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ABSTRACT
The Influence of Emotional Cues on Mental Rotation Ability. (May 2012)
Farah Amlani
Department of Biology
Texas A&M University
Research Advisor: Dr. Gerianne Alexander
Department of Psychology

Men compared to women perform significantly better on mental rotation tasks for
argued biological and environmental reasons. Threat has been previously found to
influence the magnitude and direction of sex differences in cognitive abilities. This study
examined the influence of threat on spatial ability and evaluated the gender difference of
this influence through a facial stimulus and performance on a mental rotation task.
Participants included 30 women and 30 men randomly assigned to a neutral or threat
condition. All participants completed a WASI IQ test for a standard measure of general
intelligence and a mental rotation task that was presented on a computer monitor. For
participants in the neutral condition, a neutral male face preceded each test question. For
the threat condition, an angry male face preceded each item. We hypothesized that
women in the threat condition would score lower than women in the neutral condition.
In contrast, we hypothesized that threat would have no negative effects on men’s
performance. The results were consistent with previous findings of a robust sex
difference in MRT with men outperforming women in both conditions. There were two
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statistically significant results: Women fixated more often in the eyes look zone and men
who fixated more often in the friendly condition performed better. The results can be
explained by biological and social theories. One biological explanation is that from
previous studies it has been found that women are far better than men at recognizing
non-verbal cues from a very early point in life, which can be a response to sex-linked
hormonal surges. Another explanation is the social constructivist theory that argues the
behavior is a result of imitating adults. The finding that men who fixated more in the
friendly condition performed better can be explained by the friendly stimulus offering
encouragement and boosting confidence.
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NOMENCLATURE

IQ

Intelligence Quotient

WASI

Wechsler Abbreviated Scale of Intelligence

MRT

Mental Rotation Task

viii

TABLE OF CONTENTS
Page
ABSTRACT ....................................................................................................................... iii
DEDICATION .................................................................................................................... v
ACKNOWLEDGMENTS .................................................................................................. vi
NOMENCLATURE .......................................................................................................... vii
TABLE OF CONTENTS ................................................................................................. viii
LIST OF FIGURES ............................................................................................................ ix
LIST OF TABLES .............................................................................................................. x
CHAPTER
I

INTRODUCTION ....................................................................................... 1
Introduction ...................................................................................... 1
Objective/ Hypothesis ...................................................................... 2

II

METHOD .................................................................................................... 3
Participants ...................................................................................... 3
Materials .......................................................................................... 4
Procedure ......................................................................................... 5

III

RESULTS.................................................................................................... 8

IV

DISCUSSION ........................................................................................... 12

REFERENCES .................................................................................................................. 15
CONTACT INFORMATION ........................................................................................... 17

ix

LIST OF FIGURES

FIGURE

Page

1

Emotional Cues ...................................................................................................... 4

2

Mental Rotation Problem ....................................................................................... 5

3

Effects of Condition and Sex on Time to Complete .............................................. 9

4

Visual Attention in Women and Men Viewing the Faces in the Two
Conditions ............................................................................................................ 10

x

LIST OF TABLES
TABLE
1

Page

Participant Demographics……………………………………………………....8

1

CHAPTER I
INTRODUCTION

There are differences in the performance of males and females in a subset of behaviors
evident among various species, including humans (Collaer 2005). The debate around
explaining these differences has been coined nature versus nurture. To explain these
differences from a biological perspective, many have studied the effect of hormones on
sexual differentiation. Once the chromosomes of the mammals have merged to produce
XY or XX sex-linked genes, then multiple sex differentiation events occur, including the
development of behavioral characteristics.

There is little to no gender difference in overall intelligence (Collaer 2005). IQ tests are
purposefully created to eliminate any gender discrimination. The Wechsler Abbreviated
Scale of Intelligence (WASI) IQ test is used to measure cognition and on average shows
no sex difference. However, prior research indicates that there are consistent and robust
gender differences in spatial ability (Levine, 2005). One measure of spatial ability is
measured through mental rotation task, which is the ability to transform a
multidimensional object. Significance is given to this gender difference, because of its
presumed influence on performance in academic areas such as math and science courses
(Delgado & Prieto, 2004) and the SAT (Casey, 1996). Explanations for the gender
_______________
This thesis follows the style of Evolution and Human Behavior.
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difference involve biological and environmental determinants. The mental rotation task
that produces the sex difference was developed by Vandenberg and Kuse (1978).

The distinctive gender difference is explained through biology as an evolutionary
difference from ancestral hunting and gathering needs. The male responsibility of
hunting led to a greater advantage in mental rotation, while the gathering duty of females
increased attention to detail and memory to ease the repetitive locating of the same types
of plant for food (Alexander, 2005). It is likely that both hunters and gatherers dealt with
threat situations while searching for food. However, the gender differences in mental
rotation and cognition after a threat situation have yet to be measured. The sex difference
can also be explained biologically with association of hormone levels. On the other
hand, environmental factors can also be attributed to for a male advantage in spatial
abilities. For example, male boys are often encouraged to play with toys such as blocks,
which require mental rotation (Scali 2000). The lack of practice leads, encouragement,
and motivation leads to reduced future instances of spatial manipulation. Furthermore,
men are encouraged to take classes that support a male-dominant profession, which often
employs spatial abilities. Women are often not encouraged to enroll in these math and
science courses.

Objective/ Hypothesis
The objective is to examine the influence of threat on the sex differences for a mental
rotation task. We hypothesize that emotional cues will differentially affect mental
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rotation ability and IQ scores for males and females. More specifically, we hypothesize
that viewing a stimulus of an angry face will simulate a threat situation and cause a
negative effect for women.
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CHAPTER II
METHODS
Participants
Participants were undergraduate psychology students enrolled in an introductory
psychology course. Participants receive partial fulfillment of course requirements. A
total of 29 women and 28 men volunteered for the study.

Materials
The stimuli were two black and white images of a male with neutral race distinction.
One image of this male presented happy facial characteristics (Fig 1A), while the other
displayed angry facial characteristics (Fig 1B). The emotional cues were developed
using software called FACES.

A
.

B
.

Fig. 1. Examples of the emotional cues. A is the happy or friendly stimulus and B is
the threat stimulus. Faces A and B differ in the essential features for characteristics
(eyebrows and mouth), but maintain consistency in nonessential features such as the
nose, hair, and shape of face.
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Fig. 2. Example of an MRT Problem. The left is the shape that is the object of question
and the 4 figures on the right are answer choices, 2 of which are correct.
The mental rotation task slideshow was composed of 4 practice problems and 12 test
problems. Each problem slide had an image of a shape on the left and 4 answer choices
to the right (Fig 2). The answer choices showed the same shape just turned around, so
the participant saw a different side. Every problem had 2 correct choices and the
participant was scored on each individual response. The slideshow was designed to flash
the stimulus face displaying the randomly assigned emotional condition (angry or happy)
for 1 second in between each mental rotation question. The dependent variable is the
total number correct.

A WASI IQ test including subtests of vocabulary, matrix reasoning, and block design
was administered. The WASI includes: WASI manual, stimulus booklet, WASI form,
and 9 blocks for the block design section. The vocabulary subtest asked participants to
give their best definitions of some words. The WASI manual contained detailed
descriptions describing how to score the participants’ response for each vocabulary
word. The scale ranged from zero points for incorrect answers, to two points for the most
accurate responses. For the matrix reasoning subtest, participants were asked to look at
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an incomplete matrix and to choose from five options the one that best completes the
matrix. Participants received one point for correct responses and zero points for incorrect
responses. The vocabulary and matrix reasoning scores are used to calculate the Full 2IQ.

In the block design section of the WASI, the participants had blocks that are all the
same. The blocks were all red on some sides, all white on some sides, and half red and
half white on the other sides. The goal was to make a design with the blocks that was the
same as the one presented in the stimulus booklet within the allotted timeframe. The
scoring for this section depended on accuracy of the design and speed. The block design
subtest began with four blocks, used to make 2 by 2 square designs, and increased to
nine blocks, used to make 3 by 3 square designs.

Procedure
Participants signed a consent form and filled out a demographic form asking for their
date of birth, ethnicity, and race. They were randomly assigned to threat (14 men, 15
women) and friendly (14 men, 15 women) conditions. The study began with the
vocabulary and matrix reasoning subtests of the WASI IQ test. Then, participants were
seated in front of a computer in a room adjacent to where the WASI was administered. A
desktop ASL Eye Tracker measured the allocation of attention during the mental rotation
task. This remote eye tracker used the reflection of the retina and cornea to determine
eye gaze (Alexander & Son, 2007). The optics system was placed beneath the monitor of
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the testing computer. Participants were seated approximately 24 inches away from the
eye tracker. A 9-point calibration was performed on each subject that covers 80% of the
viewing area. The calibration served to improve the accuracy of the data collected by the
ASL Eye Tracker. Once calibrated, the Mental Rotation Task (MRT) began. The buffer
slide with the emotional stimulus was flashed for 1 second between each problem slide.
The participants were able to press the space bar to advance to the next slide once they
had given their answers to the mental rotation problem.

After completion of the MRT, the participant returned to the desk in the main room to
take the Block Design section of the WASI IQ test. The same emotional stimulus
presented through the MRT was placed at the top left corner of the desk, while the
subject worked through the block design section.

The participants’ demographic information, WASI IQ results, and responses to the
mental rotation task were recorded. Two look zones were created around the eyes and
around the mouth on each buffer slide. Eye tracking data was extracted from
GazeTracker and compiled into SPSS to be analyzed. The eye tracking data included
time spent on each mental rotation problem, percent time tracked for buffer slides, and
percent time in zone, fixation count, and percent time fixated for each look zone (eyes
and mouth).
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CHAPTER III
RESULTS
Participant demographics
Table 1 describes the characteristics of the study participants. Women and men were
similar in age, ranging from 17-21 years for women and 18-23 years for men and the
majority self-identified as White and non-Hispanic. Scores on the general measure of
intelligence were slightly above average (i.e., 100) in both sexes. As expected, men
scored significantly higher than women on the measure of mental rotation ability (MRT).
Table 1 Participant Demographics
Count
Age [Average (SD)]
Condition:
Angry
Friendly

Women
29
19.103 (1.291)

Men
28
19.929 (1.609)

15
14

14
14

Race:
1
0
American Indian/ Alaska
Native
2
0
Asian
3
1
Black or African
American
23
27
White
Ethnicity:
8
4
Hispanic
21
24
Non-Hispanic
Full 2 IQ [Average (SD)]
108.48 (11.891)
109 (11.421)
MRT [Average (SD)]
67.098 (16.112)
77.932 (12.383)
Note: Data is presented as frequencies for Count, Condition, Race, and Ethnicity and
presented as averages with standard deviations for Age, IQ, and MRT. Full 2 IQ is based
on the participants’ performance on the Vocabulary and Matrix Reasoning sections of
the WASI IQ test with no stimulus presented. The participants give 2 answers for each
mental rotation problem slide. The MRT averages are based on the accuracy of each
individual response.
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Results
1. Effects of Condition (Angry, Friendly) on Task Performance
Analysis of variance using time to complete the task as a dependent measure and
condition (angry, friendly)and sex (male, female) as grouping factors showed no effect
of condition on time to complete the mental rotation task (M = 32.48, SD = 14.30
minutes for the Angry condition vs. M = 32.64, SD = 13.00 minutes for the Friendly
Condition), F (1, 50) < .001. There was no overall sex difference in time to complete the
task, F (1, 50) = .23, P = .72. However, the interaction between sex and condition
approached significant, F (1, 50) = 3.71, P = .06. As shown in Figure 1 below, women
in the friendly condition required more time to complete the task than did women in the
angry condition. In contrast, men in the friendly condition took less time to complete the
task than did men in the angry condition.

Fig. 3. Effects of Condition and Sex on Time to Complete.
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Pearson’s Correlation Test, a measure of the association between variables, showed no
relationship between time to complete the task and accuracy scores for men, r(27)= .12,
p> .05, or women, r(27)= .17, p>.05.
2. Effects of Condition (Angry, Friendly) on Visual Attention
An analysis of variance for repeated measures with sex and condition as grouping factors
and look zones (eyes and mouth) as repeated factors was performed. Compared to men,
women showed greater visual attention to faces, F (1, 50) = 5.48, P < .05. However,
there was no significant effect of condition on visual attention, F (1, 50) = 2.10, P = .15
and no interaction between sex and condition on visual attention, F(1, 50) < .001.
Figure 2 below showed the pattern of visual interest in women and men in the two
conditions showing the greater amounts of attention in women compared to men.

Fig. 4. Visual Attention in Women and Men Viewing the Faces in the Two Conditions
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There was a trend for an interaction between sex (male, female) and zone (eyes, mouth),
F (1, 50) = 2.93, P = .09. Compared to men, women spent more time looking at the
eyes. In contrast, both sexes spent similar amounts of time looking at the mouth. Figure
3 showed this interaction.
Finally, the relationship between attention and performance was examined using Pearson
Product Moment correlations. In the angry condition, correlations between accuracy and
attention were unrelated in men. In women, greater attention to angry eyes was
associated with worse performance, but the correlation was not significant, r = -.48, P <
.07. In the friendly condition, men showing greater attention to friendly eyes showed
better accuracy on the task, r (13) = .55, P = .05. In women the correlations were
negative and not significant, r (12) = -.39, P = .20.
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CHAPTER IV
SUMMARY AND CONCLUSIONS
The results were consistent with previous findings of a robust sex difference in the MRT
(Levine, 2005). Men outperformed the women in both conditions (threat and happy) in
the MRT. However, the hypothesis that women in the threat condition would perform
less accurately than men was not supported. There were two statistically significant
results: Women fixated more often in the eyes look zone and men who fixated more
often in the friendly performed better on the MRT.

In other research, The ―Reading the Mind in the Eyes‖ Test displayed the area of the
face around the eyes and asked participants to describe the thoughts and feelings of the
person in the photograph (Barron-Cohen 1997). Similar to the present findings, women
scored higher than men with statistical significance in understanding the mental state and
matching them to the eyes. Women’s tendency to fixate more in the eyes can be
explained by biological and environmental reasons. One biological explanation is that
from previous studies it has been found that women are far better than men at
recognizing non-verbal cues even from a very early point in life (McClure 2000). The
gender difference is present even through infancy, which can be a response to sex-linked
hormonal surges. On the other hand, the sex difference for recognizing non-verbal cues
in infancy can be explained by the social constructivist theory, which argues the
behavior as a result of imitating adults (McClure 2000). The gender difference in
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emotion recognition in adults can be attributed to the socialization of recognizing
emotion because the emotion of their partner is a reflection of the women’s well-being.

In this research, men fixated more in the friendly condition performed better on the
MRT. One explanation may be that the friendly, male face offers men encouragement
and boosts their confidence. Prior research has examined the correlation between a selfreporting confidence rating and performance on MRT (Cooke-Simpson 2007). The
results of that research showed a positive correlation between men’s presumed
confidence and their accuracy on a test, such that higher confidence was related to
reduced guessing. An increase in men’s confidence in this study may be attributed to
men in this research, a variable that in research on stereotype threat is known to enhance
performance (Steele 1995). In addition, the happy stimuli (smiling, male face) could
have increased the confidence of the male participants further and, thus, improved their
performance on the MRT.

Future Directions
A factor that may have influenced the results is stereotype threat, a mechanism whereby
the belief that one sex is not capable of good performance on a task results in poor
performance (Steele 1995). Therefore, it may be useful to evaluate stereotype threat by
observing the visual attention on the MRT problem slides. The measures of visual
attention may provide support for speculation that stereotype threat decreases
performances by distraction or not giving the problems undivided attention. In this
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research, only male faces were used. It is possible that using female emotional stimuli
instead of male might enhance performance in the manner observed in men in this study.
It would be interesting in future research to see if a video clip could better simulate the
threat situation and provide a better test of the effects of threat on performance. Finally,
the effect of sex and condition on time to complete approached significance (P=0.06),
which might result in significance with a larger sample size. A study with more
participants would provide more power to test the hypothesis.
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