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SUMMARY. The article analyzes the dynamic of brain electric activity changes during 
perceiving short texts based on classic stories by adults (n=148). The author used expert 
evaluation methods and developed a step-by-step presentation technology to select and validate 
the stimulus data. Spectral and non-linear analyses were applied to the EEG that had resulted 
from the tests. The author proves that the type of a plot affects EEG fractal dimension. The 
plot “adultery ” and aquiprobably vague plots resulted in the highest EEG fractal dimension 
since such information tends to befiltered out and its perception requires functional resources 
to be mobilized. Perception ofthe plot “inequity ” resulted in the lowest EEGfractal dimension 
which can be explained by the negative emotional message sent by such plots.
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Psychology and psychophysiology have devised a number of approaches and 
theories to analyze consciousness as a phenomenon and perception as a process. At 
times they are contradictory since different researchers use different terminology and 
methodology. However, nowadays everyone agrees that consciousness and CNS are 
closely interconnected. What is important is to determine psychophysiological 
indicators related to perception. Our objective is to research the dynamics of EEG 
fractal dimension alterations while perceiving short dramatic texts.

Theory. The contemporary cognitive psychophysiology related to the 
phenomenon of consciousness comprises researching weak subliminal stimuli 
perception [1; 202-208], revealing peculiarities of emotionally significant stimuli 
perception [2; 796-801], studying peculiarities of functional brain asymmetry related 
to creativity [3; 134-161] and peculiarities of decision-making [4; 138-153], [5; 
500-510]. It is generally acknowledged that brain electrical activity, recorded as 
EEG, reflects variable and unsteady oscillating processes which have chaotic and 
fractal dynamics [6; 6]. A signal is considered to be fractal if its low-scale pattern 
is identical to a composite one and has some recurrence that is unchangeable in the 
broad band, i.e. after averaging statistically independent samples of a time series 

Tyumen State University Herald. 2013. No. 9

mailto:tkachewa.luba@gmail.com


Psychophysiological indicators 189

[7; 95-99]. Currently, fractals and mathematical chaos are considered the best ways 
to research the dynamics of irregular natural processes which include brain 
spontaneous electrical activity [8; 9-10]. As a matter of fact, electroencephalogram 
(EEG) itself as a recording of brain electrical activity represents a fractal [9; 30-31 ]. 
The same EEG recording can have different chaotic attractors dimension depending 
on the brain activation degree [10; 35-42]. Traditionally, EEG is regarded a 
multifractal - a nonhomogeneous fractal object which has a number of dimensions 
(Hausdorff, informational and correlated) [11; 251]. Nowadays, EEG recordings 
have been more and more frequently analyzed based on the dynamic chaos theory. 
It is believed that a fractal analysis of the system indicators fluctuations enables to 
rate its stability quantitatively [12; 131]. Brain studies of people suffering from 
anxiety and phobic disorders prove that EEG power spectra don’t always reflect 
changes in the brain functional condition, whereas alterations in multifractal 
parameters are more reliable [13; 30-36]. Generally, a fractal EEG analysis reveals 
and rate the correlated dimension of a restored attractor. Such dimension reflects 
the system complexity of a process under consideration. The more complicated a 
system is and the more equations are required, the higher correlated dimension is 
and the closer the process is to white noise. Thus, the dimension can be used to 
measure the stochasticity of the process [14; 124-125]. Consequently, EEG fractal 
dimensions, in a way, can be considered as indicators of brain informational 
activity.

Methodology. To select the story lines and texts for the experiment, the author 
carried out two surveys. First of all, a group of people were asked to evaluate 36 
dramatic plots [15; 51-53]. The subjects of the survey were to grade each plot (from 
1 to 10 points) based on how relevant it was personally to them. They were to assign 
10 points to the plots that were most frequent in their lives and 1 point to the least 
probable ones. After the factor analysis of the results, 5 out of 36 initial story lines 
turned out to have relevance, namely: (1) adultery; (2) intellectual achievements; (3) 
gross injustice; (4) self-sacrifice; (5) threat to one’s family. Since the first three dramatic 
plots have more factor loading and are considered the basic ones, they were included 
in the experiment; the other two are supplementary.

The next stage comprised selecting short stories based on the three basic plots. 
We had chosen Aesop’s Fables and Greek mythology since, in our opinion, these 
stories corresponded best of all to verbal stimulus criteria of the experiment. The 
subjects of the experiment were asked to read 21 fables and myths, and to match each 
story line to one of the five plots. After analyzing the results, only seven stories were 
singled out: six of them evoked a similar response (the results coincided 100% for 
two stories, then, correspondingly, 97.5%, 90%, 82.5% and 77.5%). The seventh text, 
characterized by an equiprobably vague plot, was included to reveal the dominant 
orientation of the subjects. The step-by-step method was used to “grasp” the instant 
of perception. The method had been validated by recognizing relations between the 
basic parameters of “lexical solution” [1; 227-229] and the speed of plot type perception 
in the experiment.
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The final psychophysiological experiment included 148 people (aged 18-30,103 
female, 45 male). The sequence of the tasks was similar for all the subjects. Electrodes 
were placed according to the international 10-20 system (with 19 recording electrodes). 
After initial EEG recordings were made, the subjects of the experiment have to read 
the 7 texts (8 times each one). Then standard one-minute recordings (with open and 
closed eyes) were made again.

Data Interpretation. The author used the standard EEG rhythmic activity 
frequency bands (delta, theta, alpha, beta-1, beta-2, gamma). Then, the EEG signal 
fractal dimension was calculated by finding the power spectrum natural logarithm 
in the bands from 2 to 34 Hz with the 2-Hz interval. After taking the logarithm of 
power and frequencies, the regression coefficient was found which reflected the 
linear relation of spectrum power logarithms to frequency logarithms according to 
the formula:

LnP = —ft * Lnf + a 0)

where LnP is an EEG power logarithm, Lnfis a frequency logarithm,
В is a regression coefficient (a slope ratio)
a is an absolute term of equation.

The slope ratio of the linear function is inversely proportional to the signal 
frequency dimension, since it reflects the spectral density decline rate during increasing 
rythmics frequency [9; 48-51].

The В coefficient is linearly related to the fractal dimension according to the 
formula:

D -5-/3
f 2 (2)

where D is a dimension,  ̂is a regression line slope.

Subsequently, the EEG fractal dimensions, that we got after placing 19 recording 
electrodes (leads) and applying formula 2, were factored by the principal components 
method. To decrease the data dimensions, we chose the factor analysis, and the 
principal components (PC) method replaced traditional factor analysis methods due 
to a number of strong correlations between the original data. In order to compare the 
PC of different conditions, we analyzed the repeated lead changes (which made 
19x3=57 variables) of 148 subjects of the experiment. Thus, we analyzed 19 variables 
and performed 148x3 observations. The experiment resulted in two factors that 
explained a 74.47% total dispersion. The 38.30% total dispersion reflects the occipital 
fractal dimension due to the predominant functioning of the right hemisphere (leads 
O1,02, P3, P4, Тб, C4). The other 36.16% of the total dispersion includes the frontal 
leads with the predominant functioning of the left hemisphere (leads Fpl, Fp2, F3, 
Fz, F4, F7, F8). Later, the factors were interpreted (applying the regression method) 
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for the 444 observations which resulted in 2 variables - the calculated factors labeled 
correspondingly Fl and F2. Then, the two factors were reconstructed as repeated 
changes for three conditions and represented as 2x3=6 variables for N=148 
observations. These data were analyzed applying the two-factor dispersive analysis 
with the repeated changes.

Research Results. Table 1 represents the result of the dispersive analysis reflecting 
the influence of a perceived plot on the fractal EEG dimension which amounts to the 
sum of Fpl, Fp2, F3, Fz, F4, F7, F8 leads EEG fractal dimension.

The influence of plot perception on the fractal EEG dimension
The effect: F(6.672)=1.7830, p~.O9997

Table 1. The result of the dispersive analysis reflecting the influence 
of a perceived plot on the fractal EEG dimension

The ordinate axis represents fractal EEG dimensions, whereas the abscissa axis 
represents the seven texts used in the experiment (indices 1 and 2 refer to texts based 
on the same story line). Text 7, referred to as “nonstandard”, had no definite story 
line. Table 2 demonstrates that this text perception resulted in significant EEG fractal 
dimension increasing.

Table 2 displays the dispersive analysis results, taking into account the summarized 
differences based on the three basic story lines depending on the EEG fractal dimension 
change (Fpl, Fp2, F3, Fz, F4, F7, F8 leads).
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Table 2. The dispersive analysis results, taking into account the summarized differences 
based on the three basic story lines depending on the EEG fractal dimension change

The table testifies to the fact that the most significant increase in EEG fractal 
dimension occurs while perceiving the second type of the plots, namely, adultery and 
its consequences.

Results and Their Discussion. As it has been already mentioned, a degree of 
EEG fractal dimension can be used to rate the informational complexity of brain 
functioning at a given moment. Perception of a vague plot and the plot “adultery” 
brought about the highest EEG fractal dimension. The first case has most likely to do 
with an option of equal decisions a subject has to choose one from. The second case 
differs since such a story line inherently is difficult to be perceived by one’s 
consciousness as being at crossing of psychological standards and prohibitions, which, 
moreover, go hand in hand with psychological defense. That is why to perceive such 
a story line, the subject triggers more reserves than to perceive others.

It is already proved that a perception threshold and a consciousness threshold 
differ, as well as the first one is an indispensable element of any information processing. 
A typical experiment includes the consciousness identification of different layers - as 
neutral, as well as emotional [2; 799]. The tests have proved negative influence on 
the current consciousness by stimuli causing unintentional conflicts [16; 341-357]. 
Subliminal stimuli tend to make words and other objects perceived quicker [17; 204- 
212]. In other words, any information perceived earlier can affect the latter perception. 
It was experimentally proved (i.e. “Lexical Solution” method [ 1; 228]) that subliminal 
stimuli have caused a stronger reaction than a situation that was somehow expected 
[18; 151-161].

Therefore, a human’s brain tends to get the most information load and, 
consequently, spends the most amount of energy when the subjects perceive “conflict” 
story lines somewhat in opposition to conventional principles, or a plot is vague.

It was the topic of intellectual achievements that caused the next high EEG 
dimension. Most likely it has to do with analyses of one’s endeavor when it was 
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crucial to break the limits and demonstrate flexibility while tackling a task. We are 
later planning to verify these assumptions by a cognitive experiment taking into 
account the cognitive parameter. The creativity model [19; 137-141] asserts that it is 
the left hemisphere that plays the key role in our decision-making. On the contraiy, 
case-studies of functional hemisphere asymmetry mostly demonstrate the decision­
making of the right hemisphere. This particularity of the right hemisphere has been 
proven by the researchers applied different methods [3;142-148], [4; 138-153], [5; 500- 
510]. Most likely, the contradiction has to do, first of all, with the nature of an issue 
(verbal or image-bearing), as well as the stage of the solution the issue is focused on. 
It is the right hemisphere that is dominant while looking for a decision, since it calls up 
distant associations and unexpected links, as well as metaphoric and humorous viewpoint 
[20; 1549-1561]. Therefore, probably, if all subjects of our experiment had been divided 
according to their cognitive style, “impulsive synthetics” would have digested such 
story line relatively easily and, consequently, it wouldn’t have resulted in a higher EEG 
fractal dimension, since they are mostly characterized by a high right hemisphere activity 
which brings distant association easily. Whereas, “reflective analysts” are prone to a 
slower perception of such plots resulting in a higher EEG dimension.

The issue of injustice has to do with negative emotions generally resulting in a 
lower EEG fractal dimension [21;328-329] which explains the lowest fractal EEG 
dimension of the experiment. It was predominantly the right hemisphere which 
unconsciously influenced the subjects by extramental verbal stimuli [22; 633-651].

Undoubtedly, the stories used in the experiment need to be mentioned. It is worth 
noting that five out of four plots corresponding to the basic story lines are written by 
Jorge Luis Borges [23; 3].

Conclusions. The information complexity of our brain changes perceiving classical 
dramatic stories. An EEG fractal dimension fluctuates depending on the plot. The 
highest informational complexity in the brain was registered while it was perceiving 
uncertain plots contradicting conventional standards. The lowest brain activity was 
register while perceiving plots with negative emotions.
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