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LANGUAGE LEARNING AND BILINGUALISM
IN THE NEUROSCIENTIFIC CONTEXT

The bilingualism and the process of language learning in their relation to the
human brain and its activity have became one of the most debated issues in the
cognitive science. The development of both neuropsychological and technical
methods of speech studies (Functional Magnetic Resonance Imaging (FMRI) and
event-related potential (ERP) in particular) has enabled scientist to identify specific
characteristics of brain activity during a language learning and its bilingual and
monolingual usage. Neural aspect of bilingualism is significant part of linguistic
studies as it represents the material substratum of multilingual speech activity of each
individual. All the social aspects are superimposed on this substratum and define
variability of development and manifestation of common neurophysiologic and
neuropsychological mechanisms. The relevance of the research is defined by the
following facts: the economic and social issues are becoming global and foreign
language learning at different ages is an essential task for almost each person. Both
linguists and language teachers must turn to neurological areas in order to understand
the nature of language acquisition and language processing. The particular
neurolinguistics researches are analyzed and relevant conclusions for learning are
made in this paper.

Language learning requires certain abilities which are closely related to the
functions of the brain. These are: phonetic coding ability (to encode incoming sound
signals for further storage in long-term memory that allows a person to keep the
perceived sequence of sounds associated with a definite meaning content);
grammatical sensitivity (to define interdependency between lexical units in a
sentence and to define their syntactical functions); rote learning ability (to associate
the expression with the meaning which are connected randomly, this skill provides
vocabulary enhancing); inductive language learning ability (to organize the empirical
material and develop more general rules of the relevant linguistic material) [1]. What
happens on the brain level? The exposure to unfamiliar speech sounds is initially
registered by the brain as undifferentiated neural activity. Neural activity is diffuse,
because the brain has not learned the acoustic patterns that distinguish one sound
from another. As exposure continues, the listener (and the brain) learns to
differentiate among different sounds. Neural connections that reflect this learning
process are formed in the auditory (temporal) cortex of the left hemisphere for most
individuals. With further exposure, both the simple and complex circuits
(corresponding to simple sounds and sequences of sounds) are activated at virtually
the same time and more easily. As connections are formed among adjacent neurons
to form circuits, connections also begin to form with neurons in other regions of the
brain that are associated with visual, tactile, and even olfactory information related to
the sound of the word. Some of the brain sites for these other neurons are far from
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the neural circuits that correspond to the component sounds of the words; they
include sites in other areas of the left hemisphere and even sites in the right
hemisphere. In early stages of learning, neural circuits are activated piecemeal,
incompletely, and weakly. As exposure is repeated, less input is needed to activate
the entire network. With time, activation and recognition are relatively automatic,
and the learner can direct her attention to other parts of the task [2, p. 340].

Not less important is the fact that higher order brain centers that process
complex, abstract information can activate and interact with lower order centers, as
well as vice versa. For example, teaching students simple emotional expressions
(vocabulary and idioms) can take place in the context of talking about different
emotions and what situations elicit different emotions. Students’ vocabulary
acquisition can be enhanced when it is embedded in real-world complex contexts that
are familiar to them.

Let consider special brain characteristic of people of different age while learning a
second language. In case of early bilingualism the same neuropsychological
mechanisms are responsible for simultaneous mastering of the first and the second
language [3].This process stands for the most «free» usage of both languages in future.
The monolinguals’ and early bilinguals’ structure of hemispheric interaction in the
process of speech is similar. While in the process of further second language acquisition
the left and the right hemispheres are involved differently ([4; 5]). In case of early
bilingualism the ability of special sensitive phonemic hearing is developed, which helps
to distinguish different ways of pronouncing and numerous accents. Late bilinguals and
adult language learners while distinguishing the sounds of the speech use categorization
mechanism, leveling all the irrelevant functional differences. For example, native
Japanese speakers normally cannot distinguish between the English «r» and «I» sounds
[6]. Studies suggest that as the language centers of our brain are mature, certain
phonemes are «wired» into those brain centers. Phonemes that are not essential to the
native language are not incorporated, implying that adult brains are simply less
receptive to foreign phonemes. When presented with English words containing either of
these sounds, brain imaging studies show that only a single region of a Japanese
speaker’s brain is activated, whereas native English speakers show different areas of
activation for each sound. Learning to distinguish the phonemes might then actually
require a «rewiring» of certain elements of the brain’s circuitry.

Localization of semantic lexemes processing is the same for the first and the
second language while starting to learn the second one in the age of eight (starting
from systematic school-period learning). The same substratum of a pupil’s brain is
responsible for semantic processing of isolated words of the first language and the
second language at the first stages of learning. While in case of starting to learn the
second language when sixteen involves different cortexes in the processing of native
and non-native speech [5]. A study by Kim K., Relkin N., Lee K., and Hirsch J.
(1997) has shown that not only language elements are processed differently but also
they are stored in different parts of the brain of those who are adult bilinguals, who
started to learn the second language later than being ten. The investigators also
assumed that the mother tongues are used implicitly. By contrast, a second language,
particularly if learned in adulthood, is probably learned and used explicitly. It has to
be pointed out that existing clinical and neuroimaging studies suggest that implicit
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and explicit memory systems do rely upon different neural structures. The notion of
«critical language learning period» is discussed by numerous linguists and varies
from one to another. But the common hypothesis states that the learning before
attaining the age of 16 is the most effective [7]. Because the percent of language
mistakes provoked by interlingual interference is very high as the process of
language usage depends largely on cognitive control of adult person [8].

The speech planning and generation of bilingual person causes more complex
neural activity than of monolingual. When bilinguals are rapidly toggling back and
forth between their two languages — that is, in «bilingual mode» — they show signifi-
cantly more activity in the right hemisphere than monolingual speakers, particularly
in a frontal area called the dorso-lateral prefrontal cortex (the source of the bilingual
advantages in attention and control). In case of lexical conflict the brain of bilingual
acts as in case of any other type of conflict (the dorsal prefrontal cortex and the ante-
rior cingulated gyrus are involved). Thus larger brain resources are used. In the pro-
cess of lexeme choice bilingual’s brain acts as monolingual’s one in the process of
non-verbal unit choice. The later process apart from mentioned parts involves Bro-
ca’s area and other parts of prefrontal cortex in case of bilingual. The brain flexibility
of bilinguals causes numerous advantages in the overall cognitive activity. Moreover,
early bilingualism protects the brain from rapid aging and provides larger amount of
grey matter in parietal lobe. Having to distinguish between two languages can be
tricky in some situations, but the brain’s executive functions, especially the attention
and inhibition processes, are strengthened through this process, ultimately making
bilingual speakers better at switching between two tasks or handling tasks that re-
quire conflict management.

Increased understanding of the ways in which multiple languages are
represented in bilingual speakers’ brains is undoubtedly advancing several
theoretical issues in areas such as language acquisition and performance theory.
However, there is much experimental and clinical data in neurolinguistics which is
clearly relevant, and very little work has been done on first or second language
acquisition from the neurolinguistics perspective. It is my belief that knowledge of
such issues can be useful not only to physicians and psychologists, but also to
teachers in general. After all, teachers deal every day with one of the most typical
features of the human brain, namely the ability to learn.
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HHOPIBHAJIBHA XAPAKTEPUCTUKA JJEKCUYHOI'O
TA ACOIIATUBHOI'O 3BHAYEHHA KOHIEIITY «BAJTIOTA»

[ToHATTA KapTUHU CBITY HAJNEXHUTh N0 YMCia (PYyHIAMEHTAIbHUX IOHSTH, SKI
BUPAXKAIOTh CIENU(DiKy JIFOJACHKOTO OYTTs, BiIHOCUHU HOTO 31 cBiTOM. KapTuHa cBiTYy
— LUIICHUH loro 00pas, sIKUii € pe3yJIbTaToM YCi€l TIsIIbHOCTI JIFOAUHHM [1].

KoHuenrtyanbHa Ta MOBHA KapTHHHM CBITY € BIJIOOpaKE€HHSM Yy B3a€EMO-
NoB’s13aHUX (hopmax — (popMi Mi3HABAIBHOI AISUIBHOCTI i POpPMI MOBH — 00’ €EKTUBHOT
nivicaocti [10, €. 37]. Mexa MK MOBHOIO Ta KOHIIENTYaJIbHOK KapTHUHAMU CBITY €
HEYITKOIO, BOHU MepeOyBaloTh y JIOTTYHUX BIJHOIICHHSX NEPETHHY a00 BKIIOYEHHS
nepuioi Jo APYroi 3aJeXHO BiJi BUSHAHHS KOHIIENTYaJIbHO HE CHIBBIAHOCHUX MOB-
HUX KaTeropii [12, ¢. 365-367]. KonienTyaabHa KapTHHA CBITY, Ha BiJIMIHY BiJ MO-
BHOI, TIOCTIMHO 3MIHIOETHCS, B1IOOPAXKYIOUM pe3yJbTaTH Mi3HABAIBHOI 1 COIIaIbHOI
JUSTTBHOCTI, OJJHAK (PparMEeHTH MOBHOT KapTUHU CBITY IIPOTATOM JIOBIOT0 4acy 30epi-
raf0Th PEIKTOBI YABACHHS JIFOCH MPO cBiTOCTBOpEeHH: [1].

VY Hamomy A0CIIKEHH] KOHIIETITyajIbHa KapTHHA CTAHOBHUTH 1HIWB1Tyalli30BaH1
YSIBIICHHS TIPO CBIT, 110 € y HAII{ CBIJIOMOCTI; MOBHAa KapTHHA CBITY IpeJCTaBIICHA
CJIOBHUKOBUMU JeDIHIIISIMHU.

Jlyis BUSIBIIEHHS OCOONMBOCTEH y OyZ0BI MOBHOI Ta KOHIIENTYalbHOI KapTHUH
CBITY HaMU OyJIH 3alTy4eHi BIIOMOCTI IIPO CTPYKTYPY JEKCHYHOTO Ta acOIliaTUBHOTO
3HauYeHb CJIoBa eKOHOMIYHOi cdepu BxkuBaHHA BAJIFOTA Ha ocCHOBI MmpoBeAeHHS
BUTBHOTO aCOITIaTUBHOTO EKCIIEPUMEHTY 31 CTyAeHTamMHu JlepaBHOTO €KOHOMIKO-
TEXHOJIOTIYHOTO YHIBEPCUTETY TpaHcopTy (M. KuiB), HOCISIMH POCIChKOI Ta yKpai-
HCHKOI MOB. Bci peakiiii Ha BiIMOBITHUN CTUMYJT JaJTH 3MOTY BCTAHOBUTHU CTPYKTYPY
KOHLENTYaJIbHOI KApTUHU CBITY. MOBHa KapTHHA CBITY (DOPMY€EThCs 3ac00aMU JIEK-
CUYHOI'0 3HAYEHHSI BIATIOBIAHOIO CTUMYLY.

3icTaBJ€HHS JIEKCUYHOI'O 3HAYEHHS 13 aCOLIIaTUBHUM KOXHOTO 13 aHAJ130BaHUX
CTUMYJIIB BIIOYBaJIOCS 3a aITOPUTMOM, IKUH peacTaBieHuil B podotax JI. Kymmap
[9]: I. ®ikcaris nekcuunoro 3HaueHHs ctumyiy KAIIITAJI 13 cnoBHUKIB Ta €HIUK-
Jomne i (— rpolIoBa OJUHUIIS, [0 BUKOPUCTOBYETHCS K 3aC10 pO3paxyHKY B TOPIo-
BUX OIeparlisix [4]; — 1me rpoIoBa OQNHHMIIS, 1[0 BUKOPUCTOBYETHCS ISl BUMipPIOBAH-
HSl BEJIMUMHU BapTOCTi TOBapy [11]; e rpormoBa oAMHULIA, III0 BUKOPUCTOBYETHCS K
CBITOBI rpotii [6]; — 116 He HOBHI THUII TPOILIEH, a JIHIlIe 0COOIUBHI croci0 iX QyHK-
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