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Understanding individual
variation in levels of second
language attainment through
the lens of critical period
mechanisms
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Mayberry and Kluender (2017) present an important and
compelling argument that in order to understand critical
periods (CPs) in language acquisition, it is essential to
disentangle studies of late first language (L1) acquisition
from those of second language (L2) acquisition. Their
primary thesis is that timely exposure to an L1 is crucial
for establishing language circuitry, thus providing a
foundation on which an L2 can build. They note that while
there is considerable evidence of interference from the L1
on acquisition of the L2 — especially in late L2 learners
(as in our work on cascading influences on phonetic
category learning and visual language discrimination,
e.g., Werker & Hensch, 2015 and Weikum, Vouloumanos,
Navarra, Soto-Faraco, Sebastian-Gallés & Werker, 2013,
respectively) — there are other examples of ways in
which the L1 can scaffold L2 acquisition. Mayberry and
Kluender take this evidence of L1 scaffolding L2 as
undermining the value of considering CPs as useful in
understanding L2 acquisition.

It is undoubtedly the case that the L1 scaffolds
acquisition of the L2. This is seen in phonetic perception,
wherein L2 learners use the properties of the L1 to
guide the establishment of new phonetic categories — with
evidence of scaffolding, but also interference (Sebastian-
Gallés & Kroll, 2003). It is evident, as well, in studies
that have investigated the circuitry and neural responses
underlying L2 processing. For example, a recent fNIRS
study, using grammatical judgments to compare morpho-
syntactic processing of proficient bilingual children (L2
learners before age 5) to monolingual children of the
same age, found hemodynamic activity over cortical
frontal regions in the two samples, as well as across
the two languages for the bilinguals. Importantly, the
activation patterns were stronger and more restricted
to the left inferior frontal gyrus (a region underlying
the language network) for the bilinguals than for the
monolinguals, consistent with the claim that the L1
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provides a foundation for L2 acquisition (Arredondo, Hu,
Seifert, Satterfield & Kovelman, under revision). In both
phonetic and morphosyntactic processing, however, there
are increases in variability in performance and underlying
neural activation as the age of acquisition increases,
with many if not most adults failing to attain native-
like levels of proficiency (Pallier, Bosch & Sebastian-
Gallés, 1997 for phonetic discrimination; McLaughlin,
Tanner, Pitkdnen, Frenck-Mestre, Inoue, Valentine &
Osterhout, 2010 for morphosyntactic processing). Indeed,
different pathways are involved in late L2 as opposed to
L1 learners; in particular, there is greater frontal lobe
involvement (Myers, 2014, for phonetic discrimination;
Finn, Kam, Ettlinger, Vytlacil & D’Esposito, 2013,
for morphosyntax). Moreover, the brain matures in a
posterior-to-anterior manner, and the frontal lobe is not
fully mature until the mid-twenties (Gogtay, Giedd, Lusk,
Hayashi, Greenstein, Vaituzis, Nugent, Herman, Clasen,
Toga, Rapoport & Thompson, 2004). Levels of motivation
for acquiring an L2 can vary by age and social contexts,
where ‘fitting in with peers’ is important during some
developmental periods (i.e., puberty and early adulthood).
Perhaps these later-developing frontal areas play a more
important role in L2 acquisition, particularly late L2
acquisition, and if so, this frontal modulation may play
a role in modulating CP plasticity.

Thus, rather than taking the variability in level of
attainment in late L2 learners as evidence against CPs,
we suggest that a mechanistic understanding of how CPs
operate can illuminate why some late L2 learners attain
high levels of competency — even for very fundamental
aspects of language processing, such as phonology and
morphology — and others do not.

Mayberry and Kluender imply that because there is no
animal model for language acquisition, the elucidation
of neuronal mechanisms underlying CP plasticity in
different species is not relevant. We argue, however, that
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because these mechanisms are conserved across species
and systems, understanding them may help inform why
a limited number of L2 learners successfully acquire
native levels of proficiency later in life (Werker &
Hensch, 2015). The plasticity versus stability of cortical
circuits is constrained by a number of brake-like factors,
including factors which act through neuromodulatory
systems. For example, plasticity is inhibited by both Lynx1
(which dampens binding to acetylcholine receptors)
and serotonin reuptake (Morishita, Miwa, Heintz, &
Hensch, 2010; Maya Vetencourt, Sale, Viegi, Baroncelli,
De Pasquale, O’Leary, Castrén & Maffei, 2008). The
level of these brake-like factors can influence the
duration and closure of CPs, as well as re-open them
later in life. In particular, Mayberry and Kluender
cite motivation as a key factor in L2 success. The
serotonergic system plays a role in regulating motivation
behavior (Correia, Lottem, Banerjee, Machado, Carey
& Mainen, 2017), and exposure to SSRIs alters CPs
in both rodents and humans (Maya Vetencourt et al.,
2008; Weikum, Oberlander, Hensch & Werker, 2012).
Arousal, acting through the cholinergic system, also
opens CP plasticity (Stryker, 2014). Top-down attentional
processes activate the cholinergic system, both through the
basal forebrain and possibly through direct corticocortical
projections, providing an additional pathway through
which motivation may boost plasticity (Hasselmo &
Sarter, 2011). Thus, motivation may tap into similar
mechanisms that regulate L1 acquisition from childhood.

In conclusion, Mayberry and Kluender’s important
insight provides much-needed theoretical clarification to
the understanding of the role CPs play in L1 versus L2
acquisition. We argue, nonetheless, that the importance
CPs may play in L2 acquisition should not be ignored.
Turning to a mechanistic understanding of how CPs
operate, including a consideration of how frontally
mediated cognitive processes such as attention and
arousal can modulate CP circuits, may better illuminate
understanding of individual variability in L2 attainment.
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