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A B S T R A C T   

Emergentism provides a framework for understanding how language learning processes vary across develop-
mental age and linguistic levels, as shaped by core mechanisms and constraints from cognition, entrenchment, 
input, transfer, social support, motivation, and neurology. As our commentators all agree, this landscape is 
marked by intense variability arising from the complexity. These mechanisms interact in collaborative and 
competitive ways during actual moments of language use. To better understand these interactions and their 
effects, we need much richer longitudinal data regarding both input and output during actual contexts of usage. 
We believe that modern technology can eventually provide this data (Flege & Bohn, 2021) in ways that will allow 
us to more fully populate an emergent landscape.   

1. Emergentism as a framework 

We greatly appreciate these seven excellent commentaries. They 
have provided us with an opportunity to refine and extend our under-
standing of age effects in second language (L2) learning and to clarify 
the role of the emergentist approach. As in Biology, Neuroscience, or 
Physics, emergentism provides a framework or road map within which 
more detailed theories can be located and integrated. For example, the 
theory of entrenchment in neural network models can be used to model 
children’s learning of verb argument structure (Ambridge & Blything, 
2015) or automaticity in L2 (Tavakoli, 2019). It then links up in detail to 
the diffusion decision model of lexical activation (Ratcliff et al., 2016) 
which in turn has consequences for models of competition in speech 
errors (Nozari & Hepner, 2019). Or we can look at how L2 pedagogical 
practice can lead to overanalysis in adult learners which in turn leads to 
delayed learning of morphology (Arnon & Christiansen, 2017; Mac-
Whinney, 2012). Given the complexity of language learning, structure, 
and usage and the wide variety of social and motivational contexts for 
learning, it is not surprising that a full account of L2 development across 
ages must rely on dozens of more specific models (Long, 1993). Emer-
gentism provides the overall framework within which these more 
detailed models can be configured and coordinated to provide an inte-
grated understanding of the overall course of language learning, struc-
ture, and usage. 

As an illustration of how this can work, Lambelet and Valian (L&V) 
provide a particularly insightful way of integrating many of the forces 
shaping L2 learning. They identify exposure as the core proximal 

variable fostering L2 learning. This emphasis aligns with observations 
from MacWhinney (2022) and Long (2022) that learning occurs pri-
marily when learners attend to specific patterns when either listening or 
speaking. During listening, learners can pick up new patterns from 
comprehensible input (Krashen, 1994) by attending to the form and 
function of specific meanings, words, constructions, and pronunciations. 
During production, learners can track their errors and successes (Swain, 
2005). This emphasis on the core role of exposure is in accord with 
usage-based frequentist analyses (Ellis et al., 2015). What is particularly 
appealing about L&V’s proposal is the way in which it allows us to think 
of additional cognitive and motivational supports as distal variables that 
control and modulate the proximal variable of exposure. As L&V note, 
immigrants may have decreased exposure due to distal factors such as 
post-traumatic stress, rejection in the new country, the lack of a sense of 
belonging, stereotype threat, and the need to work in positions that only 
provide L1 exposure. Alternatively, parents’ interest in accelerating 
their children’s cognitive and linguistic development can motivate distal 
practices such as book reading or word games that increase the quality 
and quantity of proximal exposure to both L1 and L2. The fact that these 
distal variables control the proximal variable of exposure does not lessen 
their importance as major determinants of variation in L2 learning 
success. Rather, it helps us understand how various constraints and fa-
cilitations can come together at different ages to determine learning 
progress. 
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2. Big data 

Looking at a very different type of data, Marian suggests that recent 
advances in the development of AI (artificial intelligence) and large 
language models (LLMs) can guide our thinking about L2 learning and 
age effects. The idea is that, if these models can acquire advanced lan-
guage abilities without rules or modules, we should also expect that 
humans can learn without rules or pre-configured modules, as suggested 
by emergentist analyses. What makes such an interpretation of LLMs 
particularly compelling is the fact that expansions of the training sets for 
these models have been leading to increasingly powerful and humanlike 
performance. Current models, such as ChatGPT perform well when 
asked to “write an essay on civil disobedience”, but when asked to 
complete a simple children’s story or a textbook, they can go off into left 
field, whereas smaller models trained specifically on children’s stories 
perform much better (Eldan & Li, 2023). Demonstrations of this type are 
in line with the focus on content areas in task-based learning theory 
(TBLT) (Skehan, 2003), as well as findings regarding lexical fields from 
child language studies (Gleason & Ely, 1997). MLLMs (multimodal large 
language models) take this work further into areas such as the guiding of 
virtual robots to act on objects in virtual scenes (Zhu et al., 2023), 
operating in a virtual Web arena (S. Zhou et al., 2023), engaging in 
social negotiation (X. Zhou et al., 2023), and performing massively 
multilingual speech-to-speech translation (Jia et al., 2022). As these 
models increase the variety of input types and the parameters they 
compute, they come closer and closer to achieving human-like output 
across a wide variety of tasks (Chowdhery et al., 2022). As we become 
able to add additional neurological, motivational, and social constraints, 
we will be able to use these models to simulate core aspects of L2 
learning. To make maximal use of these opportunities, we will need rich 
in vivo longitudinal data of the type mentioned by L&V and described in 
Flege and Bohn (2021). This is also the type of Big Data which Kroll and 
Finger believe we will need to properly assess variability in L2 acqui-
sition and bilingualism. 

3. Attrition 

We have also benefitted from a line of commentary advanced by 
Hernandez, Kroll, and Bylund regarding early language attrition. Before 
age 7, adoptees who arrive to an L2 community without L1 support 
uniformly lose their ability to use L1 (Pallier et al., 2003). There have 
been studies showing that during adolescence or early adulthood these 
adoptees can “relearn” some of the fine-grained phonological contrasts 
in their L1 (Choi et al., 2017; Oh et al., 2010; Singh et al., 2011), 
although this effect is not always replicated (Ventureyra et al., 2004). 
However, it is difficult for these relearning studies to avoid the possi-
bility that the adoptees have a desire to recapture aspects of their former 
identity and the possibility that this motivation leads them to focus more 
intensely on learning these contrasts. Other studies partly avoid this 
criticism by studying brain activation differences in the way in which L2 
sounds are processed by adoptees. In the first study in this area, Pallier 
et al. (2003) observed slightly larger areas of fMRI activation in native 
L1 speakers than in the adoptees. Normann, Bylund, and Thierry (2022) 
found that Chinese adoptees outperformed Swedish native speakers in 
tone perception, as measured by MMN reactions. Similarly, Pierce et al. 
(2014) found that adoptees and Chinese native speakers, but not French 
native speakers, used similar areas of the left temporal lobe when 
listening to contrasting Chinese lexical tones. These neural response 
results lead us to reformulate and expand our account of early attrition. 
Rather than thinking of adoptees as undergoing simply radical language 
loss, we can view them as using their L1 as a springboard for initial 
learning and consolidation of L2 which preserves traces of its L1 origin. 
This understanding of the residual effects of a lost L1 fits in well with the 
emphasis in emergentism on interactions between languages. 

4. Updating the critical period Hypothesis? 

Bylund raises another issue that we find more problematic. He holds 
that Lenneberg (1967, 1975; 1969) had never proposed a single-process 
account for critical period effects. In his 1975 chapter Lenneberg does 
not address this issue, because it deals with early word learning, not 
bilingualism. However, he does take up the issue in his 1969 Science 
article in the section labelled “Critical Age for Language Acquisition.” 
There, he identifies a critical period as terminating during the early 
teens when “the maturation of the brain marks the end of regulation and 
locks certain functions into place.” Perhaps, Lenneberg thought of this as 
involving a single maturational switch which then controlled a variety of 
additional brain mechanisms, such as lateralization, myelination, and 
synaptic plasticity. In that sense, his single-process account could be 
viewed as a linked multiple-process account. However, in the inter-
vening 54 years, neuroscience has shown us that these systems retain far 
more plasticity than Lenneberg had allowed. We know that lateraliza-
tion operates in different ways across linguistic levels during develop-
ment (Olulade et al., 2020), that myelin rises and falls with practice 
(Pliatsikas, 2020) and sleep (de Vivo & Bellesi, 2019), and that synaptic 
connections remain plastic and changeable throughout life (Quartz & 
Sejnowski, 1997). We know that Lenneberg’s analysis of lateralization 
relied on work by Basser (1962) which was shown to be problematic (St 
James-Roberts, 1981). We now have detailed neurochemical models 
showing how neuronal tissue can become entrenched (Werker & 
Hensch, 2014) and how entrenchment can be reversed (Zhou et al., 
2011). Most crucially, we know that puberty and early adolescence is a 
time of rapid changes in brain structure and functioning (Luna et al., 
2015), rather than a time of final neural consolidation. Lenneberg’s 
views were advanced for his time, but we can now move on to newer 
understandings of the neural bases of language (Hagoort, 2005; Kem-
merer, 2015). 

5. Is earlier Better? 

Han and Baohan (H&B) argue that our target article does not engage 
with certain core issues pertinent to the CPH, because we do not 
differentiate between younger and older learners, first and foreign lan-
guage acquisition naturalistic learners, and instructed learners native- 
like and nonnative-like attainment. In fact, these factors are discussed 
extensively in our target article, but as dimensions of variation, rather 
than as binary opposites to be differentiated as separate categories. We 
contend that the factors operative during childhood second language 
acquisition (SLA) are also at work for adult learning. However, these 
dimensions vary continuously with age, not according to an early / late 
learning dichotomy. 

H&B urged researchers to investigate how cognitive risk and pro-
tective factors interact over time and with advancing age. We whole-
heartedly agree. Those authors reminded readers that the cliché of 
“younger-is-better” does not entail “earlier-is-better” for foreign lan-
guage instruction. Language learning based on L2-medium instruction 
actually improves across childhood and adolescence (Swain, 1981). Yun 
et al. (2023) analyzed WIDA standardized English assessments con-
ducted during the first two years of English medium instruction. The 
WIDA assesses the four language domains of listening, reading, 
speaking, and writing. It is a holistic test meant to determine if learners 
need support for English language learning (ELL). Older ELLs learned 
English at a faster rate than younger ELLs, especially in the initial pe-
riods of learning. The superiority in learning for the older group (whose 
learning was assessed from age 15–17) increased in magnitude as a 
function of L1-L2 similarity. One inference is that learning is superior for 
older learners because they benefited from positive transfer from their 
L1. 

These findings conflict with pre-adolescence being a sensitive period 
for language acquisition and also conflict with established findings 
(cited by H&B) that the brain declines in plasticity over childhood. If 

C.L. Caldwell-Harris and B. MacWhinney                                                                                                                                                                                                 



Brain and Language 248 (2024) 105368

3

teenagers reliably learn faster than younger children, this raises the 
question (again) of why ultimate attainment is lower when L2 learning 
begins in mid-adolescence, as identified in graphs such as Figure 6 of 
Hartshorne et al. (2018). Note that Hartshorne and colleagues explain 
this decline as due to the learning rate abruptly decreasing at age 17, 
entailing less time to learn more of the L2 for learners who started L2 
learning during the teen years. 

One explanation is that Yun et al.’s (2023) WIDA test scores improve 
faster for teenagers than for younger learners because positive transfer 
from L1 compensates for declines in plasticity. The faster rate of learning 
for teenage learners was most apparent in the early years of learning. 
This is consistent with ultimately attainment being influenced by a 
broader range of factors than the early stages of L2 learning during 
immersion in a school setting. 

Future work can examine whether learning in private schools using 
EMI is representative of additional language learning more generally. 
Consider the special motivational context accompanying attending a 
private school that employs EMI. Attending private schools with EMI 
implies a family with financial resources and an expectation that 
learners’ English achievement will facilitate careers in the global 
economy (Ayçiçeği-Dinn et al., 2017). 

6. Terminology 

DeHouwer’s careful review of our article highlights several points 
that we need to clarify. Despite some differences in terminology and 
emphasis, DeHouwer shares with us (and Kroll and Finger) an emphasis 
on the core fact of variability. Along with Kroll, we take this fact as 
evidence of the need for an account that deals with competition, levels, 
timescales and a variety of social/motivational factors (Lambelet and 
Valian’s distal forces). 

DeHouwer is concerned that many of our statements reflect an un-
helpful focus on ultimate attainment. Such a focus could buttress 
discriminatory practices in the broader fields of the language sciences 
and applied linguistics (Dewaele et al., 2021, pp 20-22). We agree that 
holding up ultimate attainment as the ideal for language learners is 
unhelpful. We agree that arguing for a particular ’native speaker’ 
standard serves no purpose. We do not devalue adult learners for failing 
to acquire the more subtle features of their L2. 

We agree with many distinctions noted by DeHouwer. For example, 
foreign and second language are indeed different, but they can also be 
ends of a continuum of exposure (Lambelet and Valian) and immersion. 
Second language learners may begin as foreign language learners and 
they may acquire additional languages through initial study. 

How second and foreign language attainment should be viewed in 
the of bilingualism is important, but this topic is orthogonal to the goals 
of the target article. Instead, our starting point was that the CPH as an 
explanatory framework is a relic of mid-20 century theorizing that needs 
to be replaced with a contemporary emergentist view of multi-causal 
multi-level learning. However, disavowing the CPH leaves open the 
inference that, anything goes and that no systematic or strong con-
straints on learning exist. Some readers might infer that, without 
maturational constraints on language learning, adult immigrants could 
learn the language of their new country to the same level of proficiency 
as a child immigrant. 

By way of countering the ’anything goes’ alternative, we noted the 
many ways in which we agree with CPH theorists about the data to be 
explained. Specifically, we agree that additional language learning for 
adults typically differs in multiple ways from the outcomes observed for 
children. We set out the cognitive, social and motivational factors that 
can explain these differences, without recourse to a solely biologically- 
based critical period. Adult learners and child learners differ because 
the age of learning is an organizing variable which sets in motion linked 
differences in neurological status, cognition, social environment and 
motivation. These distal forces then constrain exposure and attention to 
input from the new language and ultimately learning. 

We only relied on the distinction between “successful” and “unsuc-
cessful” language learning as a way of organizing a review of the various 
environments and configurations of L2 learning. We agree with 
DeHouwer that success is defined by the learner, but that success also 
depends on motivation, identity, belongingness, and social support. 
DeHouwer’s analysis fills out further examples of how this works. Her 
emphasis on variability fits in well with an emergentist multi-process 
account. Importantly, DeHouwer has done a service by showcasing 
how easy it is for theoretical science to be viewed as promulgating a 
prescriptive agenda. 

7. A tale of two literatures: The causes and consequences of 
bilingualism 

Kroll and Finger (K&F) observe that research on the consequences of 
bilingualism for cognition wrestles with similar issues to those we 
highlighted regarding age effects. One much-studied consequence, often 
called the bilingual advantage, is that using two or more languages fa-
cilitates perspective-taking, understanding words’ multiple meanings, 
and possibly some executive function tasks, such as rapid set-shifting 
(Bialystok, 2017; Greenberg et al., 2013). 

Both lines of research are affected by Chomsky’s claim (1965) that 
the human language faculty is domain-specific and under genetically 
determined maturational control. Domain-specificity conflicts with a 
bilingual advantage, because language is separate from the rest of 
cognition, it can’t influence cognition. In the mid-20th century, the 
claims of autonomy of grammar were the context against which many 
researchers found the critical period hypothesis (CPH) natural and 
compelling (Cook, 1985). Since then, rapid progress in understanding 
the flexibility of human learning has made those older proposals less 
credible. This progress includes the 1980 s neural net (connection) 
revolution within cognitive science of the 1980 s, as well as contem-
porary neuroimaging findings, undergirding theoretical frameworks like 
emergentism (MacWhinney, 2019). 

The critics of the cognitive consequences of bilingualism dispute that 
cognitive consequences exist, pointing to replication failures and con-
founding factors (Paap & Greenberg, 2013). K&F explain that conflicting 
findings are not surprising, given the variability in learning situations 
across cognitive, social and motivational factors. Aggregating across 
bilinguals, and thus treating them as a homogenous group, obscures the 
learning experiences that may link bilingualism to cognitive outcomes. 

Our target article focused on the long-standing question of how the 
age of acquisition affects ultimate outcome. As K&F correctly note, age 
effects are more diverse than just the ultimate outcome. For example, 
learning additional languages produces consequences for brain structure 
and function that differ for early and later bilingualism, even for people 
with similar profiles of proficiency (Navarro-Torres et al., 2021; Li et al., 
2014). Regardless of age of acquisition, dealing with the interplay and 
interactions across multiple languages can create a more tolerant, 
adaptive language system, with weaker adherence to grammatical and 
other constraints. 

8. Moving forward 

Emergentism provides a framework for understanding how language 
learning processes vary across developmental age and linguistic levels, 
as shaped by core mechanisms and constraints from cognition, 
entrenchment, input, transfer, social support, motivation, and 
neurology. As our commentators all agree, this landscape is marked by 
intense variability arising from the complexity. These mechanisms 
interact in collaborative and competitive ways during actual moments of 
language use. To better understand these interactions and their effects, 
we need much richer longitudinal data regarding both input and output 
during actual contexts of usage. We believe that modern technology can 
eventually provide this data (Flege & Bohn, 2021) in ways that will 
allow us to more fully populate an emergent landscape. 
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