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Achievement motivation is a psychological category which implies a desire to
achieve significant (powerful) results in certain sphere. According to the results of
psychophysiological research people who are motivated for success are very ac-
tive before they are instructed by the researcher which proves that they aimed at
the perception of the referent situation and the intense level of expectations. One
of the vital issues today is a problem how genes influence human behaviour. Thus
on the basis of contemporary researches we can conclude that such influence is
regulated by brain processes.
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Achievement motivation is a psychological category which implies
a desire to achieve significant (powerful) results in certain sphere. Ac-
cording to the results of psychophysiological research people who are
motivated for success are very active before they are instructed by the
researcher which proves that they aimed at the perception of the referent
situation and the intense level of expectations. In recent years there have
been published several works where the degree of achievement motiva-
tion of the individual is related with the activation of the brain dopamine
system (Tomer et al., 2008). In the given work some features of The EEG
spectral power are considered in reference with the performance of ver-
bal operations (verbal associative activity and mental arithmetic) in in-
dividuals with different level of achievement motivation.

One of the vital issues today is a problem how genes influence hu-
man behaviour. Thus on the basis of contemporary researches we can
conclude that such influence is regulated by brain processes. Intermedi-
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ate phenotypes are the factor that allows to study genes and behaviour in
close relationship (Aleksandrov, 2009).

EEG studies correlate with various kinds of cognitive activity that
allows to better understand psychophysiological mechanisms which it is
caused by (Razumnikova et al., 2009). So, performance of verbal opera-
tions is carried out with obligatory participation of various departments
of both hemispheres of the brain cortex. Performance of the verbal task
is connected with the increase of thetal spectral power (Razumnikova
et al.,, 2009). The analysis of the EEG dynamics by mental arithmetic has
shown left-sided activation of the temporal, central, parietal cortex (In-
ouye et al., 1995), and also activation of the parietal cortical areas.

In our earlier works we studied EEG characteristics and event-relat-
ed potentials within mainstream achievement motivation while record-
ing electrophysiological parameters; and we also studied the results of
the twin method.

In this paper we consider the characteristics of the The EEG spectral
power while recording verbal operations (verbal associative operations
and mental arithmetic) by the individuals with different levels of achieve-
ment motivation. The twin method allows to estimate the components of
phenotypic variance of the propertied studied.

Procedure and Research Methods. In our research there partici-
pated 102 monozygotic twin pairs (MZ) at the age from 14 till 26 years
(among which there were 48 male pairs and 54 female pairs), 98 dizy-
gotic twin pairs (DZ) (among which there were 46 male pairs and 52
female pairs). Average age is 18,6 years. For defining zygosity we used
the twin method of polysimptomic similarities. Diagnosis of achieve-
ment motivation was carried out using the “achievement motivation”
questionnaire developed by A. Mehrabian. To register the electrical ac-
tivity of the brain 21 electrodes were used (Fpl, Fp2, Fpz, F3, F4, Fz,
F7, F8, C3, C4, Cz, P3, P4, Pz, T3, T4, T5, T6, O1, 02, Oz), monopolar
scheme with ipsilateral ear referents was applied. The “Encefalan” elec-
troencephalograph manufactured by “Medicom’, (Taganrog city, Russia)
was used. The EEG filtration was carried out in the range of 0,5-70 Hz.
The sequence of functional EEG tests are as follows: “background”, “to
open the eyes’, “to close the eyes”, “verbal associations” test (making up
words which start with the letter “a”), “Mental arithmetic” test (consecu-
tive addition of number 7). For tracing and suppression of EEG artifacts,
ECG, EMG, EOG recordings were used. The analysis of the absolute The
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EEG spectral power was carried out by comparison of the background
test indicators with functional ranges in the same frequency (delta-1
(0,5-2,0 Hz), delta-2 (2,0-4,0 Hz), theta-1 (4,0-6,0 Hz), theta-2 (6,0-8,0
Hz), alpha-1 (8,0-10,5 Hz), alpha-2 (10,5-13,0 Hz) beta-1 (13,0-24,0 Hz),
beta-2 (24,0-35,0 Hz).

The Research Results

The power of the total range of alpha rhythm (8-13 Hz) in twins was
in the right and left occipital areas 34,5 £16,9 and 33,4 + 15,9 mkv>.

By the Students t-test the reliability analysis of the The EEG spectral
power distinctions showed that the significant increase of the EEG pow-
er in the sample of “verbal associations” in comparison with the back-
ground in the range of deltal occurs at O1 (T=2,56, p <0,05), P3 (T=2,88,
p <0,05), C3 (T=2,44, p <0,05), T5 (T=2,74, p <0,05), Cz (T=2,49, Pz
(T=2,24, p <0,05), F7 (T=3,06, p <0,05), T3 (T=2,62, p <0,05) (advan-
tage of the left hemisphere); in delta2 range at C3 (T=2,42, p <0,05),
F4 (T=2,06, p <0,05), F3 (T=2,67, p <0,05), Fpl (T=2,19, p <0,05), F8
(T=2,00, p <0,05), F7 (T=2,16, p <0,05), Fz (T=2,20, p <0,05).

In the sample of “mental arithmetic” in the range of deltal significant
increase in power compared to the background occurs at T5 (T=2,49,
p <0,05), T3 (T=2,47, p <0,05) (advantage of the left hemisphere). Sig-
nificant increase of delta2 spectral power in comparison with the back-
ground occurs at T'5 (T=2,09, p <0,05), T6 (T=2,21, p <0,05), C3 (T=2,50,
p <0,05), C4 (T=3,26, p <0,05), Cz (T=3,08, p <0,05), F8§ (T=3,26, p
<0,05), T3 (T=2,04, p <0,05), T4 (T=3,01, p <0,05), F3 (T=2,43, p <0,05),
F4 (T=4,31, p <0,05), Fz (T=2,24, p <0,05) (both hemispheres are pre-
sented). The significant increase of thetal spectral power in compari-
son with the background occurs at O2 (T=2,07, p <0,05), Oz (T=2,75, p
<0,05), P3 (T=2,77, p <0,05), P4 (T=3,27, p <0,05), Pz (T=2,42, p <0,05),
T5 (T=3,14, p <0,05), T6 (T=2,26, p <0,05), C3 (T=2,72, p <0,05), C4
(T=3,75,p <0,05), Cz (T=4,85, p <0,05), F7 (T'=3,20, p <0,05), F8 (T=2,89,
p <0,05), T3 (T=3,05, p <0,05), F3 (T=3,40, p <0,05), F4 (T=3,44, p
<0,05), Fz (T=3,45, p <0,05).

Achievement Motivation and Background EEG. The results of the
one-factorial dispersive analysis (an independent variable: level of self-
attributed achievement motivation in twins (3 scales: 1 — motivation of
avoiding failures, 2 — average level of achievement motivation, 3 - mo-
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tivation of aspiration to success; a dependent variable — absolute values
of spectral power of biopotentials in the background sample, mkv?)
showed that there are significant distinctions in the The EEG spectral
power in twins with different level of achievement motivation: in deltal
at P4 (F=3,17, p <0,05), C4 (F=3,41, p <0,05), T6 (F=3,71, p <0,05), T4
(F=4,19, p <0,05), F8 (F=3,49, p <0,05); in delta2 at P3 (F=3,42, p <0,05),
Pz (F=3,43, p <0,05); in theta2 at T3 (F=3,68, p <0,05); alphal at Fp2
(F=3,99, p <0,05), Fpz (F=3,39, p <0,05).

Thus in the range of deltal higher level of achievement motivation
(striving for success) is appropriate to a higher the EEG spectral power.
In contrast, at delta2 and alpha 1 range, higher levels of achievement
motivation corresponded to a lower EEG power (Fig. 1).

Figure 1 indicates that in individuals with severe motivated drive to
success, the EEG showed a higher power of deltal range in the right hemi-
sphere than in those without a dominant achievement motivation and
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Figure 1. The results of the one-factorial dispersive analysis (X — an independent

variable: level of self-attributed achievement motivation in twins (1 — motivation

of avoiding failures, 2 - average level of achievement motivation, 3 — motivation of

aspiration to success); Y — a dependent variable - absolute values of spectral power
of biopotentials in EEG background sample, mkv?)
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those with the motivation of avoiding failure (which can be interpreted
as a significant cortex activation of the right hemisphere of the subcorti-
cal structures). Individuals with severe failure in avoidance motivation,
the EEG showed a higher power of alphal range in the anterior-frontal
area than in individuals without the dominant achievement motivation
and aspirations of people with the motivation to succeed. Individuals
with an zero achievement motivation, the EEG showed a higher power
of delta2 range in the parietal areas.

Achievement Motivation and the EEG in “Verbal Associations”
Sample. The results of the one-factorial dispersive analysis (an indepen-
dent variable: level of self-attributed achievement motivation of twin (3
scales: 1 — motivation of avoiding failures, 2 — average level of achieve-
ment motivation, 3 - motivation of aspiration to success; a dependent
variable — absolute values of the spectral power of biopotentials in “ver-
bal associations” sample, mkv®) showed that significant distinctions in
the The EEG spectral power in twins with different levels of achievement
motivation are registered in alphal at Fp2 (F=5,46, p<0,01), Fpz (F=3,95,
p<0,05), Fpl (F=3,43, p<0,05), Oz (F=3,21, p<0,05) (Fig. 2).
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Figure 2. The results of the one-factorial dispersive analysis (X - an independent

variable: level of self-attributed achievement motivation in twins (1 — motivation

of avoiding failures, 2 - average level of achievement motivation, 3 — motivation of

aspiration to success); Y — a dependent variable — absolute values of spectral power
of biopotentials in “verbal associations” sample, mkv?)

Figure 2 indicates that in individuals with severe failure avoidance
motivation, the EEG showed much higher capacity of alpha 1 range in
the anterior-frontal and occipital central areas than in individuals with-
out the dominant achievement motivation and those ones with the mo-
tivation of striving for success.
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Achievement Motivation and the EEG in “The Mental Arith-
metic” Sample. The results of the one-factorial dispersive analysis (an
independent variable: level of self-attributed achievement motivation
of twin (3 scales: 1 — motivation of avoiding failures, 2 — average level
of achievement motivation, 3 — motivation of aspiration to success; a
dependent variable — absolute values of spectral power of biopoten-
tials in “the mental arithmetic” sample, mkv?®) showed that significant
distinctions in the EEG spectral power in twins with different level of
achievement motivation are registered in deltal at T4 (F=5,92, p <0,01),
T6 (F=3,24, p <0,05), C4 (F=3,24, p <0,05), F4 (F=3,19, p <0,05), F8
(F=4,47, p <0,05); in delta2 at T6 (F=3,73, p <0,05), T4 (F=3,61, p
<0,05), F8 (F=4,00, p <0,05), and also in alphal at Fp2 (F=3,27, p <0,05)
(Fig. 3).
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Figure 3. The results of the one-factorial dispersive analysis (X — an inde-

pendent variable: level of self-attributed achievement motivation of twin

(1 - motivation of avoiding failures, 2 — average level of achievement mo-

tivation, 3 — motivation of aspiration to success); Y — a dependent vari-

able — absolute values of spectral power of biopotentials in “the mental
arithmetic” sample, mkv?)

Figure 3 indicates that in individuals with severe motivation of avoid-
ing failures, the EEG showed much higher capacity of alpha 1 range in
the anterior-frontal area to the right than in those ones who displayed
zero dominant achievement motivation and success motivated. In indi-
viduals with severe motivated drive to success, the EEG showed much
higher power of delta 1.2 range in the central, frontal and temporal areas
of the right hemisphere.
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Genetic and Environmental Determinants of the EEG spectral
power at Verbal Associative Activity and the Mental Arithmetic.
Fig. 4-7 assess the results of the genotype contribution (h?) of the general
(c?) and individual (e*) environments to interindividual variability of the
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Figure 4. Indicators of the genotype contribution (h?) of the general
(¢?) and individual (e*) environments to interindividual variability
of delta spectral power in the background EEG (see below), EEG
in the “verbal associations” sample (the second drawing below) and
EEG in the “mental arithmetic” sample (the third drawing below)
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Figure 5. Indicators of the genotype contribution (h*) of the general
(c*) and individual (e?) environments to interindividual variability
of theta rhythm spectral power in the background EEG (see below),
EEG in “verbal associations” sample (the second drawing below) and
EEG in “mental arithmetic” sample (the third drawing below)
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background EEG spectral power of delta, theta, alpha and beta rhythms
in the course of carrying out “verbal associations” sample and “the men-
tal arithmetic” sample. To estimate the dynamic nature of genetic and
environmental determinants of the EEG spectral power in the course of
verbal associative activity and the mental arithmetic in comparison with
EEG background values we selected those assignments for which values
of phenotypical dispersion components in all three tests were received.
It was thus considered that if r(DZ) <0 or r(MZ)> 2r(DZ), h? is equal to
r(MZ); if r(MZ) <r(DZ), h ?> = 0; if r(MZ) <0, h ? is not calculated (M.S.
Egorova, etc., 2004).

In the delta range in the course of verbal and associative activities
compared with the baseline EEG recording there is a significant decrease
in the indices of spectral power heritability in the parietal area bilaterally
of the posterior temporal and lateral frontal areas of the left, as well as in
the central occipital and central areas (p <0,05).

When performing mental arithmetic in the same areas there is even
more significant decrease in the indices of spectral power heritability
compared with the baseline values (p <0.01) except for the left parietal
area in which the index of spectral power heritability was not signifi-
cantly different from the background values (Fig. 4 ).

In the theta range in the course of verbal and associative activities
compared to the background there is a significant decrease in the indices
of spectral power heritability in the central lead Cz (p <0,01), as well as
significant increases in indices of spectral power heritability in the cen-
tral (p <0,01) and anterior temporal (p <0.05) areas of both the right and
in the anterior frontal central areas (p <0,05).

When performing mental arithmetic in the central (p <0.01) and
anterior-temporal (p <0,01) right areas and in the anterior frontal cen-
tral area (p <0,01) there is even more significant increase in indicators of
spectral power heritability compared with the baseline values (Fig. 5).

In the alpha range in the course of verbal and associative activities
compared to the background values there is a significant decrease in the
indices of spectral power heritability in the posterior temporal and lat-
eral frontal areas in the left (p <0,05) in the central and central occipital
areas (p <0,05 ).

In the course of mental arithmetic sample there are no significant
differences in indicators of spectral power heritability compared with the
background values (Figure 6).
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Figure 6. Indicators of the genotype contribution (h*) of the general
(¢?) and individual (€*) environments to interindividual variability of
alpha spectral power an in the background EEG (see below), EEG in
“verbal associations” sample (the second drawing below) and EEG in
“mental arithmetic” sample (the third drawing below)
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Figure 7. Indicators of the genotype contribution (h*) of the general

(¢?) and individual (€*) environments to interindividual variability of

beta spectral power in background EEG (see below), EEG in “verbal

associations” sample (the second drawing below) and EEG in “mental
arithmetic” sample (the third drawing below)
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The data analysis showed that significant changes occur predomi-
nantly in the betal range. Thus, the betal range in the course of ver-
bal and associative activities of the genotype influence is lower and the
role of the individual environment is higher in the posterior temporal
and lateral frontal areas in the left (p <0,05). In contrast, in the right
central lead C4 there is a significant increase in the genotype influence
(p<0,05).

When performing mental arithmetic there is a significant increase in
spectral power heritability indicators compared with the baseline values
observed in the left parietal area (p<0,01), thus there is a significant re-
duction of spectral power heritability indicators in the posterior-tempo-
ral (p<0,05) and in the left frontal areas (p<0,01) (Fig. 7).

Conclusion

Our research has shown that in individuals with severe motivation of
avoiding failures the EEG provides quite high values of the spectral pow-
er of alpha 1 range (compared with other individuals), while this relation
persists in conditions when cognitive load is rather high. It is interesting
to correlate our findings with the results of work performed by E.A. Um-
ryuhin et al, where high efficiency performance of tests based on rather
high abilities of memorizing and high prediction power a low-frequency
alpha rhythm was discovered. In a number of works performed by O.M.
Razumnikova it has also been considered that the big power of a low-fre-
quency alpha values is connected with higher verbal creativity (Razum-
nikova et al., 2009). Hence, low-frequency alpha values in background
EEG is not only the indicator of successful performance of similar cogni-
tive tasks, but it also indicates motivation of avoiding failure. Individuals
with severe motivated drive to succeed are more commonly found in
comparison others. The EEG spectral power values in the delta range
of frequencies are dominating in the right hemisphere (as in the back-
ground sample, and in carrying out the mental arithmetic). In individu-
als with average achievement motivation (without dominant motivation
desire to succeed or avoid failure) in the background sample there was
observed a significantly higher level of the EEG spectral power of delta2
range. Changes in the delta range may be associated with the processes
of decision making (Basar et al., 2001). In clinical studies a dependence
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of EEG spectral power of delta range on the content of emotional stimu-
lation was observed.

The analysis of the EEG spectral power by Student’s t-test showed
that in the course of inventing verbal associations there is a significant
increase in betal (bilaterally in the central cortex area, the left temporal
assignments and in the left frontal assignment), and also in theta rhythm
(bilaterally in the frontal cortical area). On the whole, it is possible to
conclude that in the course of verbal associations task performance fron-
tal, central and temporal cortical areas of the both brain hemispheres
with the advantage of the left hemisphere were activated.

In the course of arithmetic operations performance there are ob-
served significant changes of theta power in temporal, parietal and oc-
cipital areas, and also changes of betalvalues in central and left parietal
cortical areas.

We can arrive to a conclusion that the EEG parameters are designed
to describe psychophysiological features throughthe performance of
arithmetic operations. The data obtained in the course of the research
carried out correspond to the results of the researches which deal with
the studies of cerebral organization of arithmetic operations (Inouye et
al., 1995; Fernandez et al., 1995; Dahaene et al., 1999).

The increasing theta rhythm indicates the emotional and motiva-
tional excitation when an individual is performing as arithmetic opera-
tion. Furthermore, activation of the temporal, parietal and occipital ar-
eas may be associated with the high brain activity aimed at the successful
cognitive performance in highly motivated individuals.

The sources of theta rhythm include hypothalamus, hippocampus,
reticular formation and stem structures (Vinogradova, 1995; Sauseng &
Klimesch, 2008). The theta role as an active filter in the process of infor-
mation selection and registration is shown. The increase in theta activity
connected with verbal memory activity is shown in a number of works
(Jensen & Tesche, 2002; Raghavachari et al., 2006). Frontal and temporal
parietal areas participate in the course of verbal tasks performance. The
increase in theta spectral power probably reflects the activity of «anterior
attention system» (Posner & Petersen, 1990). According to the existing
representations based on the empirical studies this system is located in
the frontal cortical areas which are connected with the limbic and fron-
tal motivational systems of the brain; it corresponds to the functions of
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volutionary attention. Contemporary researches show that theta power
correlates with the information processing such as encoding and search
for verbal stimuli (Kahana, 2006). The data obtained is similar to the
results of studies carried by O.M. Razumnikova. They show that the task
of inventing words starting with certain letter contributes to the increase
in thetal power. According to clinical researches the increase in theta
range is connected with stem structures activity, whereas beta range is
associated with sub-cortical structures.

Recent studies show that the beta rhythm is associated with volu-
tionary attention (Wrdbel et al., 2007) or cognitive processes. Various
sources for betal and beta2 are shown. So, for betal and alpha there
are similar sources which are the back departments of the hemispheres.
Beta2’s source is located deeper in the brain and is more frontal which is
similar to theta one (Lehmann & Michel, 1990). In the studies conducted
by W.Ray and H.Cole it was observed that betal activity increases in the
right hemisphere when individuals are solving problems of spatial type
and in the left hemisphere while they are solving analytical tasks. More-
over, if the problem is emotionally coloured, there is a great expression
of betal activity in the parietal and temporal brain areas (Ray & Cole,
1985).

The analysis of the psychogenetic data allows to conclude that ver-
bal associative activity is connected with changing values of the herita-
bility of the EEG spectral power predominantly in the left hemisphere.
In betal in the course of verbal associative activity there is a change of
parity of genetic and environmental factors, reduction of heritability of
betal spectral power in central frontal and temporal areas in the left, and
also there is an increase in a corresponding indicator in the central area
in the right. In the course of associative activity there is an increase in
heritability theta2 spectral power, and also there is a reduction of cor-
responding thetal value in the temporal, frontal and central occipital
areas with the advantage of the left hemisphere. In the animals studies
the data were obtained on the relationship of gene expression of GABA-
ergic neurotransmitter systems of the brain with the power of the delta-
rhythms in sleep deprivation (Wisor et al., 2006).

In psychogenetic studies there is age dynamics of the genotype
and environmental indicators in the phenotypic variability of the EEG
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spectral characteristics, while the heritability growth rate increases if
the number of participants increases and the stress rate also increases.
According to Y. Tang etc. (Tang et al., 2007) heritability values of the
EEG spectral power were in the range between 0.22 and 0.65 and had
high values for all assignments and frequency ranges (from theta (3-7
Hz) to a high-frequency beta range (20-28 Hz)). Thus in the range of
theta-frequencies higher indicators of heritability were received for the
frontal and central areas. Heritability estimations in low-frequency and
high-frequency alpha values are observed, and also low-frequency beta
are rather high in the frontal and central areas with the increase in heri-
tability indicator from central to parietal and to occipital areas. In high-
frequency beta range in the central cortical area the heritability value is
higher than in the periphery of the same area.

In recent years we have achieved a better understanding of the basic
laws of interaction between genotype and environmental factors in the
course of evolution, according to which in the problem environment in
a number of generations there is an accumulation of genes that facilitate
the behaviour in these conditions, whereas the environmental factors
are less important and they consequently trigger genetic assimilation
(Anokhin, 2009).
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