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With the introduction of mobile devices with easy to access high processing power, in the late 

years is possible to perform analysis of bio signals in real time at any place. Such is the case for 
electroencephalographic signals (EEG) that can be measured from the human skull. With EEG data, 
we can have a representation of some aspects of the human brain activity. Lately there is the 
possibility to measure EEG data with wireless and easy to operate EEG headsets that provides 
opportunities for fast and mass measurements. With detection of certain informative features that are 
user independent, we can perform simple classifications process and apply the measured brainwaves 
in variety of applications. In this paper, we present the application of EEG brainwaves for recognition 
of the degree of attention that is applicable for evaluation of media content from variety of recipients 
and we present the informative features that we use, calculated from EEG measurements. 
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Компонентно разлагане на телевизионно рекламно съдържание с използване на 
електроенцефалография (Георги Ценов, Стилян Георгиев, Станимир Андонов, Валери 
Младенов). С навлизането в бита през последните години на мобилни устройства с висока 
изчислителна способност стана възможен анализа на биологични сигнали в реално време и на 
всяко място. Подобен е и случаят с електроенцефалографските (ЕЕГ) сигнали, които могат 
да бъдат измерени от главата на човек. С ЕЕГ данните ние можем да имаме 
представителност за мозъчната активност. През последните години се появи възможноста 
за запис на ЕЕГ данни с използване на безжични шапки с електроди предоставящи 
възможност за бързи и лесни измервания на мозъчната активност. С възможноста да се 
откриват определени информативни признаци, които не зависят от това от кой потребител 
са снети, става възможно да се прилагат различни класификатори на мозъчните вълни с 
множество приложения. В тази публикация представяме приложението на ЕЕГ вълните за 
разпознаване и оценка степента на внимание при медиѝно съдържание получено от тестова 
група и представяме използваните информативните признаци получени от измерените данни.  

 

Introduction 
In this paper is presented a method for estimation 

of attention spots in media content by using 
electroencephalography (EEG) biosignal electrode 
measurements from human scalp. EEG signal 
detection is done with usage of electrodes, which are 
placed on the scalp in order to detect electrical activity 
in the human brain. The neural cells in the human 
brain communicate by electrical impulses at all 
instances of time, even when we sleep. This activity is 
monitored in form of brainwaves. EEG signals can be 
separated into several waveband classes based 
frequency range [1], [2]. 

There is an all growing need to evaluate the 
created content that is going to be send to the public, 

due to probability that the source material can be 
found offensive to some groups. Also, the initial 
material is better to be evaluated preliminary with 
storyboards and then to be shot on film. With focus 
group estimation of the media content with 
Neuromarketing that uses EEG data, we can 
synchronize second to second averaged data from 
EEG recording sessions to have generalized 
conclusions on given content material. There is a need 
to screen the content to test users at least 10 times, 
because single digit screenings can introduce random 
errors from distractions that can be filtered out with 
more screenings. From the averaged data, we can 
apply a simple classifier that uses alpha and theta 
activity min/max ranges. 
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Electroencephalography and signal processing 
The International so-called 10-20 system is usually 

employed to record the spontaneous EEG [3]. In this 
system, the electrodes are located on the surface of the 
scalp as shown in Fig. 1. The electrode placement 
positions are determined by dividing the skull into 
perimeters by connecting few reference points on 
human head. From these points, the skull perimeters 
are measured in the transverse and median planes. 
Electrode locations are determined by dividing these 
perimeters into 10% and 20% intervals. The “Emotiv 
EPOC” is an EEG Headset with 14 channels of EEG 
data that we use. 

This brain activity is monitored in form of 
brainwaves. EEG signals can be separated into several 
waveband classes based frequency range [1], [2]: 

α activity: electromagnetic waves ranging between 
8 and 13 Hz in frequency, and between 30 and 50 μV. 
This brainwave type is useful to trace mental effort 
because of its higher amplitude. 

β activity: electromagnetic waves ranging between 
14 and 30 Hz in frequency, and between 5 and 20 μV 
in amplitude. Beta waves can be measured from 
frontal and central regions of the brain. The central 
beta wave can be blocked by motor activity and 
operation of the planning to make a move. 

θ activity: electromagnetic waves ranging between 
4 and 8 Hz in frequency, with an amplitude of less 
than 30μV. Theta waves are associated with access to 
unconscious materials, creative thinking and deep 
meditation. Furthermore, there is a link between 
emotions such as disappointment and frustration. 

δ activity: electromagnetic waves ranging between 
0.5 and 3 Hz in frequency, and between 100 and 200 
μV. 

γ activity: electromagnetic waves ranging between 
31 and 50 Hz in frequency, and between 5 and 10 μV. 
They are used to detect high cognitive activities and 
give some clues about mental diseases. 

 

  
Fig. 1. The EEG 10-20 system of electrode placement. 

EEG and relevant feature extraction 
The relevant features observed from researchers 

that are related to attention and concentration are EEG 

Theta and EEG Alpha. 
EEG Theta: The theta frequency domain in the 

human EEG is originally defined as 4-7 [Hz] (Walter 
& Dovey, 1944) simply to denote the intermediate 
frequency domain between delta and alpha rhythms. 
The term "theta" has been given with reference to the 
"thalamus," where this rhythm was thought to arise. 
Later theta frequency domain was defined in the range 
of 4-7.5 Hz (IFSECN, 1974). Number of studies 
reported that the power spectrum in the theta 
frequency range is increased in verbal and spatial 
cognitive tasks (Burgess, 2000; Gevins, 1997; Krause, 
2000). Theta activity change is also observed in 
various types of learning related tasks including 
recognition (Raghavachari et al., 2001) and 
subsequent naming (Sederberg et al., 2003; Weiss and 
Rappelsberger, 2000; Weiss and Muller, 2000). The 
theta activity is growing in tasks related to visual 
space navigation (Kahana et al., 1999, Caplan et al., 
2001, de Arau'jo et al., 2002). 

A relationship between theta frequency band and 
the memory is reported (Jensen 2002, Klimesch 1996, 
Klimesch 2001, Raghavachari 2001, Rizzuto 2003, 
Schack 2002, Tesche 2000). 

The activity in theta frequency range, which has a 
frontal topography on the scalp can be distinguished 
from other types of theta activity. The term Fronto-
Medial (FM) Theta (Ishihara and Yoshi, 1972) is 
defined as a distinct frontal theta rhythm of 6-7 [Hz] 
with amplitude of 30-60 [μV], continuing seconds 
during a mental task, such as arithmetic involving 
simple addition or subtraction. 

If the subject performs a task known to cause 
activation of the frontal theta, and this is confirmed by 
visual analysis, after proper signal processing a peak 
of about 5-7 [Hz] in front- electrode electrodes is 
observed (Harmony et al. 1999, Pellouchoud et al., 
1999). However, it should be noted that the opposite is 
not necessarily valid. 

von Stein, (2000) suggests that synchronization in 
the theta frequency range in wide brain areas reflects 
the process in which “higher” functions, such as 
conscious attention and strategy development, 
organizes the “lower” functions related to perception 
and coding. 

Gevins and Smith (1999) distinguished between 
the specific frontal theta, which depends on the 
requirements of the tasks assigned, and the diffuse 
theta associated with fatigue and malaise. 

In neuromarketing studies, the theta band activity 
elicited during the observation of the TV commercials 
that were remembered is higher and localized in the 
left frontal brain areas when compared to the activity 
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elicited during the vision of the TV commercials that 
were forgotten. Same increase in the theta activity 
occurred during the observation of commercials that 
are judged as pleasant when compared with the other 
(Vecchiato et. al. 2010). EEG correlates of 
commercials memorability across a number of studies, 
demonstrated that subsequently recalled TV 
commercials are characterized by power increases in 
the fronto-central theta (~4–8 Hz) (Shestyuk et. al.). 

 

 
Fig. 2. Averaged Alpha and Theta EEG activity obtained 

from 10 users with 10 content screenings. 

EEG alpha: The EEG alpha activity is 
characterized by frequencies between 8 and 12.5 [Hz] 
(IFSECN 1974). It is best expressed in parietal and 
occipital scalp areas. The alpha activity is clearly 
manifested in the back of the head, namely the 
occipital, parietal and posterior temporal zones, and is 
blocked by eye opening, afferent stimulation, or 
mental activity. The degree of reactivity varies. Alpha 
activity amplitude can be blocked, suppressed, or 
weakened. Suppression of alpha activity is more 
pronounced when opening eyes compared to auditory 
and tactile stimulation or mental activity. The 
suppression of mental effort is proportional to the 
subjective difficulty of performing the task, but also to 
the motivation for successful task completion. 

The EEG alpha activity is the classic correlate of 
calm wakefulness with closed eyes. The states of 
increased agitation reduce or suppress the alpha 
rhythm, which is shifted by higher frequency and 
lower amplitude activity. There is a connection 
between alpha rhythm and some psychological 
personality traits. Such a link is suggested by Lemere 
(1936), which binds the well-expressed alpha rhythm 
to the cyclothymic temperament, and the poorly 
expressed alpha rhythm with the schizometic 
temperament. Saul et al. (1937) find a well-expressed 
alpha rhythm in people with passive and subordinate 
behavior and low alpha in people with constant urge 
to action. The latter was not confirmed by Lindsley 
(1938). People with a higher level of anxiety and 

stress show a better suppression (Marczynski 1981). 
By analyzing the power spectrum, Gasser et al. (1983) 
find a correlation between alpha rhythm and other 
EEG characteristics and intelligence. People whose 
alpha frequency is higher by about 1 [Hz] have a 
better speed of re-calling. Steriade 1990 shows that 
cortico-cortical and cortico-thalamic systems interact 
in the generation of alpha rhythm. There are studies 
that correlate regional glucose metabolism and blood 
flow measured by positron emission tomography 
(PET) and EEG power spectrum (Buchsbaum et al., 
1984; Danos et al., 2001; Larson et al., 1998; Leuchter 
et al., 1999; Lindgren et al., 1999; Sadato et al., 1998). 
The Groups of Danos et al., (2001), Buchsbaum et al. 
(1984), and Sadato et al. (1998) reported a dominant 
negative correlation between the level of alpha 
activity and metabolism in the occipital cortex. Later 
studies also confirm this dependence by finding that 
alpha activity localized in the middle parietal and 
occipital zones also correlates negatively with the 
Blood oxygenation level dependent effect in these 
areas (Meltzer et al., 2007). There is a positive but 
poorly expressed correlation of metabolism 
(Buchsbaum et al., 1984) and blood flow (Sadato et 
al., 1998) with alpha activity in the motor cortex, a 
region that is not typically generating alpha rhythm 
when not is active (Jasper and Penfield, 1949). In the 
study of Larson (1998), no positive correlation 
between metabolism and alpha activity was found. 
Negative correlation of metabolism in thalamus and 
alpha activity was found. Lindgren et al. (1999), 
which only investigate the thalamus, also find only a 
negative correlation with alpha activity. This is 
inconsistent with the results of Danos et al (2001), 
which reported a positive correlation between alpha 
and thalamus. Other two groups did not detect a 
correlation between thalamus activity and alpha 
activity level (Buchsbaum et al 1984; Sadato et al., 
1998). Thus PET surveys give us an incomplete 
picture. The cumulative trend indicates the existence 
of a negative correlation between the level of alpha 
activity and the metabolism in the occipital cortex. 

A connection is also sought between the power 
spectrum in the EEG alpha frequency range and the 
brain activity determined by functional nuclear 
magnetic resonance imaging (FNMR). This approach 
is of particular interest because it can confirm the 
perception of the presence of local alpha activity 
generators in the thalamus. Neither the study of 
Goldman et al. (2002), nor other studies strongly 
confirm the role of thalamic nuclei in the generation 
of alpha activity. 

The activity in the alpha-frequency range is related 
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to the working memory (Gevins 1997, Jensen 2002, 
Klimesch 1997, Rizzuto 2003). A positive relationship 
between memory capabilities and the power spectrum 
of alpha2 activity, a negative correlation between 
memory and the level of alpha1 (8.0~10.0 Hz) and 
theta activities (Klimesch, 2000) was reported. The 
authors explain that alpha2 (10.5~13.0 Hz) reflects the 
ability to semantic memory, whereas alpha1 and theta 
frequency ranges are related to the encoding of new 
information. 

Rothschild et al. (1989) demonstrated the 
correlation between EEG alpha waves and individual 
scenes or messages in the commercial. The successful 
memorization of a scene from the commercial 
correlated with alpha suppression. A comprehensive 
analysis of alpha activity in the context of attention 
and memory was made by Klimesh 2012. 

Experimental results and hardware setup 
For the EEG hardware we used the Emotiv Epoc+ 

EEG Headset. The headset is with 14 channels for 
EEG data send via Bluetooth interface wirelessly to 
PC. Summarizing the EEG alpha activity can be 
accepted as marker for attention and the theta EEG 
activity can be accepted as marker for memory. The 
reduction the EEG alpha activity for a given time 
window in the course of TV commercial may indicate 
a moment of increased attention attraction to external 
stimuli. Respectively, the time moments in TV 
commercials where the EEG FM theta activity 
increases may be perceived as moments that will be 
memorized better. 

TV commercials represents a mix of stimuli 
coming mainly from two modalities - visual and 
auditory. Through it, the nervous system is influenced 
both - the purely physical parameters of the stimuli 
and the cognitive and emotional load as well as the 
context. 

It is important to find how the attention is 
distributed during the advertising itself. It is also 
necessary to assess whether the attention is attracted 
to pure physical stimulus features or there was 
additional cognitive load. 

In order to check this on the commercial, it is 
convenient to use the event synchronous 
synchronization - two-band dissociation - theta and 
alpha.  

The EEG activity recordings were performed in 
Emotiv EEG headset in a mode, in which only the 
already calculated spectral power in theta and alpha 
frequency bands is transmitted. For analysis, only the 
theta activation derived from frontal electrode 
positions was used. For alpha quantification, the EEG 

record was used only from the parietal electrode 
positions. All other electrode positions and band 
activities where not analyzed. 

        

 
Fig. 3. EEG recording experimental setup. 

A focus group of volunteers test subjects was used 
for experiments. The volunteers were instructed to 
look on the TV commercial without having to strive to 
specifically evaluate, analyze, or respond to 
advertising messages, also to avoid unnecessary 
movements and grimaces. The study is completely 
safe to the participants. The obtained results are from 
6 volunteers, with 10 repetitions of every type of the 
analyzed TV content. Our novelty is that other authors 
used separately Alpha and Theta activity information 
and we are using them both separately and combined. 

 

 
Fig. 4. EEG measurements recording experimental setups 

used on volunteers while watching TV content. 

On Figure 5 is represented the averaged alpha EEG 
spectral power activity for every second in the course 
of the TV commercial. Each bar in the graph 
represents the average alpha activity in the given 
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second from the commercial. The alpha activity was 
blocked at most within the 23 second, suggesting that 
at the beginning of 23th second there was a stimulus 
or combination of stimuli that attracted the attention 
of viewers the most. Blocking of alpha activity also 
takes place in the time period between the 7th - 8th 
second of the clip. 

 
Fig. 5. EEG alpha activity in the course of TV commercial. 

 
Fig. 6. EEG theta activity in the course of TV commercial. 

 
Fig. 7. Ratio of theta/ alpha EEG activity  

in the course of TV commercial. 

Figure 6 represent the averaged theta EEG spectral 
power activity for every second in the course of the 
TV commercial. Each bar in the graph represents the 
average theta activity in the corresponding second 
from the commercial clip. The theta spectral power 
was the highest in 6 second, suggesting that the 
stimuli or stimuli superposition, which appear in the 6 
second, will be remembered best. Of particular 

interest are moments that draw attention, on the one 
hand, but on the other hand they will be best 
remembered. These moments are bound to the places, 
where the ratio of theta vs alpha is highest, i.e. the 
places where the theta activity was relatively greatest 
relative to alpha activity. The results of the ratios are 
shown in Fig 7.  

The theta/alpha ratio shows that the moments 
within the TV commercial, that draws the attention at 
most and in the same time will be remembered best 
are those in 7th and 23th second. 

 

Conclusion 
In this paper, we presented an approach for 

analysis of TV content with usage of focus group 
estimation of the media content with Neuromarketing 
with EEG data. The proposed approach makes 
generalized conclusions on given content material 
with proposed combination of Theta and Alpha EEG 
being used together, rather that only separately. 
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