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Abstract

This article reexamines the role of age in second language acquisition
through a critical lens, challenging traditional interpretations of the
Critical Period Hypothesis. While the hypothesis suggests age-related
limitations in achieving native-like proficiency, contemporary evidence
underscores the brain’s lifelong adaptability and the significant roles
of social, cognitive, and contextual factors. Drawing on insights from
neurolinguistics, naturalistic, and classroom-based studies, this review
reveals that late learners can achieve high levels of proficiency, often
mediated by individual motivation, social integration, and quality input.
It critiques the simplistic dichotomy of early versus late learning, em-
phasizing the nuanced interplay of variables like learner environment
and instructional quality. Through the framework of Complex Dynamic
Systems Theory, the article posits age as one of many dynamic and in-
terdependent factors influencing second language acquisition, shifting
focus from deterministic views to more holistic, adaptive perspectives.
These findings call for a re-evaluation of age-centric policies in edu-
cation, advocating for pedagogical strategies that align with learners’
developmental and experiential contexts. The implications extend
beyond theoretical discourse, urging educational practices to leverage
the potential for language acquisition across the lifespan.

Keywords: language learning and age, age effects in language acqui-
sition, critical period hypothesis, complex dynamic systems theory,
neurolinguistics
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Introduction

Age plays a pivotal role in the field of second language acquisition (SLA), signifi-
cantly influencing various theories and educational policies regarding the optimal
age for language learning. The idea of a ‘critical period’ has contributed to decades
of controversy about whether age-related constraints actively prevent native-like
attainment. Although Penfield and Roberts (1959) and Lenneberg (1967) have
supported the idea of an innately determined period for language learning based
on genetic origins, new discoveries have provided an alternative, more impressive
argument, that is, the interaction between age and the influence of social, cogni-

tive, and environmental factors.

The Critical Period Hypothesis (CPH) continues to impact both naturalistic and
classroom SLA contexts. In studies involving immigrant populations, researchers
typically observe an inverse relationship between age of arrival and ultimate lan-
guage attainment. However, these studies typically do not separate the influence of
individual sociocultural differences and motivational orientations. Furthermore,
available research demonstrates that it is not necessarily beneficial to learn a lan-
guage at an early age, which calls into question the effectiveness of policies sup-

porting the teaching of a foreign language at an early age.

Despite considerable research, the age issue is not resolved because of the method-
ological limitations and the mixed nature of findings. Recent findings in neurocog-
nitive linguistics point to an ongoing plasticity of the brain over the entire lifespan,
thus raising doubts about age-related irreversibility of decline. The move to con-

sider SLA as a dynamic, non-linear process also resists static, age-related models.
This review addresses two key questions:

1. To what extent does contemporary neurolinguistic evidence support or chal-
lenge the CPH in SLA?

2. How does Complex Dynamic Systems Theory (CDST) reconceptualize the role
of age in SLA?

Drawing on CDST (Larsen-Freeman, 1997; 2015), this article reconsiders age not
as a fixed determinant but as one variable in a complex system of interacting fac-
tors. By synthesizing diverse research, it offers a nuanced understanding of age in

SLA, with implications for theory, practice, and lifelong learning.
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Language Learning and Maturation

The relationship between age and SLA has long fascinated linguists, as exemplified
in immigrant families where children generally surpass adults in acquiring the host
language (Johnson & Newport, 1989). This difference is frequently attributed to
children’s better flexibility and social inclusion. Interacting socially has a lot to do
with SLA as students interact with their surroundings, enabling the acquisition to
progress (Lantolf & Thorne, 2006). Motivation, including the wish to integrate,
likewise contributes to success (Gardner, 1985). Even though age is frequently con-
sidered a primary determinant, this fails to take into account the intricate relation-
ship between social integration, motivation, and opportunities to use the minority

language with a purpose in all ages.

The interest in linking these differences to age can largely be attributed to the con-
tinued impact of the CPH. The CPH, formulated in the 1950s, proposed that neu-
rological change in late childhood restricts the flexibility of the brain, making it
difficult or impossible for individuals to become fluent in a new language. Penfield
argued that it becomes more difficult to learn languages after the age of 9, when
the brain is no longer plastic (Penfield & Roberts, 1959). Yet, current studies have
demonstrated that the brain is malleable throughout life (Gutchess, 2014; Ramirez
Goémez, 2017) and therefore contest the claim that acquiring a language after child-

hood is “unphysiological.”

Lenneberg (1967) took this notion further by proposing that the critical peri-
od ended at puberty. He claimed that after this point, learning a new language
becomes much more demanding, with the learner never being able to reach na-
tive-like pronunciation. He identified this with the lateralization of language func-
tions—the operation of language is usually lateralized to one hemisphere by the
time you're done with puberty. However, contemporary neuroscience observes this
process with more nuance (Nenert et al., 2017), undermining Lenneberg’s strict
chronology. Though his claim for a plummet in language-learning potential in the
adolescent age range appears not to be the case (Cummins, 1979), it has proved to

be a powerful influence both on SLA research and in the wider world.

Rethinking Age Effects in Naturalistic Second Language Learning

The maturational perspective in SLA has also received much support from stud-
ies in immigrant and naturalistic settings (Hyltenstam, 1992; Piske et al., 2002),
which are based on the significance of maturational limitations. Regarding the
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phonetic acquisition, Piske et al. (2002) report that early exposure to the target
language (L2) results in more correct production of vowels because of a higher
amount of neuroplasticity, in accordance with the Speech Learning Model. Early
age of onset also predicts more native-like proficiency in grammar and vocabulary,
although non-native properties may persist (Hyltenstam, 1992). Late learners ex-
hibit the phenomenon of fossilization and increased error rates, lending support
to the sensitive period hypothesis. In any case, we should also consider individual
variances, since even early learners typically do not sound natively adept. As pre-
viously discussed, motivation alone does not guarantee success in SLA (Dérnyei,
2009). Social, cultural, and cognitive influences, as well as the difference between
immersive experiences and classroom-based learning, are significant, among other
effects not sufficiently captured by the research. Being in a rich language environ-
ment offers additional opportunities for participants to use the language in tangi-
ble contexts, resulting in the growth of pragmatic and sociolinguistic skills (Jia &
Aaronson, 2003; Freed, 1995). However, they interact in first language (L1) social
networks for adolescents and work in L1-dominant workplaces for adult migrants,

where L2 practice is limited.

Flege (2019) calls into question the belief that length of residence correlates with a
higher L2 exposure, claiming that L2 input varies according to social networks, type
of work, and interest. Large-leaved peonies are rare and under threat. The essence
of wilderness, argued John Muir, is wildness. 2018). Jobs that involve little L2 use
and little motivation reduce exposure even more (Marinova-Todd et al., 2000). Res-
idence alone, therefore, offers no guarantee of immersion; effort and context also
count. These results challenge the notion that the relationship between biological
age and SLA success can be explained purely in terms of age. Age is increasingly

seen as a ‘macrovariable’ entwined with multiple factors (Birdsong, 2018).

While early arrival usually brings benefits for SLA, not all children succeed fully,
nor do all adults fail to do so. Kinsella and Singleton (2014) and Marinova-Todd
(2003) challenge the deterministic CPH view. Kinsella and Singleton (2014) pres-
ent examples of adult learners who achieved native-like French proficiency through
long-term residence, regular native input, social integration, and motivation - fac-
tors which transcend age. Marinova-Todd (2003) equally emphasizes motivation,
aptitude, and the quality of input. Nonetheless, some advocates of the CPH do not
find convincing the evidence for an “intensely scrutinized nativelikeness” as a rigid
criterion (Long, 2013; Abrahamsson & Hyltenstam, 2009). Birdsong (2014) chal-

lenges this norm, claiming that if denying the hypothesis requires perfect mastery,
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the theory simply is unfalsifiable, arguing that the falsifiability criterion should be
rejected, as in the case of belief in fairies. Even researchers in favour of the critical
period perspective (DeKeyser, 2003; Johnson & Newport, 1989) concede that the
role of the critical period is minor in formal instruction, which is characterised by

its explicit, rule-based nature as opposed to naturalistic learning.

Age Effects: Gradual Decline or Definitive Cut-Offs?

Current knowledge about the role of age in SLA is incomplete, in part because of a
lack of agreement about what is learned beyond the postulated maturational win-
dow. Suggested ages for this window can differ significantly, and it’s not agreed
upon what the clear indicators of a “critical” period are thought to be. Although one
hypothesis is that post-maturational SLA is fundamentally incomplete, there are
numerous reports in the literature of exceptions to this general pattern. A central
issue is whether L2 learning decreases in a linear fashion throughout the lifespan

or is marked by sudden break points — the characteristic of a true critical period.

Cut-off points historically have been associated with puberty, but of course, this is
quite a variable age. But newer research indicates even wider limits. For instance,
Dollmann et al. (2020) reported age-related maturational changes in pronunciation
from age nine. By contrast, Chen and Hartshorne (2021), with a dataset of more
than a million participants, reported a steep decline in L2 syntax learning around
age 18. Additional peer-reviewed studies, such as Sebastidn-Gallés et al. (2005),
reported that different responses to phoneme discrimination were observed prior
to four years of age. These inconsistent findings suggest that the developmental
windows may differ for individual components of a language. But claimed age rang-
es regularly contradict, sometimes in the same area (Singleton, 2005). Birdsong
(2018) posits that, at present, based on the evidence, it is incorrect to propose an
integrated model formed of multiple critical periods. This is not to deny the impact
of age on SLA but to imply that it might be better accounted for by the wider, more
coindexed effects of ageing rather than the narrow developmental parameters that

are evident.

The Impact of Age on Classroom L2 Learning

In the middle of the 20th century, early L2 schooling was advocated in schools
(Murphy, 2014). Ironically, this flies in the face of decades of research, which has
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indicated that early L2 learning doesn’t usually reap sustainable dividends (Single-
ton & Lesniewska, 2021). The fact that early learners progress may not be higher
than that of late learners, and late learners can even surpass early learners although
the former has spent more time in language learning (Murioz & Singleton, 2011)
is undeniable, and has been confirmed in research since the 1970s when examining
which starting age is more effective in L2 learning. Also in immersion settings,
older learners frequently either catch up with or even exceed younger ones (Pfen-
ninger & Singleton, 2019), which CPH backs. Formal education is not comparable
to exposure, nor is it likely to result in the same early-start advantage, according
to Johnson & Newport (1989). Additionally, DeKeyser (2003) argued in favour of
age-appropriate training because classroom language learning is less susceptible
to maturation. Ironically, in spite of these drawbacks, the CPH has significantly
influenced global policy and practice, eliminating any possibility of late start, par-
ticularly in the English language. Although cross-generational comparisons have
been made possible by these actions, extensive research has not discovered any

long-term advantages for early starts.

Recent studies suggest that early starters may have an advantage initially, espe-
cially in receptive language skills, but that the edge appears to wane. In a subse-
quent investigation, Jaekel et al. (2017) found that while by Attainment Year 5,
ELLs in Germany had already caught up with their monolingual peers, this had no
longer been the case by Year 7. Baumert et al. (2020), based on a study of almost
20,000 students, concluded that there was limited variation by Year 9. Pfenninger
and Singleton (2017) also note that instruction and progression were crucial (i.e.,
poor starters often caught up in subsequent testing). Baumert et al. (2020), who
analysed ¢.20,000 students and found minimal variation by year 9, speculated that
this was because of a lack of differentiation in the secondary school. Pfenninger
and Singleton (2017) also drew attention to the role of instruction and/or pro-
gression (i.e., students starting at a later point often ‘caught up’ in follow-up or

post-testing).

Huang (2016), synthesizing 42 studies from 1964 to 2014, examined early in-
struction in formal settings. It included an examination of vocabulary, grammar,
and phonology in the short, medium, and long term. Results put in question the
dominance of the “the earlier the better” as older learners frequently performed
better than their younger peers, probably because of the greater cognitive abili-
ty and strategy possession. While there is some evidence that younger learners

may benefit more from auditory processing, the evidence was not uniform across
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the experiments. The meta-analyses highlight the influence of both instructional
quality and the learning context, as well as the learning context and context of

instruction, on outcomes.

Some studies, like the Barcelona Age Factor Project (Muiioz, 2003a), noted a slight
early advantage in listening. With equal exposure, older learners, under equal ex-
posure, were superior to younger ones in most L2 domains, while older and young-
er learners did not differ significantly in listening. While early training may help to
further auditory skills, evidence is inconclusive (cite). Closely mirroring discover-
ies made in naturalistic SLA, recent research in instructed SLA emphasizes input as
a critical predictor of successful learning. Huang et al. (2020) characterized input,
environment, aptitude, and motivation in early bilinguals of Mandarin and Eng-
lish in Taiwan. Through tests and questionnaires, research concluded that present
out-of-class input was a strong predictor of listening comprehension. Speech pro-
duction, in contrast, was more influenced by environmental influences, including
SES and parents’ English proficiency. The study emphasizes the greater influence of
current out-of-class input than that of early instruction, with differences between

L2 domains.

Challenging the Critical Period Hypothesis: Insights from
Neuroscience

Lenneberg (1967) based his original statement of the CPH on biological and neural
developments. Subsequent to its proposal, numerous investigations were conduct-
ed on age and L2 learning outcomes to confirm the proposed theory. As previously
mentioned, however, these efforts were inconclusive. Although initial criticisms
were reported (e.g., Krashen, 1973: 65), decades passed before the development of
neurolinguistic technology that made it possible to test CPH directly. The last two
decades have seen major developments in the use of EEG/ERP and fMRI, resulting

in greater insight into the involvement of the brain in learning a new language.

EEG, on which ERP is based, records electrical activity in the brain in response
to some sort of stimulus. In language, native speakers usually display neural pat-
terns—N600 for morphosyntax, and N400 for semantics. Comparing L1 and L2
responses within an individual can indicate if disparate neural mechanisms are uti-
lized and hence contribute to our understanding of bilingual processing. fMRI, in
turn, observes blood flow surges to make inferences about neural activity and iden-

tify brain areas activated during language exercises. Although limited adult brain
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plasticity has been demonstrated in some studies (Bergmann et al., 2015), the de
facto reality is that the adult brain remains highly plastic. DeLuca et al. (2019)
summarized findings that support the idea that native-like ERP effects emerge
with higher levels of L2 proficiency. fMRI data also demonstrates alterations in lan-
guage-associated regions (such as the inferior frontal and superior temporal gyri).
These provide evidence that L1 and L2 are more similar to each other and that their
two outcomes are more influenced by one or more external factors—such as input

and immersion—rather than by strict neurological limitation.

Kasparian and Steinhauer (2016, 2017) investigated L2 Italian learners, bilin-
guals and monolinguals. Highly advanced L2 learners had ERPs similar to those of
native monolinguals. Steinhauer and Kasparian (2020) claim that posterior ERP
studies have confounded age with proficiency, but new and better methods are re-

vealing greater evidence against CPH predictions.

fMRI is also an important tool for the study of neuroplasticity. Whereas MRI pro-
vides an image of the brain’s structure, fMRI shows how it is functioning. Studies
have shown that L2 learning can be associated with higher gray and white mat-
ter volume, as well as with greater neural connectivity. While limited, fMRI re-
search in the natural setting has demonstrated that late learning is associated with
brain changes similar to those of early bilinguals. Pliatsikas et al. (2015) observed
white matter development in L2 learning in adulthood that was similar to that
of early childhood bilinguals. Summarizing this work, DeLuca et al. (2019) claim
that “claims about psych velocity and its relationship to age are directly testable

through neuroimaging—and the current evidence base argues against them.”

Discussion

Lenneberg’s (1967) original concept of CPH was based on neurological maturation.
After years of research, the age issue in SLA is not yet resolved, but it has had an
impact on language instruction policy, especially the promotion of an early start
to L2 education. But evidence indicates that early starters’ edges erode frequently,
as late starters catch up to, or even excel, them in proficiency. Early start of in-
struction in a second/foreign language does not ensure better long-term results, as

suggested by many studies.

Regarding Research Question 1, this article has explored the contested nature of
the critical period and argued that a fixed biological window cannot fully explain

SLA outcomes. While some late learners achieve near-native proficiency, most do
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not. Still, language learning outcomes are shaped by a range of factors—exposure,
context, motivation, and individual traits—not just age (Singleton & Le$niewska,
2021). SLA is a complex, multifactorial process, and older learners are not inher-

ently incapable of success.

With respect to RQ1, this paper has discussed the contested nature of the critical
period and shown that a biological window cannot be the only determinant of SLA
attainment. Some late learners do reach near-native proficiency, though the ma-
jority do not. Yet second language learning results are determined by more than
just age (Singleton & Lesniewska, 2021), a variety of factors, including exposure,
context, motivation, and individual differences, play a role. SLA is a complex, mul-

tivariate process, and older learners are not intrinsically lightweights.

The focus on determinant window of opportunity has resulted in an unbalanced
emphasis on early learning and attainment with little discussion of language
learning in later life. There is relatively little research on the third age, but it has
attracted increasing interest. The presumption that older adults are destined to
fail, product of CPH, has overshadowed useful findings regarding language learn-

ing capacity in later life.

Singleton and Zaborska (2021) try to fill this void by focusing on older adults’ lan-
guage learning experience. And although there are some constraints, including
reduced plasticity and decreased hearing ability, they emphasize that people can
and do make large gains after childhood. They also describe cognitive payouts with
improved executive function and postponed cognitive decay, as well as affective
payoffs, such as higher levels of cultural participation and social integration. Per-
sonal desire, interest, and social engagement (intrinsic motivation) are powerful

drivers of continued language learning in seniors.

Turning to Research Question 2, CDST offers a compelling alternative to linear
age-based models (De Bot et al., 2007; Larsen-Freeman, 2015). CDST views SLA as
a dynamic, nonlinear process, shaped by interactions among motivation, aptitude,
context, and other factors. While younger learners may have phonological advan-
tages, older learners benefit from cognitive maturity and metalinguistic awareness.

Age is thus one of many interdependent variables in a learner’s trajectory.

Pfenninger et al. (2023) further challenge age-focused paradigms, emphasising that
age must be viewed alongside cognitive, affective, social, and experiential factors.
They argue that age interacts with variables such as gender, socioeconomic status

(SES), and bilingualism to shape individual learning paths. This holistic approach
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redefines age not as a fixed constraint but as a dynamic, evolving influence within

a complex system of lifelong language learning.

Conclusion

This paper presents a critical analysis of age in second language acquisition (SLA) by
eschewing the deterministic views of the CPH. Whereas older models of SLA have
considered age as a cut-off for the biological ability to learn a second language and
first language learning as qualitatively different from second language learning,
current theoretical developments and research from neurolinguistics, naturalistic,
and classroom studies have demonstrated that the brain remains significantly plas-
tic. The results show that motivation, social integration, the quality and quantity of
input, and the learning environment are crucial determinants of SLA success and
frequently mediate or override the effect of age per se. CDST framework also high-
lights that age is a single component in a complex, interacting system contributing
to shaping pathways of language learning. As a result, the concept of a strict critical
period is becoming increasingly untenable, and educational policy should adjust to
the complex, multifactorial nature of SLA. After all, lifelong language acquisition is
possible, and age is not the ultimate predictor of the ability to develop high profi-

ciency among highly motivated learners.

Limitations

Despite attempting to provide a comprehensive overview of the literature, this
review acknowledges several limitations: Methodological diversity among studies
poses a significant obstacle, as virtually no agreement has been reached on defin-
ing the “critical period” or on the ranges of age and linguistic aspects of interest.
This absence of uniformity makes direct comparison difficult and generalisation of
conclusions difficult. In addition, it is challenging for many studies to distinguish
the effects of age from other potentially important variables (e.g., motivation, so-
cial integration, socioeconomic status, and language input in terms of quality and
quantity). Thus, it is challenging to attribute the effects of age solely to language
learning. A further limitation, compounded by a focus on end-state (e.g., attain-
ment of native-like proficiency), is that ideals of what counts as success or restric-
tion may be less than comprehensive to encompass the learner’s achievements
and learner goals. Moreover, research on older adults and language learning still

presents a significant empirical gap. Nevertheless, recent evidence has shown the
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social and cognitive benefits of acquiring a foreign language in later life. Lastly, the
generalisation of results from a naturalistic immersion context may be restricted

to instructed or classroom settings, where exposure and learning conditions can
differ markedly.

Recommendations for Future Research

With these caveats in mind, future studies should focus on multivariate approach-
es, considering the relationships between age and other cognitive, affective, social,
and contextual variables, rather than merely as a predictor. Longitudinal research
following language development from early to later years of life, as well as in and
beyond older adulthood, is especially desirable to explore the dynamic processes in-
volved in SLA at various ages. It will increase the generalizability of the findings to
consider diverse learning settings, forms of learning, including formal instruction,
and different socio-cultural contexts in future research endeavours. Furthermore,
normalisation measures must extend beyond the narrow concept of native-like
proficiency and consider other aspects of communicative proficiency, including
pragmatics and the individual learner’s goals. By incorporating findings from
neuroimaging and cognitive neuroscience, we can gain a deeper understanding of
the potential for brain plasticity and language learning in both youth and adults.
Lastly, there is a need for policy-relevant research to guide educational policy and
practice in making language learning developmentally appropriate and accessible

to learners across the lifespan.
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