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Abstract. In today’s world modern 3D visualization screens are already
entering the entertainment world of future smart homes together with
the social networks popular games. The paper describes and experimen-
tal study of volunteers’ focus group spontaneous EEG dynamic changes
related to 2D/3D screen modes stimuli during short-time gaming activ-
ities. A quantitative difference between 2D and 3D gaming stimuli have
been found by implementing relative power spectra approach.
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1 Introduction

Nowadays modern personal 3D visualization screens are getting more and more
popular for the regular computer gamers and the new smart homes that will
encompass many new smart devices and technological solutions in the near future
[7]. These are also producing and many negative effects like: fatigue, stress,
addiction, physical discomfort, overweight, etc. [4], [9], [11].

Apart of this the recent appearance of lightweight cheap passive 3D personal
glasses is strongly supporting the process of 3D visualization entering in the
everyday life. Furthermore, the new emerging technologies in the field like sim-
ulated virtual and the upcoming augmented reality are opening a vast field for
studying the multiple influence effects of all these technologies to the human
factors (i.e. entertaining users) response in different smart environments and
scenarios of usage.

An interesting direction for exploration in the field is related to the upcoming
Web 3.0/Web 4.0 modern social networks games [6], [16] that are getting large
popularity amongst social networks, to mention different Zynga games, hi5 -
Pets and even the popular smart device Android applications like Rovio’s Angry
Birds. It is also important to note and the fact that according to [10], [13]
the current trends in social network usage are more than fifty percent oriented
towards entertainment activities opening a vast field for research concerning the
effects of human-machine interaction related to cyber threats and the effects
related to the human factors [2], [3], [5], [14].
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The present paper outlines shortly an empirical case study concerning the
human factor 2D/3D brain activity response to the recently appeared in the
most popular social network Facebook [15] and the famous entertainment game
on-line modification – Angry Birds [1].

2 Methodology

A simple visual stimulation study of a volunteers’ focus group of 25 people (23
men and 3 women, average age 36 years +- 3) EEG screening methodology was
used.

Fig. 1. General idea of the conceptual framework used in the study for EEG game
response monitoring

As it is clear from Fig.1 the conceptual framework encompasses: (i) Monitor
(a 2D/3D IPS LG D2343P was used during the experiments together with a set
of passive glasses, implementing the build-in 2D/pseudo 3D regime switching),
(ii) Simulation PC (a desktop Intel R©CoreTM i5, 6 GB 1600 Mhz RAM station
with NVIDIA 2 GB DDR3 video card connected to the LG monitor via HDMI
interface) and (iii) EEG recording (utilizing Nation 7128W-C20 EEG panel wire-
less device together with a mobile HP8220 laptop station that encompasses the
Data PC and 16 bit ADC block, fs = 512 Hz).

During the experiments a 6 lead recording mounted with T20 EEG conduct-
ing paste, plastic helmet and Ag/AgCl electrode leads were utilized following
the international Jasper 10/20 system [12]: F3, F4, C3, C4, P3, P4; reference
electrodes A1, A2 have been positioned on processi mastoidei of the studied
volunteers with the ground electrode positioned on their foreheads.
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The experimental series cover 3 minutes epochs (records) of the Angry Birds
online game in the Facebook environment encompassing 3 game levels in 2D and
3D visual stimulation regime of the screen. All experiments were conducted in
silent mode, normal working light office conditions and comfortable chair sitting
position. The volunteers were using only a standard Creative R©2 button optical
mouse with a scrolling wheel as an input interface device and a known Facebook
account for single player game access.

Fig. 2. A photo with a volunteer for the experimental implementation of the conceptual
framework for EEG game response monitoring

The recorded spontaneous EEG series have been sorted and only artifacts
free ones have been further used for further digital filtering. A Butterworth 12
dB/oct band pass zero-phase shift filtering within the following four frequency
bands have been performed [12]: theta (4-8 Hz), alpha (8-13 Hz), beta (13-30
Hz), gamma (30-70 Hz). Additional notch filtering with Chebyshev 18 dB/oct
digital filter in the frequency band 45-55 Hz have been implemented.

In order to achieve the 12dB/oct and 18 dB/oct filter characteristics a multiple
3 dB/oct filter base was used. Next, after the [17] algorithm a Fourier based
Relative Power Spectrum calculation of the selected four frequency bands have
been performed averaging the results for all monitored volunteers for both 2D/3D
stimuli. It is important to note that the whole EEG signals processing have been
performed in Matlab R©2011b environment.

3 Results

The resulting averaged power spectra concerning F3, F4, C3, C4, P3, P4 leads
are depicted on Fig.3 (for 2D) and on Fig.4 (for pseudo 3D):
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Fig. 3. Averaged Power Spectra for F3, F4, C3, C4, P3, P4 leads of theta, alpha, beta
and gamma frequency bands during 2D visual stimulation with Angry Birds on-line
social network game for 3 minutes epochs

The obtained results from both Fig.3 and Fig.4 are demonstrating an interest-
ing quantitatively measured phenomenon concerning the gamma EEG frequency
band with prominent difference of 8-10 % between the 2D and pseudo 3D visual
stimulation. The other spectral parts differences are rather small - 1-2 %. These
could be considered as an interesting finding that practically produces a higher
fractal dimension of the measured signals [8].

Generally, the gamma frequencies are related to motor tasks and awareness
rising from physiological view point [12] but the present finding being with an em-
pirical character could be used for quantitatively differentiating between the gen-
eralized visual stimuli. A further emotions recognition work was initially planed
but due to the fact that there exists an individual peculiarities that require sin-
gle user calibration before every experiment an assumption for real-time on-line
detection more accurate results is under development in the framework of [2].



2D vs 3D Visualization and Social Networks Entertainment Games 111

Fig. 4. Averaged Power Spectra for F3, F4, C3, C4, P3, P4 leads of theta, alpha, beta
and gamma frequency bands during pseudo 3D visual stimulation with Angry Birds
on-line social network game for 3 minutes epochs

4 Discussion

The briefly presented conceptual framework for studying the differences between
2D vs 3D visual stimulation in social network entertainment games concerning
the human factors’ EEG response is adding data to the vast discussion about
the technological influence to the human factor in the new information 21st
century. This very large problem is still unconsciously underestimated but sooner
will become a significant player with the practical development of smart homes
and cities ideas. Currently, the problem is not well studied and requires a more
serious observation in the near future accentuating on the multiple human factor
responses like: behavior, psychology and physiology correlates together with the
fast progressing technological developments.
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