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Abstract—A study of the behavior of the head movements
linked to the visual fixations in girls and boys was carried out
while tracking a 2D pattern. With this in mind we reach to
formulate the question: Do the boys and girls make different
trajectories following a pattern? The purpose of this article is
answer this question and help to understand this subject.
Thus, in this paper a head-tracking device was developed
based on the use of hardware and software capable of illustrating
head tracking movements and visual fixations within two
patterns with 40 infants (16 boys and 24 girls) for one pattern
and 21 infants (8 boys and 13 girls) with ages between 4 and 13
years old, following the ethic code of the declaration of Helsinki.
The individual used dark glasses with a pinhole to follow the
pattern. A 3-axis accelerometer (X, Y, Z) was attached to a
harness on the head, which detects movements of the head in
tracing an image and then allows capture the information using a
Labview interface.
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their differences. These studies involve not only the gaze, but
also the movement of head and the eyes. The differences
between spatial active memory and rotational skills in both
genders have been tested using a series of tasks designed
specially for each skill to be evaluated. [1]
Some efforts have been made to observe different
trajectories of the head movements. Besides the up and down
movements and inclination, left and right movements, rotation
movements and the mechanics, humans [2][3], and the effect of
a load on the head movements [4][5].
The evidence of the differences in spatial skills and the
relationship of the head movements, eyes and gaze in children
would give us information if the spatial skills and the sight are
related, and these are different in boys and girls and how these
develop along the years [6].

Differences in patterns follow-up between genders were
quantified. The multifactorial origin of spatial skills made us
wonder if we could observe variances in head movements in boys
and girls while tracking a pattern.

Through the time there was an idea about men and women
having different and inherent skills, and spatial abilities is one
of them [7]. These skills can vary among people, but exist
correlation between genders. There have been multiple theories
about these conditions. These Hypotheses lay on the evolution
and cultural behavior [1].

The results show that the trajectories changed for each
individual and also the distance of fixations for each gender
varied using a specific 2D pattern. The study shows that the
fixation tended to be homogeneous in the center, but changed on
the edges of both images. The register suggested that the way that
boys and girls follow a pattern is different. The average of the
relationships of the distances of the fixations in the girls is a little
higher; making us to recognize the fact that girls had a higher
average distance for fixation than boys in both cases. Besides, it is
shown the tracking and the visual fixations.

Early studies about the origin of spatial skills lead us to
develop this study with boys and girls, so as to discover the
relationship between the gender differences, spatial skills and
the development of spatial skills [8]. With this in mind we
reach to formulate the question: Do the boys and girls make
different trajectories following a pattern? The purpose of this
article is answer this question and help to understand this
subject.
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I. INTRODUCTION
The Along the years we observed an evolution on the
studies about the spatial skills that have men and women, and
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II. MATERIAL AND METHODS
First, We used an accelerometer T0002 Tinkerkit to
register the head movement. This accelerometer registered in
X and Y. The digitalization was made with an acquisition card
(DAQ) USB-6008 to interface the accelerometer and a
computer. In the computer it has been developed a program

for the user in LabView. The display in the computer shows
the X-Y plane. Also the interface makes a 3D reconstruction.
The study was made on a semi dark room. We made the
study with infants following the ethic code of the declaration
of Helsinki. The kid (between 4 and 13, boy or girl) adapted
their sight to these conditions and then we asked him to have
closed eyes when we placed an image, they been asked to
memorize that image, then they closed their eyes, and we
placed dark glasses in their head with a pinhole. The image
was 70 x 40 cm and the infants were 30 cm beyond the image.
Once the image was placed, we asked the infants to open their
eyes and follow the lines moving the head. The sensors have
been placed on a light helmet that the infants used. With the
pinhole we forced the gaze of the infants to move with the
head.
The images chosen was preview selected with an inherent
difficulty because of the complexity of the lines that form it.
(See Fig.1) These lines are not conventional, and difficult to
recognize at first sight and to detect the pattern. The system
also included a plotter TYPE 3036 X-Y RECORDER, this
way the infants were able to see the pattern of the head
movement.

The experiment was made as follows: we sat the kid in a
chair placed 30 cm beyond the image and placed a light
helmet with the sensor. At the height of the eyes we putted the
image covered in order to maintain the pattern hidden of. We
gave the instructions to the infants to follow the lines of the
pattern. Then we uncover the image and with the dark glasses
with the pinhole we centered the gaze in the center of the
image. We asked the subject to start following the lines and
recognize the image for 1 min to 2 min. When the time has
finished we stopped the program that records the movement
and asked the kid to close the eyes. The Fig. 2 shows a block
diagram of the study, with the most important elements of the
instrument
III. RESULT
First we obtained the recognition pattern for both images
and the following trajectories and angles. The recognition
pattern was collected for both axes (X-Y) from the
accelerometer. These data were the first 30 s for each image.
We obtained the equivalence of voltage to centimeter for each
case because of the asymmetry of the image. According to
these data we obtained X-Y graphics in which we observe all
the movements made by the subject, fitting to the image to be
recognized. We obtained the Figure 3 and Fig. 4.
1

Figure 1. Patterns used in the study to follow with the sight. A) Image or
pattern “Fish”. B) Image or pattern “Man”
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Fig. 3. Movements of the head registered by the accelerometer by boys for
the image “Fish”. Each color is for different individual.
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Fig. 2. General diagram of the process for getting the head movements a)
Dark glasses with the pinhole b) Subject with the light helmet c) Pattern
Image d) Data acquisition e) Data Graphic f) Result of the trajectory g)
Labview interface h) Axis Information

Preview to the experiment we used a test to collect basic
data like age, gender, usage of electronic devices (cellphone,
tablet, etc.) and number of hours they used the devices. This in
order to have a clear idea of the habits that can affect the
results of the experiment to group better the data collected.
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Fig. 4. Movements of the head registered by the accelerometer by girls for
the image “Fish”. Each color is for different individual.

We analyzed the movement and discovered that the subject
fixed the sight depending on the image. We found that girls
fixed the sight 26 times average in the first 30 s of each image.
These mean that the time between each fixation was about
1.1583 s. The boys made an average of 24 fixations in the first
30 s and the time between each fixation was about 1.25 s. The
average distance between each sight fixation and the center of
the image in the image was 19.83 cm for girls and 18.69 cm for
boys. The total number of fixation for girls was 325 and for
boys was 200.
We made the same procedure for the image “Man” in order to
get the trajectories for boys and girls getting the Fig. 5 and
Fig. 6.

TABLE I.
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DIFFERENCES IN FIXATIONS PERCENTAGES BETWEEN
GIRLS AND BOYS FOR IMAGE “FISH”
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3.13

4.46

-9.89

2.54

-0.39

1.21

Note: Each Square represents a region of the image as shown in Fig. 2. The
cells represent a quadrant or a section of the image.
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Fig. 5. Movements with lines and fixations marked with points made by
boys in the image “Man”, each color shows the trajectories made by different
individual.
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DIFFERENCES IN FIXATIONS PERCENTAGES BETWEEN
GIRLS AND BOYS FOR IMAGE “MAN”

-0.78

-3.71

-2.78

3.86

-10.28

8.17

8.1

6.28

-6.11

0

0.5

-3.24

Note: Each Square represents a region of the image as shown in Fig. 2. The
cells represent a quadrant or a section of the image.
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depending of the voltage. After analyzing those percentages we
evaluated the differences in the placement of the fixation. We
calculated the difference by subtracting the percentages of the
girls and the boys. We obtained the Table 1 and Table 2, and
noticed that when girls had a bigger fixation percentage the
result was positive, and when the result was negative means
that the boys had a bigger percentage of fixations. For both
images, It as found that the column had more negative spaces
when the column was the right one, the center column had
some negative results and the left column has one or none
negative result.
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Fig. 6. Movements with lines and fixations marked with points made by
girls in the image “Man”, each color shows the trajectories made by different
individual

We made the same analysis for the first 30 s for the second
image. In this image we found that the average number of
fixations was 25 for girls and 24 for boys, which means an
average time between fixations of 1.2 and 1.25 s for girls and
boys respectively. Also we made the equivalence between
distance of each fixation for girls and boys and calculate the
average distance; we obtained an average distance of 25.44 cm
for boys and 20.82 cm for girls.
In addition, it was analyzed the number and percentage of
fixations in order to make a quantitative comparison between
the fixation in boys and girls. The images were divided in 12
sections and we found the higher number of fixations

CONCLUSION AND DISCUSSION

All the matrixes show a bigger correlation on the center of
the entire experiment. These means that the all the individuals
made similar movements in order to recognize the pattern. All
the individuals could recognize the images, but the movements
for achieve the recognition where a little difference for both
genders. The girls tend to make more fixations than men. The
girls tend to fix their sight on right and the boys fix their sight
on their left. These facts suggested that the difference among
recognition, the perspective and head movements that infants
made for the test exists, but is not so distinguishable when the
eyes can not move freely for example using a pinhole to reduce
this eye movement. The lack of eye movements reduces the
spatial skills and balances the head movements giving and idea
that this could be the origin of the spatial recognition and skills.
The analysis of the fixations for boys and girls shows that
the number of these for the entire test was higher for girls. The
distribution for sections of the fixation was a little different for
both genders, and in the case of the image “Fish” both genders
shows a lack of fixation in the empty space of the image, but
the girls left a piece of the image without exploration,
difference to the boys that covered all the sections of the
image.

When we compared the percentages of fixation with boys
and girls by subtracting the two matrix, we found that the girls
tend to fix their sight to the left, we found in the first column,
observing left to the right, three positive sections in the image
fish. We observe two positive sections in the middle column,
and in the right column for the images we observed one or
none section positive. The sight of the girls tends to be in the
left and the sight of the boys tends to be in the right. This
shows that not only the trajectories for men and women are
different, but also the fixations behave different for boys and
girls.
Also a conclusion obtained in the study supports a
multifactoral theory of visuospatial [9] ability, which gives
importance to evolutionary, neuroanatomical and maturational
factors, but above all it gives value to experience and
sociobiological factors. The most prolific research field in
spatial skills is one that is related to gender differences and
although in a first reading it seems unquestionable that
affirmation of the superiority of males in spatial abilities, in
reality this is a very controversial result and, as some authors
have already pointed out probably everything depends on the
type of tasks and the conditions of realization of them [10],
since it is necessary to take into account that spatial
competence is related to a broad spectrum of activities, which
it is defined as the ability to represent, generate, retrieve and
transform non-linguistic symbolic information and that can be
grouped into three categories:
• Spatial perception: ability to locate, orient, find the
reference to the horizontal line
• Mental rotation: ability to mentally rotate twodimensional or three-dimensional block objects
• Visualization: ability to generate mental image, make
mental transformations and retain the changes produced [11].
Likewise, the performance in visuospatial skills may be
related to emotional, motivational and assessment factors of the
task and possession of various skills and habits linked to it.
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