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Abstract: Recent neurolinguistic theories converge on the hypothesis that the languages of multi-
lingual people are processed as one system in the brain. One system for the multiple languages
is also at the core of a translanguaging framework of multilingualism—a framework that focuses
on each speaker’s complete linguistic repertoire rather than on the separate languages they know.
However, evidence from neuroimaging studies suggests at least some nonoverlapping activations
of the first-acquired language (L1) and other (non-L1) languages of multilingual people, especially
when the age of acquisition and/or levels of proficiency differ across the languages. Neurolinguistic
studies of acquired language disorders have demonstrated that in multilingual people who experi-
ence language impairments due to brain lesion, L1 may be less impaired or better recovered than
non-L1. This paper explores the evidence available to date from the study of acquired language
impairment regarding this potential primacy of the first-acquired language. Findings suggest that
L1 may be better preserved in many instances of language impairment, challenging the theory of a
single system for multiple languages.

Keywords: first-acquired language; L1; non-L1; aphasia; primary progressive aphasia; dementia;
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1. Introduction

Two main sources of neurolinguistic evidence have informed our understanding of
language processing in the brain: lesion studies and neuroimaging studies. The complexity
of the human language system, combined with great interindividual variability, has made
the mapping of those neuronal networks responsible for language challenging. Despite
these challenges, researchers have put forward models of language processing in the brain,
implicating extensive neuronal networks in both cerebral hemispheres (e.g., Fridriksson
et al. 2018; Price 2010), though such models are still debated. Further complicating matters is
the even greater interindividual variabilities associated with multilingualism. Multilingual
people, who comprise the majority of the world’s population, are those who use more
than one language (e.g., Grosjean 2022). Indeed, one of the questions that has preoccupied
many researchers and that has remained unresolved is whether people who know and
use multiple languages engage the same neuronal system for all their languages. Scholars
have hypothesized that the system subserving language adapts to manage all languages as
they are learned and mastered. Thus, the same neuronal networks are engaged for (any)
language processing, rather than that separate systems subserve different languages of the
same individual (Abutalebi and Green 2007, 2016).

This idea may challenge the notion that the first-acquired language, sometimes termed
the mother tongue, has a special status in the brains of multilingual people, especially when
other languages are learned later in life or do not reach the highest levels of proficiency. A
special status of the first-acquired language has been hypothesized and examined in both
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sets of literature: lesion studies and neuroimaging studies. The following sections explore
what the literature tells us about processing differences of the first-acquired language (L1)
and other languages (non-L1) of multilingual people. I first briefly review evidence from
neuroimaging studies with neurotypical multilingual people.

2. Functional Neuroimaging Studies of L1 vs. Non-L1

Since the early studies of functional neuroimaging, and with renewed interest in
neuroplasticity, a large number of neurolinguistic studies set out to examine similarities
and differences in brain activation of the first language (L1) and second language (L2) of
bilingual people (e.g., Abutalebi et al. 2001; Cao et al. 2014; Golestani et al. 2006; Illes et al.
1999; Jeong et al. 2007; Liu et al. 2007, 2021; Nakada et al. 2001; Nelson et al. 2009; Oh et al.
2019; Perani et al. 2003; Saur et al. 2009; Tan et al. 2003; Vingerhoets et al. 2003, to name
a few).

In such studies, brain activation is measured—using functional magnetic resonance
imaging (fMRI) or positron emission tomography (PET)—while the participants are per-
forming a language task in each of their languages, to compare activation patterns associ-
ated with each language. Activation patterns are also compared across different groups
of bilingual participants while performing a language task in their non-L1 to examine
the effects of the age of language appropriation and degrees of proficiency on activation
patterns. The following two examples illustrate this approach.

In one study, while in the scanner, participants were presented with verbs in the present
tense in their second language and were asked to first covertly conjugate the verbs in the
past tense, and then to say the verbs in their past tense forms (Oh et al. 2019). The authors
were interested in comparing regular and irregular verbs in English, the participants’ L2.
Group results for the regions activated during the overt conjugation of the two verb types
were computed and contrasted to examine differences between the two conditions and
across three participant groups: early bilingualism with high proficiency in both languages,
late bilingualism with high proficiency in both languages, and late bilingualism with low
proficiency in L2 (Oh et al. 2019).

In Wartenburger et al. (2003), for instance, bilingual participants completed a gram-
maticality judgement task in each of their two languages (German and Italian), and the
performance of three bilingual groups (early bilingualism with high proficiency in both
languages, late bilingualism with high proficiency in both languages, late bilingualism with
low proficiency in L2) was compared across the two languages. Other studies have em-
ployed a variety of language processing and production tasks, such as verbal fluency (e.g.,
Perani et al. 2003), listening to sentences (e.g., Saur et al. 2009), silent narrative production
(e.g., Tu et al. 2015), and word rhyming judgment (e.g., Cao et al. 2014).

This large literature, studying speakers of different language combinations (e.g.,
English–Mandarin, Cantonese–Mandarin, Catalan–Spanish, English–Spanish, German–
Italian), evinced an inconclusive answer to the question of whether the two languages
engage completely overlapping or somewhat differential neuronal networks. Individual
studies revealed that processing in non-L1 activates the same language areas found to be
active during L1 processing (e.g., Illes et al. 1999; Tan et al. 2003), but a number of studies
have found also significant (albeit often small) differences in activation patterns emerging
for each of the languages (e.g., Liu et al. 2007; Perani et al. 2003). Differences in the results
obtained from individual studies may be attributed to variation in structural differences
between the language pairs examined, variation in the language components engaged
by the tasks used (e.g., semantics, syntax, phonology), and heterogeneity in the bilingual
profiles of the participants (e.g., age of L2 learning, degree of L2 proficiency). Several re-
cent systematic reviews and meta-analyses of neuroimaging studies with bilingual people
attempt to extract findings that traverse the individual studies and their methodological
variation. These review studies converge on the finding of wider brain activation patterns
in the participants’ non-L1 compared with their L1, although this finding is qualified by
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the levels of proficiency and the age of language appropriation of the participants studied
and the linguistic components examined.

The most recent of these reviews is a meta-analysis study published by Cargnelutti
et al. (2019) of 57 papers that reported fMRI (53) and PET (4) studies of L1 and L2 processing
in bilingual participants. The results demonstrated that for participants who learned their
second language after age 3 and before age 5 (the early bilingual group), performing
language tasks in both L1 and L2 activated primarily left frontal regions, with no significant
differences between the activation patterns of L1 and L2. Specifically, activation associated
with L1 included the left precentral gyrus, left inferior frontal gyrus, left posterior medial
frontal gyrus, left inferior temporal gyrus, and left middle temporal gyrus. Similarly, L2
activated the left precentral gyrus, left inferior frontal gyrus, left posterior medial frontal
gyrus, and also left superior parietal lobule. For the late bilingual group (those who learned
their L2 after age 6), the meta-analysis revealed that both languages activated the expected
regions associated with language, namely, left frontal and left temporal regions (including
the precentral gyrus, posterior medial frontal gyrus, and inferior frontal gyrus), as well as
regions associated with executive functioning, such as the dorsolateral prefrontal cortex.
Within-group comparisons revealed no activation clusters associated exclusively with L1.
L2, however, was associated with greater activation than L1 in the left inferior frontal gyrus
and left posterior medial frontal gyrus. In their review, Cargnelutti et al. aimed to examine
the role of the age of L2 acquisition on L1 and non-L1 neuronal processing and selected
the papers accordingly; they did not address which language tasks were performed by the
participants included in the studies or the specific language pairs represented in the sample.

Interestingly, evidence for greater dissimilarities between the two languages in early
rather than in later bilingual participants, when controlling for proficiency levels, was
reported in at least one study, published after the 2019 review, although overall similar
regions were activated for both L1 and L2 (including left inferior and middle frontal cortex,
left superior temporal gyrus, and bilateral occipital cortices) (Ou et al. 2020).

The greater activation during L2 processing reported in Cargnelutti et al. (2019) was
also found in a previous meta-analysis study (Liu and Cao 2016). One of the questions Liu
and Cao (2016) set out to answer was, again, whether the age of L2 appropriation affects the
degree of similarities in brain activations associated with L1 and L2. To answer this question,
they examined 13 studies with early bilingual participants and 27 studies with late bilingual
participants, all highly proficient in both languages. Their results revealed greater areas of
activation associated with L2 than with L1 for both early and late bilingual participants,
with greater differences between L1 and L2 processing for the late bilingual group. The
regions associated with greater L2 than L1 activation included the left insula, left precentral
gyrus, left middle frontal gyrus, and left inferior frontal gyrus in both the early and late
groups, plus the left superior frontal gyrus and left medial frontal gyrus in the late group
only. The additional regions included areas associated with both language processing
and executive functioning (e.g., left inferior frontal gyrus) or primarily with executive
functioning (e.g., left medial frontal gyrus). Liu and Cao attempted to match the language
tasks the studies used for the comparisons between L1 and L2 activation. Moreover, they
were interested in the role of orthographic similarities in L1 and L2 and found differences in
L2 activation depending on the degree of orthographic transparency (e.g., greater bilateral
temporal and precentral gyri activation for L2 that was more transparent than L1 vs. greater
left frontal gyri activation for L2 that was less transparent than L1).

Language-specific activation has been consistently found in studies that used cortical
stimulation as their method. Direct cortical stimulation involves applying direct current to
an exposed cortical surface during neurosurgery. Cortical stimulations allow for a perhaps
more refined localization of language processing in the brain than do neuroimaging studies,
such as fMRI, although the language tasks are typically limited in scope (as they are
performed immediately pre-op). Giussani et al. (2007) reviewed studies that used cortical
stimulation to map language-related brain regions prior to neurosurgical operations in
multilingual patients. They included in their review seven studies, reporting on 70 patients,
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mostly using naming tasks. All studies reported common but also language-specific sites;
language-specific performance was associated with left posterior temporoparietal regions
and left frontal regions.

The greater activation associated with L2 compared with L1 revealed in the review
papers can point to the differential engagement of neuronal networks by each language,
providing the answer “not completely” to the question of the overlapping neuronal in-
volvement of L1 and non-L1. Indeed, the finding of greater activation in L2 is consistent
with findings from skill learning. It has been shown that performing a new task activates
larger regions compared with performing the same task after becoming skilled in it (e.g.,
Gobel et al. 2011; Patel et al. 2013). Thus, performing a task in an L2 may be associated with
greater activation than performing a similar task more proficiently in L1.

Moreover, the greater activation found for L2 can be interpreted, as Abutalebi and
Green argue (Abutalebi and Green 2007; Green and Abutalebi 2013), as associated with
activation and inhibition mechanisms, rather than with differences in language processing
per se. Abutalebi and Green identified a control network involving cortical and subcortical
areas, likely responsible for the mechanisms that allow bilingual people to select one
language or more during their communication with speakers who do or do not share all
their languages. In papers published in 2007 and 2008 (Green and Abutalebi 2008), these
authors reviewed neuroimaging studies of L1 and L2 processing and demonstrated the
association between cognitive control processes and activation in regions including the
left prefrontal cortex, the left caudate, and the inferior parietal lobules bilaterally. In a
2016 paper, the authors focused on control processes as fundamental to language use, and
updated their model of the neural basis for the control mechanism to include the dorsal
anterior cingulate cortex/pre-supplementary motor area, the left prefrontal cortex, the left
caudate, the inferior parietal lobules bilaterally, the right prefrontal cortex, the thalamus
and the putamen of the basal ganglia, and the cerebellum (Abutalebi and Green 2016).
The regions that have evinced greater activation during L2 processing in the systematic
reviews, such as the left inferior frontal gyrus, including the dorsolateral prefrontal cortex
and left posterior medial frontal gyrus, and the left superior parietal lobule, are all part of
the control network proposed by Abutalebi and Green. However note that there is some
overlap in the regions that are included in the control network and in the language network,
such as the left inferior frontal gyrus.

The conviction that language, any language, is processed in one system of neuronal
networks whether the person speaks one language or multiple languages (e.g., Abutalebi
and Green 2016; Marangolo et al. 2009) is consistent with the framework of translanguaging
(Otheguy et al. 2015). A translanguaging theory of multilingualism reminds us that individ-
uals who know multiple languages use components from one or more of their languages
at any given moment according to the communication situation and their interlocutors,
appropriately selecting those, typically without awareness or explicit decisions. These
individual idiolects, the complete linguistic repertoire of each person, are likely represented
as a single system in the individual’s brain. These ideas are also consistent with evidence
from psycholinguistic studies for nonselective lexical access in multilingual people. That
is, experimental studies have repeatedly shown cross-language influences even when the
language context and task at hand were designed to elicit processing in only one language.
(The large body of literature on nonselective lexical activation is beyond the scope of this
paper, but see, for example, Kroll et al. 2012, 2014).

Taken together, many researchers agree that the complete linguistic system of each
person is instantiated in one, albeit complex, network system in the brain (e.g., Green and
Abutalebi 2013; Perani and Abutalebi 2005) and that named languages are sociopolitical
constructs rather than (neuro)linguistic ones (e.g., Vogel and Garcia 2017). However,
neurolinguistic evidence for a potential special status of the first-acquired language persists
(e.g., Cargnelutti et al. 2022). Similarly, psycholinguistic evidence for the need to inhibit a
dominant (often the first-acquired) language while processing non-L1 (or a less-proficient
language) (e.g., Green 1998; Misra et al. 2012) is consistent with the possibility of a unique
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status for that first-acquired language. The notion of L1 inhibition has been examined
in a variety of studies in relation to nonselective lexical activation (e.g., Kroll et al. 2012),
language switching processing cost (e.g., Costa and Santesteban 2004), and the extra
activation during L2 processing (Abutalebi and Green 2007).

Nevertheless, within the framework of a single system subserving multiple languages,
one might predict that an acquired lesion in the brain will affect all languages—indeed, the
single language system—of a multilingual person. I turn next to evidence from studies of
acquired language disorders in multilingual adults.

3. Brain Lesion Studies of L1 vs. Non-L1

The promise that the manifestation of acquired language disorders resulting from
brain lesion in bilingual people can shed light on the underlying brain organization in
bilingualism has intrigued the neurolinguistic community for quite some time. Comparable
impairment of all the languages of a multilingual person is consistent with the assumption
of a single neuronal network subserving all languages: even a single focal lesion to the
system will affect all languages. Moreover, lesion in the networks hypothesized to be
responsible for language control may manifest in impairment in language selection. I turn
next to review the evidence from two types of acquired language impairments: stroke
related and dementia related.

3.1. Stroke-Induced Aphasia

Aphasia is an acquired language disorder resulting from brain lesion, most commonly
a stroke. The language impairments among people with aphasia vary in degree of severity
and in scope. Typically, all language modalities are impaired (spoken, written, signed),
and most people with aphasia experience word-finding difficulties that interfere with their
ability to communicate. In severe aphasia, all linguistic systems appear impaired and
communication is greatly affected, such that people with severe aphasia have compromised
capability to understand spoken or written language and to contribute meaningfully to a
communicative situation. On the other end of the severity continuum, people with mild
aphasia retain much of their communicative abilities but experience difficulty retrieving
words during language production (anomia) and may have difficulty comprehending and
contributing meaningfully to a fast, multi-interlocutor conversation. The degree of severity
and the profile of the impairment are associated with the size and the site of the stroke-
induced lesion (e.g., McNeil and Pratt 2001; Papathanasiou and Coppens 2021; Turkeltaub
2019).

Early reports of stroke-induced aphasia in multilingual people highlighted cases
with differential impairment across languages (Paradis 1983, 2004). In such reported
cases, one language was markedly more impaired than another, or the person was able
to communicate in only one of their previously used languages. The focus on differential
impairment, possibly a result of a publication bias, led to a discussion of factors that can
account for the patterns observed. Ribot (1881) suggested that the first-acquired language
would have greater resilience compared with all other languages. In contrast, Pitres (1895)
observed that the language most used at the time of the aphasia onset may be the more
accessible to the patients. Nevertheless, early reviews seem to agree that the majority of
multilingual people with aphasia show comparable impairment in their languages, or
relative impairments that are consistent with their relative levels of proficiency prior to the
aphasia onset (Albert and Obler 1978; Fabbro 2001; Paradis 2004).

A recent systematic review and meta-analysis that included 65 studies with 130 cases
found a small but significant advantage to the first language of multilingual people with
aphasia (Kuzmina et al. 2019). That is, L1 tended to be less impaired than L2, for both
language comprehension and language production tasks. This was especially true for late
bilingual participants, those who learned their L2 after age 7. (Note that to answer the
question and compare the degree of impairments in L1 vs. L2, the authors excluded from
the analyses six cases of simultaneous bilingualism, for whom there were two L1s rather
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than L1 and an L2.) A recent meta-analysis of language intervention effects in multilingual
people with aphasia also revealed that treatment in L1 yielded stronger within-language
benefits than treatment in non-L1, regardless of the linguistic modality targeted or tested
(Lehtonen et al. 2022). (In their analyses, Lehtonen et al. included both later and early
bilingual participants, including those who had two L1s.) These results are consistent with
those of a previous review of treatment efficacy in bilingual people with aphasia (Faroqi-
Shah et al. 2010) and with the better recovery of L1 reported in Kuzmina et al. (2019).

Despite these findings, multiple reports have also demonstrated the less expected
pattern, that is, cases for whom the first language is not better preserved than other non-
L1 languages. Cases illustrating this outcome include those reported in Filiputti et al.
(2002), Goral et al. (2013), and Kiran and Roberts (2010). For example, one of the four
participants described in Kiran and Roberts (2010), P1, demonstrated greater difficulty
communicating in her L1, Spanish, than her L2, English, in all language modalities, after
her stroke. Growing up in the U.S., she was exposed first to Spanish and then to English,
has used both languages daily, and rated her proficiency higher in English than in Spanish.
The higher proficiency in L2 prior to the stroke may have influenced the better recovery of
that language after the stroke. In the case reported in Goral et al. (2013), the first-acquired
language of the participant was the least recovered of her three languages. Lower abilities
in L1 were observed in all language modalities and tasks. That first-acquired language
was arguably the least used in the years following her aphasia onset. The participant’s
greatest recovery of English, the language of the environment and the one spoken in her
immediate family, is consistent with Pitres’ law. Therefore, we find an interaction between
the laws of Ribot and Pitres: For many bilingual people, the first-acquired language also
remains their most proficient and dominant language, and, in aphasia, often the most
resilient. However, given the dynamic nature of language proficiency (e.g., Lerman et al.
2020; Navarro and Rossi 2022), some people develop higher proficiency in their non-L1,
and when the first-acquired language is not used much for years around the aphasia onset,
a more used non-L1 may be the more recovered one.

In the literature on another type of acquired language impairments, dementia, we
find reports that corroborate Ribot’s law even when language use would have predicted
Pitres’. I turn now to the literature on language impairment and language preference
in multilingual people with dementia. I address two sets of studies: those that examine
language impairment in primary progressive aphasia and those that study dementia of the
Alzheimer’s type.

3.2. Dementia-Related Aphasia
3.2.1. Primary Progressive Aphasia Studies

Primary progressive aphasia (PPA) is a type of dementia that primarily affects language
abilities before affecting other cognitive abilities. Although the etiology of PPA is not well
understood, a variety of etiologies have been suggested, including genetic mutation (e.g.,
Premi et al. 2013). People with PPA vary in the manifestation of the acquired impairment.
Language difficulties include anomia, slowed rate of language production, semantic deficits,
and reading impairment, among others. Variability in these impairments is associated
with three main variants: nonfluent, semantic, and logopenic (Gorno-Tempini et al. 2011).
A growing number of studies have been published on individuals who are multilingual
and manifest language difficulties due to PPA (e.g., Costa et al. 2019; Ellajosyula et al.
2020; Kambanaros and Grohmann 2012; Lind et al. 2018; Malcolm et al. 2019; Zanini et al.
2011). Several case reports converge on the finding of greater resilience of the first-acquired
language in bilingual individuals with PPA.

For example, Lind et al. (2018) collected data in two time points from a bilingual
English–Norwegian speaker with PPA. At the first testing time, 12 months after diagnosis,
there was a clear advantage to the first-acquired language, with better word retrieval
performance in L1 in naming tasks and in conversation. However, at the second testing
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time, 30 months after diagnosis, both languages appeared to be impaired, with marked
word-finding difficulties in single-word retrieval tasks and in a conversation context in both.

Similarly, Zanini et al. (2011) reported greater impairments—in all linguistic
components—in the L2 (Italian) of their Friulian–Italian bilingual participant who was
highly proficient in both her languages. A similar pattern was also observed for an English–
Hebrew bilingual woman who was highly proficient in both her languages prior to her diag-
nosis (Lerman et al. Forthcoming), for a Portuguese–French bilingual with PPA (Machado
et al. 2010), and for two multilingual patients with PPA who demonstrated greater impair-
ment in their non-L1 as their symptoms worsened (Mendez et al. 2004). In three cases of
Spanish–English bilingual people with PPA, all of whom reported using English regularly
at work and in other domains and two of whom endorsed better skills in and greater use of
their English than their Spanish at the time before the diagnosis, better performance was
observed in their Spanish, L1, than in English, their L2, on tasks including object and action
naming and recognition and elicited language production (Goral Forthcoming).

Largely comparable impairments were documented in one case of a Chinese–English
bilingual person (Filley et al. 2006) at a later stage of the PPA progression (the authors
reported that the participant had noted language decline for 6 years prior to participation
in their study). Similarly, comparable deterioration over a 1-year period was reported in
Druks and Weekes (2013) for a Hungarian–English late bilingual person with PPA, despite
greater impairment in L2 at the start of the study. The time after diagnosis may play a
crucial role in the finding of comparable vs. differential impairments in L1 and non-L1 in
PPA (Lind et al. 2018).

Two recent review papers of language impairment in bilingual people with PPA
support the potential better preservation of L1. A review of 13 published cases with PPA
(Malcolm et al. 2019) confirmed that in no case was L1 more impaired than non-L1. Of
the 13 individuals, 8 were highly proficient in both (or all) their languages, 3 were L2
dominant, and 1 was dominant in L1 (for 1 individual, this information was not available).
Another review paper reporting on 33 bilingual/multilingual participants with PPA found
largely comparable impairments in the languages of the participants, although the authors
highlight the great interindividual variability in the sample (Costa et al. 2019). The authors
reported the dominant language for the participants, which was almost evenly divided
between L1 (n = 15) and L2 (n = 14), with 3 individuals reporting equal dominance and 1
for whom no information was available. Interestingly, in over 50% of the sample, language
impairment was noted in L2 first; from the data the authors present, it is difficult to say
whether this finding was driven primarily by the individuals reporting L1 dominance.
Moreover, greater impairment in naming in L2 was observed for the patients with the
agrammatic variant of PPA (n = 14), not all of whom reported L1 dominance, whereas
parallel naming impairments were evident for the other two variants. Overall impairment
was largely comparable across the languages of all the participants. A recent group study of
16 bilingual people with PPA that examined the question of comparable versus differential
levels of impairments reported greater resilience of L1 in both word comprehension and
word retrieval (Ellajosyula et al. 2020). However, Ellajosyula et al. determined L1 to be the
language of greater proficiency, as rated by the participants or their caregivers; this was the
first-acquired language of 14 of the 16 participants.

Taken together, the studies of multilingual people with PPA suggest largely compara-
ble impairment across the languages, as language abilities deteriorate with the progression
of the dementia. In some cases, greater impairment may be experienced in non-L1, even
for individuals who have achieved high proficiency levels and have used their non-L1
languages extensively throughout their lives.

3.2.2. Alzheimer’s Disease Dementia Studies

Dementia of the Alzheimer’s type is the most common type of dementia, affecting
multiple cognitive abilities, including language. Early language difficulties associated
with Alzheimer’s disease (AD) include word-retrieval difficulties and impaired discourse
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production and comprehension (e.g., Mendez and Cummings 2003; Vonk et al. 2020). The
anomia observed in people with AD manifests in empty speech (use of light words, such as
“this” and “that one”), circumlocutions, and neologisms (nonwords) (e.g., Kavé and Goral
2016; Nicholas et al. 1985).

Evidence supporting the idea that L1 may be more resilient in bilingual individuals
with dementia has been reported in the literature, but only in a few case reports (e.g.,
McMurtray et al. 2009). McMurtray et al. (2009) reported on two Japanese–English highly
proficient bilingual individuals who had used both their languages regularly. Both individ-
uals started preferring using their L1, Japanese, while gradually stopping the use of their L2,
English, prior to the time of the evaluation when they were diagnosed with dementia. The
study did not report their language performance in their two languages, but the authors
proposed the idea that the language preference shift may be taken as an early marker for
the onset of dementia. Brice et al. (2014) examined the performance of a Spanish–English
bilingual person with AD at multiple testing times and demonstrated that his performance
was, over time, better in his L1, Spanish, than in his highly proficient English, as measured
by general language and cognition assessment tools (the Global Deterioration Scale and
the Mini-Mental Status Examination). In four Japanese–Portuguese individuals with AD,
language performance did not seem to differ in L1 and L2 (Meguro et al. 2003), but language
specific characteristics affected the participants’ reading performance in the two languages.

Three group studies, reporting on highly proficient bilingual people with dementia,
lend minimal support to a greater resilience of a first-acquired language. Salvatierra
et al. (2007) examined verbal fluency performance in a group of 11 Spanish–English
bilingual people with mild to moderate AD. As a group, the participants retrieved more
words in Spanish, their L1. Differences in performance between the AD group and a
cognitively healthy control group were found for semantic (but not phonemic) fluency,
and for both Spanish and English. In contrast, Manchon et al. (2014) found comparable
impairments in the two languages of their 13 highly proficient bilingual individuals (L1
German, Spanish, or Italian; L2 French) with probable AD, who were tested on a variety
of language tests. Veenstra et al. (2014) examined object naming in 26 highly proficient
Frisian–Dutch bilingual participants with mild to moderate dementia associated with
probable AD and found comparable levels of accuracy performance for both languages.
They did, however, find a significant correlation between the age of acquisition of the words
and naming accuracy, consistent with the idea that earlier-acquired words would be more
resilient to dementia-related deterioration.

Gollan et al. (2010) compared Spanish–English bilingual participants (all native speak-
ers of Spanish) with and without AD-related dementia on an object picture naming test.
English-dominant participants with AD (n = 16) named fewer pictures than a matched
group of participants without AD. The difference was more pronounced in English than
in Spanish. The Spanish-dominant participants with AD (n = 13) in the study also named
fewer pictures than their matched control group, but there was no interaction between
group and language such that the participants with AD named fewer items in both their L1
and L2 compared with the participants without dementia. The authors interpreted their
results to suggest that testing in the dominant language of bilingual people with dementia
is more revealing than testing in their nondominant language.

However, the results of Gollan et al. (2010) may be specific to the population they
enrolled, namely, native speakers of Spanish who have been immersed in English and may
have become more proficient in their early-acquired L2, English, than in their first-acquired
Spanish. Moreover, as the authors acknowledge, the test they used was designed in English,
and the two versions, the English and Spanish ones, may not have been comparable. It is
possible that the Spanish-dominant participants in the Gollan et al. (2010) study would have
demonstrated better performance in their L1, Spanish, but because of the test characteristics,
an equal degree of impairment was found for both their L1 and L2 compared with the
participants without dementia. In a later study, Ivanova et al. (2014) observed that their 18
participants with probable AD, all childhood bilingual individuals with high proficiency in
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both their languages, also demonstrated greater decline in picture-naming performance
in their nondominant language than in their dominant language, suggesting again that
the degree of language use interacts with the age of language appropriation in the process
of decline.

I hypothesize that the different patterns of results emerging for PPA vs. AD dementia
may be related to the underlying impairment in the two types of dementia. In PPA,
language is primarily impaired, at least in the early stages of neurodegeneration, while
other cognitive abilities remain preserved to a great extent. If there is a differential linguistic
impairment of L1 and non-L1 with acquired brain lesion, we may expect this difference
to emerge in multilingual people with PPA. An exception here would be the presence of
semantic degradation, which would affect all languages. Semantic degradation is evident
in the semantic variant of PPA and in later stages of dementia of the AD type, and appears
to affect all languages. This is consistent with the assumption that the underlying semantic
network is shared for all languages of multilingual people, supported by a large body of
literature (see, for example, Francis 2020; Kroll and Tokowicz 2005; Kroll et al. 2010).

In AD, declining cognitive abilities, such as executive functioning and cognitive control
(Baudic et al. 2006; Bondi et al. 2009), may underlie the observed language impairment, at
least at the early stages of the acquired language impairments (e.g., Kempler and Goral 2008;
Rogers and Friedman 2008). Such cognitive impairment is likely to affect task performance,
regardless of the language examined, and thus, we may expect no differences in the decline
patterns observed for L1 and non-L1. Evidence from caregiver reports supports reversion
to the first-acquired language in later stages of AD-related dementia (e.g., Mendez et al.
1999), presumably when the language system itself is impaired due to further deterioration
in brain integrity.

Finally, consistent with the prediction of impaired language control following lesions
affecting the control network is the finding that some multilingual individuals with an
acquired brain lesion mix their languages unintentionally (e.g., Fabbro et al. 2000; Svennevig
et al. 2019). In some instances, atypical language switching behavior is observed, such as
switching to a language that the interlocutor does not understand. Such language selection
errors have been interpreted as the result of faulty language control mechanisms (Fabbro
et al. 2000; Fyndanis and Lehtonen 2021). In other cases, mixing words and phrases from
two (or more) languages or switching midutterance from one language to another—often
but not always to L1—can be attributed to attempts to resolve word-finding difficulties
(Goral et al. 2019).

4. Concluding Remarks

In search of an answer to the question of whether the processing of the first-acquired
language is unique as compared with later-learned languages, I have reviewed research
evidence from neuroimaging studies of neurotypical multilingual adults and from studies
of multilingual adults with acquired brain lesion. Evidence from cases of acquired language
impairment is consistent with a more robust instantiation of the first-acquired language in
the brain of multilingual people. This was evident in the better preservation and recovery
of the first-acquired language in people who experience a stroke and consequently acquire
aphasia. Similarly, evidence from primary progressive aphasia, a progressive acquired
language impairment due to neurodegeneration, suggests that the first-acquired language
deteriorates less or after non-L1 languages do. In dementia associated with Alzheimer’s
disease, in which cognitive impairment is prevalent, language impairment appears to
progress in parallel in both languages of bilingual people, although in this case too, a
reverting to the use of the first-acquired language in later stages of brain deterioration may
be evident.

This evidence from lesion studies aligns, albeit only partially, with evidence from
neuroimaging studies with neurotypical bilingual people. Whereas many researchers
converge on the idea that the same neuronal system is engaged in the processing of all
languages of multilingual people, neuroimaging studies have consistently found differential
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brain activation during the performance of a variety of language tasks in the first-acquired
language vs. non-L1 languages. The activation differences between L1 and L2 have
been found across studies that used different language tasks and included participants
with varying degrees of language proficiency and varying ages of language acquisition.
Differences between languages appear more consistently in studies that used more refined
methods, such as cortical stimulation, than the broader activation captured in fMRI and
PET studies, which may point to the shortcomings of the latter methods. In current
neuroimaging studies, interpretation of the association between the signals measured
and the language activities used can be affected by the regions analyzed, the tasks and
subtractions used, among other variables (e.g., Fedorenko and Kanwisher 2009; Hayes and
Huxtable 2012; Indefrey 2006).

The activation differences for L1 and non-L1 found in the neuroimaging studies have
been interpreted primarily as indicating the engagement of control mechanisms necessary
for the appropriate activation and inhibition of a language while using another, a skill that
bilingual people develop as they adapt to using one or more of their languages in different
communicative situations. Indeed, much of the additional activation observed for L2 over
L1 centered in regions associated with the hypothesized control mechanisms. Almost all
of the extra activation associated with non-L1 could be attributed to control mechanisms,
supporting the argument that multiple languages share their underlying neuronal networks.
We would expect greater prevalence of unintentional language switching and mixing
following acquired brain lesion that affects the control network, a phenomenon that has
been reported but is not highly prevalent. A control deficit explanation of all differential
impairments is also less consistent with the systematically better preservation of L1, rather
than any one of the languages, evident in the literature. The data reviewed here suggest that
regardless of whether the first-acquired and later-learned languages may share overlapping
or not completely overlapping neuronal networks, L1 may be instantiated in the brain in a
manner that affords it greater resilience in the presence of brain damage.

It takes a shift in language dominance to change the expected pattern of better recovery
in L1; language is dynamic, and patterns of language use clearly affect language processing
in the brain (Green and Abutalebi 2013; Libben and Schwieter 2019). However, evidence
suggests that even when non-L1 becomes highly proficient and predominantly used, L1
may be more resilient against brain-related deterioration. The special status of the first-
acquired language evident in the lesion studies is consistent with findings from other
disciplines, including, for example, the differential patterns found for emotional processing
in the first-acquired language (e.g., Hadden et al. 2020; Liu et al. 2022; Sulpizio et al. 2019).

The greater resilience of a first-acquired language may be related to the notion of
automaticity. It is possible that processing in a first-acquired language is automatic in a way
that later-learned languages, even when achieving high levels of proficiency, never reach
(e.g., McLeod and McLaughlin 1986; Segalowitz 2008). High proficiency in a language is
associated with faster processing and more accurate performance than that measured for
lower levels of proficiency in non-L1, but performance in non-L1, even at high proficiency,
still retains a degree of variability that can indicate nonautomatic processing (Segalowitz
2010). The additional demands associated with the nonautomatic processing can be the
source of differential activation patterns documented in neuroimaging studies of bilingual-
ism and with differential effects of acquired brain damage. I attempted to bring together
evidence from these two types of neurolinguistic studies to explore the potential special
status of a first-acquired language. Whereas the two sets of data converge, to a degree, the
review highlights a number of ways in which the discipline can move forward.

Avenues for future directions include investigations of the relationship between un-
derlying brain impairment and the manifestation of the language deficits in each language,
especially with respect to the patterns of language proficiency and use across the indi-
vidual’s lifespan and in the period prior to the acquired brain changes. This has been
explored in the literature on stroke-related aphasia and, to a lesser extent, in dementia
among multilingual people, but the heterogeneity inherent in this population makes draw-
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ing conclusions difficult. In this respect, dissociating the effects of specific cognitive and
linguistic deficits and their influence on each language can help resolve inconsistent results
for differing types of dementias and aphasias. The implications of such dissociations for
models of bilingual processing and control mechanisms could then be interrogated. For
example, the role of language inhibition in the manifestation of selective impairment in
the languages of bilingual people with varying types of acquired brain lesions warrants
further investigation. As well, the implication of shared neuronal networks for applied
theories of translanguaging could strengthen the evidence supporting the shift toward
translanguaging instruction and assessment in typical and atypical multilingual individ-
uals. Furthermore, as our detection tools improve, a more fine-grained understanding
of brain activation patterns as they relate to language processing should help refine our
conclusions about multiple language processing in the brain. Triangulating results from a
variety of measures and disciplines will help us understand the potential primacy of the
first-acquired language and its implications.
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