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Abstract

In a world where learning languages is a vital skill, one can question the makeup of how
different languages are processed in the brain. The world has become a global village. There is
diversity not only in terms of human beings, but cultural and language diversity as well. To be
successful in the present day world, it is important for people to know more than one language
for communication, learning, and business. The accepted definition of bilingualism is being able
to “speak two languages fluently”, but the definition in the scientific field has been long debated.
The reason for debate behind who is considered bilingual is due to a lot of factors, such as one’s
skill level in the language, their nativity to the language, their upbringing, and age. Being
bilingual has become very predominant and 43% of the population of the world is bilingual. The
purpose of this paper is to discuss the true definition of bilingualism, the various factors
involved, one being bilingual and the brain’s area of language production and comprehension. In
this paper, the central question I aim to answer is, does a bilingual brain, even when a
bilingual is only using one language, process linguistic information in the same manner as a
monolingual brain? First, I will attempt to define bilingualism and what classifies someone as
bilingual with all the factors taken into consideration. Additionally, I will discuss which parts of
the brain are involved in language production and comprehension. I will also dissect how a
monolingual brain works in comparison to a bilingual brain, and reference various other studies
that have investigated how the brain processes language. Finally, I will address my question
regarding which processes and areas are the same between monolinguals and bilinguals, and
which are different.

Defining bilingualism and monolingualism
Recently, the question of bilinguals having more brain abilities than monolinguals has become a
popular and highly researched topic. According to Braj Kachru, an Indian linguist, the classic
definition of Bilingualism is “native - like control of two languages”. However, the scientific
definition today is a lot more elastic, for example, “the presence of two or more languages”. In
the scientific world, there is an obstacle in simply and precisely defining bilingualism, due to a
large number of factors that play into deciding if one is truly bilingual. Many countries
throughout Europe speak various different languages, and it is common for people in countries
like India to speak the national language & several regional dialects. Throughout my research, I
read many different definitions for bilingualism. When conducting research about language
processing in the brain, researchers initially encounter the issue of not understanding who is and
who is not bilingual, and the aspects of determining in which people are appropriate for the
study. These factors include: age, sex, linguistic background, total languages learnt, language



proficiencies, language uses, language attitudes, and language mode. Language attitude is simply
one’s attitude towards the language, and the process they underwent while learning the language.
Language mode is a variable that changes the language experience of bilinguals, and the
advantages they have. One of the key things measured to determine if one is bilingual are the
five modes of literacy: linguistic (written and spoken words), visual (images), aural (sound and
music), gestural (movement and body language), and spatial (position and proximity). With all of
these various factors involved, most bilinguals do not even see themselves as bilingual.
Traditionally, there are very hardset definitions for both Monolinguals and Bilinguals. These
definitions define people at either extreme and do not specify anything towards those who fall in
the middle. Monolinguals are those without functional or creative use of a language beyond the
native language (or at the beginning stages). Bilinguals are raised bilingual, who began learning
before adolescence, or are so highly fluent that they are absolutely considered bilinguals. One of
the largest questions researchers have is trying to define who fits the flexible definitions of today.

Surprisingly, monolinguals are in the minority in comparison to bilinguals. A controversial topic
among those studying linguistics is the claim that bilinguals are nothing but the sum of two
monolinguals. According to the Oxford dictionary a monoglot is one that “knows or is able to
use one language”.

Being bilingual is not necessarily an advantage. It is believed that monolinguals have an easier
time identifying themselves and have a stronger sense of self. It is a cultural issue that does not
affect all bilinguals, but affects a good amount. Many people who are not brought up bilingually
eventually learn its and pieces of languages throughout their lifetime, but the amount they learn
must be substantial in order to see if one fits the parameters of being bilingual, circling back to
the issue of defining bilingualism.

Bilingualism is assessed on the level of skill development and the frequent use of the language,
along with the age one learns the second language. Children are much better at learning
languages than all other age groups because their brains are still developing. A child who is
exposed to numerous languages at a young age has a much easier time picking up on those
languages, and is able to retain and speak the languages they hear. For children, learning
language is part of their brain chemistry, they are simply learning subconsciously. Other age
groups have to consciously learn the information and work to retain it.

Then of course, there are the connections between the languages. L1 refers to a speaker’s first
language, whereas L2 refers to the speaker's second language. L1 is learned through a process
called FLA, or first language acquisition. FLA is the process of gaining the capacity to learn
human language and communication without having previous capabilities, and it is learned
automatically during infancy. Native speakers have proficiency represented by “internalized



knowledge” of several areas including: appropriate use of idiomatic expressions, correct
language form usage, natural pronunciation, cultural context, and a large and vast vocabulary.
However, it is possible to have multiple first languages as long as they were learned before
puberty. For example, children who have grown up in households where multiple languages are
spoken, may simply learn those languages natively, and that is what makes a bilingual. L2 is a
second language, or a foreign language. If you have an L2, you are a non - native speaker of that
language. L2s are learned through a process called second language acquisition, or SLA. SLA is
the process of acquiring language capacity after another language has already been learned
natively. Learning an L2 requires conscious effort, is most likely learnt after puberty,  and an
acquired L2 can only be known at a non - native proficiency. An L2 cannot be mastered to the
same level as an L1, even highly advanced L2 learners are simply called near - native speakers.
L2 can be used to refer to any number of languages learned after puberty; one can have multiple
L2s, but most likely will not have multiple L1s.

Brain areas involved in language processing
Language processes in bilinguals and monolinguals alike, is the product of many specialized
brain centers working together. The four lobes of the brain play four distinct, yet similarly
important roles in controlling various processes throughout the brain. The four lobes are the
occipital, temporal, frontal, and parietal lobe. However, the ones most implicated in processing
language are the temporal, frontal, and parietal lobes.

First, the frontal lobe is the part of the brain that controls important skills like one’s ability to
express emotions, problem - solving skills, memory, language, judgment, and sexual behaviors.
It can be seen as the control panel of our personality, and equips us with the skills we require to
communicate properly with others. It assists in planning, self - control, memory formation,
empathy, and attention. The frontal lobe allows us to formulate our thoughts into speech, and
produce everyday movements like walking and running. Additionally, it is responsible for
primary motor function - our ability to consciously move our muscles, and contains an important
area for language processing and production called the broca’s area.

The Broca’s area is located near the motor cortex in the inferior frontal gyrus, a gyrus that
processes speech and language. It is the region most responsible for a person’s ability to speak
languages fluently. The area is involved in speech production, regulates one’s breathing patterns
while speaking, and assists in producing vocalizations that are necessary for normal speech.
Additionally, it guarantees coordination in the muscles used for respiration: the larynx, pharynx,
and the cheeks, lips, jaws, and tongue. If damage is caused to the area, sounds can be made, but
words cannot be formed properly. Broca’s aphasia, which occurs when the area is injured, one is
able to comprehend what is being said, but unable to speak fluently as the brain is not able to
control the fluency of the speech. It causes a lot of frustration as the person knows what they
want to say but cannot properly express their words. It is also called the auditory association area



and the receptive speech area. It utilizes feedback received from other areas to send motor
commands out. Many speech related problems can happen due to damage to a specific area.
While the Broca’s area is a key language center, in order to read, speak, and write, other areas of
the brain need to function in coordination.

The temporal lobe is located above the brainstem and cerebellum. The primary responsibility is
creating and preserving conscious and long - term memory. The lobe also plays a role in visual
and sound processing and is important for object and language recognition. Additionally, it
contains the Wernicke’s area, the limbic system, and the primary auditory cortex. It is the first
area responsible for interpreting sounds heard by the ears, it receives different frequencies,
sounds, and pitches, and is able to give them specific meaning. The Temporal lobe is responsible
for selective hearing, filtering out the unnecessary frequencies allowing a person to focus on the
important sounds from the environment. This lobe plays a major role in understanding and
giving meaning to language, making language distinguishable and understandable.

The limbic system, which is located in between the two temporal lobes, also has relevance to
language comprehension. Lanandella says that L1 in comparison to L2 is based on the limbic
system. When a second language is learned in a natural setting it indicates more development of
the limbic system. However, if it is learned in a formal setting it entails mainly neocortical
structures. For example, learning a language in school would be a formal way to learn it, as
opposed to growing up around people who speak a different language, which would be an
informal way to learn it. The limbic system is only involved in L2 acquisition in which L2
appears part of a human’s emotional state.

The parietal lobe is located behind the frontal lobe. It essentially processes sensory information
from the outside world in relation to touch, taste, and temperature. It also heavily relies on other
areas of the body to receive information from, like nerves. The parietal lobe also sends the
information gathered to other parts of the brain, the beginning point of sensory processing, it
deals with many sensations like touch, pressure, pain, all the somatic senses. Additionally, it
contains the supramarginal gyrus, the specific gyrus that contains the Wernicke’s area.

The Wernicke’s area is located close to the auditory cortex and in the superior temporal gyrus, a
gyrus involved in auditory processing. The area is located in the temporal lobe, and also extends
into the parietal lobe. Wernicke's area is associated with language comprehension, receiving the
necessary information from the sensory association areas. It is important in one’s personality as it
integrates the sensory information received and handles the access to auditory and visual
memories. It is located in the dominant side temporal lobe, making it responsible for processing
and giving meaning to speech and the written word. Wernicke’s area helps a person understand



speech and language. For example, someone suffering from Wernicke’s Aphasia will have
difficulty or be unable to understand or speak, and may misuse words or speak in a nonsensical
way.

Differences in cognition between monolinguals and bilinguals

Surprisingly, monolinguals are in the minority in comparison to bilinguals. A controversial topic
among those studying linguistics is the claim that bilinguals are nothing but the sum of two
monolinguals. According to the Oxford dictionary a monoglot is one that “knows or is able to
use one language”.

Being bilingual is not necessarily an advantage. It is believed that monolinguals have an easier
time identifying themselves and have a stronger sense of self. It is a cultural issue that does not
affect all bilinguals, but affects a good amount. Many people who are not brought up bilingually
eventually learn its and pieces of languages throughout their lifetime, but the amount they learn
must be substantial in order to see if one fits the parameters of being bilingual, circling back to
the issue of defining bilingualism.

Bilingualism does not have as large of an effect in adulthood as iti does in old age and childhood.
In old age, it protects against cognitive decline, which is associated with a delay in the onset
symptoms of memory - related diseases like dementia. For a long time, it was widely believed
that there would be consequences for bilingual children, such as confusion between languages.
However, bilingual children performed superiorly on most tests, especially those requiring
symbol manipulation and reorganization. The difference between monolingual and bilingual
children was later explored and studies showed a significant advantage for bilingual children’s
ability to solve linguistic problems on the basis of understanding concepts like the difference
between form and meaning and metalinguistic awareness, the ability to distance oneself from the
content of speech in order to reflect upon and manipulate the structure of language. This shows
that being bilingual may provide some advantages in learning and memory.

However, there are also some disadvantages to being bilingual. The verbal skills of bilinguals in
each language are commonly weaker than those for monolingual speakers of each language.On
picture naming tasks, bilingual participants are shown to be slower and less accurate. They also
had slower responses for both comprehending and producing words, even in their first and
dominant languages. Bilinguals at all ages demonstrate better executive control skills than their
monolingual counterparts. Executive control is defined as the set of cognitive skills for functions
like inhibition, switching attention between activities, and a strong working memory. These skills
emerge late in development and slow early aging through supporting things like high level



thought, multi - tasking, and sustained attention to various subjects. The neuronal networks
responsible for executive control are centered in the frontal lobe and have connections to other
regions.

What area of the brain is designated for each language as bilinguals?

Finally, circling back to the central question regarding brain areas designated for bilinguals. Does
a bilingual brain, even when a bilingual is only using one language, process linguistic
information in the same manner as a monolingual brain? Do bilinguals have one general
language representation system or two distinct language representational systems?

Through fMRI investigation it has been shown that in bilinguals, there is a large amount of
shared brain representation between the two languages. fMRI, or functional magnetic resonance
imaging, measures brain activity by detecting changes associated with blood flow. The shared
representation is especially present in early and expert bilinguals in contrast to bilinguals that fall
in the middle of the scale.

The convergence of brain networks that are present in bilingual processes is shown by the level
of proficiency of the bilingual. Proficient bilinguals show similarity in brain activations across
different languages; semantic processes are also shown in similar areas of the brain.

Another fMRI study was conducted on bilinguals who spoke both Portuguese and english. The
study compared patterns of activation during the classification of brain activity for nouns across
languages. For example, the pattern of activation by the portuguese (L1) word “cabana” can be
used to properly identify the brain activation pattern for the english (L2) word “hut” and vice -
versa. These findings indicate the lingual properties of words are represented similarly at the
neural level in proficient bilinguals. They also indicate that it is possible to identify the word a
bilingual was thinking about solely based on the brain activation for that word in another
language. Bilinguals have generalized improvements in the functioning of a brain circuit that
supports the most essential and limited aspects of human cognition. It strengthens executive
functioning capabilities and benefits a cognitive reserve that protects an individual from the
cognitive decline that occurs with age.

Organization of a bilingual mind consists of two independently - represented language systems
that are uniquely accessed in response to the context. For example, a fluent French - English
parisian does not need to even consider how to order a coffee in english while making the request
for one in french. Fluent bilinguals show some measure of activation of both languages and some
interaction between them at all times even in the context of only one of the languages.



Bilinguals also have a conceptual meaning of words that does not rely on the translation of words
to the first language. Proficient bilinguals are equally able to name pictures and categorize words
in either language. Abstract & common nouns are shared across languages.  Additionally,
bilinguals showed more right - hemisphere temporal and occipital activation, which is surprising
considering that the wernicke’s and broca’s areas are located primarily in the frontal and parietal
lobe. Right hemisphere areas that are used may support cognitive processes associated with a
variety of things, including sign language production.

Figure 1. A network of brain activation showing shared semantic representation for word reading
in bilinguals: orange shows activation for L2 (english) and blue shows activation for L1
(Portuguese). Green shows overlap between L1 and L2. (Buchweitz 2013)

Conclusion

This paper has investigated the topic of bilingualism in the brain, and understanding how the
brain comprehends different languages. First, I aimed to define bilingualism in a way that was
applicable to the rest of the paper and the latter research analyzed. I forged a link between L1 and
L2 and their relevance to actual language learning in the brain. Then, I located which areas of the
brain are vital to language processing, and the distinct roles they play. Subsequently, I compared
the way monolinguals interpret language to the way bilinguals interpret language, and which area
of the brain is designated for each. Finally, I was able to draw the conclusion that there is a large
amount of shared brain representation between the two languages, and the brain is able to



identify languages through the brain activation patterns in either language. These findings reveal
that bilinguals do process language differently than monolinguals, and there is shared
representation in the brain for both languages. While there has been a lot of research done to
address this question, there are certainly more questions to be answered. More studies can be
done regarding bilinguals who are fluent in two similar languages in comparison to bilinguals
fluent in two radically different languages. The bilingual brain is incredibly complex and
fascinating.

Acknowledgements

Thank you to Desiree Chu for all your assistance and mentoring through the creation of this
paper.

References

[1] Abutalebi, J. (2013). Bilingualism beyond languages: The impact of bilingualism upon the brain.
Physics of Life Reviews, 10(4), 444–445. https://doi.org/10.1016/j.plrev.2013.09.003

[2] Buchweitz, A., & Prat, C. (2013). The bilingual brain: Flexibility and control in the human cortex.
Physics of Life Reviews, 10(4), 428–443. https://doi.org/10.1016/j.plrev.2013.07.020

[3] Costa, A., & Sebastián-Gallés, N. (2014). How does the bilingual experience sculpt the brain? Nature
Reviews Neuroscience, 15(5), 336–345. https://doi.org/10.1038/nrn3709

[4] Kovelman, I., Baker, S. A., & Petitto, L.-A. (2008). Bilingual and monolingual brains compared: A
functional magnetic resonance imaging investigation of syntactic processing and a possible “neural
signature” of bilingualism. Journal of Cognitive Neuroscience, 20(1), 153–169.
https://doi.org/10.1162/jocn.2008.20011

[5] Nelson, C. L. (2012). Kachru, Braj B. The Encyclopedia of Applied Linguistics.
https://doi.org/10.1002/9781405198431.wbeal1330

[6] van Heuven, W. J. B., & Dijkstra, T. (2010). Language comprehension in the bilingual brain: Fmri and
ERP support for psycholinguistic models. Brain Research Reviews, 64(1), 104–122.
https://doi.org/10.1016/j.brainresrev.2010.03.002

https://www.sciencedirect.com/science/article/abs/pii/S1571064513001437
https://www.sciencedirect.com/science/article/abs/pii/S1571064513001437
https://doi.org/10.1016/j.plrev.2013.07.020
https://doi.org/10.1016/j.plrev.2013.07.020
https://doi.org/10.1038/nrn3709
https://doi.org/10.1038/nrn3709
https://doi.org/10.1162/jocn.2008.20011
https://doi.org/10.1162/jocn.2008.20011
https://doi.org/10.1162/jocn.2008.20011
https://doi.org/10.1162/jocn.2008.20011
https://doi.org/10.1002/9781405198431.wbeal1330
https://doi.org/10.1002/9781405198431.wbeal1330
https://doi.org/10.1016/j.brainresrev.2010.03.002
https://doi.org/10.1016/j.brainresrev.2010.03.002
https://doi.org/10.1016/j.brainresrev.2010.03.002

