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Abstract

Introduction: The description of bilingual aphasic patients goes back to the 19th century.
Snce then, the study of the relationship between bilingualism and the brain has
questioned whether the neuroanatomical representation of two languages in the same
brain is similar or different. The answer to this question has generated erroneous
interpretations based on the results of the investigations carried out on this topic.
Development : The present paper will try to distinguish between myth and reality of the
following statements: a) the neuroanatomical organization of language in bilinguals is
different from that of monolinguals, and b) language is less lateralized in bilingual
speakers.

Results: There is no reason to believe in the existence of qualitative differencesin the
cerebral organization of language between bilinguals and monolinguals. It is most likely
that two languages are represented as different microanatomical subsystemsin the same
cerebral regions.

Conclusions: The differences are quantitative rather than qualitative, that is, the degree
of participation of the different neurofunctional mechanisms involved in the use of
language, such as metalinguistic knowledge and implicit linguistic competence.

© 2009 Sociedad Esparola de Neurologia. Published by Hsevier Espana, SL. All rights
reserved.

Bilingliismo y cerebro: mito y realidad

Resumen

Introduccion: La descripcion de pacientes bilinglies con afasia se remonta al siglo xix.
Desde entonces, el estudio de la relacion bilingtiismo-cerebro se ha preguntado si la re-
presentacion neuroanatémica de las lenguas que habla una misma persona es similar o
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diferente. La respuesta a esta pregunta ha generado interpretaciones erréneas de los
resultados obtenidos en las investigaciones realizadas al respecto.

Material y métodos: En el presente trabajo, se describira lo que hay de mito y de reali-
dad en las siguientes afirmaciones: a) la organizacién neuroanatémica del lenguaje en el
bilinglie es diferente del monolingle, y b) la lateralizacién del lenguaje en el bilinglie es
menor.

Resultados: No hay motivos para creer que haya diferencias cualitativas en la organiza-
cion cerebral del lenguaje en bilinglies y monolingiies. Lo mas probable es que las len-
guas que habla una misma persona estén representadas como subsistemas microanat émi-
cos distintos en las mismas regiones cerebrales.

Conclusiones: Las diferencias serian mas bien de tipo cuantitativo, es decir, con relacion
al grado de participacion de los diferentes mecanismos neurofuncionales implicados en
el uso del lenguaje, entre ellos el conocimiento metalinglistico y la competencia linglis-
tica implicita.

© 2009 Sociedad Espariola de Neurologia. Publicado por Elsevier Espafia, SL. Todos los

derechos reservados.

Introduction

Seaking two or more languages is a common feature for
millions of people throughout the world. "2 Bilingualism is an
extremely common phenomenon today and has been in
existence since humanity developed a spoken language.®
Despite these facts, bilingualism is a topic that still
generates significant debate about the way in which two or
more languages are represented in the brain. The aim of
this study is to distinguish between myth and reality in the
relationship between bilingualism and the brain. However,
before moving on to the central topic of this work, we will
briefly summarise the historical background of the study
with aphasic bilingual patients.

Bilingualism and Aphasia: Historical
Background

In 1895, Jean-Albert Fitres published Etude sur I’aphasie
chez les polyglottes (Sudy of Aphasia in Polyglots), the
first monographic work ever written on the alteration of
language in bilingual and polyglot aphasic patients.* In his
study, Fitresreviewed the literature published so far on the
subject and described 7 of his own clinical cases. He
identified 3 patterns of language following a brain lesion: 7)
both languages are recovered simultaneously at the same
rate, 2) one language is never recovered, and 3) the second
language begins to recover only once the first one has been
recovered. At present, these patterns are known,
respectively, as parallel, selective and successive. Based on
the language recovery patterns described, Fitres concluded
that the language recovered first was the one the patient
used more often before the lesion, regardless of whether or
not it was the patient’s mother tongue (this has come to be
known as Fitres' law). The studies published by Paradis®® on
aphasia cases in bilinguals increase the number of ways in
which a language can recover after brain injury. Other
alterations described in these patients are errors associated
with the mechanism that allows a person to choose which

language to use (code switching and code mixing), as well
as disorders affecting the ability to translate from one
language to another.” These are presented in table 1.

Many factors have been suggested as the causes of non-
parallel recovery patterns, including the following: the
order of acquisition of the languages,® the frequency of use
before the injury,* injury location and severity® the
emotional bond established with each language,'® the type
of bilingualism,' the level of knowledge of each language™
and the structural distance between the languages spoken. ®
The problem is that none of these factors on their own can
account for all the cases reported to date, or even the
majority of them. Therefore, what makes one language
recover faster or in adifferent way to another?Thisiswhere
the legend begins.

Myth 1. The Brains of Bilinguals Are Different
From the Brains of Monolinguals

The most logical explanation for the different degrees of
affectation of each language following a cerebral lesion is
that the languages spoken by one individual are associated
with different cortical areas. It is a myth, therefore, to
think that the cerebral representation of language in
bilingualsisdifferent from that in monolinguals. The results
obtained from cortical electrical stimulation®™ and the
reported cases of non-parallel recovery''® are interpreted
as evidence of different neuroanatomical structures for
each language within the classic language areas.

In 1978, Qjemann and Whitaker™ used cortical electrical
stimulation to study the performance of 2 bilingual patients
in a naming task. The authors found brain areas, always
within the left hemisphere (LH), that affected both
languages in a similar way (Broca’'s area and the inferior
parietal lobe) when stimulated. They also found regions
that affected only one of them (the frontal lobe, Wernicke’s
area) when stimulated. In both cases, the representation of
the second language (L2) was greater than the first (L1).
These authors believed that even if two languages share
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Table 1 Recovery patterns of language and related disorders*

Language recovery patterns

Parallel recovery pattern: two or more languages are equally affected and recovery occurs at the same time

Non-parallel recovery pattern: each language recovery occurs separately

Differential: involvement of each language differsin degree

Successive: one language does not begin to recover until the other is relatively restored

Selective: the patient does not recover the use of one or more of the languages spoken

Antagonistic: the two languages are not available simultaneously, that is, only one language is available at the beginning
and, as the second improves, the first worsens

Alternating antagonistic: during alternating periods, the patient has access to one of the languages spoken

Differential aphasia: each language presents features that correspond to different types of aphasia. Thisis a controversial
recovery pattern, since the difference is not in the nature of aphasic symptoms presented by each language, but in the
degree of involvement of each of them.®

Selective aphasia: involvement of one of the languages, while the other remains relatively preserved

Disorders related to the use of a given language at will

Pathological code-mixing: improper combination of elements from two or more languages in the same word or sentence.
This interaction can occur in one or more linguistic fields (phonological, morphological, lexical, syntactic, semantic). An

example would be the formation of words using the lexical rules of another language (lexeme in one language and suffix in

the other). The result can lead to a mixture of incomprehensible words and expressions

Pathological alternation of codes

Pathological fixation on one of the languages that prevents the switch from one language to another

Uncontrollably and frequently alternating complete sentences in two or more languages when speaking

Disorders associated with the ability to translate from one language to anot her

Inability to translate in any direction of translation, that is, from the first language to the second and vice versa

Sontaneous translation. Compulsive need to translate everything said or told (regardless of the language of the
interlocutor)

Translation without understanding. Patients do not understand verbal commands, but can translate to another language

Paradoxical translation. Ability to translate into a language that is inaccessible for spontaneous use, accompanied by an
inability to translate the language that can be used at that time

*The different patterns of language recovery, code-switching/ mixing and translation disorders are not mutually exclusive, as they

can be combined and/ or follow each other in time.

specific cortical areas, the least automated language
depends on additional brain areas around the classic
language areas. These results can also be interpreted as
resulting from the degree of knowledge of each language.'”
In other words, the cortical area that supports spoken
language is inversely proportional to the degree of
knowledge of each language. Consequently, the lesser the
knowledge of a language, the greater the space it requires
in the brain. Later studies have found the same results.'21®
The results derived from this research have been criticised
for the type of language task used during cortical stimulation
as well as for the drawbacks of the actual technique.
Although the linguistic paradigm used (naming objects) has
provided interesting data, the linguistic system cannot be
reduced to thistask alone.' With regards to the technique
itself,?2 firstly, the spatial definition of cortical stimulation
lacks accuracy since it is difficult to stimulate the same
area at different times and in different subjects. Secondly,
the effects of stimulation in the areas where one of the
languages is supposedly located are not consistent; in other
words, stimulation of the same area sometimes had an
effect on a language, while other timesit did not. But even
if that were the case, how couldthe alternating, antagonistic
recovery pattern be explained?

Some cases of non-parallel recovery have also been used
to defend the hypothesis of different neuroanatomical

structures for each language. Berthier et al'® described the
case of a 25-year-old patient with an arteriovenous
malformation located in the right hemisphere (RH). For this
patient, Spanish was his mother tongue (L1) and English his
second language (L2). To assess whether there was a
different lateralisation for each language, each cerebral
hemisphere was anesthetised using the intracarotid sodium
amytal test (Wada test). The temporary LH inactivation
initially caused a general aphasia for both languages. The
first language to be recovered after anaesthesia wore off
was English (L2), followed by Spanish (L1). Accordingto the
study authors, all the languages of a bilingual subject are
stored within the left perisylvian region, and while the L2
language is represented within the sylvian fissure, the L1
language is represented in more distal perisylvian areas.
This distinction is based on the pattern followed by amytal
when leaving the cerebral bloodstream; first the sylvian
fissure and then the surrounding regions. However, these
findings have also been questioned. According to Paradis,®
rather than supporting the hypothesis of a different cortical
representation for each language, the results show the
exact opposite. The study authorsattributed the differences
observed to the degree of automatisation of each language;
that is, the less automated a language is, the larger the
brain surface needed for its representation. In that case,
why is it that the language that the patient used the least
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(English) was dependent on the central region of the sylvian
fissure and not on the peripheral structures?

In 1995, Gémez-Tortosa et al'® presented the case of a
proficient bilingual woman who, after undergoing an
operation to remove an arteriovenous malformation in the
perisylvian cortex of the LH, showed a selective deficit of
her mother tongue (Spanish) and not of her second language
(English). This patient used mostly her L2 in her daily life.
According to these authors, the selective affectation of one
of the languages following surgery showsthat each language
has a different neuroanatomical substrate within the left
perisylvian region. Gémez-Tortosa et al®* later admitted
that the affectation of the native language could also be
explained by the physiological inhibition of one of the
languages, as Paradis had pointed out in a previous article
in which he discussed the case.?

Functional neuroimaging techniques can also be used to
follow the brain activity of bilinguals. Tables 2 and 3 briefly
describe some of the main studies conducted on healthy
bilingual controls in production and verbal comprehension
tasks, respectively. The main conclusion drawn from these
studiesisthat the differencesin the brain representation of
two languages are minimal when the level of proficiency in
both languages is high, at least on a macroscopic level.
However, little knowledge or command of a language is
associated with the activation of larger brain areas near
classic language areas. The activation of additional brain
areasisrelated to the different computational demands of
each language.®® These differences are more pronounced
whenthe L2isweak, that is, inthe early stagesof acquisition
or when the level of knowledge is low. According to
Abutalebi,® the anatomical location of these differences
may be of two types: 7) increased activity in the same
regions or in areas close to the classic language areas, and
2) increased activity in additional brain regions associated
with executive functions (e.g., left prefrontal cortex and
basal ganglia). These findings are related to Ertl and
Schafer’s concept of cortical efficiency®: the greater the
skill displayed in a specific cognitive task, the more efficient
the neural processing; that is, the smaller the amount of
energy required to operate is.

This myth, however, has a second part: the existence of
brain areas specific to bilinguals. In 1925, P6tzl® described 2
cases of bilingual aphasics who had trouble switching from
one language to another. In both cases, the brain lesion was
located in the left supramarginal gyrus. From these data,
Potzl suggested that this brain region played a vital role in
the choice of language to be used. This hypothesis was soon
disproved in patients with lesions of the supramarginal
gyrus who had no difficulty switching from one language to
another, and also in other patients who did have difficulty
switching despite not having posterior lesions.® Another
region in the brain that has been linked to the neurological
basis of the switching mechanism is the frontal lobe. As a
result of a frontal lesion, one of the cases described by
Sengel and Zelmanowicz*' not only had motor aphasia but
also mixed languages when speaking and doing the applied
naming task. In 2000, Fabbro et al*? described the case of a
patient with a brain tumour located in the white matter
adjacent to the left frontal cortex that later affected the
anterior cingulate gyrus of the RH. The first symptom of the

tumour was a compulsive tendency to switch between the
two languages spoken (Friulan and lItalian), in the absence
of other aphasic symptoms and with all the other cognitive
functions that were assessed remaining intact. Other cases
presenting pathological switching from one language to
another have been reported as a result of transcranial
magnetic stimulation in the dorsolateral prefrontal cortex
of the LH*® and during electrocortical stimulation of the left
inferior frontal gyrus.“ Damage to subcortical structures
can also lead to dysfunction of the mechanisms involved in
language selection . For example, after a lesion in LH basal
ganglia (specifically, capsular-putaminal), patient EM lost
the ability to express himself in his mother tongue but could
still do so well in his second language.** However, basal
ganglia lesions have not only been associated with a
pathological fixation on one of the languages, but also with
uncontrolled switching between them. This was the case
with patient AH of Abutalebi et al, # who due to a lesion in
the white matter adjacent to the caudate nucleus, could
not maintain a conversation in one particular language,
even when specifically asked to. Although the patient was
aware of this problem, she was unable to avoid it.

These findings may also be explained by a dysfunction of
the dorsolateral prefrontal circuit described by Cummings.“
This circuit is involved in the regulation and selection of
information to be recovered, as well asin the inhibition of
interferences. In the case of bilingualism, this circuit,
especially the caudate head, may be related to the selection
and inhibition of lexical representations of either language
for their subsequent use.# Other neuronal structures
involved in this selection/ inhibition process are the parietal
cortex (activateslexical representation of different possible
responses) and the anterior cingulate (detects errorsduring
processing of information).* Both structures are involved in
switching from one task to another.

In reality, we do not know whether there is a specific
neuroanatomical or neurofunctional structure that allows
bilinguals to tune into one language or another. According to
Paradis,® the mechanism for switching from one language to
another can be either automatic or deliberate. When it is
automatic, code-switching or code-mixing is related to the
actual linguistic system (e.g., the word spoken isthat with a
lower activation threshold, and memory is consequently not
subject to more conscious control). The neuroanatomical
structures involved are the perisylvian cortex, basal ganglia
and cerebellum. However, a deliberate switch from one
language to another may depend on the same general
neuropsychological mechanism of internal choice that
enables us to speak or remain silent. We would, therefore,
be talking about an ability common to all individuals, which
allows us to react according to each situation. In this case,
the decision to use a particular language is related to the
participation of attention and executive functions, regulated
by the prefrontal cortex and anterior cingulate.

Myth 2. Bilinguals Use Their Right Hemisphere
More Than Monolinguals

The first author to suggest that the languages spoken by the
same person had different lateralisations in the brain was
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Table 2 Functional neuroimaging studies conducted in bilinguals while performing verbal production tasks

Sudy Technique Sample Verbal task Main result
Klein et al (1995)% PET 12 late BL: L1 (Eng)/ L2 Generation of words Overlapping of brain areas
(Fr). Acquisition of L2: (rhymes and synonyms) activated in both languages.
from age 5. Command of  and translation of words Greater activation of left
languages: high putamen during the
repetition of L2 words
Chee et al (1999)% fMRI L1 (Mnd)/ L2 (Eng); 2 Completing words with a  The brain areas activated
groups: a) 15 subjects, L2  missing part, initial or were the same despite the
acquired before age 6; b)  final structural difference
9 subjects, L2 acquired between the two languages
from age 12 and age of L2 acquisition
Klein et al (1999)% PET 7 late BL: L1 (Ch)/ L2 Generating verbs and Smilar brain activity for
(Eng). Acquisition of L2: repeating words both languages, with no
adolescence differencesin the activation
of subcortical structures
Hernandez et al (2000)%2 fMRl 6 early BL: L1 (Spa)/ L2 Denomination Smilar brain activation for
(Eng) Dominant language: both languages
English
De Bleser et al (2003)% PET 11 late BL: L1 (Du)/ L2 Internal generation of Few activation differences
(Fr). L2 studied for 8 the name of pictures found between both
years, with performance presented successively. languages, except for L2
between “good” and Types of stimulus: non-cognates, which
“very good” in a capacity  cognates?®y non- resulted in increased
test cognat es® activation in left inferior
frontal area and
temporoparietal areas
(associated with an
increased effort in the
recovery of L2 words
Perani et al (2003)%° fMRI 11 early BL (Cat/ Spa) with  Verbal fluency with a) Reduced extent of brain

equal command of each

language and different
degree of exposure to
each (L2 exposure was
lessintense than in BL
whose L1 was Catalan)

activation associated with
the language acquired in the
first place, b) less intense
exposure to L2, greater
extent of brain regions
activated in this language

phonetic pattern

BL: bilinguals; Cat: Catalan; Ch: Chinese; Du: Dutch; Eng: English; fMRI: functional MRI; Fr: French; L1: first language; L2: second
language; Mnd: Mandarin; PET: positron emission tomography; Spa: Spanish.

aWords with similar form and meaning in both languages.

®Words with the same meaning, but phonological and orthographic differences.

Gorlitzer von Mundy®' in 1959. This author described the
case of a patient whose mother tongue was Sovenian. He
started learning his L2, German, at the age of 30 when he
enlisted in the Austrian infantry. The patient wasiilliterate
when he joined the army, but he learned to read and write
in German there. At the age of 94, he suffered a left-
hemisphere stroke and could only speak Sovene (a language
which he had not used in decades). According to the author,
the language that he had acquired only orally was
represented in both hemispheres, while the language he
had learned to speak and write was lateralised in the LH.
For this reason, the patient described could only speak
Sovene. In 1978, Albert and Obler® returned to this
hypothesis and, from the bilingual aphasic cases that had
been published until then, concluded that cases of non-

parallel recovery could be interpreted as the result of a
more symmetrical neuroanatomical representation of the
language between both hemispheres.

In 2007, Hull and Vaid® conducted a comprehensive
meta-analysis of the results obtained in healthy bilingual
subjects using classic techniques for studying brain
lateralisation: tachistoscopy and dichotic listening. The
authors concluded that in the studies analysed, brain
lateralisation was strongly influenced by the age of
acquisition of L2. In bilinguals who had acquired their L2
before the age of 6, the degree of participation of both
hemispheres was much higher; for those who acquired L2 at
a later age, the dominant hemisphere for both languages
was the left one. Another conclusion reached was that in
bilinguals who learned their L2 after the age of 6, LH
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Table 3 Functional neuroimaging studies in bilinguals while performing verbal comprehension tasks

Sudy Technique Sample Verbal task Main result

Perani et al (1998)% PET 2 groups of BL, high Listening to storiesin L1  Activated areas were the
command of L2: 9late BL and L2 same for both L1 and L2. No
(from age 10 years), L1 differences with regard to
(It)/ L2 (Eng); 12 early BL age of L2 acquisition
(before age 4 years) (Cat/
Sa)

Chee et al (1999)% fMRI 9 early BL, high command Comprehension of Despite the differences
of L2: L1 (Mnd)/ L2 (Eng).  sentences between studied languages
L2 acquisition: before (spelling, phonological and
age 6 structural), cerebral

activation was similar

Chee et al (2001)% fMRI 2 groups: 10 early BL Semantic judgement Less cerebral activity in
(before 5 years), L1 (select the most similar  prefrontal and parietal
(Eng)/ L2 (Mnd); 9 late BL  item to the sample regions of the dominating
(after age 12), L1 (Mnd)/ stimulus) language or L1 of each
L2 (Eng) group

Fillai et al (2003)3* fMRI 8 late BL (from 10 years):  Semantic decision Secially for the semantic
L1 (Spa)/ L2 (Eng). Average (associate verb with task, L2 activate a greater
knowledge of L2 name) and phonological  extension of left prefrontal

(identify words which cortex
rhyme)

Tatsuno et al (2005)% fMRI L1 (Jap)/ L2 (Eng); 2 Identification of verbs in  Less activity in left inferior
groups: 14 late BL (age, past tense frontal gyrusin the group
13 years), low L2 level; with greater L2 dominance
15 late BL (age, 19 years),
high L2 command

Yokoama et al (2006)3¢ fMRI 36 late BL (from age 8-9 Processing of sentences  Smilar activation for both

years), L1 (Jap)/ L2 (Eng)

in passive and active
(decide whether they
are semantically correct
or not)

languages, except in the
processing of complex
sentences in L2 (activation
in additional cerebral
regions)

BL: bilinguals; Cat: Catalan; Eng: English; fMRI: functional MRI; Fr: French; It: Italian; Jap: Japanese; L1: first language; L2: second
language; Mnd: Mandarin; PET: positron emission tomography; Spa: Spanish.

involvement was greater when the subject had less L2
knowledge. Functional neuroimaging studies have also
found increased activation of some RH regions during verbal
comprehension tasks. %%

But isit really true that the degree of RH involvement in
bilinguals is greater?Michel Paradis® widely criticises the
results of these studies and suggests that the role of the RH
is no different in monolinguals than in bilinguals. His
criticism isdirected at three areas: the inconsistency of the
results obtained, the role assigned to the RH and the
conclusions drawn from the results obtained. Firstly, the
results are contradictory and inconsistent: whereas for one
same studied variable, one team of researchers finds
evidence of differential lateralisation, another team does
not. Furthermore, the lateralisation differences recorded
so far have been attributed to very specific subgroups of
bilinguals in very particular conditions (e.g., early or late
bilinguals, bilinguals with their eyes closed). Not only is it
impossible to apply these results to the entire bilingual
population, they cannot be applied to one subgroup either.

Consequently, if the experimental paradigm used can be
considered as a variable that can account for the
contradictory results, then the validity of these paradigms
(dichotic listening, tachistoscopy) should be assessed. The
authorsof these studies, however, explain thisinconsistency
in the results in terms of methodological differences or of
the nature of the tasks given, and not of their validity.

Secondly, insofar as RH lesions result in disorders of
pragmatic or communicative abilities, these do not necessarily
have to be different in bilinguals and monolinguals. Greater
RH involvement would not be related to a different
lateralisation of the language system. Representation and
processing of linguistic and grammatical competence cannot
be forced in the RH if it does not naturally belong there
(except in the case of an early LH lesion). This is why,
accordingto Paradis, greater RHuse should not be interpreted
as a direct effect of bilingualism, but as the use of
compensatory strategiesbased on pragmatic tracks when the
degree of knowledge of one language is lower (a situation
that occurs when the L2 is learned or acquired).
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Finally, another problem with these studies is the fact
that inferences are made from findings based on assumptions
that we know to be invalid. There is no use explaining the
contradictions found in the various investigations by subtle
variations in the method used, if the parameter of each
procedure and the conditions under which a different
language lateralisation occurs are not specified. It is also
necessary to justify the reasons why a language variable has
a different cerebral representation in bilinguals and
monolinguals or, in any case, how a procedure that uses
stimuli presumably related to LH linguistic competence
leads to greater RH use. In addition, it is impossible to
attribute full language lateralisation to the RH just from
the results of a single language task. According to Paradis,
the results reported so far could be related to other still
undefined aspects or simply to factors unrelated to what is
being measured. Furthermore, the tasks used do not serve
to indicate cerebral lateralisation; they instead illustrate
better hearingin one ear or better vision in one of the visual
hemifields, respectively.

Paradis®™®° likens the search for evidence that supports a
greater RH involvement to the search for the “Loch Ness
monster”. As with the mythical monster, differences in
language lateralisation have been observed under certain
conditions, but it has proved impossible to replicate them
on many other occasions. Even if something had been
observed, it is possible that it had nothing to do with what
was in fact being sought. Continuing in thisline of research
is believing that this phenomenon actually exists and that,
moreover, it can be proved. However, thisis not the case.
The fact that while some results do support this hypothesis
others do not shows the need to review the validity of the
paradigms used, and to justify the reasons why each
procedure produces one result or another. If it were true
that the RH plays an additional role in bilinguals, cases of
crossed aphasia in these subjects would be more common
than in monolinguals, but clinical® 6 and review®® studies
suggest otherwise.

From Myth to Reality...

A neuroanatomical approach is not enough to explain the
different patterns of language recovery described.
Alternativesto thisview are found in the neurophysiological
approach and the role that declarative and procedural
memory systems play in language representation and
processing. However, these hypotheses still do not explain
all the cases of non-parallel recovery.

Asearly as 1895, Fitres* believed that a neurophysiological
approach should be used to study cerebral language
organisation in bilinguals and polyglots. According to Ftres,
there were two reasons why the language that was used
most before the lesion was the first to recover: firstly, due
to stronger neuronal connections, and, secondly, due to the
temporary inhibition of the other language. It would,
therefore, be related to the functional weakening of one of
the language systems, rather thantoitsphysical destruction.
This author called this disorder “inertia of the cortical
language centres” and it is characterised by the temporary
inhibition of the motor or sensory images needed to produce

or understand words. This functional inertia would have a
greater impact on the language with the weakest neuronal
associations. The arguments supporting this idea were
based on the fact that, after some time, the language that
had not initially recovered would once again be available.
Paradis® took that idea up again and suggested that the
weakening of a linguistic system cannot be explained only
by an increase in the inhibitory processes, it can also result
from an increase in the activation threshold needed for the
self-activation of the elements of a language (the threshold
activation theory). In aphasic bilinguals, the pathological
process raises the activation threshold of one of the
languages or parts of it (e.g., items used less frequently),
makingit lessaccessible for use. Thishypothesisisconsistent
with that of increased inhibitory mechanismsand, in theory,
explains all the recovery patterns described in literature.
Nevertheless, the mechanisms behind the activation/
deactivation of one language system but not of the other
remain unknown.

According to Paradis,®% declarative and procedural
memory systems play a different role in language learning,
representation and use. This model argues that the
declarative memory system is associated with lexicon and
grammar learning at school (metalinguistic knowledge).
The procedural memory system, however, is needed for the
automatic application of these grammar rules during speech
(implicit linguistic competence) (table 4). In bilinguals,
learning and use of L1 grammar depend on procedural
memory, while memorization and use of vocabulary depend
on declarative memory. With L2, different participation of
one system or another would depend on the age of
acquisition. While the ability to expand vocabulary is not
lost over the years, L2 grammar becomes more dependent
on the declarative memory system, since it must be
memorized and applied consciously while talking. That is,
the weaker a person’s L2 language skills, the more he/ she
will depend on metalinguistic knowledge and on the
pragmatic aspects of the language to control producing and
interpreting the meaning of a sentence.

From the above and taking into account that implicit
linguistic competence and metalinguistic knowledge are
independent systems supported by different brain
structures, Paradis makesthe following working hypot heses:
1) lesions in temporary structures and LH association areas
will be linked with greater difficulty using the language that
is least used (L2) or was learned at an adult age, and 2
lesions that damage LH frontobasal circuits will mainly
affect the use of the language that is used most or was
acquired first (L1) and L2 if the speaker learned it at the
same time as the mother tongue and has a good command
of it. For example, in aphasic patients, abetter performance
in L2 may be due to the use of a compensatory strategy
based on metalinguistic knowledge of the language. In this
case, the implicit linguistic competence is affected for both
languages, but the metalinguistic knowledge is available for
the language that was learned in a more formal context or
at a lower level. It is also important to distinguish between
the spontaneous recovery of a language (disinhibition of the
procedural competence) and the ability to control verbal
production through metalinguistic knowledge (replacement
of the automatic use of a language for a more controlled
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Table 4 Characteristics of metalinguistic knowledge and implicit linguistic competence

Metalinguistic knowledge

Implicit linguistic competence

Definition Knowledge of which the individual is
aware and can express orally. Eg.,
vocabulary, knowledge of spelling and
grammar rules learned in school

Learning Conscious

Sorage Explicit (subject can evoke learned
elements at will)

Use Under the subject’s control

Memory system Declarative memory (encyclopaedic

Neuroanatomical representation

knowledge)

Medial temporal structures and posterior
association areas of both hemispheres

Knowledge deduced from the
performance of a subject, that is, their
behaviour is compatible with the
application of a particular rule of which
they ignore the computational processes
that generate it. E.g., production in the
order and correct inflection of a word
sequence

Incidental acquisition.

Implicit (information acquired is not
available in the conscious sphere)
Automatic (improves with practice)
Procedural memory (learning and
maintaining motor and cognitive skills
whose execution is automatic)
Frontobasal and cerebellum structures,
inferior parietal region of the left

hemisphere
L1 Vocabulary Grammar
L2: high command Vocabulary Grammar
L2: poor command Vocabulary + Grammar —
L1: first language; L2: second language.
use). Reports published in scientific literature show evidence mechanisms involved in the processing of verbal

that supportsthis dissociation. The case described by Ku et
al® in 1996 is proof of a worse performance of the second
language learned, following a left temporal lesion. In turn,
lesions in frontal and basal ganglia structures have shown
the contrary, that is, greater impairment of the L1.4568

Conclusions

The brain of a bilingual or polyglot does not have a separate
area for each language, nor unique regions. Smilarly, the
cognitive functions traditionally associated with each
cerebral hemisphere are still the same for all individuals.
Believing the contrary would be tantamount to thinking that
to learn to type on a keyboard, we would need to grow new
fingers on our hands. What actually happens is that to learn
a new task, our existing joints and muscles work together in
different ways. Obviously, the more a task is repeated, the
better the final execution. Something similar happens in the
brain when a second language isacquired or learned. In these
cases, it islikely that the languages spoken by one person are
represented as different microanatomical subsystems within
the same cerebral regions.® These linguistic subsystems are
independent from each other, both in their structure and
function. That is why, after a brain lesion, they may be
affected differently. Paradis® argues that there is no reason
to believe that there are any qualitative differences in the
processing of two or more languages, either between
monolinguals and bilinguals, or among different kinds of
bilinguals. The differences are more of a quantitative nature,
that is, with respect to the degree of use of different brain

communication (metalinguistic knowledge, linguistic and
pragmatic competence and motivation).

Finally, according to Fabbro,” the relationship between
bilingualism and the brain raises the need to identify and
distinguish the different structuresinvolved in the cerebral
representation of language, including biochemical,
neuroanatomical, neurofunctional, psychological and
linguistic aspects. The representation of two or more
languagesin the brain may differ in some of these structures,
but not in all. Once we know each of their functions, we
will be in a better position to understand the linguistic
problems related to bilinguals and polyglots.®® For this
reason, an activity as complicated as “language” cannot be
explained solely through a neuroanatomical system.
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