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Abstract The effects of gender stereotype activation by
priming on performance in a spatial task were investigated
among a mixed adult sample (including students) of 161
men and women (mean age=31.90) from Austria (Europe).
They were assigned to one of four experimental groups
according to gender and stereotype activation condition.
After a male or female gender stereotype activating task,
participants worked on a test assessing mental rotation
(three-dimensional cube test, Gittler 1990). A significant
main effect of priming on the performance in the mental
rotation task emerged. Cohen’s d showed a pronounced
gender difference emerging only in the female priming
condition (d=.59), whereas it disappeared in the male
priming condition (d=.01).
Keywords Gender priming . Gender differences .
Spatial skills . Mental rotation . Test fairness

Introduction
Gender stereotypes exist in many domains, including
personality factors and intellectual performance (Costa et
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al. 2001; Furnham et al. 1999; Halpern 1992). With regard
to personality attributes, men are usually seen as more
independent, assertive, and competitive, while women are
seen as more sensitive, expressive, and tender-minded
(Deaux and LaFrance 1998; Feingold 1994; Williams and
Best 1990). These gender-related personal attributes mirror
and reproduce the typical social roles as the male
breadwinner and the female caregiver (Eagly 1987; Eagly
et al. 2000). With regard to intellectual performance, for
most aspects, the male gender stereotype has more of an
advantage as compared to the female stereotype. Men are
usually seen as more intelligent by others, and generally
estimate themselves as more intelligent than women in
most domains (Bornholt et al. 1994; Furnham et al. 1999;
Rammstedt and Rammsayer 2000). Stereotypes have been
discussed as resulting from a gender-related division of
labor in former times, when people lived under different
social conditions.
Today, stereotypes are being used to rationalize and
legitimize existing gender differences in role and status
(Hoffman and Hurst 1990). In addition to this, within social
interaction, stereotypes can also serve as a basis for selffulfilling prophecies (Deaux and Major 1987). Stereotypes
can therefore not only affect one person’s expectations and
thoughts but also his or her behavior — for example,
achievement test performance (Deaux and Major 1987;
Dijksterhuis and van Knippenberg 1998; Steele 1997).
However, gender stereotypes are not universal throughout
societies and ethnicities; they differ across cultures (Best
2001; Durik et al. 2006; Gibbons et al. 1991; Harris 1994;
Kaufman 2006). Variations of gender stereotypes have been
shown to be affected by variables such as religion and
urbanization, as well as by the magnitudes of the existing
gender gap and power distance between genders found in
the societies (Désert and Leyens 2006; Eriksson and
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Lindholm 2007; Frieze et al. 2003; Williams and Best
1990). A recent study also indicated that positive economic
conditions are related to more egalitarian gender role
attitudes (Olson et al. 2007). Gender differences in selfconstruals have also generally been shown to be stronger in
Western cultures. This has been interpreted as a product of
self-stereotyping, that occurs when between-gender social
comparisons are made, which are more likely, and exert a
greater impact in Western nations (Guimond et al. 2007).
The purpose of this study was to investigate the effects
of gender stereotype activation on intellectual performance.
We investigated the effects of the activation of a female
stereotype on spatial performance of men and women and
compared these effects to those of male stereotype
activation. We expect new results with reference to the
question how activation of stereotypes influences intellectual performance. We also seek to determine the manner in
which culture-specific stereotypes influence discrepancies
between the performances of men and women.
The present study focuses on performance in the domain
of intelligence—spatial skills—which is one of the bestinvestigated constructs in this area, and the one with the
largest gender differences. The male advantage in some
types of spatial skills has been established in two metaanalyses (Linn and Petersen 1985; Voyer et al. 1995).
Gender differences in spatial skills have been observed in
numerous studies in different countries — for example, in
the USA and China (Geary and DeSoto 2001); in the UK
(Peters et al. 2007); in Israel (Birenbaum et al. 1994); in
France (Guillot et al. 2007); as well as in Austria (Weiss et
al. 2003). Although gender differences were found in
different countries, intercultural studies raised the question
of the stability of gender differences in spatial abilities
throughout different cultures (e.g. Flaherty 2005).
It has mostly been proposed that spatial skills can be
classified into three main categories, which have been
shown to differ with regard to the size of gender differences
(Linn and Petersen 1985): (1) Spatial visualization involves
the ability to process spatial information (as understanding
relationships between objects in space). Gender differences
do not always appear here; if they do, they are small (effect
sizes in the meta-analyses of Linn and Petersen: d=.13,
Voyer et al.: d=.19). (2) Spatial perception includes the
ability to identify and locate judgments of horizontal and
vertical orientation in space when distracting information is
present. This has disclosed large but rather inconsistent
gender differences (Halpern 1992; Signorella and Jamison
1986; Voyer et al. 1995. Effect sizes: d=.44 in both metaanalyses). (3) Mental rotation describes the ability to
imagine the transformation of a multidimensional figure
as rotated in space and has revealed the largest and most
consistent pattern of gender differences (effect sizes Linn
and Peterson 1985: d=.73; Voyer et al. 1995: d=.56). Men

275

were mostly identified as being able to rotate objects more
accurately (Luehring and Altman 2000; Masters 1998;
Oosthuizen 1991; Resnick 1993) and faster (Kail et al.
1979; Petrusic et al. 1978) than women. This oftenreplicated male advantage is of particular relevance, as the
use of spatial abilities, and especially mental rotation, is
seen as an important precondition to achieving success in
lucrative, high-status professions, such as architecture or
engineering (Rasanen 1991). However, these effects were
not shown to be stable across cultures as often assumed.
Besides a number of biological factors (Kimura 1992;
Newcombe and Bandura 1983; Sanders and Soares 1986), a
number of factors strongly related to the social situation, as
well as cultural preconditions, have been proposed as
possible determinants of these gender differences (Voyer
et al. 2004). The choice of activities and training (Baenninger
and Newcombe 1989), as well as gender-role identification
(Hamilton 1995; Signorella and Jamison 1986), and different
problem-solving strategies (Lawton 1994), were identified as
relevant factors. All of these sociocultural or educational
factors are strongly associated with existing cultural circumstances. The fact that gender differences have decreased in
magnitude over the preceding decades has also been
explained by changes in gender roles and related changes
in educational practices (Feingold 1988; Voyer et al. 1995).
Several researchers have emphasized the importance of the
social and cultural context of assessment in increasing or
decreasing psychological gender differences (see Hyde 2005
for a review).
Two related psychological mechanisms have recently
been explored as influencing gender differences in intellectual performance: stereotype threat and stereotype priming.
Situations where stereotypes negatively affect the target
person may lead to stereotype threat, an impairment of task
performance (Spencer et al. 1999; Steele 1997). Some
studies investigating American college students found that
an instruction that deemphasizes the spatial character of the
task can reduce or even eliminate gender differences in
performing mental image rotation tasks (Scali et al. 2000;
Sharpset al. 1994). On the other hand, there is stereotype
priming, which can be seen as the combination of two
possible processes, depending on group membership and
contextual factors: First, it leads to a “cold” cognitive
pathway process for both nontarget and target persons,
resulting in behavioral patterns in line with a given
stereotype. Therefore, stereotype-related priming has been
shown to have an impact on intellectual performance, even
if persons did not belong to the group primed on
(Dijksterhuis and van Knippenberg 1998). Priming may
additionally cause “hot” processes in targets, which
enhance the negative effect (Wheeler and Petty 2001)
related to stereotype threat. These behavioral effects are not
necessarily provoked by the active activation of stereotypic
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traits, they can also be caused by subliminal presentation
(Bargh and Chartrand 1996).
The effects of stereotype priming have been shown for
several cognitive domains in samples including individuals
from different western societies — e.g., for math performance in a sample of American students (Wheeler et al.
2001) or memory (Dijksterhuis et al. 2000) and general
knowledge testing in a sample of undergraduate students in
the Netherlands (Dijksterhuis and van Knippenberg 1998).
However, stereotype priming does not necessarily cause a
decrease in the individual’s performance. Some studies
testing students in the USA indicate that performance can
also be shifted as an effect of priming (Shih et al. 1999).
Asian-American women primed with their Asian identity
performed better on a math test, while participants primed
with their female identity showed a decrease in performance, compared with women in a control group (Shih et
al. 2002).
In comparison with other domains such as mathematical
or verbal abilities, very few studies deal with the effects of
stereotype activation on spatial abilities: a study of
McGlone and Aronson (2006) conducted in the USA tested
multiple relevant identities and their impact within a
priming condition on spatial reasoning. They found that
women who were primed with their identity as students at a
selective private college performed better in a mental
rotation task than those who were primed with their gender
or a test-irrelevant identity. Although the impact of negative
stereotype effect decreased within the priming conditions
not explicitly referring to gender, the differences within the
conditions between men and women were still given in
considerable amounts (gender condition: d=3.24; private
college student condition: d=1.00; control condition: d=
1.42). This may be attributed to the fact that the identity as
a student may have implied facets of gender: For women,
the identity as a college student is not necessarily neutral
with regard to gender.
Our research question was whether the priming of
women with a male stereotype (quite distinct from self)
can have even more clear effects on their performance in a
mental rotation test. We therefore focused on the impact of
a clear male and female stereotype priming on spatial
reasoning applied to men and women. The study was
conducted in a country which shows a social situation with
particular strong gender role allocation: In Austria, in
academic fields, only 9.5% of total Grade A professorships
are held by women (European Commission 2006). In the
economic sector, only 5% of the members of directorates of
the largest publicly quoted companies are women, which
gives Austria a position at the bottom area of an overall
listing within the European Union (e.g. compared to other
European countries: Norway: 34%; Germany 11%; France:
9%; European Commission 2007). The strong traditional
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understanding of gender roles is also demonstrated by a
recent survey, which revealed that 67% of the Austrian
population are in the opinion that women are supposed to
stay at home, care for the children, and not be employed
(Dittmann and Scheuer 2007).
We chose an experimental design with two independent
variables and one dependent variable: men and women
assigned to one of two implicit gender-stereotype activating
tasks (male or female) established the independent variables.
As the dependent measure, we used the score gained by a
mental rotation task, which was applied after the genderstereotype activating task. According to the ideomotor
perspective of priming (Dijksterhuis and Bargh 2001), an
activated stereotype schema includes behavioral representations and can have behavioral effects due to an assumed
perception-behavior link. This is supposed to be based on
our innate propensity to imitate others.
Our general assumption was that gender stereotype
priming has a higher impact than gender (which means:
being male or female) in predicting performance in a
mental rotation test (main effect). As a first hypothesis, we
therefore expect that advantageous male gender-stereotype
activation leads to a shift in spatial performance, while the
disadvantageous female stereotype association leads to
lower performance.
According to additional “hot processes” in individuals,
who are affected as potential targets of stereotype threat
(Wheeler and Petty 2001), we expect stronger effects of
lowered performance in the female gender-stereotype
activation condition on women’s performance than on
men’s (second hypothesis; interaction effect of gender and
priming condition).
In a third step, we compared the resulting gender
differences in performance within two different conditions.
Due to the theory and results described above (Dijksterhuis
and Bargh 2001; Wheeler and Petty 2001), we expect as a
third hypothesis a gender difference (d) in the comparison
of men’s performance in the male stereotype-activation
condition with women’s performance in the female stereotype activating condition (both genders confronted with the
consistent stereotype). Comparing women’s and men’s
performance within the same stereotype activating condition, we expect the gender difference (d) to be diminishing
in the male priming condition for men and women.

Method
Overview
In an experimental design, men and women were primed
either with a typical male or a typical female stereotype
before they underwent a mental rotation test. All tests were
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conducted within 5 days in mixed gender group settings in
the same large conference room situated in the center of
Vienna. Attention was drawn to the fact that all groups
consisted largely of the same amount of men and women.
Every test was conducted by two out of five female
students who gave standardized instructions (one instructed
and one assisted).
Participants
One hundred and sixty-one voluntary participants (87 men
aged 18 to 57, M=30.44, SD=10.43, and 74 women aged
18 to 60, M=33.34, SD=12.63) were recruited by five
students of Psychology. The requirement was that the
participants were not themselves studying Psychology.
According to their educational level, 38.5% of the
participants had no school leaving certification (40.2% of
the men and 36.5% of the women), 61.5% had gained
general qualification for entrance to a university. Some of
the participants were students. The participants were
assigned to one of two stereotype-activation task-related
experimental groups by drawing lots: Group 1 consisted of
women given a male gender-stereotype activating task
(n=39); the Group 2 women were given a female genderstereotype activating task (n=35). Men given a male
gender-stereotype activating task formed Group 3 (n=45)
and men given a female gender-stereotype activating task
formed Group 4 (n=42).
Materials
Gender-stereotype activating-task. For stereotype activation, two texts about a day in the life of a man and a woman
were designed, including typical gender stereotypes. Based
on the cross-cultural studies from Williams and Best
(1990), adjectives and characteristics typically seen for
each gender were used and embedded into the two different
texts covering a half standard page. Only positive adjectives
were used to avoid negative feelings and perceptions of the
persons described within the texts. The text of the female
gender-stereotype activating-task dealt with a day in the life
of a “typical woman:” she is described as someone who
takes care of her family; works part time; shows herself to
be insightful, helpful, and agreeable; and meets friends for a
chat in a café and often day-dreams. The male genderstereotype activating-task dealt with characteristics that are
typically associated with men: the protagonist is, for example,
described as a self-confident and tough-minded person, who
drives a motorbike, works in a leading position and
reprimands assistants, takes risks, and does weight training
after work. The texts were handed out as “a task to measure
the ability to put oneself in someone else’s position.” The
question posed after the text was: “If you were the person
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described in the text, which adjectives would you use to
describe yourself?”.
Mental rotation test. A short form of the threedimensional cube test (3DC; Gittler 1990) consisting of the
first nine items (out of 17 in the long form) was used. The
correlation of the short form with results gained from the
long form is sufficient (r=.94). The 3DC is a paper pencil
test and has been described as one of the best investigated
tests in general and has been praised for its thoroughly
investigated validity and scaling (Fay 1996). In the test, the
subjects have to mentally rotate/transform six trial cubes,
which have different patterns on their surfaces and decide if
one of them matches the target cube. (To avoid disadvantageous effects due to guessing, there is additionally the
choice of selecting none of the cubes as right or choosing
the option “I do not know the solution”.) No time
limitations are set. An item example is given in Fig. 1.
The 3DC obtains an advantageous scaling: since the 3DC
fulfills the criteria of the Rasch Model (Rasch 1960), it has
the property of unidimensionality and therefore measures
the same latent cognitive dimension (ability) in different
groups of subjects. The raw scores are calculated as the
total amount of solved items. Results gained by different
long and short versions of the test can be compared through
the estimation of person parameters on the basis of the
difficulty parameters of the presented items. The test has
already been used for measurement of mental rotation
within different international published studies (Weiss et al.
2003; Windischberger et al. 2003).
Gittler (1990) reports consistent and robust gender
differences for the probability of finding the solution for
every given item within the 3DC, which conforms with the
theoretical implications of the scaling. Effect sizes of
gender differences calculated on the basis of the given
norms beyond the age of 18 were d=.64 (n=432) for
general student norms.
For comparison with a sample without experimental
treatment, we compared our results to one of the samples
described by Gittler (1990). We chose the sample which
showed the highest similarity with our sample (220 males,

Fig. 1 Item example from the 3DC (Gittler 1990).
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age M=22.48, SD=4.05, and 212 females, aged M=22.46,
SD=4.44, all college students). The average raw scores of
the version used in our study and the version of Gittler
cannot directly be compared since we used a short form.
According to the model from Rasch, an option is to
calculate ability parameters independent from the amount
of the presented items, if item parameters are given. We
therefore compared the average performance on the level of
person parameters.
Procedure
Persons were welcomed and general information was given
about the duration and content of the study. It was
explained that two tasks would have to be completed: the
first would address the ability to put oneself in someone
else’s position and the second would measure a component
of aptitude. Persons were not informed about the existence
of different conditions. After the persons were assigned to
one of two experimental groups by drawing lots, work
sheets were handed out on the basis of group affiliation.
The work sheet started with one of the two genderstereotype activating-tasks describing the stimulus person
with adjectives. Participants were instructed to start the
mental rotation test by themselves once they had finished
the first task by moving to the next page. The test
instruction for the mental rotation test started with task
examples. Participants were also instructed to leave the test
room once they had finished. An assistant waited outside
the test room and informed them about the aim of the study.
Statistical Analysis
For the calculation of group differences, ANOVA was
performed, taking gender and primed gender into the
analyses as fixed factors. For an additional evaluation of
differences between the groups, simple main effects and
Cohen’s d were calculated to compare the magnitude of
gender differences in the different conditions.
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effect for gender nor the interaction (gender x priming) was
significant (the effect for gender was F(1, 157)=2.00, p=.16
and, for the interaction of gender and primed gender, it was
F(1, 157)=1.73, p=.19). Therefore, the assumption of
stronger effects of lowered performance in the female
gender-stereotype activation condition on women’s performance than on men’s (second hypothesis) cannot be
sustained as this has not been shown statistically. Table 1
shows the characteristics of the four groups. The mean
performance score in the mental rotation task was the lowest
for women primed with the female gender-stereotype
activating task.
The lack of a significant interaction indicates that the
general main effect for gender was not significantly
different across both stereotype activation conditions. To
more closely examine whether the overall effect is larger
and more significant for the groups confronted with
consistent stereotype than for the same male stereotype
priming condition, we additionally calculated simple main
effects between these as relevant hypothesized groups. We
calculated this as more conservative tests to show whether
the hypothesized differences in significance within the
groups of interest are given. Additionally, we calculated
Cohen’s d as an indicator of the size of differences. So,
taking into account the most natural condition with
consistent stereotype activation, women primed female and
men primed male, the effect size was d=.59 with t(78)=
2.64, p=.01 favoring men. Referring to men and women
tested under the same male condition, the following effects
emerged: the effect size results as d=.01 with t(82)=.07,
p=.94. According to the third hypothesis, the gender
difference in performance diminished and nearly vanished,
including the performance of both men and women under
the male stereotype activation condition compared with the
other condition. According to our presumptions, gender
differences in performance are given for women primed
female and men primed male and even vanish in the same
male stereotype activation condition for men and women.
Comparing the obtained results to a sample without
experimental treatment of Gittler (1990), Table 2 shows the

Results
Within the four groups, the following raw scores were
obtained for the 3DC: women primed female M(SD)=3.9
(2.85); women primed male M(SD) =5.5 (2.94); men
primed female M(SD)=5.1 (3.29); and men primed male
M(SD)=5.5 (2.80).
A 2 (gender) × 2 (primed gender) ANOVA revealed a
main effect for primed gender, F(1, 157)=4.59, p=.03.
This corroborates our first hypothesis that the advantageous
male gender-stereotype activation leads to a higher spatial
performance, while the disadvantageous female stereotype
association leads to lower performance. Neither the main

Table 1 Raw scores obtained for mental rotation performance as a
function of gender and priming condition.
Group
Women
Primed
Primed
Men
Primed
Primed

M

SD

female
male

3.86
5.49

2.85
2.94

female
male

5.14
5.53

3.29
2.80

Means and standard deviations of raw scores (possible values range
from 0 to 9).
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Table 2 Average person parameters for mental rotation performance
gained within the groups.
Source
Women
Primed
Primed
(Gittler
Men
Primed
Primed
(Gittler

Average Person Parameter

female
male
1990)

−.3
.5
(.1)

female
male
1990)

.3
.5
(.8)

Zero-sum standardized person parameter values have a mean of 0 and
usually range from −3.0 to 3.0.

mean person parameters established for the mean scores
and the (long form) scores within all groups: The results of
women without experimental treatment therefore lie between the two priming conditions used in our experiment.
The male results within our study were both lower than the
results of Gittler (1990). This can be explained by the
composition of Gittler’s sample: while the student sample is
composed of students from technical universities (n=75)
and other universities, 90% of the technical sample are
male. As the average person parameter of the technical
university sample constitutes a value of 1.1, this most likely
leads to a significant shift of the males within this
unbalanced population sample by Gittler.

Discussion
The aim of the present study was to analyze the effects of
gender and gender stereotype priming on performance of a
mental rotation task. Women and men who were either
primed with a traditional feminine or masculine stereotype
worked on a short form of the three-dimensional cube test
(3DC; Gittler 1990). Concordant with our main hypothesis,
the effect of gender priming on performance was significant, whereas the main effect of gender was not significant.
The second hypothesis, which assumed that the effect of
gender priming would be stronger in women than in men,
was not supported by our results. Gender priming applied
to men and women showed the following effects on spatial
abilities: persons of both sexes were affected by the
negative female stereotype and showed lower task performance. The study showed that gender differences disappeared in male priming condition for women, whereas it
had a pronounced effect on men primed with male content
and on women primed with female content.
The findings of our study support the results of the
research done by McGlone and Aronson (2006) and Sharps
et al. (1994) — that gender differences in mental rotation
tasks can be significantly reduced by the way in which the

task is embedded and presented. In many studies, stereotype activation was not manipulated explicitly: McGlone
and Aronson (2006) primed persons on multiple identities
by giving them a short questionnaire designed to make a
particular identity more salient (e.g., “List three reasons
why one might attend a private liberal arts college”) and
tested them straight after. In the study by Sharps et al.
(1994), men performed at higher levels than women if the
spatial nature was mentioned within the instruction, but no
sex differences were obtained with non-spatial instructions.
The results of these studies as well as those of our study
support the hypothesis that, in “normal” test situations
addressing mental rotation abilities, a subtle or even
obvious stereotype threat might be operating and particularly decrease the performance of women.
In contrast to the study of McGlone and Aronson (2006),
the gender differences in mental rotation in our study not
only decreased but vanished in one of the conditions (the
male priming condition). An explanation for the poorer
performance of women in the standard test situation might
be caused by the instruction of the 3DC: it emphasizes the
spatial nature of the task and might therefore evoke genderstereotype-specific associations as in the study of Sharps et
al. (1994). These effects might have been diminished within
the male stereotype condition in our study.
However, the absence of a control group can be seen as a
limitation of the present study: since we did not test a group
without experimental treatment, we cannot make definitive
conclusions on the effects of achievement under a genderpriming condition compared with a standard situation.
In our study, a new type of mental rotation test, the 3DC
(Gittler 1990) was used with advantageous psychometric
properties. Under standard conditions, this test shows
consistent gender differences, although they are not as
large in terms of effect size as the ones obtained from the
Vandenberg Mental Rotation Test (MRT, Vandenberg
1971). For generalization of our results, future research
should investigate whether the priming instructions used in
this study can also decrease gender differences in other
mental rotation tests, for example, the MRT.
Our results suggest that, in accordance to the social role
theory (Eagly 1987) spatial skills of men and women
depend on whether they act in accordance with their social
roles, which are related to cultural conditions. If men
empathize with women’s part (or even live it), their spatial
skills worsen. What about the consequences of the results in
practice? A fair assessment of spatial performance may not
be given under standard test-taking conditions: actual cues,
thoughts, or environmental factors can be seen as triggers
that influence the magnitude of gender differences in spatial
performance due to their impact on the actual performance
of females. The results of our study support existing
evidence (McGlone and Aronson 2006; Sharps et al.
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1994) that the disadvantages of women eventually can be
overcome. Within this study, women were clearly able to
perform the same level of mental rotation as men with low
effort. However, for practical purposes, it does not seem
possible at this point to give test takers a certain text about
persons to read before taking a test: as there are ethical
standards on informing persons about the procedure and
purpose of tests, a priming condition, as applied here as a
subtle strategy, which is not made transparent, would fail.
Nevertheless, it might be a future strategy for coaching and
training to inform female applicants about the enhancing
effects of certain behaviors in order to enable them to use
techniques, which could improve their performance. Generally, to improve the fairness of assessment procedures in
the future, all persons should be given a better opportunity
to show the abilities they possess.
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