of these explanations can quote empirical support, and they are by no
means mutually exclusive.
It has been shown repeatedly, that mental rotation performance increases with
increasing age. But males’ age-related improvement turned out to be larger than females’,
leading to the assumption that gender differences increase as a function of age (Voyer et al.,
1995; Geiser, Lehmann, & Eid, 2008). Titze, Jansen, and Heil (in press) recently provided
evidence that whereas males’ mental rotation performance substantially increased between
age 9 and age 25, females’ performance did not increase at all.
Additionally, research suggests a relation between gender, stereotypes and their
interference with intellectual performance. On the one hand, studies showed that women’s
mental rotation performance increased if their self-concept was pushed via instructions (see
Moè & Pazzaglia, 2006; Moè, 2009). On the other hand, Inzlicht and Ben-Zeev (2000)
showed that women are susceptible to experiencing problem-solving deficits in the presence
of males. Women had to complete a difficult math task in groups of same-sex participants or
in mixed groups. Women’s performance decreased – following the stereotype-threat theory
(Steele & Aronson, 1995) – as the relative number of males present increased. Stereotypethreat is defined as “being at risk of confirming, as self-characteristic, a negative stereotype
about one’s group” (Steele & Aronson, 1995, p. 797).
Moreover, “there is considerably agreement that, beginning in the second grade and
persisting through the twelfth grade, children perceive social-verbal and artistic skills as
feminine, whereas spatial, mechanical, and athletic skills are viewed as masculine.” (Nash,
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1979, p.265). From this point of view, it is obvious that the stereotype threat might contribute
to gender differences in stereotyped domains in school: the expectation of girls to confirm a
negative stereotype about their group (e.g. “Girls perform worse than boys in a math test.”),
might be responsible for decrements in cognitive task performance.
How do girls attending a single-sex school, who are therefore not (compared to coeducative schools) confronted with gender related stereotypes in their scholastic daily routine,
perform on a “typically” male task? There is evidence that girls attending single-sex schools
show decreased bias towards typically male (e.g. math and sciences, especially physics) and
female (e.g. verbal) subjects (see e.g. Kessels, 2007). Following Schoon (2001), these girls
develop less sex stereotyped interests and self-concepts and were more likely to aspire a
career as a scientist compared to girls attending co-educative schools.
To investigate whether a performance difference depending on type of school between
girls solving a mental rotation task (that normally is solved best by male participants) can be
found, the Mental Rotations Test, MRT (Vandenberg & Kuse, 1978; Peters et al., 1995) was
used. With this test, a male advantage can be reliably found and the gender difference
amounts to about one standard deviation (Masters & Sanders, 1993; Voyer, Voyer, & Bryden,
1995). The MRT consists of 24 items, each presenting a target figure and four sample stimuli.
Two sample stimuli are rotated-in-depth versions of the target figure (see Figure 1) and have
to be identified.
We tested the following hypotheses:
(1) We expected girls attending a single-sex school to outperform their same sex
counterparts attending a co-educative school significantly.
(2) We hypothesized that gender differences between boys and girls will be reduced
(in terms of effect size) if girls attend a single-sex school.
(3) We hypothesized that mental rotation performance increases with increasing age:
boys and single-sex school girls should improve equally well whereas girls
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attending a co-educative school were not expected to improve significantly (see,
Titze, Jansen, & Heil, in press).

Methods
Participants
In this study 252 pupils of two different age groups participated: 126 pupils were 8th
and 12th graders each. 84 pupils attended a single-sex school, 164 pupils attended an regular
co-educative school (84 boys and girls each). The mean age was M = 13.63 years (SD = 0.51)
for the 8th graders and M = 17.99 years (SD = 0.74) for the 12th graders.
Pupils were recruited from academic high schools near Düsseldorf and were tested
during normal class time in a group testing session within gender homogenous groups. A
maximum of 25 pupils was tested at once. Participation in the testing session was optional,
pupils were allowed to break off their participation at any time.

Material and Procedure
All pupils first had to complete the Mental Rotations Test by Peters et al. (1995). The
completion of the test took about 15 minutes. The MRT is a redrawn version of the
Vandenberg and Kuse (1978) ‘Mental Rotations Test’ with figures provided by Shepard and
Metzler (1971). It is made of three-dimensional cube figures in two sets with 12 items each
(see, for an example, Figure 1). Six items are presented per sheet of paper. Each item contains
a target figure on the left side and four sample stimuli on the right. Two sample stimuli are
identical but rotated versions of the target figure. The remaining two sample stimuli do not
match regardless of any rotation made. Instructions were given verbally. Pupils were told that
they had to mentally rotate the sample stimuli on the right to find out those two sample
stimuli matching the target. Instructions were followed by three practice items whose correct
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solution was given after all pupils finished these items. Participants were given three minutes
to solve the first 12 items and another three minutes for the remaining 12. We used the MRT
in its versions A and B within the group testing sessions to prevent our results being tampered
by participants who might just copy their answers from a neighbor. Stimulus figures in both
versions were identical but rearranged to form different tasks. On this account, the level of
difficulty does not change (Peters et al., 1995). Testing of co-educative pupils was done
separated by gender.

Design and Statistical analysis
Altogether, a 3 (group: co-educative school boys vs. co-educative school girls vs.
single-sex school girls) x 2 (age: 8th and 12th graders) design was used. Performance in the
MRT (number of correctly answered items) was set as dependent variable whereas group and
age were defined as independent variables.
Peters et al. (1995) proposed the following standard scoring method that was used in
the present study as well: one point was given if both and only both correct sample stimuli of
a target item were marked correctly. A maximum of 24 points could thus be obtained.
Given a total sample size of N = 252 and a desired level of  = .05, an effect of size d
= .56 (i.e. a medium to large effect as defined by Cohen, 1977) could be detected with a
probability of 1-  = .95 1 .

Results
An ANOVA revealed a significant main effect of age (F(1, 246) = 6.95; p < .05  =
.027), indicating that 12th graders performed better on the MRT than 8th graders. Furthermore,
a main effect of group was found, indicating that boys generally outperformed girls
irrespective of attended school (F(2, 246) = 8.25; p < .001  = .063). The interaction of age
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* group turned out to be statistically relevant, too (F(2, 246) = 4.07; p < .05  = .032). Posthoc tests showed that girls attending an all girls-school outperformed their same-sex
counterparts attending a co-educative school in grade 12 (F(1,82) = 7.05; p < .05  = .079;
effect size d = .580) but not in grade 8 (F(1,82) = .95; p =.331  = .012; effect size d = .212).
Moreover, grade 12 boys outperformed co-educative girls significantly (F(1,82) = 22.58; p <
.001  = .216; effect size d = 1.036) but tightly failed to significantly outperform single-sex
school girls (F(1,82) = 3.63; p = .06  = .042¸ effect size d = .414). However, in the 8th grade
boys significantly outperformed girls attending an all-girls school (F(1,82) = 4.32; p < .05 
= .05; effect size d = .452), whereas no difference between boys and girls attending a coeducative school was found (F(1,82) = 1.01; p = .318  = .012; effect size d = .221). Boys
improved their performance significantly from grade 8 to grade 12 (F(1,82) = 6.82; p < .05 
= .077; effect size d = .568), and so did the single-sex school girls (F(1,82) = 7.02; p < .05 
= .079; effect size d = .578). For girls attending a co-educative school, however, no
performance increase between grades 8 and 12 was obtained (F(1,82) = .71; p = .401  =
.009; effect size d = -0.183), see Figure 2.

Discussion
The findings of the present study are widely in line with the literature and the
hypotheses suggested above. Results support the contribution of psycho-social factors to
explain gender differences in mental rotation performance.
First, we showed that girls attending a single-sex school outperformed their same-sex
counterparts at least in grade twelve whereas in grade eight no difference between both
groups was present. In fact, twelfth grade single-sex school girls performed more than half a
standard deviation better than girls attending a co-educative school.
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Second, as expected, the large, well known gender effect between (12th grade) boys
and co-educative girls was obtained. Effect sizes indicate that 12th grade boys performed less
than a half a standard deviation (i.e. medium effect as defined by Cohen, 1977) better than
single-sex school girls but about a full standard deviation (i.e. a large effect) better than coeducative girls. Regarding performance in grade eight, no gender effect between boys and
girls attending the co-educative school was obtained (with effect sizes indicating a small
gender effect). In grade twelve, this gender effect increased nearly fivefold. Between boys and
single-sex school girls, however, there is a medium gender effect showing in grade eight that
did not increase at all in grade twelve.
Finally, boys as well as single-sex school girls improved their performance from grade
eight to twelve significantly – with nearly identical effect sizes, indicating a uniform
improvement. Girls attending a co-educative school, however, did not improve their
performance at all, replicating the recent findings. Titze et al. (in press) found no performance
increase between 9 years old girls and 23 years old female students whereas the respective
comparison for males revealed a substantial performance increase. In the present study, in
grade 12 co-educative girls performed significantly worth than both boys and girls attending
the single-sex school, which might be traced back to the lack of performance improvement
with age for co-educative girls obtained both here and in Titze et al. (in press).
These results are important, because the mental rotation gender effect, which is
described as the largest documented cognitive sex difference, as being stable and reliable over
life span (Halpern, 1989) and that is assumed to increase from childhood to adulthood (Linn
& Petersen, 1986), seems to be modifiable. Although the medium effect size – comparing 12th
grade boys and single-sex school girls – indicated that there still is a relevant effect, the
gender effect is halved compared to co-educative girls. This finding supports the assumption
that girls – under certain conditions – can improve their performance so that the gender gap
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might be reduced substantially. Thereby it is especially noteworthy that boys and single-sex
school girls improved their performance from grade eight to twelve equally.
The findings of this study are important for several reasons: The results illustrate the
influence of psycho-social aspects on mental rotation performance – although biological
aspects can presently not be neglected. The role of psycho-social influences, however, must
not be underestimated. We provided evidence that the scholastic setting affected girls’
performance to a substantial degree. In contrast to Inzlicht and Ben Zeev (2000) – who
showed that the sheer temporary absence of males lead to female’s improvement on cognitive
tasks – we found that girls improved their performance if – and only if – they attended a
single-sex school (12th grade). A gender-homogenous testing situation as realized in the
present study for all groups was not sufficient since these pupils still showed the well known
gender effect in favor of males. An account that might be able to explain these result is the
self-to-prototype matching hypothesis (see Niedenthal, Cantor & Kihlstrom, 1985; Hannover
& Kessels, 2004). If one has to opt between several alternatives, one first imagines the
prototypes that would opt for each of the alternatives (i.e. the type of person who enjoys
certain types of activities). The perceived similarity between one prototype and one’s
(favorite) self serves as an indicator for one’s choice: The better the match between prototype
and self, the stronger is the preferences to behave like the prototype. Thus, the self-toprototype matching seems to be a useful cognitive strategy in many domains of social life.
Regarding 8th to 9th graders, Hannover and Kessels (2004) found that pupils had built different
prototypes according to school subjects. They pointed out: “…, the smaller the discrepancy
between an individual’s perception of the prototype and his or her self-image the stronger was
his or her liking of the respective subject.” (Hannover & Kessels, 2004, p. 63). Furthermore,
Kessels (2005) showed that pupils expected girls, who excelled in physics, to be less
attractive for boys. These results suggest that – especially during adolescence – development
of scholastic interests is – at least partly – based upon development of identity: A girl, who
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wants to be perceived as (an attractive) female by their peers might have to depreciate
typically male behavior/ interests. Thus, in terms of school, especially sciences will be judged
negatively by girls. But Kessels and Hannover (2008) found that girls reported a better
physics-related self concept (i.e. a typically “male subject”) if they attended single-sex
classes. The authors assumed that single-sex education leads to a less distinct accessibility of
gender-related self-knowledge compared to co-educational schooling. This explanation might
also be true for our results: girls attending the single-sex school were probably less prejudiced
to the “male” mental rotation task. We have to realize, however, that we obtained these results
only in grade twelve, but not in grade eight were puberty is most pronounced. To investigate
the exclusive impact of single-sex education on mental rotation performance as a typically
male task, more data are definitely needed. Our results should not only be replicated, but also
expanded to other tasks but the MRT. Moreover, a validation on the basis of a longitudinal
study would be quite essential.
Our research definitely should not be interpreted as saying that we should all
immediately enroll our daughters in single-sex schools, although our results are in line with
studies that focused on distinct academic performance tasks (see e.g., Kessels, 2007). Little is
known about the impact of single-sex schools on social behavior or aggression. Additionally,
the discussion, whether single-sex schooling should be maintained or whether a separated-bysex schooling in sciences is a way to ease girls the access to sciences is widely discussed and
not only an educational but also a political question. Our results, however, provide some
additional food for thought, and research since little is known about the effect of pupils’ age
when single-sex schooling is introduced.
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Figure Captions

Figure 1: This figure shows the first task from version A and version B of the MRT. The
participant has to mentally rotate the four sample stimuli on the right to decide whether it
matches the target item or not. Two out of four alternatives match to the target item.

Figure 2: This figure shows the mean performance in the MRT as function of age and testmode. Error bars represent standard errors respectively.
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Gender Differences in the
Mental Rotations Test (MRT)
Are Not Due to Task Complexity
Corinna Titze, Martin Heil, and Petra Jansen
Institute of Experimental Psychology, University of Düsseldorf, Germany
Abstract. Gender differences are one of the main topics in mental rotation research. This paper focuses on the influence of the performance factor task complexity by using two versions of the Mental Rotations Test (MRT). Some 300 participants completed the test
without time constraints, either in the regular version or with a complexity reducing template creating successive two-alternative
forced-choice tasks. Results showed that the complexity manipulation did not affect the gender differences at all. These results were
supported by a sufficient power to detect medium effects. Although performance factors seem to play a role in solving mental rotation
problems, we conclude that the variation of task complexity as realized in the present study did not.
Keywords: gender differences, visual-spatial cognition, mental rotation, task complexity

Whereas females outperform males on, for example, measures of verbal fluency, males outperform females on certain tests of spatial ability (e.g., Halpern, 1992). This male
advantage is largest on tasks involving mental rotation (Voyer, Voyer, & Bryden, 1995), and within these, it is largest
on the MRT (Mental Rotations Tests; Vandenberg & Kuse,
1978; Peters, Laeng, Latham, Jackson, Zaiyouna, & Richardson, 1995). The MRT consists of 24 items, each presenting a 3-D target block figure (taken from Shepard & Metzler, 1971) and four choice figures. Two of these are identical to the target but are rotated in depth, while two can not
be matched regardless of how they are rotated. Usually (see
Voyer et al., 1995), a single point is given if and only if
both correct matches are identified. The test is usually presented in two sets of 12 items each, with a 3-min time constraint for each set.
Despite an enormous amount of research, the cause(s)
for the gender difference, however, are still far from being
understood. The explanations being offered include psychosocial ones (such as stereotype threat, Shih, Pittinsky,
& Ambady, 1999; sex role identification, Signorella &
Jamison, 1986; or differential experience and socialization,
Baenninger & Newcombe, 1989) and biological-neuronal
ones (such as sex hormone level, Imperato-McGinley, Pichardo, Gautier, Voyer, & Bryden, 1991; rate of maturation,
Sanders & Soares, 1986; or cerebral lateralization, McGlone, 1980) and, for all of them, a certain amount of empirical support exists.
At the same time, however, these explanations run the
risk of overgeneralization and, thus, it might help to identify in detail the empirical facts that have to be explained,
especially to identify which task factors do and do not afJournal of Individual Differences 2008; Vol. 29(3):130–133
DOI 10.1027/1614-0001.29.3.130

fect the size of the gender difference. For our present study,
two task factors are especially relevant, i.e., time constraints and task complexity. Goldstein, Haldane, and
Mitchell (1990) reported findings that the gender difference on the MRT disappears when subjects were allowed
sufficient time to attempt all items or when the scoring procedure was controlled for the number of items attempted.
In contrast to Goldstein et al. (1990), however, and in line
with the majority of the published data (see, e.g., Delgado
& Prieto, 1996; Resnick, 1993), Masters (1998) showed
that the gender difference was not affected by time constraints. Neither the scoring method nor the time limits used
modified the size of the gender difference, a result which
was also obtained by Peters (2005). Peters found evidence
that although females attempted fewer items than males
under the standard timing condition, the magnitude of the
gender difference did not change when subjects did the
MRT with double the usual time allowed for the test. Thus,
one can conclude that time constraints are not critical for
gender differences in the MRT.
Additionally, the Peters study presented one very interesting and, hitherto, not sufficiently considered finding that
might be crucial for understanding the causes for the gender difference in the MRT: In Experiment 3 of Peters
(2005), a selected sample of subjects dealt with the MRT
twice. These subjects were drawn from a larger sample pretested on the MRT and were selected on the basis of scoring
within one standard deviation of their gender mean. As a
consequence, gender differences in both the initial and the
second MRT administration resulted in an effect size of
Cohen’s (1977) d greater than 1. In between the two MRT
administrations, subjects solved a chronometric version of
© 2008 Hogrefe & Huber Publishers
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Figure 1. An example of an item used in the Mental Rotations Test. The target item is shown on the left and the four
sample stimuli are presented aside. Always two of these are identical to the target item but are rotated in depth.

the mental rotation task with pairs of cube stimuli of the
kind encountered in the MRT. In chronometric studies of
mental rotation, two stimuli are presented with varying angular disparity, and response times and error rates are measured when participants decide whether these two match
when mentally aligned. Interestingly, in this sample preselected to establish substantial and reliable gender differences in the MRT, no gender difference at all was observed for
the chronometric version of mental rotation (see also Jansen-Osmann & Heil, 2007, for corroborative results). This
finding raises the (important) question of the task factors
that differ between the MRT and the chronometric version
of mental rotation and that might be responsible for the
(non)existence of gender differences in performance. Thus,
identifying these task factors might be crucial to understanding the causes of the gender difference.
Obviously, the MRT and the chronometric version of
mental rotation differ in a number of aspects. The MRT is
a paper and pencil test that differs from a computer-administered task. On the one hand, the computer task forces participants to respond to all items whereas with the paperpencil test, participants have greater control how they manage their time and effort. For example, they could decide
to spend more time on difficult items, to skip these but
return to them later, double-check the answers at the end,
etc. On the other hand, only one item has to be compared
with another one in the computer task, whereas in the MRT
participants have to compare one item with four items. This
task is much more complex than the two-alternative forcedchoice task because all five items are presented at the same
time, look very similar, and might give the impression of a
very complex and difficult task. This impression might
evoke more strongly the stereotype of being unable to solve
spatial problems in women (compare Shih et al., 1999).
To investigate this phenomenon of task complexity we
compared two groups of participants with one solving the
MRT in the standard version but without any time limit.
The second group solved the MRT with the aid of a template that, per item, breaks down the two-out-of-four alternatives choice into four consecutive two-alternative
forced-choices, similar to the tasks in the computer tests.
© 2008 Hogrefe & Huber Publishers

Methods
Participants
In this study 300 subjects (150 women) participated. Their
age ranged from 18 to 35 years (M = 24). This homogeneous group of participants was recruited on campus and
needed to have the school-leaving examination to be allowed to take part in this experiment. Half of the subjects
were assigned randomly to the template group; the other
half to the nontemplate group.

Material and Procedure
We used the paper-pencil MRT, (Version A) redrawn by
Peters et al. (1995), which was originally developed by
Vandenberg and Kuse (1978) with figures created by Shepard and Metzler (1971). This test consists of two sets with
12 items that contain respectively a target item on the left
side and four sample stimuli on the right. Participants had
to identify those two out of four sample stimuli that show
the target item in a rotated version. Figure 1 shows an example of the items used.
In the original test of Peters et al. (1995), the items were
presented to the participants on four DIN A-4 sheets, with
six items per sheet and a 3-min deadline to solve a set of
12 items (6 min for the entire test). Instructions were given
in written form, followed by three training items so that
participants became familiar with the task. The correct solutions of these training items were shown at the end of the
page. We used the original test but abandoned any time
limit, i.e., participants were allowed as much time as needed to solve all 24 items. Moreover, participants were explicitly instructed to attempt a solution to all items.
In the template group, participants solved the MRT with
the help of a 50 × 30 cm black board template with a 5 ×
20 cm horizontal whole in its middle. The template allowed
participants to watch exactly one item at a time. Additionally we used two more black board templates measuring 5
× 7 cm and 5 × 4 cm, respectively. These templates were
constructed to mask three out of the four sample stimuli to
Journal of Individual Differences 2008; Vol. 29(3):130–133
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ensure that subjects always compared just one sample stimulus with the target item. In this way, the two-out-of-four
alternatives choice usually inherent in the MRT was broken
down into four consecutive two-alternative forced-choices
that subsequently were checked to fulfill the criterion of
two positive and two negative choices.
The participants were tested individually. An investigator was present in each test session in both experimental
groups. First, participants read the instructions and solved
the three training items. Participants in the template group
were not allowed to inspect all four sample stimuli before
solving an item. They just saw the target item on the left
side all the time and only one by one of the sample stimuli.
By using the template, three of the four sample stimuli were
masked by the investigator so that the participant had to
compare each sample stimulus individually with the target
item. When the participant had made his or her decision,
this stimulus was masked and the next one was uncovered
until all four sample stimuli were decided. When one item
had been finished, participants checked with the help of the
investigator if exactly two answers were marked as correct.
If there were correct answers missing or if more than two
sample stimuli were marked correct, the participant was
asked to correct his or her choices but was now allowed to
view all four sample stimuli at the same time, so that they
had to fulfill again a two-alternative forced-choice task. To
be sure that participants could not see the test as a whole
the covering templates were operated by the investigator.

Statistical Analysis
The standard scoring method proposed by Peters et al.
(1995) was used: One point was given if and only if both
correct sample stimuli of a target item were marked correctly. Thus, participants could obtain 24 points maximum.
The design of the study involved two factors: Gender
(male, female) and Experimental group (with or without template). The dependent variable was the number of correctly
answered items in the MRT-A. Given a total sample size of
N = 300 and a desired level of significance α = .05, effects of
size d = 0.5 (that is, medium effects as defined by Cohen,
1977) could be detected with a probability 1-β = .951.

Results and Discussion
An ANOVA revealed a significant main effect of Gender with
F(1, 296) = 13.26, p < .001; men gaining in mean two points
more than women. The effect size of this gender difference
amounted to d = 0.42. No main effect of factor Experimental
group, F(1, 296) = .32, ns, was found. There also was no
significant interaction between both factors, F(1, 296) = .07,
1

ns. The effect sizes did not differ significantly depending upon whether participants did or did not use the complexity
reducing template (d = 0.45 vs. d = 0.40). The means and their
standard errors are presented in Table 1.
Table 1. Means and standard errors in the MRT as a function of subjects’ gender and experimental group
Gender

Complexity of stimuli

Mean
correct

Standard
error

Male (N = 150)

with pattern (N = 75)

21.21

.54

without pattern (N = 75)

20.76

.50

total
Female (N = 150) with pattern (N = 75)
without pattern (N = 75)
Total (N = 300)

20.99

.37

19.01

.56

18.91

.59

total

18.99

.40

with pattern (N = 150)

20.14

.40

without pattern (N = 149)

19.83

.39

total

19.98

.28

Discussion
The present study aimed to identify relevant task factors, such
as task complexity, which might affect the size of the gender
difference in mental rotation. Recently, Peters (2005) observed no gender differences at all for the chronometric version of mental rotation with pairs of cube stimuli similar to
the ones used in the MRT in a sample preselected to establish
substantial and reliable gender differences in exactly this
MRT. The absence of gender differences in a same/different
judgment with comparable stimuli in a sample that reliably
produced a gender-effect size of about one standard deviation
in the MRT is an intriguing finding that deserves to be explained. Moreover, the reason for this discrepancy might also
turn out to be a prime candidate for explaining gender differences in spatial cognition in general.
Obviously, the MRT and the chronometric version
used by Peters (2005) differ in a number of aspects, and
substantial research efforts are needed to identify the relevant task factors. In this paper, we concentrated on one
important aspect, i.e., the complexity of the task, especially the decision required. Whereas the MRT asks for
two-out-of-four alternative choices, the chronometric
versions usually use a two-alternative forced-choice task.
Our aim was to realize a test situation comparable to the
standard MRT as much as possible. Therefore, we used
the original paper-and-pencil MRT und reduced the complexity of the experimental group from the two-out-offour alternative choices to four consecutive two-alternative choices, which subsequently had to be checked to
fulfill the criterion of two positive and two negative ones.
This manipulation capitalized on the findings of, e.g.,
Masters (1998) and Peters (2005) that the gender differ-

All power calculations reported in this article were conducted using the G·Power program (Erdfelder, Faul, & Buchner, 1996).
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ence in the MRT was not affected by time constraints. In
line with these results, we obtained a reliable gender difference of medium effect size according to the definition
of Cohen (1977) although (1) subjects were tested individually, (2) no time constraint was realized at all, and
(3) all subjects attempted to solve all items. The complete
removal of time constraints, in fact, directly asks for an
individual testing situation. As a consequence, the average number of 20 problems solved correctly was substantially larger than what is usually observed with time constraints in a group-testing situation (e.g., about 12 problems in Peters, 2005). Nevertheless, although all subjects
in both the control and the experimental group attempted
to solve all items, men, on average correctly, solved two
more problems than women did.
The manipulation of task complexity, however, did not
affect the size of the gender difference at all. This conclusion is supported by the power of 96% to detect an
effect of complexity. Whatever the relevant task factor is
to explain the intriguing finding of Peters (2005), task
complexity does not seem to be critical. More research is
needed to solve this puzzle. We started with the aim of
eliminating the gender difference in the MRT by introducing as few modifications to the MRT as possible,
therefore, we did not split the MRT in separate two-alternative forced-choice tasks on a computer screen. However, an alternative approach might be to start from the
chronometric version of the mental rotation task to identify what modifications are needed to evoke the gender
difference that is absent in the chronometric version but
is reliable in the MRT. With this paper we made a first
contribution to the research efforts that are needed – and
as a result, we have to exclude task complexity as realized here as a factor responsible for the gender difference
in the MRT.
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Pairwise Presentation of Cube Figures
Does Not Reduce Gender Differences
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Abstract. Gender differences still are one of the main topics in mental rotation research. Quite a number of different approaches aim
to uncover the reasons for the substantial effect sizes observed. In this paper, we focus on the performance factor task complexity, which
may contribute to gender differences. A pairwise paper-pencil presentation mode – using the original but rearranged items of the classic
MRT by Peters et al. (1995) – was chosen to investigate mental rotation performance of adults. A total of 72 participants were asked
to complete a complexity reduced version of the MRT: They had to complete simple “same-different” judgments without any time
constraints instead of regular “two-out-of-four-alternatives” choices. Results revealed that the reduction of complexity did not affect
the gender differences at all: Men outperformed women in both accuracy and speed. The reasons for these results are discussed.
Keywords: gender differences, visual-spatial cognition, mental rotation, task complexity

Introduction
In the early 1970s, Shepard and Metzler (1971) developed
the first chronometric mental rotation test using two-dimensional drawings of three-dimensional cube figures rotated in depth. Participants were presented pairs of cube
figures and asked to decide as quickly and accurately as
possible whether these were identical or mirror-reversed
versions. At that time, no results concerning gender differences were presented – although these cube figures later
turned out to produce the most stable and reliable gender
differences found in cognition (Voyer, Voyer, & Bryden,
1995). Vandenberg and Kuse (1978) used the Shepard and
Metzler (1971) figures to develop the first paper-pencil
Mental Rotations Test (MRT). Participants had to identify
two correct stimuli out of four alternatives that matched the
target item. Stimuli were rotated about the vertical axis.
Using this test, clear evidence for a gender difference
favoring males emerged. Two meta-analyses (Linn & Petersen, 1985; Voyer et al., 1995) validated this phenomenon
by reporting large effect sizes (see Cohen, 1977) for the
MRT of about d = 1.0, which clearly exceeded effect sizes
found if other mental rotation tests were used. Peters et al.
(1995) redrew the original Vandenberg and Kuse’s test
without modifying the design and the concept of the test
(see Figure 1): Participants have to identify two among the
four alternatives that matched the target. In its versions A
and B, stimuli were rotated about the horizontal or the ver© 2010 Hogrefe Publishing

tical axis. Compared to the original Vandenberg and Kuse
(1978) study, effect sizes did not change discernibly (Peters
et al., 1995). In the following, we focus on Peters’ version
of the MRT because most actual studies applied this test
rather than the Vandenberg and Kuse’s (1978) original version.
Although effect sizes are impressive and various explanatory approaches for the occurrence of the gender differences were offered – starting from biological-neuronal
(e.g., Hausmann, Slabbekoorn, Van Goozen, Cohen-Kettenis, & Güntürkün, 2000; Imperato-McGinley, Pichardo,
Gautier, Voyer, & Bryden, 1991) to psychosocial (Moè &
Pazzaglia, 2006; Shih, Pittinsky, & Ambady, 1999) – the
question remains whether gender differences can be modulated by changing task factors that rely on the MRT itself.
There are at least three task factors that might be relevant:
The task complexity and the test mode, which are usually
linked (“same-different” judgments as required in chronometric computer administered tasks vs. “two-out-of-fouralternatives” choices as demanded in the paper-pencil
MRT) as well as conducting test sessions with and without
time constraints might influence the magnitude of the gender differences found.
For the latter case, there are somewhat inconsistent findings. Goldstein, Haldane, and Mitchell (1990) found that
gender differences disappeared if participants were allowed sufficient time to attempt all items. In contrast, Masters (1998) showed that gender differences were not affectJournal of Individual Differences 2010; Vol. 31(2):101–105
DOI 10.1027/1614-0001/a000018
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Figure 1. An example of an item used
in the Mental Rotations Test (MRTA). The target stimulus is shown on
the left, and the four sample stimuli
are presented aside. Two of these are
identical but rotated versions of the
target stimulus.

ed by time constraints (for corroborative results see, e.g.,
Delgado & Prieto, 1996; Resnick, 1993). Furthermore, Peters (2005) found evidence that, although females attempted fewer items than males under standard timing condition,
the magnitude of the gender difference did not change
when participants did the MRT with double the usual time
allowed for the test.
We especially focused on the factor task complexity, i.e.,
the number of alternatives that have to be compared to the
target item. In the paper-pencil MRT (Peters et al., 1995),
participants have to compare four alternatives with the target item and to decide which two match the target item.
This task is more complex then comparing, say, one alternative with one target item in a pairwise presentation task
used in chronometric studies. There is evidence that gender
differences decrease – or disappear altogether – if the cube
figures are presented pairwise in a computer-administered
chronometric task. In Peters’ (2005) Study 3, participants
solved a chronometric version of a mental rotation task
with same-different judgments for pairs of the MRT cube
stimuli, whereby no gender differences at all were observed
regarding reaction times (there are no separate statistics for
accuracy because it was close to 100%). Similarly, JansenOsmann and Heil (2007) did not find any gender differences when presenting cube figures pairwise in a chronometric
study. Consequently, it might be possible to eliminate gender differences in the paper-pencil MRT by presenting the
cube figures pairwise. Additionally, from another point of
view it might be interesting to realize a complexity-reduced
version of the MRT: Voyer and Saunders (2004) pointed
out that men and women differ regarding their propensity
to guess. In the standard MRT, participants have to cross
out two of four answers, with men having a higher propensity to guess whereas women show a greater reluctance
(i.e., resulting in more blank responses). Thus, using a complexity-reduced version where participants definitely have
to decide between two alternatives might counterbalance
the gender differences in guessing. Furthermore, Peters and
Battista (2008) pointed out that the performance differences found in previous studies comparing a pairwise presentation to a two-out-of-four-alternatives task might be partially explained by differences in “nonuniformity of stimulus material,” “required memory load,” and
“interindividual differences” (for details, see Peters & Battista, 2008). Therefore, it is necessary to control these factors thoroughly in future studies.
In a first attempt, we recently tried to assimilate the complexity of the paper-pencil MRT to the chronometric pairJournal of Individual Differences 2010; Vol. 31(2):101–105

wise presentation mode (Titze, Heil, & Jansen, 2008) while
introducing as few changes as possible concerning the design of the MRT. We used the MRT in its standard format
and, additionally, a template that created consecutive samedifferent judgments. It allowed the participants to compare
the target item on the left with exactly one item of the four
sample stimuli. As in a chronometric task, participants had
to decide whether both stimuli presented were identical or
different. After participants had finished one comparison,
the next sample stimulus was uncovered until all decisions
were made. In this way, we aimed to break down the twoout-of-four-alternatives choice into four consecutive choices for each item. Participants were told that, although they
had to do four single comparisons for each item, two out
of four stimuli match the target. An investigator checked
that this criterion had been fulfilled for each item. Nevertheless, this manipulation did not affect gender differences
compared to a standard, nontemplate group: Men still outperformed women significantly. Unfortunately, however, it
is not fully clear whether or not the reduction of complexity
by the manipulation chosen was fully successful. Since the
investigator was present all the time, this might have been
a stressful situation that may have led to poor results – especially among the female participants.
Therefore, in this study we developed a pairwise paperpencil-test and reduced the task complexity consistently by
breaking down the two-out-of-four-alternatives choices into four consecutive “same-different” judgments – identical
to the chronometric computer administered tasks. Thus, we
rearranged the original stimuli of the MRT to create pairs
of cube stimuli. Furthermore, no time constraints at all were
applied. Finally, participants were tested individually to
avoid a gender-competitive situation.

Methods
Participants
Altogether, 72 adults (36 women/36 men) participated.
Their age ranged from 19 to 42 years (M = 24.25, SD =
4.8). Participants were recruited on a university campus
and needed to have had a final examination to be allowed
to take part in this experiment. Participants older than 45
years were not allowed to take part. Furthermore, dexterity
was required. Participants were paid e 3 for their participation.
© 2010 Hogrefe Publishing
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Material and Procedure
For this study we created a modified version of the paper-pencil Mental Rotations Test (MRT, Version A) redrawn by Peters et al. (1995). The original version of the test consists of
two sets of 12 items each contain a target stimulus on the left
side and four sample stimuli on the right, respectively. Two
of these were identical but rotated versions of the target stimulus, whereas the others did not match regardless of the rotation made. Participants had to identify the sample stimuli that
matched the target one. Figure 1 shows an example.
The new paper-pencil version was constructed as follows: Instead of 24 two-out-of-four-alternatives choices
(as in the original MRT), the new version consists of 24
× 4 pairwise same-different judgments, split up in two
sets again. Each of the 24 original target stimuli was
printed four times with one of the four original sample
stimuli at a time. Afterwards, the new pairwise items
were arranged in random order. Participants had to mark
with a cross the same box beside the stimuli if both stimuli were identical and the different box if they were not.
Figure 2 shows an example. Thus, participants had to
solve 96 same-different judgments in total.
In line with the original test, instructions were given in
written form. Three training items followed to familiarize
the participants with the task. The correct solutions of the
training items were given at the end of the page. In contrast
to the original test, no time limit (i.e., usually 3 min. per
set) was applied. As in chronometric studies, participants
were allowed as much time as needed to solve each item.
The overall time needed to finish the full test was taken by
the experimenter. Participants were tested individually and
were instructed to answer as quickly and accurately as possible. The completion of the test took between 6.0 and 45.8
minutes (M = 19.01, SD = 8.36).

Statistical Analysis
Two different scoring methods were used: First, one point
was given for each correct same-different judgment (SDJ)
for a maximum of 96 possible points. Second, the standard
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scoring method proposed by Peters et al. (1995) – that is
valid for the test with 24 two(2)-out-of-four(4)-alternatives
choices – was applied to the new version (2oo4): We rearranged the 96 pairs of items to recreate the 24 original
items. One point was given if (and only if) both sample
stimuli that belonged to a target stimulus were marked correctly. Thus, participants could obtain here a maximum of
24 points.
The design of the study involved Gender (male, female)
as independent variable and Number of correctly answered
items and Time to answer all items as dependent variables.
Given a total sample size of N = 72 and a desired level of
α = .05, effects of size d = 0.86 (that is, large effects as
defined by Cohen, 1977) could be detected with a probability 1 – β = .951.

Results
The scoring methods (SDJ vs. 2oo4) showed a near-perfect
correlation (r = .96, p < .01). Split-half reliability of both scoring methods turned out to be very satisfying (α = .91 and α =
.88 for SDJ and 2oo4, respectively). Using the SDJ scoring
method, men obtained M = 89.03 (SD = 4.63) out of 96 points,
whereas women obtained M = 80.92 (SD = 11.7) points. The
effect size indicated a large effect of d = .91. With scoring
method 2oo4 men received M = 17.89 (SD = 3.69) out of 24
points, whereas women received M = 13.56 (SD = 6.69)
points. The effect size indicated a large effect of d = .80, too.
A MANOVA revealed a significant main effect of Gender – independent of the scoring method used (SDJ:
F(1, 70) = 14.95; p < .001, η² = .176; 2oo4: F(1, 70) =
11.55; p < .001, η² = .142) – with men outperforming women.
Regarding the time participants took to solve the test, we
found that men performed significantly faster than women,
F(1, 70) = 1.97; p < .05, η² = .027; men: M = 17.63 minutes,
SD = 6.82 to women: M = 20.38 minutes, SD = 9.55, with
a small effect size of d = .33. Interestingly, the time to finish
the test was not correlated with either of the performance
scores (rSDJ = –.18, p = .13 and r2oo4 = –.15, p = .19).
Figure 2. Item 1 from the new version
of the MRT is shown. Only two stimuli have to be compared and a “same”
versus “different” judgment is required.

1

All power calculations reported in this article were conducted using the G*Power program (Faul, Erdfelder, Lang, & Buchner, 2007).
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Discussion
The study shows that a reduction of task complexity – here
test mode and time constraints – did not affect the gender
differences in a mental rotation task. Men outperformed
women regarding the number of items answered correctly
independent of the scoring method used. Large effect sizes
(see Cohen, 1977) of about d = .90 indicate fundamental
gender differences comparable to the effects sizes reported
in the meta-analysis by Voyer et al. (1995)2. Although both,
Peters (2005) as well as Jansen-Osmann and Heil (2007),
did not find gender differences using a chronometric mental rotation task with pairs of cube stimuli, in the paper-pencil version used here, gender differences did occur. Moreover, in the present study the overall time needed to solve
the test differed between genders, whereas Peters (2005) as
well as Jansen-Osmann and Heil (2007) did not find gender
differences in the reaction times of the same-different judgments. The present finding, namely, that speed and accuracy were not correlated, however, needs further attention.
The results presented in this study are in contrast to several other findings (e.g., Peters, 2005; Jansen-Osmann &
Heil, 2007). The most obvious, although trivial and therefore maybe irrelevant, difference is the presentation mode
of the stimulus material: Pairwise comparisons of three-dimensional cube figures are used either in a computer or in
a paper-pencil version. There is evidence that the presentation mode may influence test performance directly: Hänsgen (2001) pointed out that – especially regarding performance tests – the transfer from a paper-pencil test to a computer-administered test may lead to performance
divergences. Consequently, the original MRT (i.e., choosing two correct alternatives among the four stimuli) should
be presented as a computer-administered task. If test presentation mode does not play a role, then substantial gender
differences should occur irrespective of presentation mode.
Another – more plausible – explanation is based on differences in the stimulus material itself: As Voyer and Hou
(2006) pointed out, items used in the MRT differ in their
distractor configuration: Some distractors are mirror-reversed images of the target stimulus, whereas others are
totally different block configurations – something not used
at all in chronometric studies. Additionally, the MRT items
differ regarding their occlusion: As a result of rotation,
some correct alternatives or distractors are fully or at least
partly occluded, leading to a misperception of the shape. In
chronometric studies (e.g., Jansen-Osmann & Heil, 2007),
occlusion is usually avoided. Thus, different findings concerning gender differences in the pairwise paper-pencil
versus the chronometric task may be caused by stimulus
specific differences. More data are needed to investigate
this hypothesis in detail.
2

Our aim was to develop a paper-pencil test that uses the
MRT cube figures – which are well known to yield large
gender differences – but is as similar as possible to the format of chronometric tests. Therefore, we used the original
paper-pencil MRT and reduced the task complexity from
two-out-of-four-alternatives choices to consecutive samedifferent judgments. With this paper we replicated our finding that a reduction of task complexity to a pairwise presentation mode does not eliminate or even affect gender
differences in mental rotation performance (Titze et al.,
2008). As a consequence, although gender differences in
guessing behavior might affect gender differences in the
original MRT (Voyer & Saunders, 2004), they do not account for a substantial part of the gender differences in
mental rotation performance as such. The task factor that
is accountable for different results in computer-administered vs. paper-pencil tasks still has to be identified. Finally,
since researchers are often reluctant to use the MRT with
children because of the complexity of the test (see, e.g.,
Johnson & Meade, 1987); our data suggest that the simplified version presented here might constitute a reasonable
alternative to investigate the development of gender differences in mental rotation.
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