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ABSTRACT: Learning a second language, or L2, isn't just about practice—it's influenced
by all sorts of things, from mental states and surroundings to our biology. People differ a
lot in how well they learn L2 skills, how competent they get, and their overall
performance, and a big part of that comes down to genetics. This piece looks at how our
built-in biological traits connect to the process of mastering an L2, using insights from
twin studies, brain scans, and genetic research to show how inherited features shape
language abilities. We talk about things like how heritable language aptitude is, changes
in genes that affect thinking and brain flexibility, and the idea of a critical window for
learning that's influenced by our genes. Sure, genetics sets the stage for differences in L2
results, but factors like immersion and teaching methods still play a huge role. We also
touch on what this means for education, such as tailored lesson plans, and future research,
like big genetic mapping efforts. Getting a handle on the genetic side of L2 success could
really improve how we teach and support students with different biological makeups.
KEYWORDS: second language proficiency, heredity, language aptitude, genetic
heritability, brain plasticity, twin studies, critical period, cognitive genetics, L2 skill,
genetic research, gene-environment interactions, genome-wide association studies,
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INTRODUCTION

Getting good at a second language is
key for talking across cultures and doing
well in school. For years, researchers
have zeroed in on outside stuff like when
you first start learning, your motivation,
and the way it's taught (Krashen, 1981).
But recent advances in brain science and
genetics show that our natural, inborn
traits—especially  differences in our
genes—really matter for why some
people excel at L2 while others struggle.
This review digs into the genetic angles
of L2 learning, exploring how inherited

162

traits affect how our brains work, adapt,
and soak up new languages. By pulling
together info from molecular genetics,
brain imaging, and studies on family
traits, it gives a solid overview of this
growing field.
Background on
Language Growth
Language skills, whether for your
first language (L1) or extras like L2,
depend on complicated brain circuits,
mainly in areas like Broca's and
Wernicke's regions. Genetics shape how
these circuits look and work. For
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example, the knack for spotting sound
patterns or building sentences might run
in families. Twin studies have been a
game-changer here. Identical twins, who
share all their genes, tend to be way more
alike in language abilities than fraternal
twins, who only share half. A classic
review by Stromswold (2001) figured that
50-70% of language potential is heritable,
meaning genetics explain a lot of why
people vary in their language
talents.When it comes to L2, genetics ties
into the critical period idea from
Lenneberg (1967), which says language
learning peaks before puberty because
our brains are super flexible then. But
genetic differences can stretch or shorten
that window. Some folks with certain
gene variants keep that flexibility longer,
making it easier for adults to pick up L2.
Then there's epigenetics, which is about
how the environment tweaks gene
activity without messing with the DNA
itself. Using L2 a lot over time can lead to
epigenetic tweaks that ramp up genes
related to language, showing how
genetics and surroundings team up
(Meaney, 2010).

Key Genetic Components in L2
Proficiency

A bunch of genetic factors seem tied
to how well someone does with L2:

1.Heritability of Language Aptitude:
From twin data, it's clear that things like
telling sounds apart or parsing grammar
are pretty genetic. Dale et al. (1998)
found that about 50% of results on L2
aptitude tests are heritable, hinting that
some people just have a head start on
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stuff like mimicking sounds or storing
words. It might vary by part of L2—
auditory skills could be more heritable
than understanding, judging by how twins
match up better on pronunciation than on
comprehension.

2. Genes Related to Cognition and
Memory: Genes like BDNF and COMT
mess with dopamine, which helps with
learning and remembering. People with
certain BDNF versions might have more
brain plasticity, helping them build vocab
in L2 (Chiang et al., 2011). FOXP2,
which is big for speech, has links to L2
sound skills, mostly from L1 studies.
Other players include GRIN2B (for brain
connections via glutamate) and SLC6A4
(serotonin  transporter), which could
affect drive and sticking with L2—
variants that cut down serotonin clearance
might mean you're more persistent with
language practice (Hariri et al., 2002).

3. Brain Plasticity and Structure:
Our genes dictate brain setup. Changes in
ROBO1, which guides nerve growth,
might affect how the brain rewires for L2.
Functional MRI shows that people with
good genetic setups light up language
areas more during L2 tasks, and that
matches better performance (Abutalebi et
al., 2013). Genes like CNTNAP2, which
control brain links, could explain why
some handle L2 grammar faster.

4. Developmental Interactions with
Genetics: Genetics and when you start L2
mix together. Kids often have an edge
from high flexibility, but genes can soften
the blow of starting later. GWAS are
spotting specific spots on genes, like on
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chromosome 6, linked to L2 wins
(Rimfeld et al., 2018). One GWAS by
Luciano et al. (2018) tied variants in
genes like WNT3 to school success,
which overlaps with L2.

5. Gene-Environment Interactions
(GXE): Genetics doesn't work alone—it
pairs with your surroundings. GXE shows
how good conditions can boost genetic
perks. Say you have a BDNF variant that
boosts flexibility; you might get more out
of deep L2 immersion. But if exposure is
low, it can hold back your natural
strengths. Research on multilingual
immigrants backs this up: With solid
educational support, genetic traits predict
L2 achievements (Bialystok, 2017).

Supporting Data and Investigations

Evidence comes from various study
types:

Twin and Family Studies: Plomin
and Deary (2015) summed up that L2
skills have heritability around 0.4-0.6,
much like general smarts. This highlights
that genetics explains more variation than
we thought, especially in casual learning.
A long-term twin study by Kovas et al.
(2013) followed L2 growth from
childhood and saw genetic effects grow
stronger over time, accounting for up to
70% of differences in adult skills.

Molecular Genetics: Gene-specific
research has eyed spots like DRD2
(dopamine receptor), where variants link
to L2 grit and enthusiasm. Sugiura et al.
(2015) connected CNTNAP2 variants to
how polyglots handle L2 grammar. The
APOE gene, tied to memory issues,
suggests some versions slow L2 word
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learning, with €4 carriers lagging in vocab
(Deary et al., 2003).

Neuroimaging and Behavior Data:
Modern tech reveals genetic effects on
brain work. Brainwave tests (ERPS) show
faster L2 word recall in people with
strong  genetic  language  profiles
(Friederici, 2011). Using diffusion tensor
imaging (DTI), Dennis et al. (2011)
linked ROBOL1 variants to stronger brain
paths for language.

Still, genetics isn't destiny. Adults
who hit near-native fluency prove that
things like full immersion or structured
lessons can beat genetic limits. Society
plays in too—genetic leanings might
align with cultures that value speaking
multiple languages.

Implications for Instruction and
Teaching Methods

Knowing about genetics could shake
up L2 teaching:

Personalized Learning: Tests for
genetics might tweak curriculums, like
focusing on sound drills for those with
auditory gene strengths. Brain training to
boost adaptability could draw from
BDNF checks. Spotting kids with genetic
hurdles early could mean starting L2
sooner. FOXP2 variant carriers might get
special speech help.

Policies and Fairness: Instructors
should dodge genetic excuses and push
inclusive methods that respect varied
potentials. Blending genetics into classes
could ease stigma for struggling students.
But ethics matter: Keep data private, get
consent, and watch for biases like in jobs.

e AMERICAN


https://lajoe.org/index.php/LAJoE

Lat. Am. J. Educ. 5, 5 (October, 2025)

* AMERICAN »

Latin American Journal of Education
www.lajoe.org

Genetics should stick to education, with
clear permissions.

Challenges and Limitations

Progress is exciting, but hurdles
remain. Studies often have small groups,
and findings are correlations, not causes.
Biases toward certain groups (like
Western ones) can skew  results.
Polygenic effects—many genes with tiny
impacts—make pinpointing hard.
Epigenetics adds complexity since it's
changeable and context-specific.

Future Research Directions

Bigger GWAS could uncover
polygenic scores for L2 potential, aiding
predictions. Long-term studies tracking

key. Team-ups with Al and genetics
might create custom L2 tools. Ethical
guidelines will be crucial for genetic
advice in schools.

CONCLUSION

Genetics plays a big role in L2
mastery through inherited traits and how
they sync with the world, affecting
aptitude, brain changes, and skills. It lays
a biological base for differences, but
environment builds on it. More research,
like expanded GWAS and long-haul
studies, will sharpen our view and might
spark genetic-informed teaching. As this
area grows, teamwork between linguists,
geneticists, and teachers will help
everyone learn better.
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