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ABSTRACT

In order to explore the developmental patterns of sex differences in verbal and visuospatial abili-
ties, the present study investigated sex differences in various cognitive abilities among children
and adults. Three hundred and twenty-six children and adults completed a battery of six cognitive
tasks testing two sets of abilities: The verbal cognitive battery tested verbal fluency and short-term
memory tasks. The visuospatial battery tested mental rotation, localization, and form-completion
tasks. Results showed a significant Sex x Age interaction on the mental rotation task, with men
outperforming women in the 3D task, but with no sex differences shown in childhood in the 2D
task. Sex differences in verbal fluency were found, with girls and women outperforming boys and
men in this task. Findings are discussed within an integrative approach of biological as well as en-

developmental pattern vironmental factors.

INTRODUCTION

Are sex differences in cognitive abilities evident early in life and mag-
nified throughout development? Or are they established in adult life?
And do different cognitive abilities follow the same developmental
path? The present study aimed at investigating sex differences in vari-
ous verbal and visuospatial abilities in childhood and adulthood. Sex
differences in cognition received consistent support in adults. Men
outperform women in visuospatial abilities, whereas women outper-
form men in verbal abilities (Halpern, 2012; Hines, 2004). Although
research focusing on visuospatial abilities found that men outperform
women on many tasks (e.g., navigation strategies and geographic ori-
entation; Driscoll, Hamilton, Yeo, Brooks, & Sutherland, 2005; Iachini,
Sergi, Ruggiero, & Gnisci, 2005; Parsons et al., 2004), the largest ef-
fect size has been found on mental rotation (e.g., Barel & Tzischinsky,
2017; Burton & Henninger, 2013; Hines et al., 2003; Peters, Manning,
& Reimers, 2007; also see Linn & Petersen, 1985; and Voyer, Voyer,
& Bryden, 1995, for meta-analyses). Linn and Petersen's (1985) meta-
analysis provided evidence for sex differences in different aspects of
spatial cognition with mental rotation tasks, which involve rotating
figures in depth or in the picture plane, showing large sex differences
(Cohen's d = 0.73), followed by spatial perception tasks, which involve

determining spatial relations in the presence of distractors (e.g., the

Water Level Test), showing medium size sex differences (Cohen's d =
0.44) favoring male participants. Women have been found to outper-
form men in verbal abilities, especially verbal memory (e.g., Bleecker,
Bolla-Wilson, Agnew, & Meyers, 1988; Kramer, Delis, & Daniel, 1988)
and verbal fluency (e.g., Burton & Henninger, 2013; Weiss, Kemmler,
Deisenhammer, Fleischhacker, & Delazer, 2003). In other areas, such
as vocabulary, verbal reasoning, and line orientation (Kimura, 2002),
the findings are inconsistent.

In comparison with the consistency found in adults for sex differ-
ences in cognitive abilities, the age at which these differences emerge
is unclear. Empirical evidence for sex differences in cognitive abilities
prior to puberty did not produce unequivocal findings. Some studies
have suggested that sex differences in verbal abilities appear early in
life. For example, Lutchmaya, Baron-Cohen, and Raggatt (2002) dem-
onstrated that girls show superiority to boys in vocabulary develop-

ment, with 2-year-old girls using significantly more words than boys.
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Zambrana, Ystrom, and Pons (2012) documented sex differences in
language comprehension at 18 and 36 months of age favoring girls at
both time points. The developmental patterns of sex differences were
also examined in a meta-analysis conducted by Hyde and Linn (1988).
They reviewed the literature concerning sex differences in various ver-
bal abilities (e.g., vocabulary, comprehension) in different age groups.
They found that, across verbal tasks, sex differences were shown in
children younger than 5 and in adults over the age of 26. In between,
there were no notable sex differences.

Studies exploring individual differences and developmental aspects
in visuospatial abilities used various tasks, including mental rotation,
the Water Level Test, and block design. Studies of prepuberty children
provided mixed results with regard to sex differences in visuospatial
abilities. Some studies have demonstrated that the male advantage in
mental rotation is apparent as early as infancy. For example, two stud-
ies have shown male advantages in 2D and 3D object rotation in infants
aged 4 and 5 months (Moore & Johnson, 2008; Quinn & Liben, 2008).
Through a habituation paradigm, infants were familiarized with an ob-
ject; thereafter, they were presented with its mirror image and with the
same object rotated in angle (2D) or in depth (3D). Boys looked longer
at the mirror image than the familiar image. Nevertheless, not all in-
fant studies provided support for sex differences in mental rotation
task in infancy (e.g., Hespos & Rochat, 1997; Méhring & Frick, 2013).
In a similar vein, studies of preschool and school-aged children also
provided mixed results. For example, Frick, Ferrrara, and Newcombe
(2013) found sex differences in a mental rotation task involving match-
ing between puzzle pieces and their placement hole at age 5 but not
at age 4. Furthermore, Neuburger, Jansen, Heil, and Quaiser-Pohl
(2011) documented sex differences in mental rotation tasks involving
various stimulus types rotated in a picture with their mirror images
in the fourth but not in the second grade. Palejwala and Goldenring
Fine (2015) aimed to capture a wide developmental span, ages 2 to 7
years, in order to examine sex differences across these ages. They have
examined, among others, sex differences in visual processing via block
design and object assembly tasks, and found that sex differences at ages
2 to 3 were absent, whereas they emerged at ages 4 to 7.

Sex differences in short-term memory in children usually do not
generate significant results. For example, no sex differences were found
in a picture memory task and in a location memory task in children
aged 2 to 7 (Palejwala & Goldenring Fine, 2015). Another study used
several working memory and short-term memory tasks, including
listening recall, digit recall, and word recall tasks, in children aged 4.5
to 12 (Alloway, Gathercole, & Pickering, 2006). These diverse meas-
ures did not produce significant results. In contrast, Keith, Reynolds,
Roberts, Winter, and Austin (2011) reported sex differences in short-
term memory with the use of a latent variable approach. Girls outper-
formed boys at ages 5 to 13, whereas boys outperformed girls at ages
14 to 17.

The accumulated evidence regarding sex differences in cognitive
abilities throughout the life span suggests that sex differences in cog-
nition are magnified or become more common during adolescence

(Herlitz, Reuterskiold, Lovén, Thilers, & Rehnman, 2013). The un-

derlying mechanism for the developmental pattern of sex differences
in cognitive abilities involves a complex interplay between biological
and environmental variables. Among the environmental variables, play
experiences have been shown to be associated with higher perform-
ance in related cognitive skills. For example, boys tend to prefer playing
with construction toys that involve object manipulation and transfor-
mation, which has been associated with better performance on spatial
visualization tasks (e.g., Caldera et al., 1999). Another environmental
variable relates to the socio-cultural gender stereotypes. For example,
findings show that in Western cultures, boys are encouraged to play
with masculine-stereotyped toys (e.g., trucks, wooden blocks) whereas
girls are encouraged to play with feminine-stereotyped toys (e.g., dolls,
kitchen sets; Caldera, Huston, & O'Brien, 1989). As they develop, these
gender stereotypes shape men’s and women’s perceptions of separate
cognitive domains, which further influence men’s and women’s test
performances (Quaiser-Pohl & Lehmann, 2002).

Among the biological variables, endocrine factors such as sex hor-
mones have been suggested as important factors (Halpern, 2012). Sex
hormones, including androgens, estrogens, and progestins, can affect
a wide range of organs, including the brain. Their greatest effect oc-
curs during two sensitive periods in development: The first is during
the prenatal and/or neonatal period, the second during the postnatal
period (Collaer, Reimers, & Manning, 2007; Halpern, 2012). It has
been suggested that these sensitive periods in hormonal secretion are
associated with sex differences in cognitive abilities (Halari et al., 2005;
Hines, 2011; Kimura, 2002). Aside from the notion that sex hormones
activate neural circuits sexually-differentiated prenatally, puberty has
been indicated as another sensitive period of sex hormone-dependent
brain organization, with increased levels of sex hormones secretion
influencing changes in cognitive performance (Berenbaum & Beltz,
2011; Shangguan & Shi, 2009). This assumption regarding magnified
sex differences in cognitive abilities during puberty received support
from studies on brain development in adolescence. For example, tra-
jectories of white and gray matter development during adolescence are
sexually dimorphic (Lenroot et al., 2007). Furthermore, sexual dimor-
phism appears in brain regions containing significant populations of
sex hormones (Bramen et al., 2011), which, in turn, are involved in
individual differences in functions such as cognitive abilities (Herlitz et
al., 2013). The evolutionary framework posits that differing evolution-
ary forces are imposed on human males and females, resulting in dif-
ferences in anatomy followed by sexual differences in function (Geary,
2010; Lenroot & Giedd, 2010). Thus, in order to adapt to evolutionary
pressures, a differential corresponding neuroendocrine infrastructure
needs to develop in human males and females.

Activational influences of sex hormones on cognitive performance
received support from various lines of research in humans, includ-
ing hormone administration (e.g., Cherrier et al., 2001), variation in
cognitive abilities throughout the menstrual cycle (e.g., Hausmann,
Slabbekoorn, Van Goozen, Cohen-Kettenis, & Giintiirkiin, 2000),
and menopause studies (e.g., Carlson & Sherwin, 2000). However, the
question regarding the emergence of sex differences in cognition is still

unresolved. Previous suggestions postulated the assumption of differ-
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entiated influence on specific cognitive abilities. On the basis of this
assumption, sex differences in cognitive abilities are present prior to
puberty, but some sex differences appear to be larger in adults than in
children (Hines, 2004). Specifically, it has been proposed that sex dif-
ferences in some visuospatial abilities (e.g., mental rotation) are larger
in adults (Voyer et al., 1995).

In sum, previous studies have suggested that sex differences in
cognitive abilities are magnified and established during adolescence
and adulthood, and are proposed to be mediated by neuroendocrine
development in adolescence. In light of the suggested evolutionary
mechanism regarding differential evolutionary forces inflicted upon
men and women, and the supporting biological infrastructure develop-
ing during adolescence, it is assumed that sex differences in cognitive
abilities will emerge during adolescence especially in visuospatial tasks.
Therefore, the present study was designed to investigate developmental
patterns in sex differences in cognitive abilities. Specifically, the present
study assessed sex differences in visuospatial and verbal abilities using
a battery of six cognitive tasks adapted for children and adults. The ver-
bal cognitive battery includes verbal fluency and short-term memory
tasks. The visuospatial battery includes mental rotation, localization,
and form completion tasks (Gordon, 1986).

On the basis of the theoretical as well as the empirical literature, the
hypotheses are as follows:

H1: It is hypothesized that a Sex x Age interaction on visuospatial
abilities is found in adults, with men outperforming women, and no
sex differences in children.

H2: It is hypothesized that sex differences in verbal abilities are
found with female participants outperforming males, in both children

and adults, with a magnified effect in adults.

METHOD

Participants

Three hundred and twenty-six children and adults participated in
the present study. One hundred and fifty-seven were undergraduate
students from various departments: behavioral sciences (Psychology,
Education), social sciences (Sociology and Anthropology, Information
Systems, Economics, Accounting, and Management), and communi-
cation, at a college in the north of Israel. Eighty of the participants were
female (Mﬂge =26.04 + 3.45) and seventy-seven were male (Mﬂge =26.18
+ 2.78). One hundred and sixty-nine were children in grades 4 and 5
from four schools in the north of Israel (two schools from a medium-
high socioeconomic status background, and two schools from a low
socioeconomic status background). Eighty-seven of the participants
were female (M, = 10.34 + 0.61) and eighty-two were male (M, =
10.45 + 0.61; see Figure 1). All participants were right-handed accord-
ing to their subjective reports.

Adult participants were recruited through advertisements at the
college, and did not receive monetary compensation for their participa-

tion. Participants gave their informed consent. Children were recruited
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.Age x Sex pyramid diagram.

as part of their school assignment, following their parents providing

their consent for their child’s participation.

Measures

The study included demographic questions (sex, age) and six cognitive
tests that participants performed on a computer and using paper and

pencil.

COGNITIVETEST BATTERY

Six types of tasks were presented to the participants: three verbal
and three visuospatial cognitive tasks (Gordon & Harness, 1977).

Verbal cognitive tasks.

« Serial sounds: Eight easily recognizable sounds (telephone ring-
ing, chicken clucking, birdsong, guitar, trumpet, baby crying, bell, boat
horn) were presented in sequences of two, three, four, five, six, seven,
and eight items. Immediately after each sequence, participants were
instructed to list the sounds in the same order (Gordon, 1986).

o Serial digits: Digits (between 0 and 9) were presented in sequenc-
es of two, three, four, five, six, seven, eight, and nine digits. Inmediately
after each sequence of numbers, participants were instructed to list the
digits in the same order (Gordon, 1986).

o Verbal fluency: Participants were asked to generate as many
words as possible beginning with three specified letters of the Hebrew
alphabet (A, B, D). Proper names and different forms of the same word
(e.g., plurals) were not allowed. One minute was allocated for each let-
ter. The score represented the number of words generated for all three
letters (Gordon, 1986).

Visuospatial cognitive tasks.

» Mental rotation task: A computerized task involved three models
that were presented randomly on the screen. Pairs of photographs of
each model were prepared, in which the models appeared to be nearly
identical, except that they were rotated in space with respect to each
other. Participants were presented three models at a time and were
instructed to decide which two models were the same by mentally
rotating them. Each trial was displayed for 30 s and was separated from
the next pair by a rest period of 5 s, during which a white screen was
displayed. Eighteen trials were used; on each trial a score of 1 or 0 was
given, and then summed for each participant. Children were presented
with a 2D stimulus (Gordon, 1986; see Figure 2), and adults with a
3D stimulus (Shepard & Metzler, 1971; see Figure 3). The choice of
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FIGURE 2. @@

.2D mental rotation test (Gordon, 1986). ltem example.
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2 I 3

FIGURE 3.

3D mental rotation test (Shepard & Metzler, 1971). ltem
.example.

two different tasks for children and adults resulted from previous evi-
dence that the 3D tasks may be too cognitively demanding for children
(Hoyek, Collet, Fargier, & Guillot, 2012; Jansen, Schmelter, Quaiser-
Pohl, Neuburger, & Heil, 2013). Therefore, in the present study, in
order to use age-appropriate and -comparable paradigms, a 3D cubes
task was used in adults and a 2D abstract characters task (which has
been proven at the highest difficulty level among 2D stimuli; Hoyek et
al., 2012) were used in children.

o Localization: An x was shown at a certain location on a blank
rectangle for 3 s. Participants were instructed to place the mouse arrow
in the same location on a parallel blank rectangle with maximum accu-
racy. Absolute distance was calculated with a higher score representing
a poorer performance. Eighteen trials were presented; each trial lasted
20 s (Gordon, 1986).

» Form completion (closure speed): Twelve incomplete silhouettes
of familiar objects or scenes were presented in the form of black-and-
white paper cutouts on the computer screen. The items were chosen to
be as culture-free as possible. Participants were instructed to imagine
the complete silhouette and to identify and describe the object in one
or two words. Participants were given 20 s for each silhouette; on each

trial a score of 1 or 0 was given (Gordon, 1986).

Procedure

The study was approved by the Institutional Review Board. Participants
completed a brief demographic questionnaire followed by the cognitive
tests. For the computerized tasks, participants were asked to position

their heads approximately 50 cm from the center of the monitor and

to focus their gaze on the center of the screen. The cognitive tests took

approximately 60 min.

Statistical analysis

Cognitive ability variables were standardized to z-scores within age
group in order to provide a unified presentation scale. First, a series
of one-way analyses of variance (ANOVAs) and  tests was conducted
to rule out interference with study findings from the participants' field
of study in the adults sample and socioeconomic status (based on the
participant's school) in the children sample. In the adults sample, six
one-way ANOVAs were conducted with the participant's field of study
and the cognitive task as independent variables. In the children sample,
six  tests were conducted with the participant's school and the cogni-
tive task as independent variables. All analyses yielded nonsignificant
results (p >.05). Therefore, participants' field of study and participants'
socioeconomic status were excluded from further analyses. Next, we
examined a previous suggestion, viewing the verbal tasks cluster and
the visuospatial tasks cluster as two axes of capabilities (e.g., Gordon
& Lee, 1993). We conducted internal reliability tests in each cluster,
but the values were not satisfying (Cronbach's a = .43 for verbal abili-
ties, and .53 for visuospatial abilities). These results support the notion
that spatial and verbal cognition are not a singular function; rather,
they encompass a range of abilities (Iachini et al., 2005). Following this
notion, we conducted two separate two-way multivariate analyses of
variance (MANOVAs) for the visuospatial tests and for the verbal tests.
We have decomposed significant interactions with separate ¢t tests for

each age group.

RESULTS

Correlations Between Cognitive
Tasks

Table 1 shows the correlations between cognitive tasks for the full

sample.

TABLE 1.
Correlations

Serial Serial ~ Verbal = Mental e
sounds  digits  fluency rotation Localization

Serial sounds

Serial digits **30

Verbal fluency 29 .01

Mental rotation **.19 -.07 -.01

Localization **.12 -.02 *.14 .08

Form completion .04 HX_33  **18 .35 x40

Note. In bold: Correlations that remained significant after performing Bonferroni
corrections for multiple comparisons; the localization score is higher for poorer
performance. *p < .05 **p < .01 ***p <.001
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Verbal Abilities

A two-way MANOVA was conducted, with sex (male, female) and age
group (child, adult) as independent variables on the verbal tasks of se-
rial sounds, serial digits, and verbal fluency. A significant multivariate
effect of sex on the three dependent variables was found, Wilks' lambda
=.92, F(3,320) =9.38, p <.001, qu =.08. Each dependent variable was
subjected to a further ANOVA in order to examine whether the trend
is the same for each of the verbal tasks. For verbal fluency, the differ-
ence between males and females was significant, F(1, 322) = 26.27, p <
.001, npz =.08, with female participants outperforming males (see Table
2). However, differences in serial sounds and serial digits tasks were
not statistically significant, F(1, 322) = 2.06, p > .05, npl = .01, for serial
soundsand F(1,322) =1.32, p>.05,n * = .01, for serial digits. There was
no multivariate effect of age group on the three dependent variables,
Wilks' lambda = .99, F(3, 320) = 0.07, p > .05, r]PZ =.00. Furthermore,
the interaction between sex and age group was not significant, Wilks'
lambda = .98, F(3, 320) = 0.35, p > .05, 1, = .00.

Visuospatial Abilities

A two-way MANOVA was conducted, with sex (male, female) and age
group (child, adult) as independent variables on the visuospatial tasks

of mental rotation, localization, and form completion. A significant

multivariate effect of sex on the three dependent variables was found,
Wilks' lambda = .93, F(3, 311) = 7.31, p <001,  * = .07. Each depend-
ent variable was subjected to a further ANOVA in order to examine
whether the trend is the same for each of the visuospatial tasks. For
mental rotation the difference between males and females was signifi-
cant, F(1, 313) = 18.15, p < .001, npz = .06. However, differences in lo-
calization and form completion tasks were not statistically significant,
F(1,313) =2.44, p > .05, r]pz =.01, for localization, and F(1, 313) = 0.44,
p>.05,n,*=.00, for form completion. There was no multivariate effect
of age group on the three dependent variables, Wilks' lambda = 1.00,
F(3,311)=0.02,p > .05, r]p2 =.00. Nevertheless, the interaction between
sex and age group was statistically significant, Wilks' lambda = .97, F(3,
311) =2.97,p < .05, = .03. Each dependent variable was subjected to
a further ANOVA in order to examine the interaction between sex and
age group on each visuospatial task. The interaction between sex and
age group was nonsignificant for localization, F(1, 317) = 0.09, p > .05,
n,> =00, and for form completion, F(1, 317) = 0.44, p > .05, 1 > = .00.
However, there was a statistically significant interaction between sex
and age group on mental rotation, F(1,317) =8.78,p < .01,n * = .03; see
Figure 3. In mental rotation, simple main effects analysis showed that
adult males outperformed adult females (p < .001), whereas there were

no sex differences in children (p > .05).

TABLE 2.

Means (SD, z-Scores, Raw Scores) and Cohen's d For Sex Differences in Verbal and Visuospatial Cognitive Abilities

Children Adults
Boys (N=82)  Girls (N =87) d Men (N=77)  Women (N =8 0) d
Verbal ability
Serial sounds
z-scores  —0.13 (0.92) 0.12 (1.06) 0.25 -0.04 (1.13) 0.04 (0.86) 0.08
raw scores  81.96 (37.66) 91.98 (43.07) 111.09 (55.34) 114.68 (42.21)
Serial digits
z-scores  -0.26 (1.01) 0.07 (1.00) 0.32 -0.11 (0.59) 0.06 (0.85) 0.23
raw scores 7.72 (2.57) 7.95 (2.56) 9.58 (1.06) 9.88 (1.58)
Verbal fluency
z-scores -0.31 (0.94) 0.29 (0.97) 0.63*** -0.25 (0.97) 0.24 (0.98) 0.50**
raw scores 17.80 (6.47) 21.93 (6.65) 39.43 (10.69) 44.88 (10.82)
Visuospatial ability
Mental rotation
z-scores  0.07 (0.99) —0.07 (1.01) 0.14 0.39 (0.94) ~0.39(0.92)  0.84***
raw scores 15.41 (5.74) 14.98 (5.54) 15.23 (4.10) 11.35 (4.57)
Localization
z-scores -0.10 (0.88) 0.11 (1.08) 0.21 -0.06 (1.01) 0.08 (1.00) 0.14
raw scores 1.93 (0.36) 2.03 (0.45) 0.98 (0.74) 1.06 (0.72)
Form completion
z-scores 0.04 (0.97) 0.04 (1.01) 0.00 0.10 (1.01) -0.05 (0.99) 0.15
raw scores  13.43 (7.15) 13.67 (7.17) 12.18 (4.38) 11.34 (4.33)

Note. The localization score is higher for poorer performance; all cognitive ability tasks were standardized within age groups.

<014 p < 001
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FIGURE 4.

Means (£ SE) of z-scores for verbal cognitive tasks: serial

sounds, serial digits, and verbal fluency; for visuospatial

cognitive tasks: mental rotation, localization, and form
.completion.

DISCUSSION

The present study aimed at investigating developmental patterns in
sex differences on cognitive abilities. Specifically, the present study as-
sessed sex differences in visuospatial and verbal abilities in children
and adults. The hypotheses were partially supported. Sex differences
in verbal fluency were identified in childhood as well as in adulthood,
with females outperforming males. This finding is in accord with previ-
ous results demonstrating the emergence of sex differences in verbal
abilities in childhood, with no indication of these differences magni-
fied throughout development. For example, in a cross-sectional study
of children aged 12-14, Herlitz et al. (2013) documented sex differences
in verbal fluency without any indication for a larger magnitude during
adolescence. The authors suggested that, in contrast to the held notion
that sex differences are magnified during adolescence, supported by
evidence related to sex differences in cortical development (Lenroot &
Giedd, 2010), their findings, joined with the present findings, indicate
that sex differences in verbal abilities emerge before puberty and imply
that the source of these differences should be sought early in develop-
ment. Findings on other verbal tasks (short-term memory tasks) failed

to produce significant results. This is line with the empirical evidence

with regard to sex differences in memory tasks in children, usu-
ally implying no sex differences (e.g., Alloway et al., 2006; Palejwala &
Goldenring Fine, 2015). In contrast, our findings do not support previ-
ous findings of sex differences in memory among adult participants.
Previous studies have demonstrated female superiority in various
memory tasks, such as short-term word-recognition-memory (Weiss
et al,, 2003), verbal learning and short-term memory (Bleecker et al.,
1988), and free recall (Kramer et al., 1988). Nevertheless, other stud-
ies failed to document the female superiority; for example, in a serial
digits task and in a digit backward task, men and women did not differ
significantly (Duff & Hampson, 2001). This finding may be due to the
composition of our adult sample. Although the sample consisted of
participants from various departments, participants from disciplines,
such as Mathematics and Natural Sciences, were not represented in the
present study. Vocational interest was linked to dimensions related to
people versus things orientations (Lippa, 1998). Among the underlying
mechanism for these orientations are cognitive abilities. It has been
suggested, for example, that memory abilities are associated with the
people orientation that, in turn, is influential in vocational interest
related to social studies (Halpern et al., 2007). Perhaps the limited rep-
resentation of participants from Science, Technology, Engineering, and
Mathematics (STEM) fields may account for the lack of sex differences
in memory in the present study.

With regard to visuospatial tasks, empirical literature reported
consistently that the largest effect size of sex differences was found for
the mental rotation task (Levine, Foley, Lourenco, Ehrlich, & Ratliff,
2016). The present study aimed at capturing the developmental pattern
of the emergence of sex differences in mental rotation. The findings
revealed that sex differences are not apparent in children. In adults,
our findings supported previous studies demonstrating a large effect
size (d = 0.84). The present study's task was based on Shepard and
Metzler's (1971) three-dimensional mental rotation task, in which par-
ticipants are required to mentally rotate an object in three dimensions
to determine its matching to one of several other objects. Previous
meta-analyses (Linn & Peterson, 1985; Voyer et al., 1995) confirmed
that there is substantial male advantage on mental rotation tasks and
pointed out that the tasks which involve 3D rotations (as opposed to
rotating simpler shapes in the picture plane) produce the largest ef-
fect size, probably due to females’ difficulty to mentally rotate objects
in depth. In children, the present study used 2D stimuli, which have
not produced significant sex differences. Ruthsatz, Neuburger, Jansen,
and Quaiser-Pohl (2014) found that 10-year-old boys outperformed
girls in tasks with 3D cube figures rotated in-depth. Nevertheless,
other studies suggested that 3D tasks may be too cognitively demand-
ing for children (Hoyek et al., 2012; Jansen et al., 2013). For example,
studies that included 3D cubes tasks alongside 2D tasks showed that
children encountered difficulties performing the 3D cubes task and
concluded that this task is inappropriate for elementary school chil-
dren (e.g., Jansen et al., 2013). Therefore, a line of studies used vari-
ous versions of 2D tasks, which are generally found to be easier and
faster than 3D tasks (Hoyek et al., 2012). Still, the need for established

paradigms appropriate for elementary school children was apparent.
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Several studies tested children's performance on various 2D stimuli
using animal drawings (Kucian et al., 2007) or other familiar objects
(Ruthsatz, Neuburger, Jansen, & Quaiser-Pohl, 2015), alphanumeric
stimuli (Hoyek et al., 2012), or abstract characters (Hoyek et al., 2012;
Kail, Pellegrino, & Carter, 1980). They have demonstrated that various
2D stimuli differ in their difficulty level. Performances for familiar 2D
stimuli (e.g., animal drawings or alphanumeric stimuli) were found to
elicit higher accuracy scores and shorter response times as opposed to
abstract characters (e.g., Kail et al., 1980). Kail et al. (1980) proposed
that abstract characters are unfamiliar to both children and adults as
opposed to familiar (e.g., alphanumeric) stimuli. Encoding of a familiar
stimulus involves activation of an internal labelable pattern, whereas
encoding of an unfamiliar stimulus, which does not correspond to an
internal standard, requires much more processing resources, result-
ing in poorer performance in accuracy and response time. Moreover,
Hoyek et al. (2012) showed that middle school children outperformed
elementary school children in both 3D cubes and 2D abstract char-
acters, providing support to the 2D abstract stimuli as valid stimuli
assessing mental rotation performance in children. Therefore, in the
present study, in order to use age-appropriate and -comparable para-
digms, a 3D cubes task was used in adults and a 2D abstract characters
task (which has been proven at the highest difficulty level among 2D
stimuli) was used in children. Previous studies in school-aged children
using various 2D stimuli provided mixed results for sex differences
in mental rotation (e.g., Neuburger et al., 2011; Titze, Jansen, & Heil,
2010). However, studies using 2D abstract characters did not find sex
differences in this task. For example, Hoyek et al. (2012) showed that
boys outperformed girls in abstract 2D stimuli and in 3D, but only in
the middle school group, and not in the elementary school group. The
authors even suggested that these stimuli involving abstract characters
are difficult to encode and mentally rotate, and therefore might be too
complex for elementary school children. Collins and Kimura (1997)
provided further support to the notion that the 2D tasks are easier than
3D tasks. They found that men outperformed women both on the 3D
cubes task and on the abstract 2D task, and that performance on these
tasks was significantly correlated. Thus, contradictory premises arise of
the complexity of abstract 2D stimuli. Therefore, in the current study,
a further analysis was conducted examining the variance differences
between the two age groups in mental rotation performance. A signifi-
cant difference was found (F = 4.43, p = .036), with higher variability in
the performance of children in comparison with that of adults. That is,
premises regarding the complexity degree of the 2D task were ruled out
in the present sample. Children exhibited variance in their perform-
ance, and it was not due to sex differences. The present findings support
former studies using abstract stimuli in the notion that sex differences
in mental rotation abilities are magnified throughout development. In
their meta-analysis, Voyer et al. (1995) showed an increase in effect
size (Cohen's d) from 0.33 (in children aged less than 13) to 0.45 (in
adolescents aged 13-18) and 0.66 (in adults). Our results supported this
line of findings with a somewhat smaller effect size in children (0.14)

and a larger effect size in adults (0.84).

The underlying mechanism for the developmental pattern of sex
differences’ emergence in mental rotation received much attention
from a biological perspective, especially the role of sex hormones and
sex differences in brain structure and function. The most notable influ-
ence of sex hormones occurs during sensitive periods in development:
prenatal and postnatal (Collaer et al., 2007; Halpern, 2012). Puberty
has been suggested as a sensitive period of sex hormone-dependent
brain organization, with increased levels of sex hormones secretion
influencing changes in cognitive performance (Berenbaum & Beltz,
2011; Shangguan & Shi, 2009). Another source of support for the as-
sumption regarding magnified sex differences in mental rotation arises
from studies on sex differences in brain structure and function. For
example, in studies focusing on brain structure, sex differences in the
parietal lobe—a brain region involved in spatial ability—have been
demonstrated (e.g., Culham & Kanwisher, 2001). Furthermore, the
activation patterns during spatial tasks seem to be sexually dimorphic
as well (e.g., Butler et al., 2006). One developmental fMRI study ad-
dressed developmental patterns in brain activation (Kucian et al.,
2007). No significant sex differences in mental rotation performance
in adults or in children were found. Nevertheless, effect sizes were
largely different with 0.21 for third-grade children and 0.90 for adults.
Furthermore, while no sex differences in brain activation were found
in children, sex differences in brain activation were demonstrated in
adults. These brain regions contain significant populations of sex hor-
mones (Bramen et al., 2011). In a recent review, Levine et al. (2016)
have postulated an integrative approach, including biological as well as
environmental factors accounting for sex differences in mental rotation
abilities. The suggested model could explain the differences in magni-
tude from childhood through adulthood in sex differences in mental
rotation shown in the present study, as well as in former studies. One
possible integrative attempt regarding Gene x Environment interaction
influencing mental rotation performance suggests that the preliminary
male advantage in these tasks led them to become more interested in
these activities, which in turn led to a greater spatial advantage (Pezaris
& Casey, 1991). This notion is also supported by an evolutionary ap-
proach suggesting that differing evolutionary forces imposed on hu-
man males and females resulted in differences in anatomy followed by
sexual differences in function (Lenroot & Giedd, 2010). Males engaged
in more spatially demanding tasks and, therefore, differential corre-
sponding neuroendocrine infrastructures were needed to develop in
human males and females.

To summarize, the present findings suggest that whereas females
outperform males in verbal fluency throughout development, sex
differences favoring males occur after puberty. Although the findings
regarding verbal fluency are not consistent across studies, studies con-
cerning the emergence and increase of sex differences in spatial abili-
ties, and especially mental rotation ability, seem consistent (Berenbaum
& Beltz, 2011). Four decades ago, Waber (1976) postulated that sex
differences in cognitive abilities could be explained by maturation rate.
He suggested that through the mediation role of the development of

hemispheric specialization, late maturers have better spatial abilities,
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whereas early maturers have better verbal abilities. The present find-
ings provide support for this suggestion.

The present study has some limitations. First, the nature of the
mental rotation task used for children and adults in the current study
was different. Although, as elaborated earlier, the abstract 2D measure
for mental rotation capability in children has been validated as captur-
ing a high level of complexity of mental rotation ability, still, future
studies are needed for developing 3D stimuli appropriate for children.
Lately, there has been an attempt to develop a 3D mental rotation
measure appropriate for young children. Hawes, LeFevre, Xu, and
Bruce (2015) designed tangible 3D wooden block figures as stimuli
based on the 3D cube figures by Shepard and Metzler (1971). Using
this task with 2D stimuli, the authors did not document sex differences
in children aged 4-8 years. Future studies should follow in this vein
and continue uncovering the cognitive mechanisms required for per-
formance in 3D mental rotation tasks, thus leading to the development
of age-appropriate 3D stimuli. Second, we have not controlled for the
time of day or stage in the menstrual cycle of data collection. Since
testosterone, estrogen, and progesterone vary across day time and the
menstrual cycle, further studies should control for these factors. Third,
although the adult sample consisted of participants from various de-
partments (including social as well as formal sciences), future studies
should still examine a wide range of study disciplines, especially from
natural sciences and STEM fields in order to uncover the influence of
field orientation and field expertise on the magnitude of sex differences
in various cognitive abilities. Quaiser-Pohl and Lehmann (2002) found
male superiority in mental rotation tasks, but the effect sizes varied
across academic programs, with highest effect size in humanities and
social sciences and lowest in computational visualization students. The
authors suggested that their findings have considerable consequences
for intervention programs bridging the sex gap in spatial abilities.
Given the present findings suggesting sex differences also in verbal
abilities, it is important to broaden the sampling of participants from
various fields and examine other cognitive abilities in order to evaluate
the potential role of interventions in a variety of cognitive abilities.

The present findings suggesting a differential course of develop-
ment for differing cognitive abilities call for elaboration in deepening
the search for the development pattern of sex differences in cognitive
abilities. Several studies addressed this question using cross-sectional
samples in childhood and in early puberty (e.g., Herlitz et al., 2013).
However, in order to uncover the exact pattern of the development of
sex differences in cognitive abilities, a longitudinal study is still needed.
Furthermore, the socioeconomic status of children has not been found
torelate to the present findings. Previous studies have demonstrated that
cognitive skills may vary as a function of socioeconomic function. For
example, Levine, Vasilyeva, Lourenco, Newcombe, and Huttenlocher
(2005) have demonstrated that in middle-high socioeconomic groups,
there were sex differences in spatial abilities, whereas no differences
were found in low socioeconomic groups. It has been suggested that
higher socioeconomic status boys have much more access to spatial
activities in comparison with lower socioeconomic boys. This sugges-

tion implies that there is an important role for exposure and training

in cognitive abilities improvement (Levine et al., 2016). Nevertheless,
since the present findings did not support this environmental influ-
ence, and in light of the controversies in the empirical literature, future

studies should control these variables..
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