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Abstract—The aim of the study is to compare behavioral and
EEG reactions in Turkic-speaking inhabitants of Siberia (Tuvinians
and Yakuts) and Russians during the recognition of syntax errors in
native and foreign languages. Sixty-three healthy aboriginals of the
Tyva Republic, 29 inhabitants of the Sakha (Yakutia) Republic, and
55 Russians from Novosibirsk participated in the study. EEG were
recorded during execution of error-recognition task in Russian and
English language (in all participants) and in native languages
(Tuvinian or Yakut Turkic-speaking inhabitants). Reaction time (RT)
and quality of task execution were chosen as behavioral measures.
Amplitude and cortical distribution of P300 and P600 peaks of ERP
were used as a measure of speech-related brain activity. In Tuvinians,
there were no differences in the P300 and P600 amplitudes as well as
in cortical topology for Russian and Tuvinian languages, but there
was a difference for English. In Yakuts, the P300 and P600
amplitudes and topology of ERP for Russian language were the same
as Russians had for native language. In Yakuts, brain reactions during
Yakut and English language comprehension had no difference, while
the Russian language comprehension was differed from both Yakut
and English.

We found out that the Tuvinians recognized both Russian and
Tuvinian as native languages, and English as a foreign language. The
Yakuts recognized both English and Yakut as foreign languages, but
Russian as a native language. According to the inquirer, both
Tuvinians and Yakuts use the national language as a spoken
language, whereas they do not use it for writing. It can well be a
reason that Yakuts perceive the Yakut writing language as a foreign
language while writing Russian as their native.
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[. INTRODUCTION

VENT-RELATED potentials (ERP) are widely used to

study neuronal processes of human brain underlying the
recognition of writing speech [1], [2]. Comparison of brain
and behavioral reactions during native and foreign languages
comprehension is an important theme of neurolinguistic
studies [3]. The theme has a fundamental importance for
understanding of brain processes related to the organization of
human mind. In addition, there are studies in which it was
revealed that psychiatric diseases could be shown in different
ways during native and foreign languages comprehension [4].
This allows using results of the comparative study for
diagnostic of mental disorders. Now many comparative
studies of brain activity in native and foreign languages for
different European languages speakers were made [5]. In
addition, there are many studies dedicated to differences
between European languages comprehension and Chinese and
Japanese languages comprehension [4], [6], [7]. It was found
out that topology of brain activity for European languages did
not dependent on the language, but depended on whether the
language of the test was native or foreign for a subject. On the
other hand, brain activity during reading of written sentences
in Chinese also had topological features, not depending on
whether the language was native or foreign. However, the
theme of comparison of brain activity in Turkic languages
speakers in general, and in languages of Siberian inhabitants
particularly, almost was not studied.

The aim of the study was to explore brain bioelectrical
activity during recognition of syntax errors in native and
foreign languages in Turkic-speaking inhabitants of Siberia
(Tuvinians and Yakuts) and Russian people living in Siberia.
We chose two Turkic-speaking groups. The first group
consisted of healthy young participants, predominantly
students and university staff who were born and lived in the
Tyva Republic. Tyva is located in the Southern Siberia near
Mongolia border. The second group consisted of similar age,
sex and social status people living in Sakha (Yakutia)
Republic. Yakutia is located in the North-East of Siberia near
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Arctic border of Russia. Both groups are native speakers of
Turkic-speaking languages (the Tuvinian language and the
Yakut language). The third group was students and staff of
Novosibirsk State University, predominantly Russians, or
other Caucasoids who did not speak Turkic languages.
Novosibirsk is a city with a population of 1.5 million people,
which is located in central Siberia.

All inhabitants of Siberia are fluent in Russian not
depending on their nationality. The Russian language is used
by all of them as a language of everyday communication,
secondary and higher education, the media. Turkic languages
are used in some regions of Siberia as everyday languages and
as the second official language of these Russian regions. At
present, there is a tendency of displacement of the Turkic
languages and using Russian as everyday language in big
industrial cities. The English language is not used in Siberia as
a language of everyday life, but it is a language for study in
secondary school and in universities. We chose English as a
foreign language because all students of Russian universities
must know English at a certain level. Russian was chosen as
native language for all participants. Brain and behavioral
reactions on respective national languages were compared
with both Russian and English.

We compared behavioral reactions, such as the response
latency and the accuracy of solving, obtained during the
recognition of syntax errors in different languages. We used
amplitudes and cortical topology of P300 and P600 as
parameters of brain activity, which was registered with
multichannel electroencephalography. As well known, the
peak P300 in frontal cortical areas reflects the level of
concentration of voluntary attention to the tasks [3]. In the
parietal cortex, the amplitude of peak P300 reflects the level of
spontaneous non-voluntary attention. The amplitude of peak
P600 is associated with recognition of syntax [1], [2], [4].
According to [8], the amplitudes of the peaks are different
during native and foreign languages comprehension.

We supposed that results obtained in the study could be
used in the planning of neurological and psychiatric
diagnostic, associated with speech disorders in native
population of Siberia.

II. PARTICIPANTS AND PROCEDURE

A. Participants

63 healthy aboriginals of the Tyva Republic (24.3£3.1 ages,
32 males and 31 females), 29 inhabitants of the Sakha
(Yakutia) Republic (21.7+2.6 ages, 12 males and 17 females),
and 55 Russians from Novosibirsk (25.1+2.7 ages, 25 males
and 30 females) participated in the study. All Russian
participants were native Russian-speakers. The participants
from Tyva and Yakutia were Russian- Turkic bilinguals. All
of them had the higher or non-finished higher education. All
participants knew English at intermediate level. All
participants gave informed written consent prior to the
experiment. The study was approved by the Research Ethics
Committee at the Institute of Physiology and Fundamental
Medicine.
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B. Experimental Procedure

120 sentences in English (English task) and 200 sentences
in Russian (Russian task), Tuvinian (Tuvinian task) and Yakut
(Yakut task) were selected for the experiment. Half of the
sentence list for each language contained a syntax error.

The tasks in different languages were presented separately
in two (for Russians) or three (for Tuvinians and Yakuts)
sessions. The order of sessions was randomized around the
subjects. Correct and incorrect samples were presented
randomly with inter-trial interval varying between 4 and 7 s.
Time for stimulus presentation was not limited and the
participants had no time limitation to make a decision but they
were instructed to do it as quickly as possible. EEG was
continuously recorded. During the EEG experiment, each
participant sat comfortably in a chair with opened eyes in a
dimly lighted soundproof room. The tasks were presented in
white and black (Arial, 36pt) via a 24.4 cm x 18.3 cm monitor
located 60 cm away in front of a participant. The subjects
were instructed to judge whether a presented sample contains
an error by pressing one of two buttons by dominant hand.
Participants had three practice trials before task execution.

C.EEG Recording

In Russian group, the signals were amplified using 114
EEG + VEOG and HEOG channels Neuroscan amplifiers
(USA). In Tuvinian and Yakut groups, the signals were
amplified using 63 EEG + VEOG channels Brain Products
GmbH (Germany) amplifiers (www.brainproducts.com). In all
groups the signals were recorded via Ag/AgCl electrodes, with
0.1-100 Hz analog bandpass filtering and digitized at 1000
Hz. The EEG electrodes were placed according to the
extended International 10—10 system using Quik-Cap128 NSL
and referred to Cz with ground at FzA. Electrodes impedance
was maintained below 5 kQ.

To assess changes in brain activity associated with error
recognition in different conditions, the indexes of event-
related potentials were computed using the EEGLAB toolbox
[9]. Artifacts resulted from eye movements; blinks, muscle
electrical activity, and line noise were cleaned by independent
component analysis (ICA) [10]. A separation of brain activity
from artifacts was performed by an automatic approach based
on the reference signals in the VEOG, Fpl, and Fp2 channels.
After the ICA preprocessing, ERP indexes were computed for
each participant, separately for each experimental condition at
each channel.

Individually computed ERPs were averaged across all
participants, channels separately for each experimental
condition to obtain the general pattern of brain activity. The
random permutation method with p<0.05 significance level
was applied in the statistical analysis of ERPs for all
conditions. The time-frequency intervals of interest for further
analysis were selected by visual inspection of the averaged
ERP plot.

Statistical data processing: EEG channels were grouped into
nine regions: left (10 channels), midline (11), and right frontal
(10); left (17) and right temporal (17); all central (27); left
(11), midline (12) and right occipital-parietal (11). ERPs were
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averaged across channels within each region for each
individual participant. These indexes were used for repeated
measures ANOVA with the Greenhouse-Geisser correction to
test the main effects of such factors as “group” (Russians vs
Tuvinians vs Yakuts), languages (Russian vs English vs
Tuvinian or Yakut), the sagittal (anterior vs central vs
posterior cortical regions), the laterality (left vs medial vs right
cortical regions) and interactions between these factors.

III. RESULTS

A.Behavioral Results

Comparing the response latency in Russian task in all
groups we obtained the valid value of factor “group”, F (2,
144) = 18.33, p< 0.0001. The average reaction times (RTs) for
correct and incorrect sentences in Russians (2594 + 740 ms)
was less than in Tuvinians (3619 + 1057 ms) and Yakuts
(3335 £ 915 ms). The method of contrasts showed that the
RTs was authentically different for Russians and Tuvinians
(p< 0.001) and for Russians and Yakuts (p = 0.024), but it was
not different for Tuvinians and Yakuts (p> 0.17). The valid
value of factor “group” (F (2, 144) = 21.09, p< 0.0001) was
discovered for the response accuracy in Russian tasks. Russian
participants showed the best quality of task solving (93.5 + 3.7
%), Tuvinians showed the worst quality (81.4 £ 13.6 %),
Yakuts showed intermediate result (88.1 = 9.1 %). The percent
of correct answers was authentically different for Russians and
Tuvinians (p< 0.0001), Russians and Yakuts (p = 0.020),
Tuvinians and Yakuts (p = 0.004).

By the comparison of the RTs for tasks in the English
language for all participants from three ethnic groups we did
not obtain the valid value of the factor “group” (p= 0.31).
However, this factor was valid for comparison of the response
accuracy, F (2, 139) = 172.4, p< 0.0001. In addition, Russian
participants showed the best accuracy for English tasks as well
as for Russian tasks (90.1 £ 8.0 %), Yakut participants showed
average result (65.8 + 12.3 %), Tuvinian participants showed
bad accuracy for the task (56.8 £ 9.8 %). The comparison of
all groups showed valid differences between all groups:
Russian and Yakut groups (p< 0.0001), Russian and Tuvinian
groups (p< 0.0001), Tuvinian and Yakut groups (p< 0.0001).

The comparison of behavioral reactions for Russian and
English tasks in Russians showed the factor “language” was
valid both for the RTs, F (1, 53) = 16.47, p< 0.0001, and the
response accuracy, F(1, 53) = 10.9, p = 0.002. Russian
participants showed faster reactions (2594 + 740 ms) and
better response accuracy (93.5 + 3.7 %) in Russian task as
compared with English tasks.

In Yakuts, the comparison of behavioral reactions for tasks
in Russian, English and Yakut did not show valid differences
of response speed (p = 0.58). However, Yakut participants
showed the wvalid value of factor “language” by the
comparison of the response accuracy. The quality of solving
of tasks in Russian (88.1 £ 9.1%) and Yakut (88.3 + 10.2%)
was the same but they were worse for the tasks in English
(65.8 = 12.3%). In Tuvinians, the comparison of behavioral
reactions for tasks in Russian, English and Tuvinian obtained
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the valid value of the factor “language” was obtained for the
response speed, F(2, 114) = 27.9, p< 0.0001 and the accuracy
of solving of tasks, F (2, 114) = 857, p < 0.0001.
Paradoxically, the RTs was the fastest for English (3147 =216
ms), average for Russian (3619 + 1057 ms) and the slowest for
Tuvinian (4669 £+ 207 ms). The comparison showed that
differences of the RTs were valid for all groups (p< 0.05). The
quality of solving of tasks in Russian was the best (81.4 +
13.6%), a little lower for tasks in Tuvinian (77.6 = 2.4 %), the
lowest for tasks in English (56.8 + 1.3 %). Paired comparisons
showed the quality of solving of tasks in Russian and Tuvinian
was the same authentically (p = 0.76), but was different for
Russian and English and for Tuvinian and English (p< 0.001
for both).

B. ERP Results

In Russian group, there were differences in the P300 and
P600 amplitudes during the solving of tasks in Russian and
English. The P300 amplitudes in frontal cortex were higher for
English than for Russian, whereas the P600 amplitudes in the
left temporal cortex (Broca's and Wernicke's areas) were
higher for Russian than for English (Fig. 1).
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Fig. 1 ERP plot in left temporal cortex in Russians

In Tuvinian group, the P600 amplitudes in the left temporal
cortex were the same for Russian and Tuvinian, but
authentically less for English (Fig. 2). The P300 amplitudes in
frontal and parietal cortex in Tuvinians were maximum for
Russian, average for Tuvinian and minimum for English.
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Fig. 2 ERP plot in left temporal cortex in Tuvinians

In Yakuts, the P300 amplitudes were maximum for both
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Yakut and English, less for Russian. The P600 amplitudes in
the left temporal cortex were authentically higher for Russian
than for English and Yakut. The P600 amplitudes for Russian
and English were the same (Fig. 3).
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Fig. 3 ERP plot in left temporal cortex in Yakuts

IV. DISCUSSION

Behavioral reactions and Event related potentials in
Russians performing Russian and English tasks were in
agreement with the theory. Russian participants recognized
syntax errors in native language faster and more accurate than
in foreign language (English). The P300 amplitudes were
higher for foreign language than for native language. This
parameter of brain activity reflected the focus of voluntary
attention. The results obtained for Russian group can be
interpreted as the participants paid more attention to more
difficult task in foreign language than to easy task in native
language. The P600 amplitudes reflected the recognition of
syntax. According to the theory, the reaction must be higher
for native language than for foreign language that is illustrated
by our results.

In Tuvinians, the quality of the solving of tasks in Russian
and Tuvinian was the same, whereas the averageRT was
higher for Russian than for Tuvinian. Thus, it was easier for
Tuvinians to solve tasks in Russian than in their national
language. Solving the tasks in English, Tuvinians showed bad
accuracy and high RTs of the solving of tasks. Actually, the
most of Tuvinians did not solve the tasks carefully they made
decision randomly. According to the education standards of
higher professional education in the Russian Federation,
Tuvinian students must be proficient in English; however, they
showed bad quality of the solving of tasks. According to the
P600 amplitudes, both Russian and Tuvinian were native for
Tuvinians, whereas the English language comprehension
correlated with the brain activity of foreign language
comprehension. The P300 amplitudes in Tuvinians can be
interpreted as a greater concentration of directed attention to
tasks in Russian than to tasks in English and Tuvinian.

In Yakuts, the quality of solving of tasks was the same for
Russian and Yakut, less for English. The average RT was the
same for all tasks. Unlike Tuvinians, Yakuts were motivated
to solve the tasks in English as fast as possible; however, the
quality of solving of tasks was less than Russians has for
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English. Despite this, the answers of Yakuts were not random
as compared with Tuvinians.

Distribution and amplitudes of the peaks P300 and P600 for
Yakut participants are unusual: Yakuts showed high
amplitudes of P300 both high amplitudes of P300 for both
English and Yakut and low amplitudes for Russian. We can
provide interpretation for this: it was difficult to recognize
both English and Yakut, whereas it was easier to recognize
Russian. In Yakuts, the P600 amplitudes for Russian tasks
were the same as Russians and Tuvinians had their native
language the P600 amplitudes for English and Yakut tasks
were the same as Russians and Tuvinian had for foreign
language.

The results obtained can be explained by the social situation
in areas of Siberia with Turkic-speaking inhabitants. Among
the urban population of Tuva and Yakutia, Turkic languages
were used as everyday languages, not used as languages for
writing, literature, official documents, and the media.
Therefore, Turkic-speaking inhabitants did not use written
language in their national languages. This feature is more
typical for industrialized Yakutia than for agricultural Tuva.
The Russian language was used as both everyday and literary
language.

V.CONCLUSION

Thus, in Yakuts, the Yakut language was perceived
physiologically as a foreign language, brain reactions to Yakut
language were the same as reactions to English, whereas
reactions to the Russian language were related to reactions to
native language. In Tuvinians, both Russian and Tuvinian
were perceived as native language, but behavioral reactions
showed that Russian was easier for them than Tuvinian.
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