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Sexual Cognitive Differentiations in Real and Virtual
Educational Environments : Case Study

Chryssi I. Priovolou

Abstract —-Many researches have accented cognitive sexual (MRI), functional Magnetic Resonance Imaging — fMRI
differences in real environments with general male Pgsitron  Emission Tomography (PET) and
.femal.etpr?dom'”.ance In tverbal dab|||t|es. .Sllrl'mlar :jeeart.Chesl is a non invasive and easy to use method, with tiigh
n_virual environments - and - especialy =~ educational - qoqqiivity and accuracy of msec same order of
applicable, do not exist. The aim of this study it investigate . ; . . .

of electromagnetic changes in brain function. Tikishe

any sexual cognitive differentiation between the pécipants . . S L.
during their interaction with virtual and real educational €asons why we decided to use this brain imagining

environments. For this reason we decided to use the technique in the present study. The processing of
functional brain imaging method of electroencephalgraphy  electroencephalographic signs usually concernsstiney
(EEG). Our results showed that both participants usd the of spectrum analysis in certain area of frequengiegh
same cognitive abilities to process the same stinatibns. we call ‘rhythms’. Rhythms are associated with gmec
Nevertheless, the two groups differed in perceptioand in  cognitive functions. For instance, rhythm thetd-8Hz) is
mental processing level. In particular, is thoughtthat males  gocociated  with  coherent learning, attention and
show less visual attention and mental effort dufing ¢ mation retrieval. ~ Rhythm alpha (8-13Hz) is
observation of three experimental conditions (two . . . o

associated with relaxation conditions and mentiahcass,

dimensional virtual environment, three dimensionalvirtual ; ; . .
environment and real environment). These findingsian to be ~ While rhythm vita (13-30Hz) is associated usually

used at designing of appropriate educational learng €ncounter with alertness. Rhythm gama (>30Hz) is

environments and in deeper research of human mind. associated with memory functions, attention andnste
perception.
Keywords — Virtual Environments, Cognitive Abilities, There are only few researches which use the mathod
Sexual Differentiations, Electroencephalography (EB). EEG to study the cognitive sexual differences amalirt
results are in accordance with them of behavioral
|. INTRODUCTION researches [12]. From the category of verbal &slit

verbal memory were mainly studied (storage and

The research of cognitive sexual differentiatios har reproduction of verbal information) and were detdct
origins at decades of 1950 and 60 [1],[2]. Althouble sexual differences in brain activation as duringastge of
recent years more scientists are interested in itegn information in spectrum areasrhythms, theta, al and a2
sexual differentiation research. This tendencydsasesult as that during reproduction of information in rhyth al
the creation of three different scientific optiont this and a2 [13], [14], [15]. On the other hand from the
subject: a. Psychological with behavioral experitabn category of spatial abilities, mental rotation wstadied
methods such as psychometric tests, b. Sciendesaith during which differences were found in rhythms #het1,
in anatomical, neuronal structure and functiongellec. b2 [16] as in al rhythm were females higher
Cognitive science in brain functional and braiintrohemispheric correlation between right antdehtral
organization level with the use of neuroimaginingrain areas and lower between right central andtdto
techniques just as present research. brain areas [17].

Cognitive sexual differentiations are distinguishied  Other aspects of cognitive abilities which weredsd
two basic categoriesa. Spatial abilities where males with EEG method is perception of emotions, when@eso
outperform and b. Verbal abilities where females researches did not detect sexual differentiatioievdome
outperform against males [3], [4], [5]. In spite thfese else found only nuances in brain activation [188][ [20]
cognitive patterns, there are also subcategories @fd facies discrimination where the differences ewer
cognitive abilities which present different patwrof focused in vita f) rhythm of occipital brain areas with
sexual differentiations. For instance, in spatiadnrmory —greater oscillation in females [21], [22].
and spatial visualization (object location, and takrecall Recent years sciences of education are engaged in
of objects location) females are presented to ofdpe sexual differentiations given that diagnosticatexusil
and on the other hand males outperform in verbaity cognitive differentiations have consequences inniag
and verbal memory under specific circumstances[fg], disabilities [23], [24].

[3]. The finding of these cognitive sexual diffetiations In this scientific context is subsumed the prestatly
guided to express the assumption that the existefice which combine the interest of educational scienfoes
these differences may be due to morphological bragognitive sexual differentiations with  pedagogic
differences between males and females [8], [9], [[lI0].  exploitation of Technologies of Information and

The most essential of brain imagining techniqueichvh Communication Technology (ICT). ICT were used to
are used for the research of cognitive abilities Akial study cognitive abilities initially ~with  simple
Computed Tomography, Magnetic Resonance Imaging
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computational environments and then with contenmrgorathe participants received any medication or sulcstathat
methods of virtual reality [25]. affected the operation of the nervous system aey tiad
As in the real word, in virtual environments theeegtial not consumed quantities of caffeine or alcoholhia last
hypothesis is the matching of EEG signals witl24 hours before the experiment.
psychological variables such as attention, peroepti C. Environments and Procedure
memory, alertness, mental pressure. In spite of Main purpose of this present study is to compare
researcher's cautiousness, given that variables a#lectrical brain activity (cognitive processing)raén and
multidimensional and difficult to be identified, @n women with the use of Electroencephalography (EEG)
rhythms of spontaneous EEG have been used to #tedy during passively observation of geometrical soiidthree
relation between brain and behavior in virtuabifferent situations; observation of geometricalidsoin
environments despite the fact that the effortssiilein  real environment (REAL), in stereoscopic desktapueil
embryonic stage [26], [27], [28], [29], 25], [12]. environment (3D), and in non stereoscopic virtual
In this context are deposit the following searchingnvironment (2D). Geometrical solids were becahsg t
questions: Is it possible to be allocated thare familiar objects to participants, they are ediooal
neurophysiologic basis of one’s state during hisraction  tools that can be used in various forms and cortiposi
with a virtual environment? Is it possible to bdiraate in different training environments and it was etsynake
neurophysiologic the existence of cognitive sexuaheir virtual models totally identical to the remles.

differentiations during interaction with an eduoatl Virtual environment was designed with Autodesk 3ds
virtual environment (EVR)? This study is an attertipt Max 2010 and stereoscopic virtual environment (3D)
approximate all these subjects. projected on a 22" stereoscopic LCD monitor with a
refresh rate of 120Hz using 3D active glasses. fitre
[Il. M ATERIALS AND M ETHODS stereoscopic virtual environment (2D) was identtcathe
3D and displayed on the same monitor without tleeest
Objectives projection. Both virtual environments were identicathe
Main purpose of this research was to: real one.
1. Detect probable sexual differentiations in traitivity =~ [N order to keep the subjects attention focusestisumal

between men and women during the observation &fimulations and to reduce ‘noise’ of EEG recording
three educational environments identical in contenparticipants were comfortably seated in a darkeaed
One real educational environment (REAL), eflectromagnetically shielded test area, 100cm afnay
stereoscopic educational desktop virtual envirortmeRresented environments and at eye level with theitoro
(3D) and a non stereoscopic educational virtudd@ssively observing each one of the environmeritai(&
environment (2D), 1). Experimental procedure conforms to the codetloics
2. Detect the credibility of electromagnetic reting and Of the University of loannina.
test the system of electroencephalography in The experiment took place in three stages. Firstly,
correlation with simultaneous operation of virtuaParticipants answered in a questionnaire aboutopefs
reality’s system in order to pick up probable ‘mdis and demographic information, and then they hadaat sh
that will be induced. interview with the researcher who explained therma th
In this context were set the following researctinethod of the research and the function of
questions: Is it possible to define the neurophggio electroencephalography. In the second stage partits
base of participants while they observe a virtudnteract with three experimental environments ahtha
environment? Is it possible to evaluatdast third stage participants answered a questimna
neurophysiologically the existence of cognitive isex designed by researchers in order to detect spagatory
differentiations during the interaction with ediuoaal differences between the two groups (men and women).
virtual environments (EVE)? The stimulations were a square, a pyramid, a spirate
B. Participants a polygonal cylinder which all had wooden textuttesy
The sample was eighteen (18) healthy undergradudté’® Set on a light grey table, at the particijasyes
from Primary Education Department, University of€ight (Figure 2) and the virtual solids were basedhe
loannina volunteers. They were separated in twalegu €@l ones like also the background which was lggky as
number groups according to their sex (9 females @ndthe laboratory's wall and were presented in a cdempu
males). The sample is characterized by homogeireity Scréen (Figure 3). _ .
cognitive level and in age as it consisted of, atgdo 22~ During the task participants watching passivelyttiree
years (mean age 20.5) which is consistent witRnvironments whlle.electrlcal brain activity wa:mgjed
stabilization of alpha brain rhythm (4 - 8Hz), whic by an EEG record|_ng system. The EEG recording was
change since puberty. All participants were copsiy contiguous a_nd during spectrum analysis were exanin
right-handed, native speakers of Greek and hadalcom the basic brain rhythms the®) (4 — 7 Hz), lower alpha-1
corrected to normal vision without certain diagrbse(8L) (8 — 10 Hz), upper alpha-2 (a2) (11 — 12 Heja ()
learning difficulties or mental disease. Handednesas (13 - 32 Hz). e ) .
confirmed using a battery of Annett handedness Before the beginning of EEG recording participams
questionnaire (AHQ) and also the criterion for dstemt & few minutes in order to feel comfortable with #ense
right-handedness [30], [31], [32], [33], [34], [3%Jone of
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of electrodes, to relax and to reduce the eye bigkbasic
reason of noise in EEG recording).

During the whole experimental procedure participant
were recommended to avoid unnecessary movemerits th
could cause artifacts during EEG recordings as ashny
form of speaking and move of head muscles (e.inmur
interjection, bruxism, mops and mows etc).

To avoid appearance of weariness to participants
between the three experimental conditions (three
environments 2D, 3D, REAL), intermediated few mewit
of relaxation. Participants would ask for a breakirth the
experimental procedure if they felt malaise, wessor
another unpleasant feeling in order to feel corafue
again and to continue the experiment.

During the presentation of the three experimenta
conditions (three environments 2D, 3D, REAL), were
dominating the same conditions excepting the ptatien
of 3D environment during the observation of which
participants were wearing  stereoscopic 3D pcéaliz
glasses and in the laboratory the lights wereRfyre 4).

Firstly, they observed the REAL environment in orde
to feel familiar (comfortable) and modify the pdidsi
sense of stress that may have, then the non stepgos

virtual environment (2D) and at last the stereoscop . ‘
environment (3D). . .

After the completion of the observation of the ffirs
experimental task (REAL environment) participantd h
closed eyes for few minutes while the experimemias
preparing the projection of virtual environmentfetging Fig. 3. Presentation of non stereoscopic virtual
the items that composed the REAL one. environment (2D).

All the environments were presented to participamts
ten (10) repetitions between which the four itemerev
changing their place while the participants wereropg
and closing their eyes according to the researsher’
commands, in order to minimize the artifacts of EEG
recording. Participants were also instructed tatéon the
center of the computer screen during the presentati
virtual environments and to the real items thatewer
front of them on the desk during the presentatibneal
environment.

During the carrying on of the experimental procedur
the researcher wrote down information about padici's
behavior (experimental behavior) and about theictiens
during the observation of experimental stimuli ahaling
the EEG recording. These notes facilitate the rebea Fig. 4. Representation of observation of stereascop
during the final selection of participants and atkoing virtual environment
the investigation of EEG recordings so as to rentoeee
easily possible artifacts.

fig. 2. Presentation of real educational envirortmen
(REAL)

D. EEG Recording and Analysis

Using electroencephalography (EEG) and technoldgy o
Virtual Reality, this is the first study which irstigated
the neurophysiological underpinnings of cognitive
processing and the differences between males amalds
(cognitive sexual differentiation) who passivelyoked
three different stimulus, one real, one non stewus
virtual (2D) and one stereoscopic virtual environie
(3D).

Brain wave activity was recorded using the gtec EEG
system of 36 channels with 256Hz sampling rate. The
digital EEG data acquisition system had a 1 — 4Batzd
Fig. 1. Laboratory where experiment took place pass filter. EEG was continuously recorded from 26
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clinquant electrodes from which 20 were up to dipalar VA2 the potentials of two ears right and left). e other
hood. 19 active unipolar Ag/AgCI electrodes weracpi hand when the reference impedances are different
o scalp sites according to 10-20 International fEbele according to Choppin (Choppin, 2000).
Placement System. Raw EEG data was recorded fromThe EEG data recording and processing accomplished
positions Fpl, Fp2, F7, F3, Fz, F4, F8, T3, C3,@%,T4, with digital EEG recording system of gtec . Foeth
T5, P3, Pz, P4, T6, O1, O2 (Figure 5a), at a samgphte processing of raw EEG data used the system gB§zmnal
of 512 Hz. All leads were referenced to linked E#e and data analysis with the software EEG processing
and a ground electrode was applied to the forehead. developed from our laboratory Educational Approadue
Horizontal and vertical eye movements were alsWirtual Reality Technologies (Earth Lab) in Univitgysof
recorded dipolar with four cuplike, golden stick onloannina, Microsoft Excel, Matlab and Fast Fourier
electrodes placed round the eyes, two at the ekteyies Transformation (FFT). Band separation made witht Fas
angles, one upwards and one under the left eygurgi Fourier Transformation accomplished data analysis i
5b). An extra electrode used in forehead as eadtingl. rhythms thetaf) (4 — 7 Hz), lower alpha-1 (al) (8 — 10
Linked ears served as the reference lead to heatt@les Hz), upper alpha-2 (a2) (11 — 12 Hz) and bg}g13 — 32

(positionsAl andA?2) (Figure 5a). Hz).
0% Finally, the cutting off of EEG trials, the removaf
Egl_vf’g - artifacts, the formation of overall tables per Hmgt and
o . TN the formation of brain frequency maps were accaoshgld
FF R S ) by EEG processing software which was developed in
. | .[™* Visual Basic and Matlab environment.
T 425 TE 3 E. Experimental Materials and Software
\ [ foow The virtual environments were designed with Virsool
b m Py / Dev Education 4.0 software package and were pregent
e o/ on a 22" LCD 3D monitor with resolution of 1024x3a%
PG and 60Hz display update rate. For the presentatfon

stereoscopic virtual environment (3D) were used &
3dsMax software and 3D polarized glasses from nXIDI
F. Results

For the extraction of results, were studied firsghectral
absolute potency maps with colored scale whereepted
the activated brain areas. The maps were figured
separately for every rhythm, experimental groupd an
experimental condition and are presented overdfigure
6. All maps use the same color scale where « warm»
colors (brown, red) correspond in high rate potemdyile
« cool» colors (blue) correspond in low rate poyenc

From the study of absolute potency maps, the tgyolo
extension of brain rhythms theta, alpha, beta amnga is
similar for the two groups (male, female) in three
experimental conditions. Difference in topologyemgion
between the two sexes is detected only in the third
experimental condition (REAL) for the alpha rhythm

b where men present activation in posterior parietatex
and women do not. These observations point to the
Fig. 5. conclusion that both sexes use the same cognitilities

to process the same stimulations.
In the matter of brain activation levels in two ssxwe

electrode eyes and ears impedance was kept beldg@20 00K information from the comparative graphs which

All the impedance was checked before and after t esent statistical significant differences (p ©5). of
recording with a recording device (g.Zcheck® solute values of faculty for the two sexes amdefe@ry

IMPEDANCE CHECK g.tec GUGER €Xperimental condition separately. The findingsthese

TECHNOLOGIES). EEG epochs were synchronized witdat@ are presented in Table 1.
the onset of stimuli presentation. To accomplish Ilest
possible EEG recording used conductible creme letwe
scalp and electrodes.
All unipolar recordings (20 electrodes) had as
benchmark the ‘VA’ which is the mean of potentials
reference lead ears electrodes. So if referencd lea
electrodes have egal impedances the potentials h@an
arise from the formula: VA = 1/2(VA1 +VA2) (VA1 and
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Fig. 6. Spectral absolute potency maps with colecade (2D: non stereoscopic virtual environmebt, 8ereoscopic
virtual environment, REAL: real environment)

Table 1. Brain activation levels

Men

Women

rhythm theta
(4-8Hz)

rhythm

alpha

(e 8 — 10
Hz)
(az:
Hz)
rhythm beta
(13 -32 Hz)

11 -12

2D: Statisticallysignificant activation o
whole cerebral cortex.

3D: Same activation pattern with 2D
condition with exception of right temporal
cortex (T) and central frontal area R
REAL : Same activation pattern with 2D
condition with exception of left occipital
cortex and left temporal corteXqandTs).
2D: Statistically significant alpha rhythm (al
in low a; and in higho, frequencies) as

2D: Did not present any activatit
predominance in whole cerebral cortex.
3D: Statistically significant brain
activation in right anterior temporal cortex
(T4) and in a central part of frontal cortex
(F2).

REAL : Statistically significant brain
activation in left occipital cortex.

They did not present any activati
predominance in any experimental

regards of women, in whole cerebral cortexcondition.
3D& REAL: Same activation pattern with 2D

condition

2D: Statistically significant activation bet
rythms in comparison with women'’s
activation in whole cerebral cortex.

3D: Same activation pattern with 2D
condition with exception of left anterior
temporal cortex where men’ s cerebral
activation were not statistically significant.
REAL : Same activation pattern with 2D

Statistically significant brain activatic
predominance in right anterior temporal
cortex only in REAL experimental
condition.
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condition with exception of right anteri
temporal cortex.

rhythm 2D: Statistically significant activation in rigl  2D: Statistically significant brai
gamma occipital cortex, left parietal cortex {Cand  activation in right anterior temporal cortex
(33-40Hz) inwhole frontal , prefrontal and temporal (Tg), in posterior parietal g4,P;) and in
cerebral cortex. left occipital cortex.
3D: Statistically significant activation in F8, 3D: Statistically significant brain
Ta, Te, Ps, Py, Pz, Cyxcont Ts. activation primarily in left brain

REAL : Statistically significant activation in  hemisphere and specially in electrodes

whole cerebral cortex with exception of Fpl, Fp2, Fz, § F4,Cs, Ts, O and Q.

occipital O, O,) and bilaterally in anterior ~ REAL : Statistically significant brain

temporal cortexTs, Ts). activation bilaterally in occipital cortex
and in anterior temporal cortex.

[1l. D ISCUSSION mainly visual and with attention focus in stimuB8],
[39], [43], [44].

Present study investigates the differences in brai 7. Women are presented to h.ave_more intense p_emeptio
function and specially in cognitive abilities whignesent Of stereascopy In stereoscopic virtual reality dbad :
when men and women are in contact with three eiffer (3D): given that gamma rhythm has been connecté wi
stimulations with basic educational content. Theegh 1€ Perception of stereoscopy in previous stydis), [

environments present the same stimulations- fOL[I‘Ilg]'M h ianificant hiah loha thvthm in th
geometrical solids- in real environment, in - Men have signiticant higher alpha rhythm in three

stereoscopic virtual environment and in stereosmop?_xﬁe”memal Icond|t|onshw|rt]h h!gher mr':enﬁe 'nb:;?ﬁ
virtual environment which is in accordance withpoes right temporal cortex, which guide to the hypothesiat
[36]. men sow less visual attention than women and mede |

The study of the data point to the following corsibms: ment_i_a:]eff_orts [47], ﬁ?]’ [49.]'. f in | | beab
1. Men and women process the same stimulations using™ ?j |ntensehap ‘E activity o n}enhm ateral be |
the same cognitive abilities, as both presentedaign in & cas during the observation of three —experimenta

the same cerebral areas, during the three expegifne nvironments commit to conclusion that men come
conditions in basic brain rhythms alpha, veta, ahand orward to mental representation of external stisyb0],

gamma. [51].
2. The increase of theta rhythm in central cerehrehs
has been connected with performance of complicate IV. CONCLUSION

cognitive functions. From the study of cerebrahaation
maps, was detected that men apprehend as mord" summary, it was noticed that both men and women
complicate processes the observation of real emviemt Used the same cognitive abilities to process tesemted
and non stereoscopic virtual environment while woemestimuli which aright became perceptible as visutapa
apprehend as more complicate process the obserwftio stimuli. Differences were detected as women arsepried
stereoscopic virtual environment. to perform more intense processing of primary Jislzda

3. Theta activation in parietal cortex of men andnga N Stereoscopic virtual environment and also inl rea
during all the three experimental conditions issisrent environment which they apprehended as more
with the kind of visuospatial stimulations and sad complicated. On the other hand, men are presentpeyt
attention, which confirm the conclusions of pregouless attention and to make less mental efforts lin a
studies [37], [38], [39], [40]. experimental conditions while in addition they mme®d

4. Similar activation in men and women betweeri0 try making mental images of presented stimuli.
prefrontal and posterior brain areas for rhythmtahe The conclusions of the present study, regardlesbeof
during all experimental conditions is in accordamdth fact that they are not easily admitting of genesdlon,
conclusions of previous studies with performance ciccent the need for designing of virtual educationa
visuospatial processes [41]. e_nvirquments yvith small degree of com.plexity, gitkat

5. Men drift to accomplish stronger cognitive advi Simplified environments do not complllcate nor women
than do women in all experimental conditions, giveat Who process in extenso the primary visual datatheei
they have statistically significant veta rhythmanterior Men who create easily the mental images of the lefmp
brain areas which have been connected with higdimuli.
cognitive processing and with construction of menta The findings of the present study are explorataryl a
images [42]. contribute significally at scientific discipline diological

6. Intense gamma activity of men and women in thrgeasis of learning and at designing of appropriate
experimental conditions is in accordance with presi educational informatics environments for all. Tieegarch
studies conclusions which have connect the presehceis being continued with larger sample and with gtofl

gamma rhy‘thm with the response in sensory stinmudi aelectric brain aCtivity during observation of vialu
environments with specific educational context.
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