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The Power of BilingufER®ESiy
on Cognitive Developjlsigiv-igle!

WHAT BENEFITS CAN BEING BILINGUAL OFFER?

In 2011, a new bird came into existence. Found only among
the expansive networks of digital technology, this green animated
bird named Duo reminds users to complete their daily language-
learning lessons. As the mascot of Duolingo—an educational
application designed to help users learn new languages—Duo’s
frequent “unignorable” push notifications nudge students to practice
a given language and at times. At times, the notifications go so far as
to guilt users into staying up to date with practices, using messages
like “You made Duo sad” when they fail to complete several lessons.
But is there benefit in receiving such nagging reminders? Aside
from the need for education and career-related “foreign language”
requirements, should an average user feel compelled to appease the
bird?

Several studies demonstrate that being bilingual may have
various cognitive benefits. It should be noted that while the term
“bilingual” typically denotes fluency in exactly two languages,
research purposes allow the definition to apply to any individual

“Strong evidence suggests that
the ability to switch rapidly between

languages improves one’s ability to
perform executive functions.”
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who speaks more than one language (including trilinguals,
quadrilinguals, etc.).

Strong evidence suggests that the ability to switch rapidly
between languages improves one’s ability to perform executive
functions. These include a variety of processes essential for higher-
order cognitive functions such as working memory, attention,
planning, judgment, and decision-making. Various studies have
compared the executive functions of bilingual people to that of
monolinguals. Several have assessed their ability to quickly switch
between tasks using the Stroop Test (see figure 1).

In this task, the names of colors are written either in the color
they spell out, or in an entirely different color; in both cases, the
subject must name the colors they see rather than the words they
spell. The overarching result shows that bilinguals complete these
tests at faster rates and with greater accuracy than monolinguals,
remarkable findings that can be traced back to a mechanistic
phenomenon in the brain called neuroplasticity.

BILINGUALISM AND BRAIN EXPANSION

Neuroplasticity can be broken down into “neuro,” which
refers to neurons—the nerve cells of the brain—and “plasticity,”
which means flexibility or adaptability." Thus, neuroplasticity is a
relative measure of the brain’s ability to adapt to various stimuli,
including knowledge, injury, and sensory stimulation. The
adaptation can involve various changes, including reorganizing

neural networks and modifying the function of neural regions.
The neurons of developing children have high rates of synapse
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Figure 1: This image represents the tasks shown on the Stroop Test.
The collection of words on the top are used as a control condition;
they include the names of colors written in the color they spell.
Here, the subject is timed as they read out the color of each word.
The collection of words on the bottom are written with font colors
different from the names of colors they spell; the subject is timed as
they attempt to say the color they see rather than the one spelled. The
time taken for each condition is then compared.

development, which is why high neuroplasticity is associated with
youth (see figure 2). Synapses are connection points between neurons
that allow communication between them via neurotransmitters,
or key signaling molecules.” This message transmission can signal
various events, including the movement of a limb or the sensation of
pain. During adolescent neuronal development, the rapid formation
of synapses allows children to dynamically expand their knowledge
and abilities. As a consequence, their brains can more easily adjust
and expand synaptic networks based on the volume of stimuli they
are exposed to. However, as people age, the brain begins to identify
unused synapses, and, in a process called synaptic pruning, removes
them. Healthy (non-pathological) amounts of synaptic pruning are
crucial to brain development and can prevent various neurological
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Gray-matter volume in bilinguals vs. monolinguals
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Figure 3: The red areas in this image indicate where gray matter volume
was greater in one group than the other. Overall, the Spanish and
English speaking bilinguals had greater gray matter volume than the
English-only speaking monolinguals.

diseases. At the same time, pruning also decreases neuroplasticity,
which means that the ease of learning and memorization decreases
with age.’

In addition to age, bilingualism has also been shown to influence
neuroplasticity. As previously outlined, research has indicated an
enhanced ability to perform executive functions in bilinguals
compared to monolinguals. This is due to the joint activation of all
languages at once, even in situations where only one language is being
spoken.* As a result, bilinguals have an increased need for focus as they
are selecting the appropriate terms in a conversation. In other words,
a broader extent of neuronal communication is required, leading to
the development of stronger synaptic connections. And as fluency
increases, the process of selecting conversational terms becomes more
rapid and effortless, creating an even stronger synaptic network. This
is ultimately beneficial to the brain’s white matter, which consists of
myelin (protective fatty protein)-coated axons (cords that stem from
neurons) that are involved in signaling between neurons. Specifically,
the white matter of bilinguals has, on average, more integrity than
that of monolinguals. Elderly populations tend to lose significant
amounts of white matter, but bilinguals typically don’t suffer losses as
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Figure 2: Peak neuroplasticity occurs during youth and declines with age. The decline is steeper in individuals with some amount of cognitive
impairment and steepest in those with Alzheimer’s disease and other conditions resulting in dementia.
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severe as monolinguals.® Gray matter, the information-processing
counterpart to white matter, is also typically denser in bilinguals (see
figure 3).These substantial bodies of neurons and dendrites—short
protrusions that make immediate communications—demonstrate
the very concrete effects of bilingualism on neural development.
Increased neuroplasticity ultimately preserves the integrity of
the aging brain, which is especially protective against cognitive
dysfunction, such as dementia.

BILINGUALISM AS A SHIELD AGAINST DEMENTIA

Dementia is neither a disease nor an expected part of aging.
Rather, it is a commonly reported set of symptoms in elderly patients,
most often caused by Alzheimer’s disease.® No matter the cause,
dementia is degenerative, meaning the symptoms—memory loss,
confusion, speech difficulties, and other indications of the loss of
cognitive function—progressively worsen over time. Alzheimer’s
disease, along with other forms of dementia, is in part caused by
a process called brain atrophy, where neuron cell death and the
destruction of white matter occurs in greater volumes than an
average person.

However, various studies have determined that in patients
who develop symptoms of dementia, bilinguals have, on average,
a four- to five-year delay in the onset of such symptoms compared
to monolinguals.” This is particularly related to the white matter
and gray matter enhancements that bilinguals acquire, resulting
in improved cognitive reserve, or the resistance to brain disease.
Thus, the progression of dementia and age-related cognitive decline
are slowed. Studies have even found that this delay of the onset of
dementia is not limited by the age of exposure to a second language
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Figure 4: In these brain scans, the gray regions represent gray
matter. As expected, the bilinguals in this study had greater gray
matter volume than the monolinguals. Interestingly, however,
the international adoptees, who were born in China but adopted
and brought to France, have similar amounts of gray matter as the
bilinguals. Although this group has no fluency in Chinese, because
they were exposed to it as infants, they can still distinguish between
unique sounds in Chinese that non-speakers cannot distinguish
between. Therefore, when listening to such sounds, similar regions
of their brain are activated as the fully bilingual speakers.

or by the length of time the second language continues to be learned
and used (see figure 4 for example). Furthermore, four months of
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learning a second language was found to improve cognitive function
in elderly individuals with no neurological or cognitive impairment.
These findings suggest that any exposure to a second language might
prove beneficial to one’s cognitive development and that age need not
necessarily hinder new language acquisition.

Despite the numerous studies that have arrived at a similar
conclusion regarding bilingualism and the delay of dementia
symptoms, it is important to note that the factors evaluated in each
study differ from one another. It is difficult to standardize which
factors to emphasize in bilingualism studies, and some studies have
provided more relevant findings than others. Inconsistencies such
as social adaptive behaviors, financial hurdles, and the similarities
between the first and second languages might also skew the results.
Nevertheless, the conclusion that bilinguals, on average, experience
symptoms of dementia four to five years later than monolinguals is
often established among studies—and not without ample evidence
and logical explanation.

THE VIRTUE OF DUO THE BIRD

Whether or not Duolingo’s push notifications seem
excessive, or are even a nuisance, there is merit to the idea that
practicing a second language is beneficial. For the purpose of
improving cognitive reserve, while it may not be necessary to be
in consistent practice with the language, achieving fluency only
improves neuroplasticity and better guards against degeneration.
Bilingualism will never be the cause of harm, and learning languages
could be enjoyable and beneficial for travel.

Parents might also begin their infants’ bilingual journeys early
by simply exposing them to a second language during the critical
period of language acquisition. During this short but crucial period
of time, children receive the input they need to gradually develop
language fluency. Although the critical period is typically used
for first language acquisition, exposure to more languages enables
effortless bilingual fluency. Still, language learning is a lifelong
process, and this critical period, while convenient, is in no way
required to become bilingual.

And so, with no age-related barriers, it is well worth the effort to
gain proficiency in new languages and all they may offer.
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