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Abstract
In recent years the Critical Period Hypothesis of language acquisition has come under close scrutiny. The
premise that native-like language proficiency can only be attained if the language is learned early in life seems
difficult to maintain, as neuroimaging data have revealed a greater plasticity of the human brain to master new
languages than has previously been assumed. The field of non-pathological first language (L1) attrition has not
contributed much to this debate. Adding attrition perspectives, however, can inform the field of language learning
and the critical period in general: learning a language early in life should leave long-lasting traces in the neural
circuit. But investigations of this nature would also directly benefit the field of L1 attrition itself. Attrition theories have
largely built on behavioral paradigms, and two pivotal questions remain unanswered but could be addressed using
neuroimaging techniques: 1) Is the cause of L1 attrition mainly L1 non-use or rather the introduction and mastery of
a second language (L2)? 2) is L1 attrition an irreversible, permanent phenomenon or does it merely reflect a
temporary inaccessibility of the L1 system? This paper aims to review the scantly available evidence for functional
and/or anatomical brain changes as a function of non-pathological L1 attrition, specifically focusing on the two
outstanding questions above. Building on previous insights, this paper theorizes about L1 attrition-induced
neurological changes that have not been addressed in previous work and formulates goals and avenues for future
studies.

Keywords: Non-pathological first language attrition; Neural
activation changes; Brain anatomy changes; Temporary versus
permanent loss; L1 non-use versus L2 interference

Introduction
Until only recently, a prevalent view in the field of language
acquisition, most notably second language (L2) acquisition, was that
language had to be learned before a certain age in order for the speaker
to function at a native-like level. This theory, referred to as the Critical
Period Hypothesis [1], builds on the premise that the human brain
loses its plasticity to learn language at roughly the onset of puberty and
uses as its main source of evidence the differences attested in both
learning trajectories and outcomes of child and adult second language
learners [2]. In more recent years, however, the theory has been
modified and age bands extended to accommodate cases of people
who attain native-like proficiency levels in their L2, despite learning it
later in life. Behavioral evidence of this kind has thus caused the
critical period to come under scrutiny. (cf. [3] for a discussion). Even
more compelling evidence refuting the Critical Period Hypothesis
comes from neurocognitive studies that have shown the language
function of the human brain to be much more flexible than has
previously been assumed. This is in line with what we know about
neuroplasticity in other domains [4]. Because of advances in
neuroimaging techniques, such as the Event-related potential (ERP)
technique and (functional) Magnetic Resonance Imaging ((f) MRI), it
has been convincingly shown that even the brains of speakers who
learn a second language (L2) later in life can resemble those of mother
tongue speakers (L1) in their functional activation patterns, given
sufficient, consistent and long-term exposure to the L2 [4]. More
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converging evidence comes from structural MRI scans, which reveal
that such long-term L2 activation can even lead to anatomical brain
changes, most notably in the realms of increased gray matter density,
white matter integrity and cortical thickness [(see [4] for an overview
of previous work in this area).
What is counterintuitive is that almost no attention has been paid to
the other side of the coin: what happens to the neurological
organization of the first language following long-term L2 exposure?
From the language pathology literature, we know that changes in brain
organization following a stroke or brain bleed may-depending on the
lesion site-heavily impact on language and can result in aphasia or
aphasic symptoms [5]. Aphasic recovery patterns point to the brain’s
plasticity and ability to rewire, which is especially interesting to
observe in the case of bilingual patients: mostly, a patient’s languages
have been found to recover in parallel. However-in part depending on
pre-lesion proficiency levels-asymmetric recovery patterns have also
been reported [6,7]. But non-pathological language attrition is
markedly different from pathological language loss such as aphasia.
Most commonly attested in immigrant populations who left their L1
environment and are now immersed in an L2 setting, non-pathological
language attrition is gradual as opposed to sudden [8]. Perhaps most
importantly, rather than anatomical and functional brain changes
leading to language change in the case of pathological loss, nonpathological attrition operates the other way around: here changing
language use and dominance patterns may give rise to changing
functional and anatomical brain organization. Given the available
evidence from the related field of second language acquisition, it seems
plausible to postulate that long-term L2 use and L1 non-use lead to
both functional and anatomical brain changes. After all, on a
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behavioural level, rather severe L1 changes have been reported
following a prolonged period of immersion in an L2 environment [9].
However, the neural correlates of changes in behavioral performance
remain unclear; neuroimaging studies within the field of nonpathological L1 attrition are extremely scarce. Because of that, two
questions that have dominated the field since its inauguration remain
unanswered: 1) Is it mainly L2 use or reduced L1 use that ultimately
leads to attrition? 2) Is the attrition that speakers experience
permanent or does it merely reflect a temporary inaccessibility of the
L1 system?
This paper aims to review the scantly available evidence for
functional and/or anatomical brain changes as a function of nonpathological L1 attrition, specifically focusing on the outstanding
questions above. Building on previous insights explicated in section 2
and section 3 theorizes about L1 attrition-induced neurological
changes that have not been addressed in previous work and formulates
goals and avenues for future studies. A better understanding of the
neurological consequences of non-pathological language attrition can
provide insights into the dynamic neural organization of language and,
ultimately, the neuroplasticity of the brain as a whole.

The Changing Brains of L1 Attriters: What We Know
from Previous Work
With its inauguration some 40 years ago, the field of L1 attrition has
become firmly embedded in the larger research realm of bilingualism.
The now rich behavioral literature indicates that the speech of L1
attriters immersed in an L2 environment does undergo changes,
although not all domains are affected as much and as fast. The lexicon
has been identified as most susceptible to attrition, with the
grammatical and phonological domain appearing more robust to
changes [9,10]. But since adult immigrants very rarely return to their
L1 environment, past work has not been able to disentangle these
effects as (temporary) changes in L1 processing or (more permanent)
changes in L1 representations [11]. propose that bilingualism does
have behavioural and neurological consequences for language
processing, including L1 processing, but only in extreme
circumstances does this lead to L1 attrition of representations. By
contrast, evidence from the related field of second language
acquisition suggests that the most successful L2 learners are those who
tolerate changes to their L1 and this effect is especially noticeable in
the initial stages of mastering the L2 because it is then that the L1
needs to be most strongly inhibited to avoid interference [12]. This is
underscored by the robust psycholinguistic finding that the costs of
switching from the L2 to the L1 are far greater than vice versa [13], and
is also in line with reports that most attrition occurs within 5 years of
the onset of L2 immersion [14]. The only way to resolve this issue is by
using a (semi)-longitudinal design to collect neuroimaging evidence
which not only shows different functional activation patterns in L1
processing in those speakers who are (recently) immersed in an L2
environment, but also how long-term L2 immersion may eventually
lead to anatomical differences in the brains of L1 attriters when
compared to speakers in the country of origin.
To date, only a handful of neuroimaging studies have examined the
neural representation of the L1 in L2 immersed subjects. Most iconic
perhaps is the work by Christophe Pallier et al. [15], who looked at 8
Korean subjects who were adopted into Francophone families between
the ages of 3 to 8. Now in their mid to late twenties, the subjects
reported no recollection of the Korean language, which was
corroborated by behavioural tests. More importantly, event-related
J Neurol Disord
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fMRI experiments revealed no specific cortical activation in these
subjects when listening to Korean stimuli. They were, in fact, no
different from a group of native French controls. When being tested
using French stimuli, the adoptees showed similar activated brain
areas as the French controls, although the activation site for the French
natives was more extensive. The authors use this finding as converging
evidence against the existence of a critical period, as learning a
language early in life should leave long-lasting traces in the neural
circuit, but instead French here appears to have ‘overridden’ Korean in
the adoptees’ brains [16]. Using more fine-grained follow-up tests of,
among others, a recognition number series, the investigators were able
to differentiate between phonological and semantic memory, but only
minimally, claiming that “the adoptees have a somewhat more precise
notion of the sound pattern of Korean than the native French, but no
explicit access to knowledge of Korean lexical items” [16, p. 219].
Anecdotal reports of retraining in this subject pool, where previous
experience with Korean should facilitate learning the language, did not
amount in significant findings either: many of the adoptees visited
Korea (with visits ranging from a few days to a few months) and/or
took Korean language courses. None showed a significant recovery of
Korean. In short, despite substantial early-life exposure to Korean,
virtually no traces of the language were found in this group of
international adoptees. What is not considered in Pallier’s work,
however, is that traumatic childhood experiences, of which
international adoption may certainly be considered one, has been
shown to alter neurological organization patterns [17]. In addition, the
structural MRI scans that were collected from the adoptees as part of
Pallier’s fMRI study were not compared on anatomical differences
with those of the French natives, which may have rendered interesting
differences.
To date, no whole brain (f) MRI work has been done on L1 speakers
immersed in an L2 environment who left their home country as adults
and by their own choice. However, such speakers have been looked at
using Event-related potential (ERP) techniques and eyetracking
measures. ERP measures record voltage changes in the brain following
stimulus presentation in a time-locked manner [18]. Past ERP
investigations of L1 attrition have looked at, for instance, grammatical
gender in L1 German attriters and found that, overall, this group still
processed grammatical gender violations in a native-like manner.
More specifically, P600 effects were elicited upon encountering an
ungrammatical German article choice, which is commonly attested
when native speakers come across a grammatical violation. However,
the subjects were found to have a different scalp distribution of this
effect than a German control group in the home country [19].
Diverging evidence is found in Dussias [20], who used an eyetracking
paradigm to look at processing of complex Noun Phrases (NPs) by
native L1 Spanish speakers with prolonged L2 English immersion
experience. The eye-gaze patterns of these speakers indicated that they
attach relative clauses to the second verb in a complex NP, as is
common in English but not in Spanish (where the attachment is
predominantly a non-local one, and the relative clause is attached to
the first noun instead). Follow-up research suggested that this finding,
where the L1 is essentially processed as if it were the L2, is already
attested in speakers with minimal L2 immersion experience [21]. In
other words, within the grammatical domain, the only evidence for
restructuring comes from eyetracking evidence, which is generally
considered a behavioral measure rather than a neuroimaging
technique.
With regard to the open attrition questions, the strong L2 transfer
effect attested in Dussias’ work points towards L2 influence as the
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cause for attrition, rather than L1 non-use. On the basis of these
findings from the grammatical domain, no conclusive evidence can be
presented vis-à-vis the irreversibility of L1 attrition, however.
Apart from the grammatical domain, ERP work has also been done
in the area for which most dramatic losses are typically reported in L1
attrition: the lexicon. Datta tested 27 L1 Bengali speakers immersed in
the US, with an age range between 10 to 62 years old, in a cross-modal
and cross-linguistic design: subjects saw a picture (pre-identified as
highly or lowly familiar in either Bengali or English, or both) and were
asked to implicitly name the picture in whatever language (L1 Bengali
or L2 English) came to mind [22]. They then heard an audio recording
of the word, in either Bengali or English. Their ERP waveforms were
recorded as well as a behavioural response where subjects were asked
to provide a binary button press: ‘1’ if the word had one syllable and ‘5’
if the word had more syllables. This set-up elicited longer RTs for
Bengali in cases where the word was highly familiar in both languages
and longest RTs for English in cases where words were highly familiar
in Bengali but not in English. In addition, the ERP signatures showed a
more negative deflation to English and Bengali words that were
relatively unfamiliar in English, regardless of their Bengali ratings.
There was, moreover, a differential pattern for L2 or L1 dominant
participants, leading to the overall conclusion that the dominant cause
of L1 attrition is L2 interference, but only in L2 dominant individuals.
Similar to ERP work examining the grammatical system, this lexical
study’s findings do not allow insights into the temporary versus
permanent nature of attrition.
Overall, the scantly available evidence to date is very inconsistent
when it comes to changes in neural activation and organization in L1
attriters and often fails to find any evidence altogether. That could
indicate that such reorganization simply does not occur the way it has
been reported for second language acquisition, but is not in line with
what we know from L2 learning. In fact, the available evidence
uniformly points to L2 interference as the main cause of attrition
rather than L1 non-use. In other words, prolonged L2 use has an effect
on brain activation and organization patterns, and cascades down to
the L1. This ties in with findings from the general learning and
memory literature; retrieval-induced forgetting theories, for instance,
propose that newly acquired information can most definitely interfere
with older memory traces [23]. This finding in turn has triggered
studies showing that naming (words) in the L2 can hinder subsequent
L1 retrieval [12,24]. Similarly, the theory of catastrophic interference whereby the sudden introduction of new information may have a deep
impact on earlier stored representations [25] - has been invoked in the
context of L2 acquisition and subsequent L1 attrition: with the advent
of an L2, L1 representations are likely to change [26].
Behavioral attrition work has shown different language domains to
be affected at different times. Most notably, the lexicon has been
shown to be most and earliest affected and domains like phonology
have been found more resilient to changes. This is mostly explained on
the basis of regression-type arguments [10,27]: phonological encoding
tends to precede lexical acquisition in children and is therefore better
entrenched, making it resilient to loss. The scantly available
neuroimaging for attrition also suggests that phonology is more spared
than the lexicon: [16] differentiate between phonological and semantic
memory in that their adoptees do have a somewhat clearer notion of
the Korean sound pattern than the native French controls, but no
recollection of Korean lexical labels. The binary phonology-semantics
distinction also features prominently in the retrieval induced
forgetting literature, where differential effects have consistently been

J Neurol Disord
ISSN:2329-6895 JND, an open access journal

found for semantic and phonological representations. As opposed to
the pattern found in [16], however, the hierarchy operates in reverse
order in the retrieval induced forgetting literature: introducing new
materials generally only has a detrimental effect on recalling
phonological information and tends to spare-and even facilitateretrieval of L1 semantic information. In other words, when L1 attriters
are asked to name as many L1 exemplars as possible belonging to a
certain semantic category (like animals) in a limited time span, they
tend to perform on a par with non-attriting peers. It is when they are
asked to generate items starting with a certain letter, however, that
discrepancies between the two groups start to occur. More converging
evidence for the semantics-phonology dissociation comes from work
on age-related decline of language functions. Semantic processes are
well preserved in older adulthood, which may be surprising given the
known gray and white matter reductions as a function of age. By
contrast, elderly speakers do show marked difficulties with
phonological retrieval, evidenced in more slips of the tongue [28]. This
asymmetric pattern between phonological and semantic processes thus
suggests that the two are dissociable. This makes them ideally suitable
as a testing ground to study functional activation brain patterns as a
result of L1 attrition. Such a comparison between semantic and
phonological attrition is all the more interesting given the
discrepancies between behavioral and neuroimaging findings in
spared versus affected domains in attrition. From the available
evidence it seems that phonological retrieval appears more the result
of L2 interference while failure to retrieve L1 lexical items more
directly follows from not using the L1 as regularly anymore.

The Changing Brains of L1 Attriters: What We Need
To Learn from Future Studies
In the realm of L2 acquisition, neuroimaging methods have shown
complementary patterns of functional and anatomical brain changes
as a function of time: the cumulative efforts of past ERP research has
shown that the brain outpaces behavior: even when L1 dominant
bilinguals in the initial stages of L2 acquisition perform at chance level
in their L2, their brain waves already tend to look quite different from
those of monolingual controls [29]. And although functional Magnetic
Imaging Resonance data have collaborated this finding, anatomical
changes, assessed through structural MRI scans, are not brought about
quickly and only follow prolonged periods of consistent L2 exposure.
Even when change does occur, anatomical structure changes in
isolated brain areas do not necessarily imply that the subject is a
(near)-native speaker of a language [4]. Past second language studies
have commented on the dynamic interaction between the L1 and L2,
with long-term L2 exposure having repercussions for the L1 on a
functional brain activation as well as anatomical level [4], but the
question how long and consistent the L2 exposure needs to be in order
for functional changes to settle into irreversible anatomical adaptions
is not met by neuroimaging data in the field of L1 attrition.
To answer the two outstanding attrition questions regarding the
cause and irreversible nature of non-pathological L1 loss, it is
imperative to accumulate more neuroimaging data, preferably
combining behavioral, ERP and (f) MRI methods. The hierarchical
order of attested changes in L2 learning (first observed in ERP
waveforms and functional brain activation patterns before showing up
as anatomical and/or behavioral changes) likely extends to L1 attrition
and directly relates to the question of temporary versus permanent
changes to the L1 system: earlier ERP waveform and functional brain
activation changes most likely reflect a temporary state of bilingual
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language processing, even though - on a behavioral level-émigrés still
perform on a par with native speakers in the home language
environment. Anatomical changes, underscored by changed
behavioral patterns, are then likely indicators of more permanent L1
loss. In order for neuroimaging data to be truly meaningful, however,
a number of focus points need to form the basis for future research
endeavours.
Given the mixed findings from previous L1 attrition ERP work
and the general poor spatial resolution of this method, (f) MRI scans
bear most potential in answering the remaining attrition questions. As
no studies currently exist in this field other than the work of
Christophe Pallier and his colleagues, all fMRI investigations-ideally
mirroring ERP research designs-are informative. In line with Pallier’s
design and in closely resembling ERP paradigms, event-related fMRI
measures seem more appropriate than blocked designs, as this method
can more directly contrast subjects’ responses to two different
language systems. Additionally, in recent years, resting-state fMRI
measures have received more attention. The traditional fMRI
technique relies on task-based performance and measures cerebral
blood flow changes correlated with neural task-related activity through
the Blood Oxygen Level Dependent (or BOLD) contrast, which maps
the vascular system’s response to the active brain regions’ metabolic
need for more glucose [32]. Recently, however, fMRI work has built on
the discovery that when subjects lie awake in the scanner but do not
carry out any particular tasks (i.e. are at rest), a low-frequency BOLD
signal can be detected that is indicative of a coherent activity within
distinct functional networks, including the language system [33,34].
This spontaneous low-frequency fluctuation (also referred to as LFF)
of the BOLD signal is hypothesized to reflect unconstrained cognitive
processing during resting states [34], and results in an image of the socalled default network. Default networks have been shown to be
dynamic (changing as a function of age, for instance) and their
functional role is generally considered to be the maintenance and
coordination of neuronal activity that underlies everyday task
activation, so default networks could be considered a memory
consolidation device of task activities during the day. It is pivotal to
assess if the default networks of long-term residents of an L2
environment show marked differences compared to L1 speakers in the
home language environment, as actively using the L1 is no longer part
of attriters’ daily tasks.
Similarly, fMRI investigations-by default-collect structural, T1
weighted, MRI scans to co-register the functional scans of interest, but
only in until recent years have such anatomical scans themselves
become the main focus of interest. In the language science structural
MRI scans are examined in an attempt to uncover anatomical changes
in long-term consistent L2 users [4]. Anatomical changes of this
nature have been attested in L2 speakers who do or do not live
immersed in an L2 environment. Within the latter category, it
becomes hard to disentangle anatomical change due to reduced L1 use
or increased L2 use, while crucial for our understanding of the
phenomenon of L1 attrition. To bypass this problem, a possible
research avenue for future studies would be to contrast the T1
weighted images of long-term L2 immersed subjects with those of
monolingual speakers of the L1 and L2, but also include a group of
advanced L2 speakers in a non L2 environment. This latter
combination is commonly applied in attrition work [35], but not using
neuroimaging techniques. To simultaneously address the questions of
cause and irreversible nature of attrition, it is equally important to use
semi-longitudinal designs where subjects are followed over the course
of several years (as a yardstick, a timespan of 3 years is sufficient and
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also makes such an endeavor feasible within a given research project
span). Furthermore, any such design should target subjects with
different lengths of residence in the L2 environment cross-sectionally,
starting from 0 years through to 10 years abroad (which is commonly
employed as a lower threshold in behavioral attrition work). Such a
design allows for a detailed investigation of the ‘turning point’ of L1
processing and representation: when do speakers start processing their
L1 as if it is their L2 and when-if ever-does this change lead to
anatomical brain adaptations?
One methodological difficulty that has dominated attrition research
is the intersubject variability. Given the same extent of exposure and
L1 use patterns, some individuals-on behavioral level-show substantial
deviances from the native norm while the speech of others remains
virtually unaffected. This has been ascribed to interlearner differences
in cognitive resources, irrespective of language experience [36]. The
phenomenon of individual differences is not unique to L1 attrition and
has been widely reported in the L2 learning literature, but in that field
is partly collaborated by neuroimaging evidence [4] cite a number of
functional MRI studies that have explored the issue of individual
differences in mastering a new language. What those studies have
collectively shown is that functional neural patterns in L2 learners can
and do capture differences in learning, and resting-state functional
connectivity work can even be used to predict such differences [37].
This line of work can easily be extended to L1 attrition contexts,
allowing a closer inspection of the individual differences and using
these as predictors of the severity of attrition that characterizes any
person’s L1 system. This constitutes a welcome change to the stance
towards individual differences currently taken in attrition research,
where they are seen as problematic rather than informative.
With the inability of the Critical Period Hypothesis to explain data
patterns on a behavioral and neuroanatomical level, several accounts
have been formulated to alternatively capture the L2 learning process
and the brain’s flexibility to deal with new languages as well as with
individual differences attested. A strong model in this regard is the
competition model. First formulated in the late 80s [38], and having
gone through a series of reformulations and refinements [39], the
model emphasizes the dynamic nature of L1 and L2 interactions,
where changes that are brought about are both the result of input
(experience) and synaptic adaptations and are constantly being
governed by constructs like competition, entrenchment, selforganization, local and global reorganization and Hebbian learning
[4]. According to this model, L1 attrition would then not be caused
either by L1 non-use of L2 mastery, but is rather an interaction
between the two. One undoubtedly impacts on the other, as previously
suggested by [40], who claimed that attrition results from L2
interference, accelerated by not using the L1 daily anymore, but future
work still needs to shed more light on the contributions of each model,
ideally following the guidelines set out above.
Different language domains are known to behave differently, as
shown by past behavioral attrition work as well as behavioral and
neurocognitive L2 investigations. It may therefore be most informative
to focus on one language domain for an initial neurocognitive
exploration of L1 attrition. Given that the lexicon is the most and
earliest affected domain in L1 attrition, this would be the best
candidate, especially as this domain allows for the introduction of
various levels of complexity, informed by previous findings. Most
importantly, the dissociation between phonological and semantic
learning and memory consolidation that has been found in past
behavioral investigations [12] as well as in past fMRI work (albeit in
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the field of language and cognitive aging in monolinguals; [28]) can
reveal if the same (lexical) domain is further subdivided (in phonology
and semantic components) regarding the timeframe in which
functional and/or anatomical changes in the brains of L1 attriters
manifest themselves. Additionally, it allows for a controlled
introduction of effects that have been found to influence bilingual
processing in the past: cognate versus non-cognate status of words and
frequency effects may all impact on a word’s retention and attrition.
This can get at the question of L2 transfer effects or L1 internal
restructuring effects causing attition, leading to more insights into the
ultimate cause of L1 attrition.
Thus bringing together past studies’ evidence-both behavioral and
that obtained from neuroimaging techniques-of L1 attrition but also of
the related and much more explored field of L2 learning, several
hypotheses can be formulated with respect to L1 lexical attrition, to be
empirically assessed by future studies. Three such questions/
hypothesis that appear in most dire need of further investigations are:
Non-pathological L1 attrition is a two-step hierarchical
phenomenon: changed functional activation patterns, assessed
through ERP and fMRI methods, are revealed (very) soon following L2
immersion, although subject to individual differences those
characterize especially the initial stages of L1 attrition.
As L2 proficiency increases, theories such as retrieval induced
forgetting, would predict that speakers can relax more vis-à-vis the
inhibition of their L1. In other word, the functional processing
differences witnessed in the initial stages of L2 immersion may level
out. At the same time, prolonged L2 immersion leaves its mark:
whereas the temporary processing differences may fade away,
anatomical structural changes are revealed at later stages of attrition.
Being much more subtle in nature than the initial processing changes,
structural anatomical changes as a function of L1 attrition are not
witnessed for all speakers across the board, but for those subjects in
whom anatomical changes do appear, they are irreversible.
The dynamic interaction between the L1 and the L2 is different for
different language domains and subdomains. Within the lexicon, for
instance, phonological memories are more prone to L2 influence than
semantic representations. That is not to say that semantic
representations are not affected, but failure to retrieve an L1 lexical
item follows more from L1 non-use than L2 interference.

Conclusion
Although in recent years the critical period of language acquisition
has come under close scrutiny as a direct consequence of
neuroimaging evidence revealing a greater plasticity of the human
brain to master new languages than has previously been assumed, the
field of non-pathological L1 attrition has not contributed much to this
debate. Not only would this be informative for the field of language
learning and the critical period in general, as learning a language early
in life should leave long-lasting traces in the neural circuit, but
investigations of this nature would also directly benefit the field of L1
attrition. As most attrition theories have been formulated on the basis
of behavioral evidence, two pivotal questions that have dominated the
field since its inauguration remain unanswered: 1) Is the cause of L1
attrition mainly a reduction in L1 use patterns or rather the
introduction and mastery of a second language, and 2) Is L1 attrition
an irreversible, permanent phenomenon or does it merely reflect a
temporary inaccessibility of the L1 system? This paper has reviewed
the scantly available neuroimaging evidence from the field of L1
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attrition as well as the much richer literature of second language
learning to investigate why these two questions remain as yet
unanswered. In addition, this paper has theorized about the nature of
L1 attrition based on what we do know. It has attempted to identify
caveats for future (neuroimaging) studies to explore. The main
argument put forward in this paper is that L1 attrition is a two-step
phenomenon whereby functional brain activation patterns precede
structural anatomical differences that are furthermore highly subjected
to individual differences. These individual differences themselves are
the interplay between external experience-driven change and internal
(neural) restructuring.
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