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Abstract
This thesis investigates the influence of age of acquisition on the long-term second language development of international 
adoptees. Because age of acquisition typically coincides with the onset of bilingualism, the study of maturational age effects 
in second language acquisition has been empirically and conceptually entangled with changes in language input and use. 
For international adoptees, however, because the adoptive language is acquired under similar linguistic conditions as non-
adopted peers – albeit at a later age of acquisition – questions of age and second language acquisition can be investigated 
without confounding influences of bilingualism. Study I presents the theoretical argument that, because of the delay in 
acquisition, the language development of international adoptees should be regarded as a special case of second language 
acquisition. Furthermore, consistent with the contemporary study of second language acquisition, the effects of this delay 
should be investigated through ultimate attainment observed in adults. Study II shows that adults in Sweden who had been 
adopted from Spanish-speaking countries, and Spanish-Swedish bilinguals with the same age of acquisition (3-8 years), 
have greater difficulty in perceiving Swedish vowel distinctions that do not exist in Spanish compared to native Swedish 
speakers. This suggests that age of acquisition is a decisive factor for speech perception in a second language. In Study 
III, Chinese-Swedish adoptees are found to deviate from native Swedish speakers in their production of Swedish vowels 
that are phonologically identical in Chinese, but not in vowels that are distinctive in both languages. While these results 
are consistent with predictions based on assumptions of transfer and interference in bilingual speakers, they cannot be 
explained based on these premises. Instead, the results suggest that early language-specific experiences will affect the 
pronunciation of vowels in the second language regardless of whether the native language is in use or not. In Study IV, 
the neural underpinnings of the behavioral results are investigated electrophysiologically, using EEG. This study shows 
that adult adoptees retain increased neural sensitivity to a native Chinese lexical tone contrast without any exposure to the 
language for over 15 years. This is reflected in a fast neural response stemming from the auditory cortex and is indexed by 
the mismatch negativity event-related potential. This suggests that native language sensitivity is not only retained, but is 
continuously involved in the moment-to-moment processing of speech sounds. Neural oscillations furthermore reveal the 
involvement of inhibitory processes to attenuate this sensitivity. Finally, positive correlations between neural responses to 
the native and the adoptive language show that native language retention is not in itself an impediment for second language 
acquisition. The results from these three studies show how language-specific experiences lead to irreversible specialization 
in the brain, which will affect the long-term acquisition of a second language. This finding invites a re-evaluation of the 
hypothesis of a critical period for second language acquisition, based on the notions of probabilistic epigenesis and flexible 
behavioral adaptation following experience-based functional neural reorganization in early childhood.

Keywords: bilingualism, critical period, electroencephalography, event-related potentials, first language retention, 
international adoption, phonology, second language acquisition.
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Age and Constraints on Language Learning

First Language Retention and Second Language
Acquisition in International Adoptees

1 Introduction

Language learning under “exceptional circumstances” (Bishop &Mogford, 1993)
offers ways to formulate and evaluate theories of language development and use.
In fact, taking different types of learners into account can make important inroads
into otherwise constrained ways of reasoning. One example is the study of bilin-
gualism in the 20th century, which contributed serious challenges to the earlier
study of language based on the assumption of homogeneous and self-contained
linguistic communities (Weinreich, 1953). This challenge bolstered a multifaceted
study of language, highlighting the fact that in order to understand the develop-
ment and processing of language, bilingual experience needs to be taken into
account. Another example of exceptional language learning experience pertains
to individuals who are born deaf but regain hearing, or acquire a signed language,
at an age later than birth (Mayberry, 1993; Neville &Mills, 1997; Newport, 1988).
The lack of linguistic experience at crucial points during early development has
provided important clues regarding the nature of early experiences in language
development. These studies raise awareness that the fundamentals of language
learning are time-bound to early life, as deprivation of linguistic input for even
short periods will lead to divergent language behavior later in life.

Bilingualism and deafness are normally occurring events that offer “natural
experiments” (Rutter, 2007) on questions of theoretical importance in the study of
language, conditioned in one case by the influence of normal linguistic variation
in a speech community and, in the other case, by congenital hearing loss. Similar
conditions can also be induced by social, economic, and political changes bound
to specific periods of history. Such is the case of individuals who are adopted
internationally. This is the group that will be studied in the present dissertation.

While adoption has commonly been practiced since ancient times, the large-
scale translocation of children following the end of the Second World War and
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continuing to the present day is without historical precedent. Since the 1950s,
hundreds of thousands of children from developing countries across all continents
have been adopted to more affluent countries in Europe and North America that
usually differ culturally and linguistically from the country of birth. This intro-
duces a language learning situation that was rare prior to the advent of interna-
tional adoption, but which is now commonplace and thus amenable to quantitative
investigation.

One thing that sets the language learning of international adoptees apart from
language learning following other forms of migration is that while the latter of-
ten follows a pattern where the native tongue is retained as the language of the
new country is being acquired, connection to the native language community of
adoptees is usually severed, and the language of the adoptive country is acquired
as if starting over with a new language. In comparison to the former examples
(deafness and bilingualism), members of this group thus experience neither de-
layed first language acquisition nor bilingual language development. Instead they
go through successive monolingual language learning, whereby native language
use is completely superseded by the adoptive language after adoption, in terms
of dominance (Hyltenstam, Bylund, Abrahamsson, & Park, 2009). This situation
allows the testing of crucial hypotheses regarding language acquisition, for exam-
ple, if and to what extent the language learning system can reset to acquire the
new adoptive language, or if early experience with a specific language will have
long-term consequences for subsequent language development.

1.1 Aims and scope

The language learning trajectory of international adoptees not only offers novel
ways to investigate empirical questions about first and second language acqui-
sition; it also demands conceptual and theoretical clarification. In the literature
on language development in international adoptees, acquisition of the adoptive
language has often been studied as an example of a “second first language” (De
Geer, 1992). This means that, owing to the loss of the native tongue and the
predominantlymonolingual upbringing following adoption, the adoptive language
can be regarded as a de facto first language. Thus, language learning in adoptees
has been used to investigate the normal progression of language development of
vocabulary and grammar (Snedeker, Geren, & Shafto, 2007), or how, for example,
cognitive maturation contributes to the acquisition of words during “normal” first
language acquisition (Snedeker, Geren, & Shafto, 2012). On the other hand—as
will be stressed in the present dissertation—the language development of adoptees
is actually an example of early second language acquisition. This view is based
on the chronological order of acquisition, rather than the order of dominance in
language use, which is how the term is defined in the field of second language
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acquisition (SLA).1

As second language learners, adoptees stand out in several important ways.
First, they acquire the adoptive language under circumstances that are more or
less identical to those of monolingual native speakers—and are thus more similar
to monolingual first language acquisition—than to second language (L2) speakers
who retain use of their first language (L1). This means that, unlike bilingual speak-
ers, they will receive predominantly monolingual input and will use the language
to the same extent and in the same conditions as non-adopted peers. Second, in
contrast to L1 speakers, learningwill nevertheless commence at a different stage of
maturational and neurophysiological development, whichmay limit the possibility
of nativelike second language learning.

While the above remarks identify the object of the empirical research that
is reported in the present dissertation—language development in international
adoptees—the objective of this introductory chapter is to investigate the theoreti-
cal consequences heralded by studying this group as consisting of a special type
of second language learners. The language learning situation of adoptees in fact
challenges fundamental theoretical assumptions in the study of second language
acquisition.

Although the reduced ability of learning a second language with age has been
well attested in SLA (Abrahamsson&Hyltenstam, 2009; Birdsong, 2018; Johnson
& Newport, 1989; Weber-Fox & Neville, 1996), the explanation for this phe-
nomenon is still a matter of contention. This disagreement has to do with how the
process of first language acquisition is understood. On the one hand, first language
development has been thought to follow a strict maturational timetable, where a
decline in learning ability with age is thought to arise from a maturational loss of
plasticity (Scovel, 1969). On the other hand, second language learning is thought
to rely on the same learning mechanisms throughout life, which nevertheless will
be committed to L1 at the onset of second language learning, and will furthermore
be continuously influenced by the subsequent use of two languages by bilingual
speakers (Flege, 1999; MacWhinney, 2016). These two explanations relate in
different ways to the idea of age constraints on second language acquisition and the
notion of a critical period for language learning. Even though the question of age
is so central in SLA, many of the problems related to the notion of a critical period
have generally eluded in-depth treatment. However, a careful exploration of the
different aspects of this notion allows for a more nuanced understanding of the
mechanisms influencing second language acquisition. The first part of this intro-
ductory chapter thus situates the dissertation within a broader theoretical context
of the developmental sciences and the study of critical periods in development.

Although the topic of this dissertation regards second language acquisition

1 In line with Long (1990), the acronym SLA refers to second language acquisition as an academic
field of study, while the process of acquisition will be referred to as appropriate to each context.
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in international adoptees, it is not about international adoption or international
adoptees as such.2 Instead, it is primarily concerned with the theoretical impli-
cations and limitations of studying the particular language learning experience
of adoptees within the theoretical frameworks available in the study of second
language acquisition.

This dissertation is thus concerned with the problem of explaining age con-
straints on second language learning, where the unique second language learning
conditions of international adoptees serve both as an impetus for challenging
some common assumptions in existing theories in SLA, especially regarding the
influence of bilingualism on second language learning, and as a way to empirically
test the consequences of these theoretical challenges. The theoretical argument
presented here draws on previous work from various disciplines, such as child
language acquisition, developmental psychology, biology, and neuroscience, and
the purpose of this introductory chapter is to highlight some aspects of second
language development that have rarely come to the fore in the field of SLA, in
particular with regard to biological influences on learning and the notion of a
critical period for second language acquisition.

1.2 Outline of the introductory chapter

The first part of this thesis (sections 2 to 5) will provide the theoretical framing
for the thesis by presenting a selective review of current research on language
development in adoptees and the question of age effects in SLA, as well as a
broad overview of current models in the field of developmental biology and child
language acquisition.

In the second part (section 7), the individual studies that make up this disser-
tation will be presented. In brief, these studies investigate the long-term language
learning of international adoptees using perceptual, production, and electrophys-
iological data, showing that adoptees (a) deviate from native speakers in their
perception and production of the adoptive language, and that (b) traces of native
language contrasts remain active in the processing of phonological information,
but that these traces are (c) actively suppressed through inhibitory control mecha-
nisms.

The last part (sections 8 to 10) offers an extended discussion and some con-
cluding remarks in light of the results from the individual studies.

2 For excellent reviews of language development in adoptees, see recent dissertations byDelcenserie
(2014), Gauthier (2009), Pierce (2015), and Schjetne (2020).
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2 Age effects in second language acquisition

One of the basic facts of second language acquisition is that the probability of
nativelike outcomes in L2 decreases with the progression of age at which learning
begins (Birdsong, 2005; Long, 1990). This observation is so well attested that
there is virtually no disagreement about this point (DeKeyser&Larson-Hall, 2005;
Long, 2007). The main source of contention in the field concerns the question of
why this is the case, a question that is fundamental for understanding the mecha-
nisms of language learning (DeKeyser & Larson-Hall, 2005), but one that is far
from being resolved. One reason for the lack of agreement comes from the fact
that research into age effects on second language acquisition is, by and large, is
conducted on bilinguals, which means that the question of age is confounded with
other factors that are related to bilingual language use. In this section, literature
on second language acquisition in bilinguals will be reviewed that relates to the
language learning of adoptees: (a) differences between younger and older learners;
(b) the mechanisms underlying age effects; and (c) research on attrition.

The question of age effects in SLA has generally been approached by study-
ing the influence of starting age or age of acquisition (AoA) on the long-term
outcomes or ultimate attainment (UA) of the learner (for recent reviews, see
Abrahamsson, Hyltenstam, & Bylund, 2018; Birdsong, 2018; Granena & Long,
2013b). While the comparisons between young and old learners led early research
to conclude that older learners were in fact advantaged compared to younger learn-
ers and children, in that they were able to make faster initial progress in learning
a new language (Snow & Hoefnagel-Höhle, 1978), today it is generally accepted
that the rate of learning at the earliest stages of learning does not predict the long-
term outcomes in the language (Krashen, Long,& Scarcella, 1979; Long, 1990). In
line with this focus on the long-term outcomes of L2 learning, much research has
been conducted to assess the nature of the decline observed with age (DeKeyser,
2000; Hakuta, Bialystok, &Wiley, 2003; Munro &Mann, 2005). On the one hand,
the relation has been assessed using correlational approaches, where the relation
between AoA and UA has been assessed in learners ranging from children to
adults (Hakuta, 2001; Johnson & Newport, 1989), or in more narrow age spans,
in order to identify discrete changes in learning ability (Abrahamsson et al., 2018;
Birdsong, 2018; DeKeyser, Alfi-Shabtay, & Ravid, 2010). On the other hand, the
relation has been examined by fitting statistical models with different underlying
shapes (linear, cubic, etc.) and comparing the fit of the models to measures of
UA in learners with different AoA (Flege et al., 1999; Munro & Mann, 2005;
Vanhove, 2013). While some studies find support for a linear decline in UA with
AoA (Bialystok & Hakuta, 1999; Birdsong & Molis, 2001), other studies have
shown that a sigmoid function provides the best fit for the data (Munro & Mann,
2005). According to this function, younger learners (<3 years) will generally
reach nativelike levels of proficiency in L2, while adolescent and adult learners
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(>12–15 years) will show non-native outcomes. These two endpoints of high and
low susceptibility to L2 learning are mediated by a gradual negative slope where
nativelike UA becomes progressively less likely.

A problem with this debate is that it has relied on substantially different as-
sumptions and methodological approaches, which makes the studies not always
directly comparable (Long, 1990). For example, in their earliest finding of a rapid
decline in L2 learning ability past puberty, Johnson and Newport (1989) used
a grammaticality judgment task that contrasted grammatical features of English
that were not available in the L1 of Korean and Chinese learners of English. Later
studies failed to replicate the findings from Johnson and Newport’s original study,
arguing that the underlying discontinuity in the age function observed in this study
could not be supported (Birdsong & Molis, 2001). However, the sentences used
may have been too easy even for less proficient learners and thus may have con-
cealed differences that might have been detected through the use of more sensitive
measures (Hyltenstam & Abrahamsson, 2003). In fact, by using more demanding
tests of L2 ability, non-native features of L2 can even appear in the speech of seem-
ingly nativelike speakers (Abrahamsson & Hyltenstam, 2009). Subtle differences
in L2 led Hyltenstam (1992) to describe such speakers as “near-native” rather
than “nativelike”. While a cutoff between nativelike and near-native outcomes in
L2 was initially thought to occur around the age of 6–7 years (Hyltenstam, 1992;
Long, 1990), it was later proposed that with sufficiently sensitive instruments,
differences could be observed already from birth (Hyltenstam & Abrahamsson,
2003).

Explanation of this pattern of decline has generally been of four types: (a)
broad-ranging neurological changes due to maturation in the brain (Lenneberg,
1967; Penfield, 1965; Penfield &Roberts, 1959; Pulvermüller & Schumann, 1994;
Ullman, 2001); (b) changes in cognitive ability (Newport, 1988; Paradis, 2004,
2009); (c) differences in the amount of input in L2 relative to L1 (Gollan,Montoya,
Cera, & Sandoval, 2008); and (d) factors related to cross-linguistic influences
(Pavlenko & Jarvis, 2002).

The first explanation assumes that differences in UA will depend on matura-
tional changes in the mechanisms that underpin language learning (Hyltenstam &
Abrahamsson, 2003; Long, 1990; Newport, 1990; Scovel, 1969, 1988). On the
one hand, the “maturational constraints” hypothesis suggests that maturational
changes may be due to neurological factors that affect language learning ability
available at birth and are reflected in, for example, myelination in the brain (Pul-
vermüller & Schumann, 1994), hemispheric lateralization of function (Lenneberg,
1967), or general loss of neural plasticity (Penfield, 1965; Penfield & Roberts,
1959). On the other hand, according to the “exercise hypothesis” (Johnson &
Newport, 1989), maturational constraints pertain only to the capacity for acquiring
the first language, which, if not practiced early in life, will disappear. If it is
established, however, the capacity will remain intact throughout life (Johnson &
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Newport, 1989; see also Mayberry &Kluender, 2017). In both cases, maturational
changes will result in the recruitment of categorically different cognitive and
memory mechanisms that underpin L2 learning (Newport, 1990; Paradis, 2004;
Ullman, 2004).

Changes in language learning ability can also be due tomaturation of additional
cognitive capacities, while the language ability itself remains intact. For example,
in the “less is more” model, Newport (1988) argues that language development
will be constrained not through a decline in the learning mechanism itself, but
through changes in the cognitive mechanisms that support it. Infants will thus
benefit from having more limited memory and cognitive abilities—from “being
very tiny and not so smart” (Newport, 1988: 167)—allowing for more efficient
parsing of smaller chunks of language, which arguably will be more suitable for
the learning mechanism (Newport, 1990). The more advanced memory abilities
of older children and adults will subsequently make more information available
to the learning mechanism, which in turn will be processed in a more inefficient
way, leading to a decline in learning. Both accounts, nevertheless, suggest that
differences between early and late learners depend on maturational changes in the
brain. These explanations will be addressed in more detail below (section 4).

In bilingualism research, age effects have also been explained based on the
assumption of differences in language knowledge and use that are typical for bilin-
guals, generally in opposition to accounts that propose maturational influences.
As was noted in the introduction, these explanations come from the recognition
of bilinguals as fundamentally different from monolingual speakers learning or
using only one language. On the one hand, differences may pertain to imbalance
in the frequency of use of two languages (Gollan et al., 2008), or that the language
environment is characterized by multiple different languages or accented speech,
which will lead to different types of input between bilinguals and monolinguals.
On the other hand, explanations have built on the notion of multicompetence
(Cook, 1991), which states that bilinguals are not merely two monolinguals in
the same person (Grosjean, 1992), but that the presence of two languages in the
same mind will lead to more far-reaching changes in the learning mechanisms as
a whole.

The relation between the different languages of bilingual speakers has been
studied in terms of transfer or cross-linguistic influences (Jarvis & Pavlenko, 2008;
Odlin, 1989). In early theories, learning outcomes—observed in terms of degree
of foreign accent—were thought to depend completely on the native language, and
the notion of transfer was considered as being sufficient for explaining deviations
in L2 outcomes (e.g. by comparing differences between languages through con-
trastive analysis; Lado, 1957). Today, however, transfer phenomena are thought
to permeate all domains of bilingual language use: in phonology, lexicon, and
syntax, as well as in listening and reading comprehension, conceptual represen-
tation, writing, and discourse (Jarvis & Pavlenko, 2008). By cataloging transfer
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within these areas, it has been observed not only that knowledge in L1 will impact
L2, but also that L2 can influence later learned languages (L3…Ln), all of which
may in turn enact mutual influence, or transfer back to L1. The assumption is
that knowledge in any linguistic domain is closely interconnected and that cross-
linguistic influences will be pervasive across any type of language learning. The
degree of transfer is furthermore thought to depend on recency or frequency of
use, proficiency, and motivational factors (for comprehensive reviews, see Jarvis
& Pavlenko, 2008; Odlin, 1989). In thesemodels, the inability of bilingual learners
to attain a native level of proficiency in L2 is explained by negative transfer, or
interference, from linguistic structures already established for L1. For example, in
order to explain the effects of age on L2 ultimate attainment in phonological pro-
duction and perception, Flege’s (1995) Speech Learning Model (SLM) assumes
that L1 and L2 both depend on the same learning mechanism that is retained
throughout life, but that later learning will be affected by transfer from previous
knowledge (see Study III in the present dissertation for a detailed discussion; Flege
& MacKay, 2004; Yeni-Komshian, Flege, & Liu, 2000).

The influence of early linguistic experience has also been expressed in empiri-
cist or emergentist terms through the notion of “entrenchment” (Hernandez, Li,
& MacWhinney, 2005; MacWhinney, 2005, 2016). This means that proficiency
will be contingent on repeated experience with specific linguistic structures, which
will lead to a strengthening of neural pathways that are involved in processing the
stimuli. L2 acquisition will thus be affected by previous L1 learning, and, given
the continued use of both L1 and L2, the languages will compete for resources in
the brain. For example, in theCompetition Model (MacWhinney, 1992, 2005), the
initial stages of L2 learning will depend on all the knowledge of L1 (“whatever
can transfer will”, MacWhinney, 2005: 55), which is then gradually tuned to L2
in the course of learning (see Study III for more details).

Transfer is also closely related to the notion of L1 attrition (Köpke & Schmid,
2004; Köpke, Schmid, & Keijzer, 2007; Schmid & Köpke, 2017; Seliger & Vago,
1991; Sharwood Smith, 1983). As L1 is assumed to be bidirectionally influenced
by L2, a shift in language dominance or frequency of use to the benefit of L2 is
expected to lead to a loss of L1. This is attested by the forgetting of words or
grammatical structures by individuals who have shifted their order of language
dominance (Köpke & Schmid, 2004). Attrition is also affected by age of reduced
contact with the L1 environment (Köpke & Schmid, 2004) and shows the inverse
pattern of a decline in ultimate attainment with age, where a higher age will lead
to increased resilience to attrition (Bylund, 2009).

Findings from attrition research are of the utmost importance for the study
of language development in adoptees. As we will see in the next section, many
studies have assumed that diminished language use will lead to decay or loss
of knowledge that is no longer in use (Ecke, 2004), where language attrition in
adoptees is the paradigm case of complete L1 loss (Pallier et al., 2003). Research
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on L1 retention in adoptees has also been conducted under the “savings paradigm”
(Nelson, 1978), where knowledge in L1 is thought to be inaccessible and in need
of re-activation.

In summary, the study of second language acquisition in SLA has been in-
formed by theoretical positions built on the assumption of broad-ranging mat-
urational constraints, on the one hand, or on the influence of factors that are
logically confounded with bilingualism, such as differences in language use, cross-
linguistic influence and transfer, attrition, and the influence of differences in L2
proficiency, on the other hand. However, these explanations do not apply to the
study of international adoptees. In fact, the study of international adoptees allows
for the study of second language acquisition without assumptions based on bilin-
gualism. In other words, the question of age effects on second language acquisition
can be addressed unfettered by the logical confound between biological matura-
tion and bilingualism. These theoretical possibilities will be exploredmomentarily.
Before that, research on first and second language development in international
adoptees will be reviewed.

3 Language acquisition in international adoptees

Although international adoptees acquire language under exceptional circum-
stances, according to the literature on second language acquisition, they are by
no means exceptional second language learners (Moyer, 2014). First, following
adoption, L2 is acquired as the language of primary use. This means that the
language is acquired in contexts comparable or identical to those of children
learning an L1 (Pierce et al., 2014a). Second, knowledge in L1 acquired prior to
adoption is, as a rule, lost or forgotten (but see discussion on attrition above, and
Study IV), usually already within the first months after adoption (Gindis, 2019),
even before corresponding knowledge in L2 is acquired (Isurin, 2000; Nicoladis
& Grabois, 2002). The adoptive language is thus acquired unadulterated by
bilingual language use, which is commonly regarded as one of the main obstacles
in L2 acquisition (Flege, 1995). Third, adoptees typically acquire L2 at an early
age, often before the age of 3, in other words well before the change in learning
ability assumed to occur after puberty. Given the assumption of sustained neural
plasticity during this period, early acquisition is generally thought to lead to
nativelike proficiency in L2 (Pallier et al., 2003). Finally, adoptees have a strong
communicative impetus to acquire the language, which is a common predictor of
highly proficient second language acquisition (Moyer, 2014). By most accounts,
then, adoptees are expected to acquire L2 to a nativelike degree of proficiency.
What is remarkable is that they do not.

While adoptees do tend to reach age-adequate norms on standardized tests of
linguistic proficiency within a few years after adoption (Glennen, 2014; Glennen
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& Masters, 2002), differences tend to emerge when entering school (Dalen &
Rygvold, 2006; Scott, 2009; Scott, Roberts, & Glennen, 2011), and are further in-
creased during adolescence (Delcenserie, Genesee, & Gauthier, 2013). Although
the differences are not always overt in ordinary conversation—where adoptees
often pass as native speakers of the adoptive language—when using more de-
manding tasks or measures of neural activity, differences become evident (Bylund,
Abrahamsson, Hyltenstam, & Norrman, 2019; Bylund, Hyltenstam, & Abrahams-
son, 2020; Hyltenstam et al., 2009; Pierce et al., 2015). These differences are in
need of an explanation.3

The apparent nativelike acquisition of L2 by international adoptees has been
explained in terms of the loss of L1 following adoption. In the first experimental
study on language processing in adoptees, conducted by Pallier and colleagues
(Pallier et al., 2003; Ventureyra, Pallier, &Yoo, 2004), adult Korean adoptees, who
had been adopted and moved to France between 3–8 years of age, were presented
with sentences in their native Korean and in the adoptive language (French, along
with several control languages), while being scanned using functional MRI.When
compared to native French controls, there were no differences between the groups
in their neural activation to the respective languages, suggesting that the adoptees
had reset the neural processing of their native language and had become identical
to native French speakers without prior experience with Korean. In addition, using
behavioral tasks involving phonological discrimination of Korean consonants that
do not exist in French, they found no advantage for the adoptees compared to
French controls, further suggesting complete loss of L1 (Ventureyra et al., 2004).
These results were interpreted as evidence that loss of L1 would aid the adoptees
in acquiring L2, leading to seemingly nativelike proficiency in French.

However, more recent studies have challenged these results. First, on theo-
retical grounds, it is possible that knowledge of L1 was retained but would not
be accessible due to the long period of disuse between adoption and the time of
testing (Hyltenstam et al., 2009). Since the studies did not involve a period of re-
activation, they are inconclusive as to whether L1 is actually completely lost or not.
Indeed, when including a period of training prior to testing, Pierce and colleagues
(2014) found that both adoptees and bilingual Chinese speakers who had started to
learn an L2 at the same age but had retained L1 use showed overlapping activation
patterns in the brain when listening to a phonological lexical tone contrast in their
native Chinese. Adoptees have also been found to re-learn difficult phonological
contrasts in the forgotten native language faster than controls without similar
early experience, both after several weeks of training (Choi, Broersma, & Cutler,

3 Because much of the relevant literature on first and second language acquisition in adoptees is
covered in Study I, the following sections will focus on aspects of language development that are
relevant to this introductory chapter; for more discussion, see Study I in the present dissertation, as
well as other chapters in Genesee and Delcenserie (2016).
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2017), as well as within the course of a single experiment (Singh, Liederman,
Mierzejewski, & Barnes, 2011). Advantages from re-exposure to the forgotten
language have also been observed in adult Korean adoptees who were enrolled
in Korean language classes (Hyltenstam et al., 2009; Oh, Au, & Jun, 2009; Park,
2014). This suggests that there is indeed good reason to believe that there are
traces left of the first language, although these traces may have been rendered
inaccessible due to disuse.

Second, although Pallier and colleagues associated L1 loss with nativelike
L2 acquisition, they did not formally test the adoptees’ proficiency in their L2.
However, several recent studies show that while adoptees generally show high
levels of proficiency in L2, they often fall short of nativelike proficiency when
tested using more demanding tests of language proficiency (that is, they are near-
native rather than nativelike). For example, in their study of four adult adoptees
(Hyltenstam et al., 2009) who had been adopted from Spanish-speaking countries
to Sweden between the ages of 1 and 9 years, only the participant with the lowest
age of adoption was judged to be native in Swedish by all members of a group
of 10 native Swedish speakers. Also, when subjected to tests of grammatical,
phonological, and lexical ability, the adoptees were found to deviate from the na-
tive speaker norm. Likewise, using an extensive test battery—including measures
of Swedish phonology, semantics, and syntax—Bylund and colleagues (2020)
found that adult adoptees as well as sequential bilinguals consistently deviated
from both monolingual and (simultaneous) bilingual L1 speakers. Similar results
were observed in lexical tasks, where adoptees and sequential bilinguals deviated
from native Swedish speakers in picture naming (speed and accuracy) and lexical
decision (Bylund et al., 2019).

Non-native patterns of L2 processing in adoptees have also been observed
neurofunctionally, using fMRI. In a study of adolescents adopted from China to
Canada as young children, adoptees and bilingual L2 speakers showed differen-
tial neural activation compared to native French-speaking controls in response
to a phonological working memory task in French. Specifically, both groups
showed increased activation in the right frontal areas of the brain, indicating the
involvement of executive function and cognitive control processes (Pierce et al.,
2015). The finding of cognitive control involvement suggests that L2 processing in
adoptees may involve additional cognitive processes to alleviate the involvement
of different memory systems in the processing of L2 (Delcenserie & Genesee,
2014; Pierce, Genesee, Delcenserie, & Morgan, 2017).

These results suggest that adoptees not only retain knowledge of L1, despite
long-term disuse, but also that they tend to deviate from native speakers of L2. In
other words, similar to bilingual L2 speakers, long-term development in the L2
of adoptees is affected by early experiences and/or the later age of learning. This
observation is relevant for understanding the influence of maturational constraints
on L2 acquisition, which will be discussed next.
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4 Maturational constraints and the critical period
hypothesis

Until now I have deferred discussion of perhaps the most important source of
contention in SLA, namely the notion of a critical period for language. Because the
question of age effects is the primary topic of this dissertation, and critical periods
and maturational constraints are areas where the language learning conditions
of international adoptees can provide substantial contributions to theory in SLA,
these issues will be discussed together in the following sections.

The notion of a critical period4 typically describes a situation where a specific
ability will develop only if the right experience is provided within a certain time
frame, and that will fail to develop, or develop with less acuity, once that time
has passed. Critical periods thus provide a link between biological features of the
organism (sensory, perceptual, or motor ability) and a shifting environment during
development.

The notion of a critical period for language is associated with the work of Eric
Lenneberg (1967). Through an extensive review of anatomical, neurophysiologi-
cal, linguistic, and cognitive research, Lenneberg (1967) concluded that there is
evidence for a critical period for first language development that lasts from about
2–3 years of age until puberty, when the brain reaches maturity.

In SLA, this proposal has usually been referred to as the “critical period hypoth-
esis” (or CPH; Krashen, 1973; Scovel, 1969; Snow & Hoefnagel-Höhle, 1978),
suggesting that nativelike acquisition of an L2 outside of the critical period will
be rendered more or less impossible. This notion of a critical period has had a
fundamental impact on the study of second language acquisition, particularly in
the guise of Lenneberg’s formulation:

Most individuals of average intelligence are able to learn a second lan-
guage after the beginning of their second decade, although the incidence of
“language-learning-blocks” rapidly increases after puberty. Also automatic
acquisition from mere exposure to a given language seems to disappear
after this age, and foreign languages have to be taught and learned through
a conscious and labored effort. Foreign accents cannot be overcome easily
after puberty. (Lenneberg, 1967: 176)

This quote suggests that there is a maturational shift in the language learning
mechanism after puberty, where language can no longer be learned implicitly—by

4 Some writers prefer the notion of sensitive period over critical period, due to its less restrictive
connotation (Colombo, 1982; Long, 1990; Oyama, 1979). However, both notions carry the same
maturational implications, and the use of sensitive period runs the risk of blurring more important
theoretical distinctions. Here the term critical period will be used in the sense of an optimal period
to describe a period when certain types of learning are enhanced (Werker & Tees, 2005).
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“mere exposure”—and that the outcomes of learning after this age will not reach
the proficiency levels of an individual who acquired the language as a child. The
CPH has become the default position for explaining age effects in SLA (Long,
1990)5 and it has had a fundamental impact not only on research that has tried to
delineate the temporal and functional aspects of the period, but also in the way in
which contrasting theoretical approaches have been formulated as being opposed
to it.

For example, much of the debate over age effects on second language acquisi-
tion (see section 2 above) has revolved around the problems of: (a) identifying the
temporal outline of the purported critical period, and (b) finding late L2 learners
who nevertheless show nativelike proficiency, thereby contradicting the predic-
tions of the CPH (Abrahamsson et al., 2018; Birdsong, 2018; Long, 1990; Single-
ton & Ryan, 2004). In the former case, some researchers have found support for a
decline in language learning ability around puberty or in the late teens (DeKeyser,
2000; Johnson & Newport, 1989; Weber-Fox & Neville, 1996), or specific de-
clines at different ages for different subsystems of language (such as phonology,
lexis, and morphosyntax; Granena & Long, 2013a). Others, on the contrary, have
found evidence of a gradual decline, rather than the discontinuity characteristic of
the CPH, suggesting the involvement of factors other than a critical period (Hakuta
et al., 2003; Muñoz & Singleton, 2011; Vanhove, 2013). In the latter case, some
studies have identified learners that perform on a nativelike level, suggesting that
the CPH cannot be supported (Marinova-Todd, Marshall, & Snow, 2000). More
comprehensive studies, however, have found L2 learners to differ from native
speakers on at least some measures, thereby refuting the rejection of the CPH
(Abrahamsson & Hyltenstam, 2009). The theoretical and empirical endeavor of
CPH research has thus mainly been concerned with establishing whether there is
a critical period for language, and if so, what the temporal scope of the period is.

Neither position in this debate, however, reflect the theoretical proposal of
a critical period for language formulated by Lenneberg. In fact, Lenneberg
continues:

However, a person can learn to communicate in a foreign language at the
age of forty. This does not trouble our basic hypothesis on age limitations
becausewemay assume that the cerebral organization for language learning
as such has taken place during childhood, and since natural languages tend
to resemble one another in many fundamental aspects […], the matrix for
language skills is present. (Lenneberg, 1967: 176)

Elsewhere he also stresses that

5 It is thus telling that a study of such as that by Munro and Mann (2005) can contrast “age of
immersion” with “other” explanations, without having to specify what theoretical position the age
of immersion really entails.



14 Age and Constraints on Language Learning

the concept of ‘sensitive period’ refers only to [primary language
development]—not to the learning of ‘foreign languages’ later in life
[since] once the cognitive activities underlying language in general have
been established, the human mind seems capable of transferring the skills
from the native tongue to other natural languages. (Lenneberg & Long,
1974: 137)

To clarify Lenneberg’s position on the notion of a critical period, it thus makes
sense to see what he meant by the “matrix for language”. To do so, I will first
provide a more detailed account of the various roles that the notion of a critical
period has played in the study of behavior development in general, which will
provide a background for re-evaluating Lenneberg’s notion of a critical period for
language.

4.1 Critical periods and Lenneberg’s matrix for language

In the broadest sense, critical periods provide a way to explain the link between
biological maturation and experiential influences on behavior. In the study of
language development, the notion of a critical period thus suggests that there is a
window duringwhich the developing individual is particularly sensitive to specific
types of linguistic input. Despite the common use of the notion of a critical period
as an explanation for the development of a particular ability, however, how the
notion is used is, in fact, a reflection of how development is understood, and
subsequently how research is conducted to investigate developmental phenomena.
For example, popular notions of critical periods have been based on an idea
of genetically specified or innate6 neural structures in the brain that influence
development at specific periods during development (in neuroscience: Hubel &
Wiesel, 1970; in ethology: Lorenz, 1965; and in the nativist tradition in linguistics:
Pinker, 1994). In parallel, there has been a tradition that has focused on explaining
critical periods in terms of developmental mechanisms (Bateson, 1979; Kuo, 1967;
Lehrman, 1953; Schneirla & Rosenblatt, 1963). These two ways of explaining
development will be compared below.

The difference between these two approaches was expressed in a critique of the
Austrian ethologist Konrad Lorenz’s notion of instinct, formulated by the Ameri-
can comparative psychologist Daniel S. Lehrman (1953). Lorenz, andmany before
him, had observed that certain types of behavior developed without any overt
experience or learning. He argued that such instinctive behaviors were the result

6 Here I use the word “innate” to designate behaviors or biological structures or functions that are
thought to be conditioned by evolutionary adaptations, and are thus unaffected by experience during
development (for more definitions of the concept from different perspectives, see, for example,
Elman, Bates, Johnson, Parisi, & Plunkett, 1996; Johnson, 2005; Mameli & Bateson, 2006).
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of evolutionary adaptation that were established in specific neurological centers—
or “organs” (Lorenz, 1965: 41)—in the brain. These “organs” were activated by
specific stimulus combinations, which triggered an “innate releasing mechanism”
that led to a species-specific, adaptive response. In order to account for learning
from experience during development, specific releasingmechanismswere thought
to be activated under certain conditions that would adjust the behavior to the en-
vironment, through a mechanism that Lorenz termed “imprinting” (Lorenz, 1937:
262). Imprinting thus reflected an innate behavioral function that was activated by
environmental triggers.

However, by designating the end-point of development as innate, Lehrman
argued, Lorenz was led to the predicament of saying that it is the behavior itself
that matures, through the physiological maturation of an underlying mechanism
that somehow corresponds to the behavior. In other words, by only focusing on the
final character of the behavior, Lorenz falls into the trap of reifying an abstraction
or analysis of the behavior as an autonomous mechanism in the brain (Lehrman,
1953: 348). Yet, Lehrman argued, neither does the behavior itself mature, nor any
specific mechanism isomorphic to it (Lehrman, 1953). In fact, by characterizing
learning as instinctive and acquired through imprinting, Lorenz glosses over the
ontogenetic complexities that give rise to the behavior. In other words, while
Lorenz was concerned with explaining how learning could be explained through
the analysis of maturational mechanisms, “when the question is examined in terms
of developmental processes and relationships […] the maturation-versus-learning
formulation of the problem is more or less dissipated” (Lehrman, 1953: 344, em-
phasis in original).

A corollary of Lorenz’s approach to the study of language is found in the
nativist tradition, where critical periods are identified with the unfolding of in-
nate mechanisms that make the child sensitive to certain aspects of the linguistic
environment at specific ages (Chomsky, 1959; for a confirmation of this affinity,
see Lorenz, 1981: 342). Yet, although Lenneberg has commonly been associated
with this approach to language acquisition, his conception of language and its
development was fundamentally different from it (Boeckx & Longa, 2011; Longa,
2018). For instance, he distances his own definition of innateness of species-
specific behavior with the inheritance of specific genetic programs:

Inheritancemust confine itself to propensities, to dormant potentialities that
await actualization by extra-organic stimuli, but it is possible that innate
facilitatory or inhibitory factors are genetically transmitted which heighten
the likelihood of one course of events over another. When put into these
terms, it becomes quite clear that nature-nurture cannot be a dichotomy
of factors but only an interaction of factors. To think of these terms as
incompatible opposites only obscures the interesting aspects of the origin
of behavior. (Lenneberg, 1967: 22)
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He also rejects the idea that language can be explained through formalisms
detached from the individual’s general knowledge about the world:

It has become increasingly clear, and I personally insist on it, that the
separation of human language from general human knowledge is in all
but a few marginal instances impossible [and] even its formal properties
are frequently so imbued with unformalizable, epistemological aspects that
precise and abstract descriptions becomes just as difficult as the precise
description of knowledge as a whole. (Lenneberg, 1976: 202–203)

This, in turn, leads to a “predicament of ignorance with respect to the nature of
language” (Lenneberg, 1976: 203). Such claims are in stark contrast to the nativist
Chomskyan tradition in linguistics, wherein language is explained in terms of a
system of (presumably genetically coded) autonomous rules (Chomsky, 1965).
The reliance on general knowledge, however, “dashes any hope of analyzing the
nature of natural languages with the degree of precision and completeness that
Chomsky’s early beginnings seemed to promise” (Lenneberg, 1976: 203). The de-
pendency on formalisms in the analysis of language, furthermore, was considered
by Lenneberg to be an impediment to the understanding of the evolutionary and
developmental mechanisms underlying language, and he regarded the lack of a
sufficient understanding of language as a limit on the study of the neurophysiology
of language, since “it is difficult to know what should be correlated with anatomy
and physiology” (Lenneberg, 1976: 204).7

Furthermore, when Lenneberg stresses the maturational underpinnings of lan-
guage development his notion of maturation is different from the assumptions of
broad neurological changes, assumed by the CPH:

Maturation may be characterized as a sequence of states. At each state, the
growing organism is capable of accepting some specific input; this it breaks
down and resynthesizes in such a way that it makes itself develop into a new
state. This new state makes the organism sensitive to new and different
types of input, whose acceptance transforms it to yet a further state, which
opens the way to still different input, and so on. This is called epigenesis.
(Lenneberg, 1969: 641)

7 While there has been significant progress in this area since the problem was addressed by
Lenneberg—in particular with identifying the neurological correlates of language-related behavior
and cognition—this has rarely led to the formulation of linguistic theories, which indeed was the
ultimate goal of Lenneberg’s project (e.g. Lenneberg, 1973, 1975). For example, in recent reviews
of linguistic and cognitive processing, whereas other cognitive abilities (such as face recognition
and theory of mind: Bowman, Pierce, Nelson III, &Werker, 2018) or skill learning (in music:White,
Hutka, Williams, & Moreno, 2013) are analyzed in terms of developmental sensory and cognitive
processes, language is analyzed in terms of linguistic categories. See Ruben (1997) for a similar
point. This question, however, is not the topic of the present thesis.
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The identification of the ages between 2 and puberty as critical for native or
primary language development—flanked by physical immaturity, on one side, and
maturity, or loss of flexibility on the other—should thus be understood not as
a hypothesized critical period in the ethological sense, but merely as a way to
identify the relevant ontogenetic processes that lead to mature linguistic behavior.

The optimal period for primary language acquisition falls into a period of
brain maturation when a good deal of growing has already been accom-
plished but when the brain has not yet come to a maturational standstill.
What is suggestive about this is that the ideas about ‘locked in’ function and
‘age-conditional’ plasticity might be understood as an epigenetic process in
the sense of Waddington (1953). (Lenneberg & Long, 1974: 137)

Because this research was conducted before the abundance of experimental
and neuroimaging techniques that are available to us today, the evidence was
somewhat restricted in scope, and many of Lenneberg’s conclusions (about, e.g.,
lateralization of function) are now known to be wrong (Bishop, 1990; Krashen
& Harshman, 1972; but see Olulade et al., 2020). His approach, nonetheless, was
remarkablymodern. In fact, the epigenetic view expressed by Lenneberg resonates
with contemporary constructivist notions of brain development (Johnson, 2001;
Stiles, 2008;Werker &Hensch, 2015). These approaches, together with the notion
of epigenesis, will be discussed in more detail in the next section.

5 Epigenesis in language development

In light of Lenneberg’s own writings, then, the traditional interpretation of the
CPH as a strictly defined period of neurological maturation seems out of place.
How the CPH is understood, however, is important for understanding and inter-
preting patterns of L2 development, and the long-term outcomes of AoA in L2
acquisition. Crucially, positing the study of long-term language development in
international adoptees within the current theoretical divide in SLA could direct
attention away from more interesting aspects of the empirical investigation of the
present dissertation. This will be discussed in more detail below (section 9).

Here, to put the question of CPH in SLA in a different light, an overview of
some key issues in the study of behavior development and how they relate to
the epigenetic view expressed by Lenneberg and others will be presented. To this
end, this section will first discuss different ways to conceptualize development
in general, followed by an outline of the particular ways in which experience
can shape neural and behavior development. This will provide a framework for
understanding current theoretical explanations in SLA concerning age constraints
on L2 learning.8 Because many of the concepts used (such as epigenesis or canal-

8 Many of the ideas presented here have a long history (Gottlieb, 1971; Kuo, 1921; Schneirla
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ization) have had a remarkably limited visibility in the study of second language
acquisition, for the benefit of readers unfamiliar with the terms, I will base the
presentation largely on early formulations of the problems involved. Focus on
early expositions of the ideas also helps to clarify some fundamental theoretical
problems that underpin many of these models.

As we saw in the previous sections, the notion of a critical period for language
suggests that there is a period of increased susceptibility for linguistic input during
childhood. For the study of L2 acquisition, what is relevant for the understanding
of critical periods is what happens to the language learning ability once this period
draws to a close. On the one hand, the changes have been described in terms of
broad maturational changes in the brain; on the other hand, changes in learning
ability are thought to incur from previous learning. These two types of explana-
tion can be called “maturational” and “skill learning” approaches, respectively
(Johnson, 2011; Johnson & de Haan, 2015).

In maturational approaches, constraints arise as the result of a developmental
program, genetic in origin, that will make the organism responsive to different
types of experiences at different ages.9 This means that development will be
determined by the expression of genetically encapsulated abilities or functions
at specific points in time. Such abilities may be expressed fully functional at birth
or require experience to reach their final form. Skill learning approaches, on the
other hand, assume that the neural circuitry underlying skill acquisition available
at birth will remain across development.

These approaches have been described as deterministic epigenesis (Gottlieb,
1971; Johnson, 2011), as the outcomes of development will be determined by the
genetic setup of the organism. But development can also be explained in terms
of probabilistic epigenesis (Gottlieb, 2007). This notion reflects the idea that de-
velopment does not arise from the unidirectional influence of genetic information,

& Rosenblatt, 1963; Waddington, 1942), and they have been appropriated in various forms in
contemporary research, in the form of developmental systems (Overton & Lerner, 2012; Oyama,
2000), cascading influences (Masten & Cicchetti, 2010; Ruben, 1997; Werker & Tees, 2005), or in
constructivist models of development (Bates, 1999; Elman et al., 1996; Johnson & de Haan, 2015).
9 The notion of constraints has been used in several different ways. In a popular sense, it denotes
a limitation of some sort. In the developmental literature, “constraints on learning” (Hinde &
Stevenson-Hinde, 1973) has been used to describe species-specific sensory, motor, or cognitive abil-
ities that direct development and learning. This has elsewhere been described in terms of “privileged
learning” (Gallistel, Brown, Carey, Gelman, & Keil, 1991: 5), pertaining to the initial proclivities of
an organism to attend to specific stimuli in the environment, which in turn will guide development
and learning (e.g. Gleitman &Newport, 1995). The notion of maturational constraints, or indeed the
classical notion of a critical period, falls between these two definitions, as it describes a limitation
on an initial proclivity, enacted through broad-ranging maturational changes in the brain. In a third
sense, constraints can be observed over time in terms of how established functional structures in the
brain will limit the degrees of freedom for subsequent change (e.g. Johnson, 2011), in other words,
through the way in which early learning will guide and thereby constrain later learning. Whenever
possible, I defer to the latter notion, although the term is used in all senses in the text.
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nor through the sole influence of experience, but through a constant interaction
between the expression of genetic materials and the differentiation of cells, and
the activity and experiences of the developing organism.

The modern notion of epigenesis10 was formulated by Conrad H. Waddington
(1953, 1956) in his study of the genetic influences on development. He described
development in terms of an epigenetic landscape,11 where a developing cell is
depicted as a marble that travels through the valleys of the landscape. Wadding-
ton called these valleys “chreodes”, which guided the cell through the landscape
towards the lowest point where it would reach its final or differentiated state. At
certain crossroads in the landscape, the marble could take different routes, which
could lead to a distinctly different cell fate. While it is easy to focus on the
marble—or the cell itself—as it moves through development and differentiates
into a specific type, the model is better understood from the point of view of the
landscape itself. The power of the picture of an epigenetic landscape lies not in
the way the marble moves, but how its path is kept in place by the features of
the landscape. It thus describes a developmental process that is “buffered” by
complementary forces that determine the developmental outcomes (Mameli &
Bateson, 2006).Waddington called this process “homeorhesis”. Such buffering ac-
counts for the similarity of developmental outcomes across members of a species.
This epigenetic process of development is commonly referred to as “canalization”
(Waddington, 1942).

The canalization model was developed in the field of embryology and depicts
the restriction of cell fate in an environment where many factors are kept con-
stant. It thereby allows for a combination of genetic and prenatal experiential
influences to conspire to yield species-specific, or innate, behaviors at birth. For
example, Kuo (1932) showed that the peckingmovements in chicks observed after
hatching follow a protracted process of self-stimulation in the chicken embryo,
where the rhythmic movements of the heart caused the bill to move. Although
the developmental process certainly involved genetic information, the movement
itself was not genetically coded in the way suggested by the traditional notion
of maturation. To call the pecking behavior “learned”, however, would not give
justice to the process of specialization that actually occurs. Nor was it the case that
“the heart teaches the chick embryo how to peck” (Kuo, 1932; Lorenz, 1965), or

10 Epigentic is a polysemous word. It can be used in the sense of epi- or extra-genetic and refer to,
on the one hand, molecular mechanisms which turns specific DNA sequences on or off (or more
controversially as neo-Lamarckian inheritance where experiential changes in chromatin structure
are transmitted across generations), or, on the other hand, processes of neural development that do
not depend on genetic specification, such as synaptic pruning (Changeux, 1985). Here, however,
I use it only in the sense of epigenesis, which describes an interactive process of development
(Gottlieb, 2007), and the term epigenetic will be used as a derivation of that word.
11 The notion of an epigenetic landscape allows for many different interpretations and it has been
used differently in different scientific fields; for a recent in-depth treatment, see Squier (2017).
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that the “pecking” mechanism itself developed in the egg, but only that the post-
natal pecking behavior had developmental antecedents that would need to be taken
into account when explaining the behavior (Kuo, 1967: 108). This work by Kuo
influenced Gottlieb in his formulation of the notion of probabilistic epigenesis
(Gottlieb, 1972).

While critical periods are traditionally regarded as providing a link between
learning and biology during postnatal development, the probabilistic epigenesis
view explains the influence of experience in a different way. Gottlieb describes
three different roles that experience can play during development: maintenance,
facilitation, and induction (Gottlieb, 1976, 1981, 2007).12

Maintenance describes a situation whereby a neural or behavioral mechanism
is fully developed at birth but will depend on experience for its continued use.
For example, the human infant shows initial sensitivity to all possible human
speech sounds (Vouloumanos & Werker, 2007), but only those that are included
in the linguistic input of the infant will be maintained, while the others will dis-
appear. This has been explained by mechanisms of neural/synaptic proliferation
and pruning referred to as a process of “perceptual narrowing” (Kuhl, 2010; Scott,
Pascalis, & Nelson, 2007). Although most nativist models of development that
assume abilities to be genetically coded or fully developed at birth fit into the
maintenance type of explanation, many models that would not be properly called
nativist nevertheless share the assumptions behind the notion of maintenance. In
fact, any theory that models behavior development in terms of some underlying
unitary learning mechanism builds on the tacit acknowledgement of a maintained
mechanism.

A second type of experiential influence is facilitation, which describes a
mechanism whereby an ability is not fully established at birth but continues to
develop during infancy until it reaches its final function at a later point. Expe-
rience, however, can work to increase the rate of development. In Gottlieb’s
own work, this is exemplified through his research on vocal self-stimulation
in duck embryos. He found that the initial post-hatching sensitivity of Peking
ducklings to their mother’s call depended crucially on their own vocalizations
during the pre-hatching period, such that devocalized embryos would not show
the same preferences at hatching (Gottlieb, 1971). With time, however, even the
devocalized birds would develop the same preferences as normally developing
chicks (Gottlieb, 1976). Sensitivity to the maternal call was thus facilitated by
self-stimulation during the pre-hatching period to yield preferential behavior at the
time of hatching rather than at some later point in time (Bateson & Logan, 2007).
Similar results have been found in language acquisition, where development of
perceptual sensitivity to speech follows the gestational age of the infant (Peña,

12 For application of these notions in L1 development, see Maurer and Werker (2014); Werker &
Tees (1992); Aslin & Pisoni (1980).
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Werker, &Dehaene-Lambertz, 2012), but the process can be facilitated by changes
in the prenatal environment (such as through the ingestion of SRI based drugs by
the mother: Weikum, Oberlander, Hensch, & Werker, 2012).

In some cases, however, such as in language learning, increasing ability will
follow a clearly demarcated developmental path, similar to facilitation, but where
experience does not increase the rate of development, but only its outcome. One
such case is speech perception development in infants.While the process of tuning
from broad to a narrow phonetic sensitivity is more or less complete around the
age of 12 months (Kuhl, Williams, Lacerda, Stevens, & Lindblom, 1992; Werker
& Tees, 1984), the details of phonological processing will differ depending on the
linguistic environment. Such a process has been referred to as attunement (Aslin,
1981; Aslin & Pisoni, 1980). This model states that an infant’s discriminative
capabilities are either “incompletely developed and/or broadly tuned” at birth,
and that experience would “align and/or sharpen these partially developed dis-
criminative abilities” (Aslin & Pisoni, 1980: 79). This proposal, however, seems
to conflate different mechanisms in Gottlieb’s model: the sharpening of a broadly
tuned ability would correspond tomaintenance in the sense described above, while
the alignment of an initially underdeveloped ability to specific experience, fur-
thermore, could be described by the process of induction, described below (Aslin,
1981; Gottlieb, 1981). In other words, attunement does not distinguish between
improvements in perceptual discrimination and the development of a perceptual
preference for specific speech sounds (Gottlieb, 1976: 33–34).

Induction, thirdly, describes a situation whereby an ability does not develop
in the absence of experience. In other words, whether the ability will develop or
not depends on the extent to which experience is provided to the organism. One
example of induction is the development of visually guided reaching in kittens.
This ability requires prior establishment of a body-centered visual spatial frame-
work which is induced through normal locomotion during typical development.
If kittens are rendered immobile or otherwise unable to move freely, the spatial
framework does not develop, and neither does successful visually guided reaching
(Hein & Diamond, 1972). This thus provides an example of an ability that would
not develop without the experience of free movement, and thus reflects an induc-
tive process (Gottlieb, 1976). In actuality, though, truly inductive processes can
be difficult to disentangle from facilitation or maintenance, as it requires careful
control of initial biases (maintenance), and how development would occur without
any experience whatsoever (facilitation). In fact, evidence of imprinting (such as
Lorenz’s experiments on geese), which is often regarded as an inductive process,
may reflect two different processes, where an initial bias towards following the
same species, that would be facilitated under normal conditions, can be super-
seded by an induced preference for another species (in other words, the following
response in Lorenz’s studies would not occur in the absence of a prying ethologist;
Gottlieb, 1976: 42). To postulate periods during development merely as plastic,
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during which species-specific sensitivities are induced, may thus obfuscate a more
complex patterns of interaction between different developmental mechanisms.

Another type of development that has been proposed in addition to the mech-
anisms outlined by Gottlieb is one where experience has no influence at all and
can simply be referred to as maturation (Aslin & Pisoni, 1980: 79). This is tan-
tamount to calling the mechanism innate to the organism in the sense of being
genetically determined. Describing a pattern of development as uninfluenced by
experience is nevertheless relative to where the line is drawn between experience
and non-experience. For example, in his model, Gottlieb includes not only sensory
experiences available to the developing individual, but also processes internal to
the organism, such as spontaneous neural activity or the influence of functional
activity from already developed parts of the anatomical and neurophysiological
setup of the individual, which will interact with novel influences to provide de-
velopmental outcomes (Gottlieb, 1976). The overt lack of experiential influence
thus only reflects interactions that are imperceptible to the observer. However,
calling this maturation merely baptizes our ignorance of the processes involved,
and makes them less amenable to scientific investigation (see Kuo, 1921, for a
similar argument regarding the notion of instinct). In fact, a benefit of describing
developmental processes in the terms proposed by Gottlieb (or its corollaries,
such as Interactive Specialization; Johnson, 2011, see below) is that the imprecise
notion of maturation can be avoided.

The role of experience in actual development can thus be thought of as combi-
nations of the above functions and how they pertain differently to different systems
over time. For example, an initial sensitivity to speech sounds in the human
infant (conditioned by the structure of the auditory system; Kral, 2013) could
be maintained but be functionally superseded by an induced sensitivity to higher
order structure in the speech signal, such as phonetic and phonological structure.
Similar to the notion of attunement, such a procedure could be involved in the
qualitative shift or functional reorganization during the first year of life towards
greater focus on phonological properties of the speech signal (Kuhl et al., 1992;
Werker, 1995; Werker & Tees, 1984), as well as the emergence of “nativelike”
neurophysiological patterns of language processing at about the same age (Cheour
et al., 1998; Dehaene-Lambertz & Baillet, 1998; Rivera-Gaxiola, Silva-Pereyra,
& Kuhl, 2005). Maintenance could also explain the retained ability of adults to
perceive non-native phonetic contrasts after training (Werker & Lalonde, 1988;
Werker & Logan, 1985), along with the concurrent inability to put this sensitivity
into functional use (Pallier, Bosch, & Sebastián-Gallés, 1997; Sebastián-Gallés
et al., 2005), indicating two distinct processes (see Study II, for further discus-
sion). It is also possible that an induced ability (such as phonological sensitivity),
once it reaches a stable level of functioning, will buffer additional developmental
processes, such as word learning (Stager & Werker, 1997; see Werker, 2018,
for a review). Mechanisms of induction, facilitation, and maintenance may also
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influence development differently at different levels of analysis (e.g. anatomical,
physiological, or behavioral). For example, an induced tuning of the frequency
response in neurons in the auditory system, may be reflected as a facilitative
effect of experience at the behavioral level (Gottlieb, 1976: 46).While advancing a
detailed analysis of second language acquisition in these terms is beyond the scope
of the current thesis, these examples serve merely as a reminder that explanation
and investigation of behavior depend crucially on how fundamental mechanisms
of development are conceptualized.

Several recent approaches to the study of development build on the notion
of probabilistic epigenesis. For example, in the Interactive Specialization model
(Johnson, 2011) cognitive development is thought to go through stages of func-
tional organization and reorganization, whereby regions and networks in the brain
will become increasingly specialized for a particular cognitive function. This cor-
responds to the “restriction of fate” during neural differentiation observed in cel-
lular biology (Johnson & de Haan, 2015). The process of cognitive specialization
or differentiation follows a self-organizing pattern where early specialization will
influence the specialization of neighboring or connected regions, which in turn
will lead to reorganization of previously developed cognitive functions. The same
function may thus be underpinned by different neural mechanisms at different
ages, as the neural structures involved will be progressively stabilized, leading to
the adult pattern of neurocognitive organization (Johnson, 2001).

In language development, the probabilistic epigenesis view is reflected in the
notion of cascading influences (Werker & Tees, 1992, 2005). A cascade describes
a situation where early experience will influence later stages of development,
typically in a beneficial way, as in the case of first language acquisition, but also
in ways detrimental to adaptive behavior, such as in cases of, for example, early
sensory deprivation (Masten & Cicchetti, 2010; Ruben, 1997). The cascading
influences model explains language development as a step-wise process, where an
early sensitivity to human speech is attuned by experience to pertain only to the
phonological contrasts that are present in the language environment of the infant.
This change in fundamental phonetic and phonological perceptual ability will pro-
vide the basis for subsequent development of higher order linguistic abilities, such
as the lexicon or syntax. Periods of heightened sensitivity to particular aspects of
language are furthermore underpinned by experience-dependent neuroanatomical,
physiological, and neurochemical changes (Takesian & Hensch, 2013) that will
mark the opening and closing of critical or optimal periods during early life (for
recent authoritative reviews of this model, see Choi, Black, & Werker, 2018; Reh
et al., 2020; Werker & Hensch, 2015; Werker & Tees, 2005). Divergent sensory
or linguistic experience during specific critical stages during development will
thus have a long-term impact on language development (Bowman et al., 2018;
Mayberry & Lock, 2003; Neville & Mills, 1997).

By describing the influence of experience on development using the notion of
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epigenesis, critical period phenomena can thus be redefined in terms of develop-
mental patterns instead of the influence of genetic programs. This in turn can put
the notion of a critical period for language in a different light. As we saw in the
preceding sections, periods of development that could be described as “plastic”,
may in fact reflect complex patterns of interaction at several different levels of
analysis, which may nevertheless give the superficial impression of a unitary
mechanism. By characterizing development as progressive functional reorganiza-
tion of neural, cognitive, and behavioral patterns (Johnson, 2011; Werker, 1995),
early specialization can furthermore be regarded as effectively irreversible, either
because of the influence of neurological constraints (Werker & Hensch, 2015), or
through the way in which early specialization is involved in the canalization or
buffering of later development (Johnson & de Haan, 2015). In either case, the
prevalence of critical period phenomena in development, when viewed in this
way as the confluence of experience and biological specialization, promotes the
investigation of what Lenneberg would call the “interesting aspects of the origin
of behavior” (Lenneberg, 1967: 22).

6 Interim summary

Before we proceed, let us to return to the CPH and the notion of a critical period
for language acquisition, as proposed by Lenneberg. As we can see from the
preceding sections, how development is defined—as maturation, skill learning,
or probabilistic epigenesis—will inform how the notion of a critical period is
understood. In contrast to Lenneberg’s epigenetic view of language development,
the CPH has generally been formulated within a nativist or ethological framework,
as a genetically predisposed period of sensitivity to linguistic input (Lamendella,
1977; Scovel, 1969, 1988). This focus of the CPH is reflected in the study of
age constraints on second language acquisition. However, focus on only some
interpretations of the notion of a critical period has severely constrained the schol-
arly discussion of age effects in SLA, in ways that have not been beneficial for
understanding the phenomenon of second language acquisition in general. Thus,
in interference-based accounts, explanations have been based to a large extent on
the rejection of biological constraints on learning (as epitomized by the CPH),
while differences in acquisition have been accounted for solely by factors that are
unrelated to biological aspects of development, such as differences in motivation
to learn, different types of input, or general cognitive maturation. However, the
influence of factors related to biology, on the one hand, and experience, on the
other hand, cannot be easily disentangled. In fact, such simple dichotomies have
long been rejected in the study of development (Oyama, 2000).

In contrast to the contemporary debate in SLA, it is thus argued here that
critical periods should not be understood as predetermined periods of plasticity
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in the sense of the CPH, nor be rejected as deterministic limitations on language
learning ability. Instead, they should be understood as windows into studying the
developmental process of second language acquisition. An epigenesis view may
thus offer a fruitful way to combine notions of biological and experiential factors
into a coherent explanation of second language acquisition. For example, the
notion of epigenesis suggests that there will be irreversible functional behavioral
and neural changes based on early experience, which will guide later development
and learning. How these changes influence the learning of a second language
is an empirical question that can be studied through the language development
of international adoptees. Thus, the investigation of non-native features of near-
native L2 speakers is valuable not only as a way to establish the temporal outline of
critical periods, but also to investigate qualitative functional changes during early
language development that will influence second language acquisition. These
questions will be addressed further in the general discussion (section 8), after
reviewing the empirical findings of the present dissertation.

7 Summary of studies

The first part of this dissertation outlined a broad overview of the issues involved
in the study of first and second language acquisition more generally, as well as
a theoretical framework—the notion of probabilistic epigenesis—within which
the influence of age on second language acquisition in international adoptees can
be fruitfully investigated. This part will report on the empirical work that has
influenced—and has been influenced by—these theoretical considerations. The
following sections present four studies that address language processing in the
L1 and L2 of adult adoptees from the perspective of speech perception, speech
production, and neural processing, with the aim of providing a comprehensive
picture of long-term second language development and first language retention in
international adoptees. Further remarks on the implications of the results presented
here will be addressed in the general discussion (section 8).

7.1 Study I: Long-term language development in international
adoptees

7.1.1 Background

The first study is a literature review published in the first comprehensive edited vol-
ume on language development in international adoptees (Genesee & Delcenserie,
2016). This volume reflects several different theoretical and empirical approaches
to the study of international adoptees, such as the elucidation of norms of early
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adoptive language development, cognitive and memory development, and the
influence of early adversity on cognitive and language development. The present
Study I provides a perspective from several decades of research in second lan-
guage acquisition, and it is argued that the substantial overlap observed between
adoptees and bilingual second language learners suggests that language devel-
opment in adoptees can be fruitfully studied using the methods and theoretical
assumptions current in second language acquisition research. This is in fact a
minority view, as it suggests both that adoptive language acquisition is not a
case of “second first language” acquisition, and that developmental patterns and
long-term outcomes depend on mechanisms that are endogenous to the language
learning process, and not primarily (although not excluding) other cognitive or
experiential factors.

7.1.2 Summary

In this literature review, it is argued that in order to understand the language
development of adoptees, their language learning situation must (a) be studied
as a case of second language learning, and (b) be assessed in the long-term, that
is, in adulthood. Although international adoptees experience a thorough shift in
language dominance following adoption, the adoptive language is nevertheless
chronologically a second language that is acquired following acquisition of a first,
or native, language. It is thus possible that language acquisition in this group is
affected by the same constraints observed in second language learners (Abrahams-
son & Hyltenstam, 2009; Hyltenstam & Abrahamsson, 2003). Studies of short-
term (1–3 years after adoption) language development generally show similar
patterns as for L1 learning children (Geren, Snedeker, & Ax, 2005; Snedeker
et al., 2007), although at a faster rate (Glennen & Masters, 2002). While this
advantage in learning rate has been assumed to lead to convergent proficiency
over time (Geren et al., 2005; Roberts, Pollock, & Krakow, 2005), follow-up
studies in the medium term (4–10 years after adoption) show that some, if not
all, adopted children score below the level of the native controls across several
linguistic domains (Delcenserie & Genesee, 2014; Delcenserie et al., 2013; Gau-
thier & Genesee, 2011). Adoptees nevertheless score within the normative range
on standardized tests, making such differences difficult to detect. In light of long-
term studies (more than 10 years after adoption), however, the trends observed
in short- and medium-term studies become more pronounced: despite near-native
language proficiency in ordinary conversation, greater variability in outcomes is
observed in adoptees compared to non-adopted native speakers across phonology,
lexicon, and morphosyntax (Hene, 1987, 1988; Hyltenstam et al., 2009). These
observations of short-, medium-, and long-term language development in adoptees
show that: (a) early delays in language acquisition will have considerable effect
on the long-term outcomes in language learning, across several linguistic domains,
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but that (b) these differences are not easily detected in ordinary conversation, nor
through standardized tests of language proficiency. This suggests that future re-
search on adoptees will require carefully matched control groups, detailed linguis-
tic analysis, and more demanding experimental paradigms in order to assess the
linguistic abilities of this group; studies also need to account for the higher degree
of individual variation in ultimate attainment compared to non-adopted speakers,
which—as with successive bilinguals—is a characteristic feature of international
adoptees; and finally, extrinsic and intrinsic factors must be accounted for, such as
the influence of pre-adoptive deprivation and socio-economic status of adoptees,
as well as memory and perceptual abilities.

7.1.3 Discussion

The identification of long-term similarities between adoptees and non-adopted
second language speakers provides crucial motivation for the continued study of
language development in adoptees, which has guided the research presented in
the current dissertation. First, in order to properly assess the influences of early
language experience, research should focus more on adults with greater than 10
years’ experience with the adoptive language; second, language proficiency must
be assessed using challenging and directed tests and experimental procedures,
rather than standardized tests; third, the review identifies a lack of neuroscientific
evidence, in particular, with regard to the adoptive language, which may neverthe-
less provide crucial insights into the mechanisms behind language development
in adoptees. In the subsequent studies of this thesis, these three points are adhered
to in the examination of speech perception, speech production, and electrophysio-
logical aspects of linguistic processing in adoptees.

7.2 Study II: The irreversibility of sensitive period effects in
language development: Evidence from second language
acquisition in international adoptees

7.2.1 Background

Language development during the first year of life results in behavioral changes
where an initially broad sensitivity to human speech is narrowed down to direct
attention to those phonetic and phonological structures that exist in the linguistic
environment of the child (see, for example, Werker, 2018).

This difference in language processing between early specialization and later
language experience has previously been examined through changes in cross-
linguistic speech perception in children (Kuhl et al., 1992; Maye, Weiss, & Aslin,
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2008; Maye, Werker, & Gerken, 2002; Werker, Gilbert, & Humphrey, 1981;
Werker & Logan, 1985). While perceptual sensitivity to non-native phonetic con-
trasts may be retained or trained even later in life (Werker, 1986), such gains in
phonetic sensitivity do not necessarily translate into an ability to discriminate
higher order structures, such as phonological contrasts (Werker & Tees, 2005:
243). In addition, failure to observe differences in speech sounds may influence
the acquisition or processing of words in L2 (Sebastián-Gallés et al., 2005). For
example, in a study of perception of Catalan and Spanish vowel, even highly fluent
Spanish-Catalan bilinguals who had learned Catalan as an L2 at an early age were
found to be unable to distinguish a difficult vowel contrast in L2 ([e] and [E]) that
did not exist in their L1, Spanish (Pallier et al., 1997). Such difficulties in phoneme
perception by Spanish-Catalan bilinguals also extend to the discrimination of
minimal pair words that differ only in this vowel contrast (Sebastián-Gallés &
Bosch, 2005).

It has been argued that first language forgetting in international adoptees would
remove the bias introduced by the first language (Pallier et al., 1997) and that such
recovery of initial phonetic ability would be an advantage—or even a prerequisite
(Pallier et al., 2003)—for nativelike attainment in the second language. As has
been argued in the first part of this dissertation, this change in ability may also
reflect a functional reorganization of speech processing, where changes will show
long-term influences on the discrimination of phonological contrasts regardless of
whether two languages are used or not. In Study II, this possibility is investigated.

7.2.2 Method

Participants in the study were adopted from countries in Latin America to Sweden
between the ages of 3 and 7 years (N = 20, mean age of adoption = 4.3 ±1.4 years,
mean current age 28.9 ±5.7 years). They were compared to Spanish-Swedish bilin-
guals (N = 20, age of acquisition = 5.2 ±1.8 years, range 3–8 years, age = 26.7 ±5.3
years), who were matched in terms of age of acquisition and length of residence
in Sweden. Finally, the study included a group of Swedish native controls (N = 20,
age = 29.8 ±5.5 years). In line with previous studies of cross-linguistic phonologi-
cal perception in adults (Sebastián-Gallés et al., 2005), this study used an auditory
lexical decision task where participants were presented with real (spoken) words
and non-words, and were asked to decide whether each constituted a word in the
lexicon or not. Unbeknownst to the participants, however, some vowel contrasts
of real words were manipulated to create non-words that differed only by a single
phoneme. The incorrect identification of a manipulated word as a real word thus
reflects a reduced ability to detect the difference. In all, 90 Swedish words were
manipulated by changing a long vowel contrast into a short vowel, and vice versa,
thus yielding 90 real words and 90 manipulated non-words. Sixty unrelated words
were used as fillers. Participants were presented with auditory stimuli and were
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asked to determine as quickly as possible whether the word they heard was a real
word or not. Response accuracy and reaction times were recorded and analyzed
using logistic and linear mixed-model regression.

7.2.3 Key findings

Both adoptees and bilingual L2 speakers had higher error rates on the modified
words compared to native Swedish controls, manifesting their difficulty in identi-
fying the modified words as non-words. All groups, however, were equally accu-
rate in identifying real words. This suggests that the difference in non-word iden-
tification in the L2 groups stems from a difficulty in perceiving the manipulated
non-native vowel contrast. In terms of reaction times, the L2 groups responded
more slowly than native controls in their accurate rejection of manipulated words,
as well as in their misidentification of manipulated words as real words, while the
bilingual L2 group responded more slowly than the other two groups when accu-
rately identifying real words as words, suggesting an advantage for the adoptees
in normal word processing compared to the bilinguals.

7.2.4 Discussion

In analyzing the results of phonetic discrimination in the L2 of adoptees and
bilinguals, the study shows that variability in these two groups can be explained
by their later age of acquisition. The similarities between adoptees and bilingual
L2 speakers, and the differences between both these groups and Swedish native
controls, reveal that (a) the adoptees do not reset their ability to acquire phonetic
contrasts post-adoption, but rather that they exhibit limitations in identifying pho-
netic contrasts in L2; and, conversely, (b) that the wider perceptual acceptance of
phonemic variation—reflected in higher error rates—observed in the bilinguals
was not necessarily due to their bilingualism as such. This suggests that age is a
more decisive factor in determining L2 outcomes than interference from the native
language.

While the study presents the results in terms of phonetic perception, and thus
as a reduction in perceptual ability, it is also possible that the difficulties arise
from putting phonetic sensitivity into higher order phonological and lexical use
in the discrimination of minimal word pairs. The AoA of the adopted participants
(3–7 years) was well above that expected for phonological specialization, and they
should have had extensive experience with discriminating and producing words in
their L1 prior to adoption. It is also possible that the ability to acquire words itself
had undergone restructuring following the initial lexical development in early
childhood, and that the possibility of using non-native phonological processes to
inform word learning was reduced with age.
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7.3 Study III: Vowel production of international adoptees
reveals the etiology of accents in second language speech

7.3.1 Background

While foreign accent is a typical feature of bilingual L2 acquisition, no previous
study has investigated the prevalence of accented speech in international adoptees.
On the one hand, the lack of motivation to study this could be due to the fact that
adoptees rarely show any overt non-native signs in their L2 speech production. On
the other hand, because there may be indistinguishable features of non-nativeness
in near-native speakers, there may still be traces of deviant articulations of L2
phonetic features. Although research on production has been important for un-
derstanding second language acquisition (Flege et al., 1999), little is known about
speech production in adult adoptees. The only exception is the multiple case study
reported by Hyltenstam et al. (2009), where three out of four adoptees selected
from a larger cohort of second language learners were found to produce a Swedish
voice onset time on closed stop contrasts within the native speaker range. At the
same time, only the participant with the lowest AoA (1 year) was judged to be
nativelike by a panel of 10 native speakers of Swedish after hearing a sample of
decontextualized speech; the other three were identified as nativelike only by up
to half (participants with AoA 4–5 years) or by none of the native speakers (the
participant with an AoA of 9 years). These results suggest that delayed acquisition
may introduce long-term effects to L2 speech production.

Speech production in adoptees, thus, provides a unique way to test predictions
of L2 speech development that build on assumptions of cross-linguistic interfer-
ence (Flege, 1995, 1999). As has been described previously (section 2 above),
maturational constraint approaches in SLA have been refuted based on claims
of continuous influence from the more established L1 in bilinguals. However, if
adoptees were found to deviate from native speakers of the adoptive language,
this could not be explained by reference to continued native language use. This
study thus tested the predictions made by one influential model of L2 speech
acquisition, the Speech LearningModel (SLM; Flege, 1995). This model proposes
that representations of L1 and L2 phonological properties will make up a common
mental system, whereby (a) phonological distinctions in L2 that map onto the same
phoneme in L1 will be prone to accented speech, and (b) contrasts that are shared
between the languages will be stored jointly and thus be easy to acquire, although
(c) to the extent that L2 contrasts deviate from L1, the L1 representations may be
affected in turn.
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7.3.2 Method

Adults (N = 18, mean age = 20.2 ±1.8 years) who had been adopted from China to
Sweden between 5 and 37 months of age (mean age at adoption = 16.8 ±9 months)
participated in the study. Their production of Swedish vowels was compared to
native Swedish controls (N = 16, mean age = 22.2 ±2.7 years). Following the
predictions of the SLM, the study focused on (a) vowel contrasts that are unique
to Swedish and do not exist in Chinese, and (b) vowels that are shared between
the languages. As a distinctive Swedish contrast, the study used words containing
the vowel phonemes /y/ and /0/, and as a shared contrast the vowels /i/ and /u/
were used. Words containing both long and short allophones in closed, stressed
syllables were included, and 42 recordings were analyzed for each participant.
Formant values (F1–F3) were extracted from the mid-point of each vowel using
linear predictive coding. The phonological quantity distinction was measured as
the ratio of the consonant to the whole VC syllable.

Differences in vowel production between adoptees and Swedish controls were
operationalized as Mahalanobis distance in three-dimensional space between the
first three formants (F1–F3). Although previous studies have used Euclidean dis-
tance (where the distance ismeasured between two single points in space) as amea-
sure of differences in vowel production between groups of native and non-native
speakers, this measure does not account for within-group variation. In contrast,
Mahalanobis distance measures distance in terms of the number of standard devi-
ations between a point in space and a control distribution. Distance was measured
for individual participants in both the adoptees and native controls, in relation to
the distribution of responses in the native control group. Adoptees and Swedish
controls were also compared in their production of the Swedish vowel duration
distinction, to see if the adoptees were nativelike in this phonological feature of
Swedish, which does not exist in Chinese. Finally, the production of formant fre-
quencies F1–F3weremeasured separately to identify detailed differences between
the groups. Statistical analysis was conducted using linear mixed-effects regres-
sion, and significant factors were identified using model comparisons. Planned
pairwise t-tests (two-tailed, Bonferroni corrected) were used to identify specific
differences between the groups.

7.3.3 Key findings

Based on the SLM, it was predicted that adoptees would show difficulties with
the two vowels of Swedish that correspond to a single contrast in Chinese (/y 0/),
whereas they would resemble native Swedish controls on their production of the
contrasts that are shared by Swedish and Chinese (/i u/). These predictions were
confirmed in the data. On the one hand, the production of the long vowels /y 0/ de-
viated from the Swedish natives, but they did not differ in the short allophone. This
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is not unexpected, since while the long allophones of this phonological contrast
correspond to a single phone in Chinese /y/, the short /0/ allophone [8] roughly
corresponds to the mid central Chinese phoneme /@/ and would thus correspond
to a contrast available in Chinese. There were no other significant differences
in Mahalanobis distance between the groups for any of the remaining contrasts.
Furthermore, the groups did not differ in their production of the Swedish vowel
quantity distinction, indicating that this feature, which is unique to Swedish but did
not exist in Chinese, was acquired on par with the native Swedish controls. It was
also found that formant differences pertained primarily to a higher F2 in the long
/y/ allophone, while there were marginal differences for /0/ and /i/, although these
differences did not reach significance after controlling for multiple comparisons.

7.3.4 Discussion

The prevalence of accented speech in second language ultimate attainment is often
explained as the result of interference from native language phonetic representa-
tions, as suggested by the SLM model. Although the results in Study III do not
contradict the SLM, confirmation of the model’s predictions for a group that is
not bilingual, nevertheless, challenges the assumptions behind the model. For one,
the cause for the deviations between native and non-native speakers may not be
due only to the interference between two languages in active use, but could arise
from the effects of early specialization for the native language established during
a critical period in early childhood. Such specializations could be continuously
active in parsing phonetic and phonological input (see Study IV below), which
would cause a bias in the system towards the native language. Such biases could
be exacerbated with continued use of L1 alongside L2 in bilinguals but may be
more efficiently overcome—albeit not completely—with discontinued L1 use in
the case of adoptees. Another prediction by the SLM, following the assumption of
a shared phonological system in bilingual speakers, is that the L1 representations
would also undergo changes to accommodate phonological structures in L2.While
this prediction cannot be tested in the current study—since L1 could not be tested
in the adoptees—the fact that L1 specialization shows pervasive influence on L2
despite complete disuse suggests that such bidirectional influences are unlikely.
Instead, whatever biases are incurred during early development will remain largely
intact, although they will be compensated for by various means. Bilingual lan-
guage experiencemay thus conceal the long-term effects of early specialization for
the native language, which will nevertheless be detectable in adoptees, suggesting
that early perceptual reorganization will provide constraints by which subsequent
learning will be guided.

The adoptees were furthermore able to acquire the Swedish vowel quantity
distinction that is not phonological in Chinese, suggesting that acquisition of
novel distinctions that are not phonemic in the native language may be unbiased
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by early specialization and can thus be acquired fully. More speculatively, this
suggests that different acoustic properties of speech (such as spectral qualities,
and differences in duration) may be affected differently by language-specific ex-
periences (see Villers-Sidani & Merzenich, 2011, for evidence of differential A1
specialization to different acoustic properties in rodents), and a duration contrast
could thus be acquired unaffected by L1, while a spectral contrast could not.

7.4 Study IV: Irreversible specialization for speech perception
in early international adoptees compensated by inhibitory
control in adulthood

7.4.1 Background

While Studies 2 and 3 presented evidence regarding perception and production in
the adoptive language, Study IV investigates the neural traces of the forgotten L1,
and the correlates of these effects with phonological processing in L2. Hitherto,
adoptees have been studied in two separate lines of research. On the one hand,
there have been studies investigating adoptive language acquisition in children,
adolescents, and adults (see Study I above for a selective review). On the other
hand, the traces of the forgotten native language have been examined in terms of
implicit retention of a lost native tongue (Choi et al., 2017; Pallier et al., 2003;
Pierce et al., 2014b; Singh et al., 2011). Although the two lines of research are
intimately connected at a theoretical level—suggesting that differences in L2
may be due to implicit retention of L1 (e.g. Pallier et al., 1997, 2003)—the two
languages of adoptees have not previously been examined concurrently in the
same individuals.13 Furthermore, previous studies have used either behavioral or
neuroimaging methods (fMRI), which may not be able to identify more subtle
aspects of language processing in the brain. In particular, while fMRI provides a
spatial representation of neural activation in the brain (by measuring differences
in cerebral blood oxygenation levels), the response is slow (measured in seconds)
and does not reflect fundamental aspects of neural processing that is reflected at
a much faster time-scale (measured in milliseconds or faster). In Study IV, we ad-
dress these questions by (a) testing both native and adoptive language contrasts in
the same experiment, and (b) using a time-sensitive electrophysiological measure
of brain activity in the form of electroencephalography (EEG) and the mismatch
negativity (MMN) event-related potential.

The MMN is a negative event-related potential deflection arising from the
auditory cortex in the inferior temporal lobe (Näätänen & Picton, 1987), usually

13 While the studies by Pierce and colleagues (2015, 2014b) were conducted on the same cohort,
they nevertheless used different tasks and were not reported together.
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peaking around 200 milliseconds after stimulus onset, and observed over the
frontal parts of the scalp (commonlymeasured at the frontal mid-line electrode Fz).
It thus reflects pre-attentive auditory processing in the brain. It is usually elicited
in the context of an oddball experiment, where a repeated sound (Standard) is
(pseudo)randomly interspersed with a deviating sound (Deviant) that differs from
the Standard along some dimension of interest (e.g. duration, intensity, pitch, or
spectral quality). MMN amplitude reflects the degree to which auditory deviations
are processed as relevant in the brain, which in turn reflects the experiences of the
individual. In particular, native language experience (as well as the learning of a
second language later in life: Winkler et al., 1999) is known to influence MMN
amplitude (Näätänen et al., 1997), which makes it a sensitive index of language
processing in the brain.

The lack of L1 retention observed by Pallier and colleagues (2003), has previ-
ously been argued to be due to the lack of re-activation of dormant native language
sensitivity in the brain (Hyltenstam et al., 2009). In recent studies showing traces
of L1 retention in adoptees, participants were thus re-exposed to the contrasts used
prior to the task, either by using re-acquisition over time as the dependent variable
(Choi et al., 2017; Singh et al., 2011) or a behavioral pre-testing session (Pierce et
al., 2014b). The use of the MMN, however, allowed us to examine pre-attentive
phonological processing without any prior exposure to the contrasts used.

7.4.2 Methods

Chinese-Swedish adoptees (N = 19, mean age of adoption 18.5 ±11.3 months, age
at testing = 20.2 ±1.8 years) were compared to native Chinese (N = 22, mean age
= 23.0 ±3.4 years ) and Swedish (N = 22, mean age = 22.5 ±3.0 years) controls
who had no experience with the other language. The materials consisted of four
synthetic auditory stimuli that combined the formant spectrum of two Swedish
vowels (/y 0/) with two Chinese lexical tone pitch curves (high-flat and high-
rising). The Standard stimulus was combined with two Deviant stimuli in each
experimental block (altogether four blocks), where the Deviants made up either a
Swedish vowel contrast or a Chinese lexical tone contrast. All four stimuli were
thus presented as a Standard once, a Tone Deviant once, and a Vowel Deviant
once.

Participants were instructed to watch a silent comedy movie, while auditory
stimuli were presented over earphones. EEGwas recorded from 32 Ag/AgCl high-
impedance active electrodes distributed across the scalp.

Artifact-free sections of the pre-processed EEG data, timelocked to the on-
set of the stimuli, were extracted from each block and averaged to create the
event-related potential. By averaging all stimuli within each condition (Standard,
Tone Deviant, and Vowel Deviant), we were able to eliminate irrelevant stimulus-
related properties of the event-related potential and extract only the response cor-
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responding to the phonological change itself. We also computed spectral power
and phase locking, between 0.5 and 20 Hz, in order to examine the oscillatory
activity that contributed to the scalp-recorded MMN deflection.

7.4.3 Key findings

We found that both adoptees and Chinese native controls had stronger MMN de-
flections to the Chinese lexical Tone Deviant than to the Swedish Vowel Deviant,
while no difference was observed between the conditions for the Swedish controls.
This shows that early experience with lexical tone increases responsiveness to
a corresponding pitch contrast, indicating retention of early neural sensitivity to
the native language in the adoptees. The difference between responses to Tone
and Vowel Deviants was nevertheless smaller for the adoptees compared to the
Chinese natives, and they also had a more delayed peak for the Tone contrast.

Examination of the oscillatory aspects of the scalp measured MMN revealed
that, in contrast to the control groups, the adoptees had increased synchronization
in the alpha band (7–10 Hz) in response to the Tone condition, indicating the
involvement of inhibitory control mechanisms (Klimesch, 1999) in the processing
of this native phonological contrast. While all groups showed increased theta band
(2–5 Hz) synchronization across frontal parts of the scalp to the Tone contrast, re-
flecting the involvement of short-termmemory in the auditoryMMN (Fuentemilla,
Marco-Pallarés, Münte, & Grau, 2008), only the Swedish natives showed corre-
sponding synchronization for the Vowel contrast. This is remarkable given that
the adoptees were near-native speakers who used Swedish as their primary means
of communication.

Contrary to the theoretical association with L1 retention and interference with
L2 processing, however, we found no negative correlations between tone and
vowel MMN amplitudes, suggesting that differences in vowel processing between
Swedish controls and adoptees may not be due to interference. Nor did we find
correlations with age of acquisition, suggesting that the effects are not due to a
gradual decrease in neural sensitivity with age. Rather, we interpret the results in
support of a notion of irreversible functional reorganization and continuous plastic
adaptation based on previous specialization during successive language learning.

7.4.4 Discussion

This study provides the missing link between previous studies of deviating speech
perception and production (Studies 2 and 3), and the literature on native language
retention in adoptees. This is the first time L1 retention has been observed using
EEG, and it suggests several important interpretations. Since the adoptees had not
been exposed to the contrast prior to the task, finding increased MMN amplitude
for the native contrast in adoptees suggests that phonological sensitivity estab-
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lished early in life will remain continuously active in the auditory processing of
speech. This increased sensitivity was complemented by alpha band synchroniza-
tion in the adoptees, indicating the involvement of inhibitory processes in response
to the native lexical tone contrast. It thus seems plausible that since retained
sensitivity to Chinese lexical tone variation is not functional in Swedish—and
may even lead the speech perception system astray by random non-phonological
pitch variation in the speech signal—additional inhibitory control mechanisms
were recruited to attenuate this sensitivity.

These results are not only consistent with previous neuroimaging studies
(Pierce et al., 2014b), they also provide insight into the relation between native
and adoptive language processing and the possible mechanisms involved. For
one, they show that early native language experience is reflected in long-term,
language-specific neural specialization in the auditory cortex (the source of the au-
ditory MMN; Näätänen & Picton, 1987). The results also challenge the theoretical
claims made by Pallier et al. (2003), by showing not only that the native language
is retained in the fundamental specialization of the speech processing system in
the brain, but also that sensitivity to the native and the adoptive language is not
negatively correlated, suggesting that the native language is not an impediment to
subsequent language learning.

8 General discussion

As stated in the introduction, the purpose of this dissertation was to investigate
the long-term language development of international adoptees using theoretical
concepts from the study of second language acquisition. In the first part, a broad
theoretical overview of issues that have been influential in the field of SLA for
understanding the influence of age in the long-term learning of a second language
was presented, and a re-evaluation of some of these notions was proposed. In the
second part, empirical results from three studies of perception, production, and
cerebral processing of linguistic materials in international adoptees were reviewed.
In this final part of the dissertation, the implications of these findings will be
discussed, in light of the broader theoretical outline presented in the first part.

Language learning in international adoptees has been used as evidence for the
possibility of plastic reorganization during a prolonged critical period, extending
into puberty (Pallier et al., 2003), or as counterevidence against the notion of
a critical period altogether (e.g. Pallier, 2007). But as we have seen, there is
nevertheless ample evidence that the language learning of adoptees is affected
by sustained neural specialization established early in life. However, in line with
the epigenesis view outlined above (section 5), rather than postulating a new set
of critical or sensitive periods, it may be more informative to see what factors
converge to make the early stages of development critical for subsequent learning.
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In light of the studies presented in the present dissertation, I will look at these
questions through evidence for (a) deviations in L2; (b) retention of L1; and (c)
recruitment of different cognitive mechanisms in language processing.

First, following the assumption of functional reorganization from early lan-
guage experience, we would expect differences in how L2 is acquired. Although
fast gains in language learning immediately following adoption are often expected
to lead to nativelike outcomes later in life, this is not the case, as we have seen,
when adoptees are studied at older ages (Study I). The discrepancy between early
increases in rate of learning and differences in long-term ultimate attainment is a
well-known phenomenon in SLA (Krashen et al., 1979; Long, 1990). In fact, there
is accruing evidence that adult adoptees will show patterns of language processing
that more closely resemble those of bilingual L2 speakers than of native speakers
(Bylund et al., 2019, 2020).

The evidence of similarities between adoptees and sequential bilinguals, as
well as the differences between adoptees and native speakers of the adoptive
language, as presented here, suggests that commonly observed differences in
language processing between monolinguals and bilinguals may in fact reflect the
involvement of mechanisms that are independent of bilingual language use. This
is supported by the strong predictive effect of age of acquisition on L2 ultimate
attainment, evenwhen bilingualism is controlled for (Study II; Bylund et al., 2019).
Thus, the effects of early functional reorganization—common to both sequential
bilinguals and adoptees—may be concealed by continued bilingual language use
(see Study III).

A second line of evidence that supports the idea that irreversible specialization
is decisive for language development is that early experience is not completely
forgotten after adoption. Studies showing no retention of early language experi-
ence in adoptees (Pallier et al., 2003; Ventureyra et al., 2004) were influential,
both because of the novelty of the findings, but also because of how well they
fit into current theoretical explanatory frameworks. For example, Hernandez and
colleagues (2005) used the results in support of the connectionist competition
model, where L1 loss would lead to decreased resonance between L1 and L2,
which would allow L2 to be acquired unrestricted by L1. Behavioral evidence
of long-term retention of brief early language exposure (Tees & Werker, 1984)
were also reevaluated in light of the findings, suggesting that observed retention
may be due to maintenance following intermittent exposure to the language during
childhood (Werker & Tees, 2005).

The absence of evidence for retention in the original study by Pallier and
colleagues, however, may reflect that the participants were not re-exposed to L1
prior to the task (Hyltenstam et al., 2009). Indeed, when allowing the participants
to learn to distinguish the contrast, evidence of neural retention emerged (Pierce
et al., 2014b). Also, when adoptees were allowed to train the contrast for a period
of time, retention could also be observed behaviorally through a faster increase in
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learning (Choi et al., 2017; Singh et al., 2011). However, based on the assumption
of functional reorganization following phonological specialization early in life,
we would expect retention to be reflected not only in dormant representations in
long-term memory, but also in the continuous recruitment of neural structures
specialized for the native language. One problem with previous studies is that
hemodynamic (fMRI) or behavioral measures may not be able to capture the
fast neural responses that are expected for phonological processing in the brain.
By using electrophysiological measures of brain function (Study IV), however,
we were able to detect increased neural sensitivity to L1 contrasts occurring at
a millisecond time scale and without any prior re-exposure. This suggests that
early language exposure may in fact be reflected in the long-term recruitment of
early specialized neural structures for auditory speech processing, which are con-
tinuously active in the processing of speech. This, furthermore, does not support
notions of first language attrition where early knowledge is rendered unavailable
(e.g. the “savings paradigm”) or at a sub-threshold level of activation (Paradis,
2009), but, instead, L1 seems to remain available but is continuously inhibited.

Third, the long-term activation of early neural specialization, however, is not
necessarily adaptive for the learning of L2, where dimensions of the speech sig-
nal that are distinctive in L1 may be used differently in L2. Previous studies of
neural representations of L2 processing in adoptees have shown that adoptees
and sequential bilinguals alike recruit areas in the brain that are associated with
executive function and cognitive control in the processing of phonetic materials
in L2 (Pierce et al., 2015), or that different memory systems may be involved
in adoptees and native speakers (Pierce et al., 2017). In Study IV of the present
dissertation, we also provide evidence of differential recruitment of additional cog-
nitive mechanisms in adoptees. First, in the processing of a phonological lexical
tone contrast in L1 Chinese, adoptees show differences in the brain oscillatory pat-
terns compared to native controls, reflected in synchronization, or spectral power
increases, in the alpha range (around 8Hz). This indicates increasedwork in neural
structures involved in inhibitory control (Klimesch, 1999; Knyazev, 2007). This
suggests that when adoptees with early experience in Chinese—a language where
lexical tone plays a fundamental role in signaling differences in meaning between
words—is exposed to a L2 environment where fundamental pitch plays a different
role, the neural responses to lexical pitch contrasts will be actively attenuated.
Alpha synchronization thus reflects an adaptive response to L2 learning under the
influence of specific early language experience (lexical tone), characteristic of
Chinese adoptees. Whether a similar attenuation will be observed in adoptees with
a different language background is an empirical question that remains to be tested.
Second, in response to a phonological vowel contrast in L2, adoptees did not show
the same pattern of synchronization in the theta range that was observed in native
Swedish controls. This suggests differential recruitment of memory systems un-
derpinning the canonical MMN response (Bishop &Hardiman, 2010; Fuentemilla
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et al., 2008). These differences in oscillatory brain patterns are remarkable, given
that the adoptees in Study IV were fully fluent near-native speakers of L2 with
predominant use of the adoptive language for over 15 years. This further supports
the notion of long-term influences of functional reorganization for speech early in
life, and it suggests that such differences will not only remain active, but they will
also be accommodated in the moment-to-moment processing of language.

By showing irreversible constraints on second language processing as a func-
tion of age, the results reported in the present dissertation are generally in line
with the predictions of maturational accounts in SLA. However, as was argued
in the first part of this thesis, the clear demarcation of changes in learning abil-
ity associated with the CPH, and the assumption of maturation implied by the
hypothesis, may not be tenable. In fact, while maturational models of second
language acquisition generally assume periods of continuous plasticity—ending
either in puberty or at different points in time for different linguistic domains—
the results presented here (and elsewhere) suggest that the prospect of nativelike
L2 attainment undergoes substantial changes already during the first months of
life. Although these results are in line with assumptions of reduced neural and
behavioral plasticity starting already at birth (Hyltenstam & Abrahamsson, 2003),
they also suggest that such a decline may relate not only to broad changes in neural
plasticity, but may also pertain to more minute changes in neural specialization
over time. Further elaboration of these mechanisms will be the matter of future
research.

9 Epigenesis, irreversibility, and equifinality in second
language acquisition

In the first part of this thesis (section 5), the notion of probabilistic epigenesis was
introduced as a suitable model for explaining language development, in line with
contemporary approaches in child language acquisition (Choi et al., 2018; Werker
& Tees, 1992, 2005) and neuroscience (Johnson, 2011; Stiles, 2008; Werker &
Hensch, 2015). While this notion has been influential in the study of L1 develop-
ment, it has hitherto not been applied to the study of L2 acquisition (MacWhinney,
2018: 287). This is surprising considering the role of epigenesis in Lenneberg’s
notion of a critical period, and the subsequent influence of this proposal in the
field of SLA.

A reason for this lack of influence in SLA comes from the origin of the notion
of epigenesis as such. Because the concept of epigenesis was originally used to
account for patterns of development in embryology and developmental biology,
it works well for describing typical language development during infancy and
childhood, or how atypical experiences during this time can lead to long-term
differences in outcomes later in life. This is consistent with how it has been used



40 Age and Constraints on Language Learning

in the study of L1 acquisition (Ruben, 1997; Werker & Tees, 2005). For example,
research on epigenesis or cascading influences in language development have
generally focused on what factors contribute to typical development, for instance,
how phonological attainment during the first year of life will influence lexical
and reading ability several years later (Werker & Tees, 2005), or how differences
in early language experience can lead to deviating linguistic ability later in life,
such as in the case of early deafness (Mayberry, 1993; Neville & Mills, 1997).
In SLA, however, early specialization is interpreted in terms of AoA and is pri-
marily thought to lead to constraints in how well L2 can be acquired—either as a
result of transfer and interference, or as the outcome of neurological or cognitive
maturation—which is reflected in the adherence to the CPH notion of a critical
period for language.

Following the epigenetic model of development proposed by Lenneberg (1967,
1969), however, the CPH can also be reinterpreted based on the notion of epige-
nesis. With regard to the influence of a critical period on language development,
we have seen that Lenneberg, on the one hand, considered second and foreign
language learning to be more effortful as the result of increasing age, and, on
the other hand, regarded this as inconsequential for his theoretical proposal, since
“the matrix for language” had presumably already been established during early
childhood. These two statements have been regarded as two distinct theoretical
proposals (Johnson &Newport, 1989): on the one hand, that L2 will be influenced
by maturation following the end of the critical period; on the other hand, that
the notion of a critical period pertains only to L1, which means that L2 must be
constrained by other factors. These two interpretations have been studied in terms
of maturational constraints and the exercise hypothesis, respectively (Johnson
& Newport, 1989). They rely, however, on the canonical interpretation of the
CPH as relating to maturation of an innate language learning mechanism. When
Lenneberg’s proposal is considered in terms of the notion of epigenesis, however,
the two claims are not in opposition.

The fact that an adult can learn a second language even later in life, albeit with
greater effort and to a varying degree of success, does require that an ability for
language has been established in the first place. In fact, research on highly profi-
cient learners suggests that the samemechanisms that have been established for L1
can be involved in processing L2 as well (e.g. Steinhauer, 2014). Although such
findings have often been regarded as counterevidence against the CPH (under the
assumption that the hypothesis predicts the maturational loss of an innate ability),
if language development is understood as an epigenetic process, such evidence
merely shows that neural structures for language that have been optimized during
early development will be recruited for proficient behavior even in L2 (Newport,
Bavelier, & Neville, 2001; Thomas & Johnson, 2008). Since functional specializa-
tion during typical development will result in irreversible neural changes in how
the brain processes language (Johnson & de Haan, 2015), additional mechanisms
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will be required to accommodate novel language learning, which in turn will lead
to more effortful learning, with more individual variability in ultimate attainment.

In studies presented here, we found that early language experience was re-
flected in the fundamental neural processing of auditory linguistic stimuli (Study
IV), suggesting that native language experience indeed resulted in irreversible
functional specialization. We also found native language influences on both the
perception and production of L2 in adoptees (Studies 2 and 3), indicating that L1
specialization will exert fundamental influences on L2 even when it is not in use.
The adoptees were nevertheless able to acquire a Swedish quantity distinction,
highlighting the adaptability of the language processing system. Finally, we also
found that retained L1 sensitivity was compensated for by inhibitory processes,
following long-term, high-level use of the adoptive L2.

Contrary to models predicting constraints from transfer and interference for
bilingual language use during L2 acquisition, the finding of irreversible L1 spe-
cialization and long-term influences on L2 were obtained in adoptees without
continued language use, suggesting a different etiology of these effects. It is also
notable that the effects did not suggest a broad decline in ability, as would be
predicted by maturational constraint accounts, but rather a long-term influence of
language-specific experiences, combined with near-native proficiency in L2.14

These remarks suggest that irreversibility and plasticity in L2 acquisition can
be reconciled through the notion of epigenesis. In fact, this apparent contradiction
can bemitigated by a sister notion to epigenesis, namely that of equifinality (Berta-
lanffy, 1968). This term originated in systems biology and describes a feature of
biological systems where similarity in form can be attained from different starting
conditions and through different trajectories. This notion has been described as
“a principle of extreme importance” for explaining development (Gottlieb, 2001:
2420). It is also implied in Waddington’s (1942) concept of canalization in the
way in which a similar fate will be arrived at over time, despite perturbations and
variability in experience during development. In the case of L2 learning, the com-
bination of neural irreversibility and equifinality in development can be helpful
for understanding the extensive behavioral plasticity that allows L2 learners to
recruit existing and additional mechanisms to reach adaptive outcomes in L2.

Thus, rather than analyzing deviations in L2 learning in terms of preconceived
notions of innate language learning mechanisms, examination of the developmen-
tal process—even retrospectively, as in the case of adult adoptees and second
language learners—can sharpen the theoretical tools needed to explain both first
and second language acquisition. Such theoretical considerations, furthermore,
can be aided by the study of international adoptees, as this group allows for the
study of L2 acquisition without constraining assumptions about bilingualism.

14 Although evidence of such minute specialization is not incompatible with maturational constraint
accounts (DeKeyser, 2013: 55).
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10 Concluding remarks

Throughout this dissertation we have seen that the study of language acquisition in
the field of SLA has been shaped by the discord between theoretical traditions that
have provided conceptually different explanations for one of the main established
facts in the field—the decreasing level of second language ultimate attainment
with age. Here the attempt has been to detach some of the more pertinent questions
in SLA—that of age of acquisition, interference, and critical periods—from this
conceptual divide, in order to analyze them from the point of view of probabilistic
epigenesis (Gottlieb, 2007; Johnson & de Haan, 2015; Werker & Tees, 1992).
This was motivated by the study of the exceptional language learning conditions
of international adoptees, and specifically by regarding this learning situation
as a special case of second language acquisition. It was also motivated by the
epigenetic view of development expressed by Eric Lenneberg, which has begun
to be appreciated only in recent years (Boeckx & Longa, 2011; Longa, 2018).

In the theoretical view established in this dissertation, early development
occurs at the confluence of sensory and perceptual constraints—which causes
initial biases in how the world is apprehended by the infant—and the experiences
that are made available to the developing child, which with time will result in
behavioral and neural specialization and functional reorganization (Werker, 1995).
This means that particular experiences will influence how subsequent experiences
are approached and how learning will proceed once initial specializations have
been established (Werker & Tees, 2005).

Such a view is particularly relevant to the understanding of second language
acquisition, as the specializations that have occurred prior to the onset of L2
learning will continue to influence the way in which the new language is acquired.
In contemporary research within the field of SLA, constraints on second language
learning are thought to arise either from the influence of plasticity loss stemming
from general maturational processes, or from the progressive stabilization of a
general learning mechanism that will interfere with subsequent learning. Here,
however, it is argued that functional reorganization early (and later) in life will lead
to qualitative shifts in the processing of information in the brain, which will result
in irreversible changes in how, for example, language and speech are acquired.
Such changes, however, do not preclude efficient learning later in life, but they
predict that such learning will involve already established processing mechanisms
(Thomas & Johnson, 2008) or the recruitment of additional cognitive mechanisms
(Johnson, 2011). In other words, early specialization will lead to constraints on
subsequent learning, which is predicted to be reflected in the retention of early
learning as well as in long-term differences in language processing between native
and non-native speakers.

The results presented in the current dissertation are in line with the assump-
tion of irreversible functional reorganization. First, adoptees tend to pattern with
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bilingual speakers of L2 (or naïve listeners) and deviate from L1 speakers, both
in terms of phonological perception (Study II) and in how the brain processes
phonological contrasts in L2 (Study IV). Adoptees also differ in imperceptible
ways in their production of L2, which can nevertheless be observed through
detailed phonetic analysis (Study III). Study IV also reveals pre-attentive neural
processing of phonological contrasts in L1 without any exposure to the language
for almost two decades, supporting the notion that early neural specialization will
remain active despite overt loss.

Such influences, however, should not be understood in terms of “interference”.
In fact, just as the complexities of development are glossed over by reference to
the innate or instinct (Kuo, 1921; Lehrman, 1953), the long-term influence—and
theoretical significance—of early neurobiological specialization and functional
reorganization for second language acquisition is concealed by reference to the
notion of interference. Although there may be overlap between such explanations
(Hernandez et al., 2019; MacWhinney, 2018) and the view presented here, they
nevertheless lead to different types of predictions regarding the language acqui-
sition of international adoptees. In the case of functional reorganization, traces
of the first language are expected to remain active in the fundamental processing
of higher order sensory information, including linguistic information; the second
language is also expected to build on the mechanisms established for the first
language, regardless of whether that language is still in use or not, although these
constraints can be overcome through plastic recruitment of additional mechanisms.
In the case of interference, however, constraints on second language learning
will obtain only to the degree that the first language remains in continuous use,
as in the case of bilingual language learning. Crucially, the present results also
show that processing in L1 and L2 are not negatively correlated, as would be
expected if representations in L1 were to interfere with L2 processing. The study
of international adoptees thus offers a way to disentangle these two explanations.

Taken together, these results and the overall theoretical argument show that
second language acquisition can fruitfully be studied using theoretical frameworks
and assumptions available in contemporary developmental science, and that the
extraordinary language learning conditions of international adoptees will pro-
vide a valuable contribution towards understanding the mechanisms underpinning
second language acquisition.
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Sammanfattning på svenska

Denna avhandling undersöker långsiktig språkinlärning hos utlandsadopterade
utifrån teoretiska perspektiv gängse inom studiet av andraspråksinlärning. Även
om utlandsadopterade i regel helt förlorar alla kunskaper i förstaspråket (L1) efter
adoptionen, så tillägnar de sig det nya språket kronologiskt sett som ett andraspråk
(L2). Det är därför relevant att fråga sig i vilken mån utvecklingen i L2 liknar
den hos L2-talare som behåller sitt L1—och därmed blir tvåspråkiga—samt om
den långsiktiga slutbehärskningen i L2 gynnas av tidig L1-förlust, eller om både
utlandsadopterade och tvåspråkiga L2-talare påverkas i högre grad av faktorer som
är gemensamma för dessa två språkinlärningsförhållanden: en senare startålder
och ett annat stadium av neurobiologisk mognad.

Studie I presenterar ett teoretiskt argument och den forskning som ligger
till grund för antagandet att utlandsadopterade bör studeras inom ramen för
andraspråksforskningen; den kommer till slutsatsen att utifrån kända likheter i
långsiktig språkutveckling mellan utlandsadopterade och tvåspråkiga L2-talare så
är språket att betrakta som ett L2, snarare än ett “andra förstaspråk”, men att det
ännu saknas tillräckligt med studier som undersöker språkbehärskning hos vuxna
adopterade för att etablera denna position med säkerhet.

Studie II undersöker perceptionen av svenska vokaler hos vuxna personer
som adopterats från länder i Latinamerika till Sverige som barn (vid 3–7 års
ålder). Genom att jämföra utlandsadopterade med svenska modersmålstalare och
tvåspråkiga talare som anlänt till Sverige i samma åldrar så visar vi att både
adopterade och tvåspråkiga har svårare att identifiera skillnader i ordpar där en
lång vokal har bytts ut mot en kort vokal, och vice versa, jämfört med svenska
modersmålstalare. Detta tyder på att båda dessa grupper har svårare att urkilja
de vokalkontraster som skiljer orden åt, och/eller att använda dessa kontraster för
ordförståelse, vilket i sin tur tyder på att båda grupperna påverkas på liknande sätt
av en fördröjd startålder vid inlärningen av svenska.

Studie III jämför uttal av svenska vokaler mellan adopterade och infödda
svenska L1-talare. Enligt ett vanligt antagande inom litteraturen kring andraspråks-
tillägnande så beror svårigheter vid uttal i L2 på att det fonetiska och fonologiska
systemet i L2 ständigt filtreras genomL1, som i regel förblir det dominanta språket.
Hos utlandsadopterade kan man dock anta att denna påverkan, tack vare förlus-
ten av L1, minskar markant eller helt upphör. Genom detaljerad fonetisk analys
av uttalet hos vuxna som adopterats från Kina till Sverige vid en tidig ålder (i
genomsnitt 16.8 ±9 månader) visade det sig dock att uttalet denna grupp skiljer
sig från en kontrollgrupp med svenska som L1. Avvikelserna sker dessutom på
just det sätt som kan förväntas utifrån studiet av tvåspråkiga talare, nämligen att
fonologiska kontraster som är unika för L2 (i detta fall den svenska kontrasten
/y 0/) och omfattas av samma fonem i L1 är svårast att lära sig, medan språkljud
som delas mellan språken (/i u/) inte utgör något hinder. Resultaten tyder på att
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tillägnandet av uttal i L2 påverkas av faktorer som är oberoende av huruvida två
språk används eller ej, vilket tolkas som långsiktiga effekter av tidig neurologisk
specialisering för förstaspråkets fonologi.

Studie IV undersöker denna neurologiska specialisering. En avgörande fråga
rörande språktillägnande hos utlandsadopterade är huruvida det finns rester kvar
av L1 trots att detta språk inte längre kan förstås eller talas. Ett antal studier på
senare år har belyst denna fråga, och de har visat att utlandsadopterade inte bara
har lättare att återinlära glömda fonologiska kontraster, utan när de lyssnar på
språkljud i L1 uppvisar de också aktiveringsmönster i hjärnan som liknar dem
hos förstaspråkstalare som har fortsatt använda språket. Eftersom tidigare studier
innehöll en period av träning eller återaktivering av L1 före studien eller som en
del av studiens metod så är det dock oklart huruvida denna tidiga specialisering
i hjärnan inaktiveras genom bristande användning men väcks till liv genom trän-
ing, eller om den utgör en kontinuerlig påverkan under tillägnandet av L2. Det
är dessutom okänt på vilket sätt dessa språkrester utgör ett hinder för fortsatt
språkutveckling. I Studie IV undersöks dessa fråor med hjälp av elektroence-
falografi (EEG) som mäter elektriska impulser i hjärnan genom elektroder som
placeras på skalpen. Genom att presentera slumpvisa fonologiska avvikelser i en
ström av upprepade språkljud (ett s.k. oddball-experiment) och genommatematisk
behandling av EEG-signalen erhålls ett mått på hur hjärnan reagerar på specifika
fonologiska kontraster. Fördelen med att använda EEG framför hjärnavbildnings-
tekniker såsom funktionell MRI (fMRI), är att reaktionen mäts med en mycket
hög tidsupplösning (mätt i millisekunder jämfört med sekunder i fMRI), varvid
man kan mäta tidiga, omedvetna reaktioner i hjärnan. Resultaten visar att vuxna
som adopterats från Kina till Sverige som barn uppvisar en starkare respons i
hjärnan (en så kallad mismatch negativity) av en kinesisk lexikal tonkontrast
jämfört med en svensk vokalkontrast—redan mellan 150–300 millisekunder efter
att kontrasten presenterats—även utan någon som helst exponering för kontrasten
innan experimentet. Denna respons liknar dessutom en kinesisk kontrollgrupp
som fortsatt tala kinesiska, medan en svensk kontrollgrupp inte uppvisade samma
reaktion. Detta tyder på att hjärnan bevarar en ständigt förhöjd känslighet för fonol-
ogiska kontraster i L1 trots att språket inte längre används. Genom att mäta EEG-
signalens frekvenskomposition (vilket speglar oscillationer i hjärnan), visar stu-
dien dessutom att denna känslighet kontinuerligt kompenseras för genom inhiber-
ingsmekansimer i hjärnan. Slutligen visar vi också att responsen för en fonologisk
L1 kontrast inte korrelerar negativt med motsvarande respons för en vokalkontrast
i L2, vilket tyder på att graden av bevarande av L1 inte hindrar tillägnandet av L2,
och att tillägnandet av L2 därmed inte nödvändigtvis gynnas av L1-förlust.

Resultaten från dessa studier presenteras i avhandlingen inom ramen för
hypotesen om en kritisk period för språkinlärning, vilken belyses genom ett
teoretiskt ramverk från utvecklingsbiologi och kognitiv neurovetenskap (prob-
abilistisk epigenesis) som betonar det långsiktiga inflytandet av tidiga erfaren-
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heter och hur kvalitativa funktionella förändringar i hjärnan vid olika åldrar väg-
leder utvecklingen av kognition och beteende, vid bland annat språkutveckling.
Specialisering för förstaspråkets fonologi, som etableras redan under det första
levnadsåret, antas därför bevaras och vägleda tillägnandet av ett nytt fonologiskt
system senare i livet hos utlandsadopterade. Skillnader mellan L1 och L2 antas
dessutom kompenseras för genom andra mekanismer (till exempel inhibering),
vilket kan leda till avvikelser jämfört med modersmålstalare, men samtidigt leda
till en hög grad av behärskning i L2. Samma processer kan antas ligga till grund
för utveckling i L2 även hos tvåspråkiga. På så vis erbjuder utlandsadopterades
exceptionella språkinlärningsbakgrund unika möjligheter att studera och förstå
mänsklig språkinlärning.
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