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Abstract

There is considerable evidence that fluent bilinguals suffer a certain degree of cross-language

interference, which varies according to age of language acquisition, linguistic proficiency, and as

words become more orthographically, phonologically and semantically similar. We studied and

compared early bilinguals, simultaneous interpreters and monolingual controls to disentangle the

effect of age of language acquisition from that of fluency, in the functional organization of the

multilingual brain. The data suggest that a certain degree of interference takes place in the context of

multiple languages because of the parallel access to different linguistic systems. There is less

interference if one of the languages has a special status. Age of acquisition seems to be more relevant

than proficiency in determining a different linguistic cerebral organization between monolinguals and

polyglots. It appears that the linguistic systems (L1, L2, L3, etc.), are not independent but rather are

based on a common conceptual system.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

One of the most highly debated issues in neurolinguistic literature is the degree of
interference or autonomy of the different languages that bilinguals and polyglots know
and speak. It seems that some interference does exist and that this mainly depends on the
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degree of proficiency (Frenck-Mestre & Prince, 1997; Pihko, Nikulin, & Ilmoniemi, 2002)
in the various languages. Bearing in mind that around the world almost one person in three
is bilingual or speaks at least one dialect besides the official language(s), it becomes
important to determine whether a multilingual brain is based on a unique conceptual
system or whether the foreign languages are ‘‘rooted’’ in relatively independent modules,
to establish the role of age of acquisition of a language, and whether there is a critical age
for acquiring multiple languages with comparable proficiency.
Proof of some interference mainly comes from priming tasks where the prior repetition

of a word in one language (L1) influences the process of translating it into a different
language (L2) (Grainger & Beauvillain, 1988; Hernandez & Reyes, 2002; Kirsner, Smith,
Lockhart, King, & Jain, 1984). Facilitating and inhibitory effects due to interactions
between the systems for processing L1 and L2 have been shown to occur not only at the
level of semantic processing (Grainger & Beauvillain, 1988) but also at orthographic
(Altenberg & Cairns, 1983; Dijkstra, Grainger, & van Heuven, 1999; Li, 1996; Thomas &
Allport, 2000; Van Heuven, Dijkstra, & Grainger, 1998) and phonological levels
(Grosjean, 1988; Jared & Kroll, 2001). This suggests that the different languages known
are not separately implemented in the brain because automatic access is given to
orthographic, phonological and semantic information even when a particular language is
not being used at that moment. Obviously, high priority goes to the native language,
especially if there are differences in proficiency between L1 and the other languages known
(L2, L3, etc.).
The relative interference, and thus non-dependence, of verbal/symbolic and linguistic/

specific thought processes introduces the problem of limited capacity of the linguistic
system, especially from the broadly agreed viewpoint that the neural hardware on which it
is founded is to a great extent common to the different languages (e.g., Hernandez,
Martinez, & Kohnert, 2000; Illes et al., 1999; Paradis, 1996; Perani & Abutalebi, 2005).
However, there may be some differences (Dehaene et al., 1997; Gomez-Tortosa, Martin,
Gaviria, Charbel, & Ausman, 1995; Lucas, McKhann, & Ojemann, 2004; Proverbio, Čok,
& Zani, 2002; Roux et al., 2004), especially in the degree of hemispheric lateralization, and
in right hemisphere recruitment.
In this regard, Roux et al. (2004) investigated which cortical areas were involved in a

task where 54 monolingual and bilingual patients, 44 of whom had left-sided damage and
10 right-sided damage were asked to read aloud. Using the intra-operative cortical
stimulation technique, the cortex of these patients was directly stimulated in different
regions while awake. Patients performed two naming and reading tasks in the appropriate
language. Overall, no differences were found in reading or naming sites between
monolingual or bilingual patients; in other words, bilingual patients did not have a
different distribution of naming and reading sites compared to monolinguals. Very
interestingly, in about half the bilingual patients, the authors found 13 specific recording
sites for reading (over frontal, parietal or temporal regions) where the stimulation
produced reading interference in one language but not in the other (L1 or L2).
Notwithstanding this specificity, due to the high spatial resolution of the stimulator (1mm
electrode), L1 and L2 sensitive cortical regions were all scrambled and interspersed in an
apparently chaotic organization. This study, as well as other published studies (e.g., Perani
et al., 1998), show that, besides being extremely complex, the neural hardware which
language comprehension is based on, is not independent for each language. Furthermore,
since this study demonstrated that different parts of the cortex are needed for different
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languages, as if they were computational extensions, the question of limited capacity of the
cognitive system is raised. This concept implies that as proficiency in the known languages
increases, the resources to handle the different linguistic/specific systems decrease; at the
same time, interference within the different systems increases, and there may also be far-
reaching effects on native language use. In this regard, recent studies have showed that
reaction times (RTs) to L1 words in a sentence comprehension task increased in
proportion to the number of languages spoken, in both native bilinguals (Proverbio et al.,
2002) and simultaneous interpreters (Proverbio, Leoni, & Zani, 2004).

In more detail, a recent ERP study on professional simultaneous interpreters (Proverbio
et al., 2004) showed a surprisingly close relationship between the number of languages
proficiently mastered by these professionals and the response speed to L1 or L2 words in a
semantic decision-making task. In other words, the more languages they speak (and the
more vocabulary they have), the slower the lexical processing, even in their native language
(see Fig. 1).

Indeed, these highly talented individuals all had an excellent command of L2 (English)
and used several other foreign languages at a professional level. They were grouped
according to the number of languages mastered from 11 European and Asian languages, as
shown in Fig. 1, and the price they paid for lexical processing was related to ‘‘permanent
linguistic overload’’. A similar effect suggesting a possible limited capacity of the linguistic
system in polyglots was shown by a previous ERP study on early and very fluent
Slovenian/Italian bilinguals and native Italians by Proverbio et al. (2002). In this study,
participants were shown sentences in either Italian or Slovenian (for bilinguals only). Some
of the endings of these sentences were syntactically and semantically incorrect. The task
consisted of deciding whether the sentences were correctly formed or not, giving the
response by pressing a button. RTs to L1 stimuli were much faster in monolinguals
(675ms) than bilinguals (726ms), although the RTs of the bilinguals to L1 stimuli were
faster than to L2 stimuli (759ms). Such a difference in response time to words in the
individual’s own language could not be ascribed to longer and more tiring experimentation
in bilinguals. Indeed, a specific control in those bilinguals who, like the monolinguals, were
Fig. 1. Mean RTs to words in L1 or L2 recorded in a semantic decision-making task according to the number of

languages mastered with excellent proficiency by professional simultaneous interpreters. Data taken from Table 2

reported in Proverbio et al. (2004) and published with the permission of Elsevier Ltd.
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administered the first four blocks of trials in L1, showed that their disadvantage was
similar to or greater than bilinguals who received L1 after L2. This is most probably due to
a lowering of the learning/familiarity effect, which shortens RTs as the duration of the
experiment increases (Proverbio et al., 2002). This difference could not even be ascribed
tout court to a specific local interference between L1 and L2, since the trials in Slovenians
(L1) and in Italians (L2) were neither intermixed nor alternated (as opposed to study by
Rodriguez-Fornells et al., 2005). Indeed, they were administered in separate blocks
interrupted by rest periods. In the recent combined fMRI and ERP study that Rodriguez-
Fornells et al. (2005) carried out on German/Spanish bilinguals, a picture-naming task was
used in which participants had to give speeded responses based on the first letter of the
picture’s name in either L1 or L2. German and Spanish conditions followed in alternating
blocks. Two conditions were included: in the Coincidence condition the first letter of the
name of the object shown was the same in both languages (L1 and L2), whereas in the
Non-Coincidence condition the first letter was different. Bilinguals made more mistakes
and activated brain regions devoted to executive functions and control (such as the
anterior cingulate) more often in the Non-Coincidence condition than in the Coincidence
condition. However, the monolinguals were also faster than the bilinguals in the
Coincidence condition of the L1 picture-naming task. To be more specific, results showed
that monolinguals had faster RTs to L1 than bilinguals both in the ERP experiment (M:
659ms, B: 813ms) and in the fMRI experiment (M: 747ms, B: 819ms), and bilinguals had
longer RTs to L2 names (ERP exp. 831, fMRI exp., 844). This advantage was obviously
greater in the Non-Coincidence condition both in the ERP (M: 638ms, B: 825ms) and the
fMRI experiments (M: 741ms, B: 859ms). The authors interpreted that the poor
performance of bilinguals in the picture-naming task was caused by phonologic
interference between the two languages. However, in our view, it must be considered
that the L1 and L2 blocks were alternated. In this regard, other studies have hypothesized
that bilinguals activate a filter at the phonological level to block out the non-target
language. For example, Rodriguez-Fornells, Rotte, Heinze, Nosselt, and Munte (2002)
showed that Spanish/Catalan bilinguals were able to inhibit direct access from
orthography to the lexicon of the irrelevant (non-target) language when reading, thereby
reducing interference between the two languages. Their fMRI data demonstrated that the
anterior pre-frontal region might play a crucial role in this language-specific inhibition.
However, it seems impossible to prevent lexical access to the non-target language

entirely, as recently shown in the ERP study by Proverbio, Del Zotto, and Zani (2006) on
naive vs. skilled Italian/Greek readers. In this study, it was shown that readers who did not
know the Greek language were much faster than native Greeks in finding a Greek letter
target included in a pseudo-word rather than in a word. Indeed, skilled readers paid a price
when performing the orthographic decision task with items that had no lexical entry, even
when the task did not require semantic processing.

2. L2 learning: phonology and semantics

One of the questions still open in the literature on bilingualism concerns the differences
in proficiency of the different languages mastered by polyglots, and whether these
differences depend on the age of acquisition of L1 as opposed to L2 or on the relative level
of proficiency of the two languages (Perani et al., 1998). Generally, it is hypothesized that
early age of acquisition guarantees a more solid lexical system, which is consolidated at the
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same time as the acquisition of the conceptual system (Dufour & Kroll, 1995). In addition,
early exposure to the native language seems to be relevant for perfect pronunciation of a
language. Interesting electrophysiological studies provided evidence that infants have
about the same sensitivity as adults to the phonology of a native language heard since
intrauterine life (Cheour et al., 1998; Dehaene-Lambertz & Gliga, 2004). Indeed, when a
second language is learnt after the age of 5 years, the L2 phonology contains a slight accent
in the native language, which may be almost imperceptible, but is still always present. The
same occurs for exposure to regional dialects during the first years of socialization, whether
in the family or at school: these leave an indelible mark on the phonological and prosodic
aspects of speech. According to the standard nativists, this is because there is a critical
period for language learning (Lennenberg, 1967). This hypothesis is supported by data
concerning the difficulties in language learning encountered by children who have grown
up in segregation, and by deaf children exposed to sign language at later ages. For
instance, Newport (1990) observed that the ability to comprehend and produce inflected
verb morphology in the American Sign Language (ASL) decreases according to the age of
first exposure to the sign language. Lamendella (1977) proposed a categorization of
linguistic learning modalities according to age and to two other dimensions: cognitive
(cortical), and affective (limbic). These modalities comprised: (1) acquisition of the native
language, when a child acquires a series of capacities involving the limbic system, devoted
to affectivity, and cortical systems, subserving cognitive functions; (2) acquisition of a
second language, when a child informally and naturally learns a second language in early
childhood, for instance in a family context; (3) learning (and not acquisition) of a foreign
language, when a child studies a different language from his/her native language by
learning and applying formal rules. This kind of learning would lead to a cognitive
(neocortical), but not affective (limbic) representation of the foreign language.

Conversely, the emergentist approach, developed by Elizabeth Bates and well described
by Hernandez, Li, and MacWhinney (2005), explains age-related differences in L2 learning
in a very different way. Bates and MacWhinney (1989) presented a model called ‘‘The
Competition Model’’ which predicts the role of competition, resonance, parasitism and
entrenchment to account for age-related differences in L2 learning.

In the case of a child learning a second language during infancy, it is natural that, since
the child is already able to consolidate his/her lexical knowledge, L2 learning occurs as a
form of parasitic association with the L1 lemma. However, this will occur more markedly
in late adult learners, who will undoubtedly have less brain plasticity (with less possibility
of using close neural spaces or spaces overlapping areas that store the L1 associated
lexicon). On the other hand, the adult can exploit metacognitive procedures such as
rehearsal, recoding and imagery that may induce resonance in L2, making it possible for
them to become very proficient, like simultaneous interpreters.

To support this emergentist approach, a recent fMRI study by Pallier et al. (2003)
investigated brain activation in a group of French individuals of Korean origins who had
been adopted by French families between the age of 3 and 8 years old, and reported no
conscious recollection of their native language. The adopted subjects and native French
individuals were scanned while listening to sentences spoken in Korean, French and other,
unknown, foreign languages. The reaction of the adopted subjects was exactly the same to
both the Korean stimuli and the unknown languages. The areas activated more by French
stimuli than by foreign stimuli were similar in both the adopted Korean individuals and the
native French subjects, although the extent of activation was relatively larger in the latter
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group. Therefore, it seems that the effect of age of acquisition of L2 influences cerebral
organization, whereas language proficiency does not strictly depend on the age of
acquisition.
This interesting point of view is supported by evidence showing that 12–13-year-old

children can learn a second language and reach levels of comprehension similar to that of
younger children in a shorter period of time. Indeed, it has been shown that long intensive
teaching programs (5000 h) in first graders can give results similar to those achieved in
shorter programs (1400 h) given to second graders (Genesee, 1988). Furthermore, it must
not be forgotten that reading skill, an indispensable tool for learning both the native
language and a second one, undergoes further development after late childhood, and only
becomes refined at the end of adolescence (Proverbio & Zani, 2005) when the fast mapping
between orthography and the corresponding phonologic representation of words becomes
a relatively automatic process, comparable to what occurs in a skilled adult reader.
However, the different cerebral organization of linguistic functions for L1 and L2 does

have some consequences on the language skill tout court. For instance, in a study on highly
proficient multilinguals (Proverbio et al., 2004), it was found that lexical access in non-
native languages learned in late childhood or after puberty involved a slight cost compared
to the more consolidated and direct access to the L1 lexicon (very probably due to the
‘‘entrenchment’’ factor described by Elizabeth Bates). In this electrophysiological study,
professional simultaneous interpreters who were highly proficient in English (L2) showed a
difference in the amplitude of the N400 ERP response to semantically incongruous words
only when sentences were created with a first part in L1 and the final part in L2 (mixed
conditions), whereas no language effects were observed in unmixed conditions (all
sentences in L1 or L2). Since the N400 component is known to reflect semantic integration
processes (Kutas & Iragui, 1998), this suggests that the difference in L1/L2 processing was
not related to a difference in proficiency, but rather to a different functional organization
of the semantic integration systems due to the later age of acquisition of L2 compared to
L1. It should, however, be mentioned that the linguistic material used in this study was
rather complex, requiring uncommon economic, technical or scientific knowledge.

3. L2 learning: grammar

As far as grammar learning is concerned, Ullman (2001) proposed the extremely
interesting declarative/procedural model, describing the theoretical and empirical aspects
of neural bases of the mental lexicon and grammar in a first and a second language
according to age of acquisition. Comparing clinical neuropsychological data on aphasic
patients with neurometabolic data on normal controls and electrophysiological data,
Ullman came to the conclusion that in native monolinguals learning the rules grammar is
dependent on procedural memory (which is rooted in the left frontal basal ganglia
structures) whereas lexicon learning relies on declarative memory (which is rooted in the
temporal lobe structures). Conversely, in late learners the same grammatical functions tend
to shift towards the declarative memory. This would depend on the fact that the basal
ganglia-dependent learning is subject to ‘‘critical period’’ effects while acquisition of new
knowledge in the declarative memory never ends. Strong evidence in support of the role of
the left basal ganglia in procedural memory and early (L1) grammar learning comes from
clinical evidence (such as that described by Aglioti, Beltramello, Girardi, & Fabbro, 1996;
Aglioti & Fabbro, 1993; Fabbro & Paradis, 1995) describing the cases of bilingual patients
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with left basal ganglia lesions who showed greater impairment of grammatical functions in
L1 than in a later-learned or little used L2.

Some recent ERP studies have provided evidence of an age of acquisition effect on
neural bases of syntactic processing (Ojima, Nakata, & Kakigi, 2005; Proverbio et al.,
2002). In particular, Proverbio et al. (2002) compared L1 and L2 processing in Italian/
Slovenian bilinguals and native Italian controls, and showed there was less lateralization of
syntactic processing, as indexed by the P600 component of ERPs sensitive to syntactic
integration processes. In this study, while P615 was lateralized to the left in native controls,
it was of equal amplitude in both hemispheres for L1 in bilinguals, and was not observable
at all in response to L2 syntactic violations. Strikingly similarly, Ojima et al. (2005) fail to
observe a P600 to L2 syntactic violation in very fluent non-native English speakers, even
though a P600 was normally observable in native English speakers.

Other electrophysiological studies have shown the combined effect of age of acquisition
and proficiency in the latency of the N400 component elicited by semantically incongruous
words, presumably reflecting the ease of access and lexical processing. For example, Weber
Fox and Neville (1996) compared 61 adult Chinese/English bilinguals who were exposed to
English at different stages of their development: 1–3, 4–6, 7–10, 11–13, and over 16 years
old. Participants were presented with a set of English sentences half of which violated
semantic or syntactic expectations. The latency of N400 responses to semantic violations
was significantly delayed in late-learners only (11 years and above). Similarly, Ardal,
Donald, Meuter, Muldrew, and Luce (1990) presented anomalous sentences producing
semantic incongruity to French/English bilinguals. The N400 latency was slightly, but
significantly, delayed in bilinguals: monolinguals had the shortest N400 latency, followed
by the first language of bilinguals (3–23ms longer), and the second language of bilinguals
was longest (40ms longer). The problem with these types of studies on bilinguals is that
very often the age of acquisition factor overlaps with the proficiency factor, in that late
bilinguals tend to be more proficient in languages learned earlier in life (Perani et al., 1996).
The difference in proficiency is also reflected in a diverse pattern of cerebral activation
during linguistic processing. Indeed, much evidence has been provided regarding an effect
of proficiency on brain activation for languages spoken with different levels of proficiency
(Briellmann et al., 2004; Chee, Hon, Lee, & Soon, 2001; Chee, Soon, Lee, & Pallier, 2004;
Ojima et al., 2005; Perani et al., 1996; Proverbio et al., 2002, to quote a few) that advise
against comparing groups with different fluency in a language when evaluating the effect of
the age of acquisition or lexical access mechanisms.

This whole framework is complicated by the fact that both age of acquisition and
language exposure affect the pattern of brain activation in bilinguals, even when both
languages are acquired early and with a comparable level of proficiency (Perani et al.,
2003).

4. Experiment 1

With this study we aimed to disentangle the effect of age of acquisition from that of
fluency in the functional organization of the multilingual brain. In order to do this, we
compared right-handed adult speakers of similar culture and age during sentence
comprehension in a semantic decision task. The main aim of this study was to compare
RTs to words expressed in the native language or in a perfectly mastered foreign language
in: (a) individuals who had been bilingual since birth; (b) individuals who had learned a
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second language before puberty; (c) individuals who had never learned a second language.
Using this comparison we aimed to further investigate whether, as previously found, the
extensive knowledge of one or more extra linguistic systems also affected the processing of
L1, and all things considered, to what extent this linguistic knowledge is language-specific
(i.e., independent) or whether it interferes in some degree.

5. Methods

5.1. Participants

The study group comprised 34 right-handed individuals (17 men, 17 women) of similar
socio-economic status, educational level and age. All lived in the Trieste bay area and
spoke perfectly fluent Italian. All had normal or corrected-to-normal sight, were in good
health and none of them reported ever having neurological or psychiatric disorders. They
were subdivided into three groups according to their fluency in and possible age of
acquisition of foreign languages: (1) a group of 11 very fluent Slovenian/Italian bilinguals
(6 men, 5 women) with a mean age of 29 years who had learnt both languages since birth:
we called this group ‘‘bilinguals’’; (2) a group of 8 professional simultaneous and
consecutive interpreters (3 men, 5 women) with a mean age of 26 years, called
‘‘interpreters’’; (3) a group of 15 native Italian monolingual controls (8 men, 7 women)
with a mean age of 26.5 years: these individuals shall be referred to as ‘‘controls’’. All the
native bilinguals had learned both Italian and Slovenian fluently since birth. However,
some ERP data recorded on 8 of them (published in Proverbio et al., 2002) enabled us to
determine that Slovenian actually had a special status for them, since it was used in a more
domestic and sentimental context. Thus, in this comparative study Slovenian is considered
their L1, and Italian is considered their L2. All the interpreters were native Italians
(Italian ¼ L1) with English as their second language (L2), learned at about 9.6 years of
age; some of these individuals participated in an ERP study published by Proverbio et al.
(2004). The control monolinguals were all native Italians (Italian ¼ L1) and had no
knowledge of English; some had a rudimentary scholastic knowledge of French or
German. Seven of the 15 individuals in this group were controls for the bilinguals, and 8
were controls for the interpreters.

5.2. Stimuli and procedure

Participants were seated in a dimly lit silent cubicle 114 cm away from a PC screen. They
were instructed to stare at a small yellow cross (4mm in size) placed in the center of the
screen, which served as a fixation point in order to minimize eye movement while reading
the sentence and end word. Stimuli consisted of incomplete sentences followed by end
words presented in the center. The letters of words were white on a black background and
were typed in easy-to-read large capital letters, appearing in one or two short lines centered
on the foveal region. The longest sentence subtended a visual angle of about 12130’ in the
horizontal axis and 21300 in the vertical axis.
The stimulus material was slightly different for bilinguals and interpreters, whereas the

control groups read exactly the same L1 material sets following identical procedures as for
their corresponding experimental groups (bilinguals or interpreters). To be more specific,
the sentences presented to the bilinguals were taken from modern literature or newspapers,
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and their syntactic complexity in Italian and Slovenian was correctly balanced (as
described in Proverbio et al., 2002), whereas those presented to the interpreters were taken
from the European Parliament archive. This was done in order to test the interpreters with
stimulus materials whose complexity and technicality was consistent with their excellent
linguistic skills and cultural standards. To make it easy for bilinguals and their controls to
read the material, each sentence was left on the screen for 1500ms and was followed by an
interstimulus interval (ISI) of 350–500ms, while the ITI lasted for 1500ms. For
interpreters and their controls, each sentence was left on the screen for 1800ms and was
followed by an ISI of 1400–1500ms, while the ITI ranged from 2300 to 2500ms. For both
experiments the end word was displayed for 250ms, and each block of trials was preceded
by three, 500-ms warning stimuli (Ready, Set, Go). After the Go stimulus, a 1500-ms ISI
allowed the observer to carefully adjust his/her gaze on the fixation point, while waiting for
the first sentence to be presented.

Half the sentences were in L1 and half in L2, presented in separate blocks and with a
pause between each block.1 The order of language sessions (L1 or L2) was counter-
balanced across interpreters and bilinguals. Half of the times the sentences ended with a
semantically incongruous word such as ‘‘Money laundering is at the heart of organized
FRESHNESS’’, while in the other half the sentences made sense, such as ‘‘Sardines are an
important source of cheap PROTEIN’’. The task consisted of deciding how much sense the
end word made within the context, and required the volunteers to answer ‘yes’ or ‘no’ by
pressing the relative response key. It was stressed that the responses were to be made as
accurately and as quickly as possible with either the index or middle fingers of the left or
right hand. This allowed the speed and accuracy of the responses to be recorded and
measured. During the recording session, participants used both hands alternately, and the
order of the hands they used was balanced across the group. The stimulus set was balanced
in terms of sentence length, end word length, number of syllables, word frequency and
imageability. For each subject, RTs faster than 140ms or exceeding the mean72 standard
deviations were excluded from the statistical analysis.

6. Preliminary data analysis

To check comparability of the effects of L1 material in the two control subgroups before
comparing these data with those of the bilinguals and the interpreters, we collapsed the two
groups and carried out a preliminary three-way repeated measures ANOVA on their data.
There was one between factor, ‘‘Stimulus set’’ (2 levels: set for interpreters and set for
controls), and two within factors, ‘‘Word type’’ (2 levels: congruous and semantically
incongruous) and ‘‘Response hand’’ (left and right). Post hoc Duncan tests were carried
out for multiple mean comparisons. Greenhouse–Geisser corrections were adopted to
reduce positive bias resulting from repeated factors with more than two levels.
1Since controls were tested with materials in L1 only, the effects of the duration of the experimental session on

RTs was controlled in two different ways. For bilinguals, the two sessions (L1 and L2) took place on different

days, so that the session duration was similar to that of the monolingual subjects. For interpreters, the effect of

fatigue on their performance was statistically analyzed by comparing RTs when L1 was presented in the first

rather than in the last block of trials. Quite unexpectedly, interpreters benefited from the longer task duration, in

that they were faster when the L1 block was scheduled at the end of the session. Therefore, in our view, if sentence

processing in the native language of interpreters or in bilinguals is slower, this is not caused by the duration of the

experimental session.
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6.1. Preliminary results: controls

Results showed that the two sets of stimulus material were absolutely identical
in terms of the lexical decision task since the response speed to them was the same. Indeed,
Stimulus set was completely insignificant (F1,13 ¼ 0.0046, p ¼ 0.95). The mean RT
to stimuli for the interpreters’ set was 676ms, while for the bilinguals’ set it was 673ms
(see Fig. 2).
ANOVA showed that Word type was significant (F1,13 ¼ 16.8, po0.001),

with congruous words (652ms) stimulating faster RTs than incongruous (697ms) words.
The Hand factor was also significant (F1,13 ¼ 8.84; po0.01): RTs were faster with
the right hand (662ms) than with the left hand (688ms). In addition, the interaction of
Word type�Hand was significant (F1,13 ¼ 6.03; po0.03). Post hoc comparisons showed
that the hand asymmetry was especially evident for semantically incongruous end words.
In conclusion, these results allowed us to assemble all the controls into a single group
named Controls, but above all to reasonably compare RTs of bilinguals with those of
interpreters.
Fig. 2. Control Experiment 1. Mean RTs to L1 end words of sentences presented to monolingual controls

according to stimulus material set, word type and response hand used. The stimuli called Interpreters’ Set and

Bilinguals’ Set used in the monolingual controls were identical to those presented in different sessions to these

groups of subjects. Sem. Incong. ¼ Semantically Incongruent.
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7. Results

The RTs of the three groups of subjects to L1 stimulus sets was analyzed by a three-way
repeated measures ANOVA whose variability factors were: one between factor: Group
(three levels: bilinguals, interpreters and controls) and two within factors: ‘Word type’ (two
levels: congruous and semantically incongruous), and ‘Response hand’ (left and right).
Post hoc Duncan tests were carried out for multiple mean comparisons. Green-
house–Geisser corrections were adopted to reduce positive bias resulting from repeated
factors with more than two levels.

7.1. Cross-group comparisons for L1 processing

As found for the controls in the previous analysis, Word type significantly affected RTs in
all groups in the present comparisons (F2,31 ¼ 33.4; po0.00001), as did Word type�Hand
interaction (F2,31 ¼ 8.6; po0.0065). Post-hoc comparisons indicated that congruous words
resulted in faster RTs (687ms) than semantically incongruous words (728ms), especially when
Fig. 3. Experiment 1. Mean RTs to L1 end words according to group and response hand. Note that native

monolinguals were faster than bilinguals when using their dominant hand.
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the left hand was used [Means: Cong., right hand ¼ 688 (SE 16), left hand 686 (SE 15), Sem.
Incong., right hand 716 (SE 14), left hand 739ms (SE 16)]. Interestingly, the Group effect was
significant, both per se (F2,31 ¼ 3.3, po0.05) and in interaction with Hand (F2,31 ¼ 8.9;
po0.0009) and Word type� hand (F2,31 ¼ 7.15, po0.003). Overall, bilinguals were slower
(756ms) than both interpreters (691ms) and controls (675ms) in processing L1 sentences.
When not considering Word type, interpreters were equally as fast as controls. The significant
interaction of Group�Hand and relative post hoc comparisons indicated that while native
monolinguals (both controls and interpreters) were faster when using their dominant right
hand (po0.1), native bilinguals were faster when using their left hand (see Fig. 3).
Furthermore, the three groups did not statistically differ from each other when using their left
hand, but native monolinguals were faster than bilinguals when using their right hand.
The interaction of Word type�Hand�Group also revealed a difference in response

speed amongst native monolinguals. Indeed, interpreters were slower than controls (but
still faster than bilinguals) when processing meaningful, congruent end words (po0.01),
regardless of the hand they used when responding (see Fig. 4).
Furthermore, post hoc comparisons indicated that using the right hand greatly increased

the costs for L1 processing in bilinguals, especially for incongruent words.
Fig. 4. Experiment 1. Mean RTs to L1 end words according to group, word type and response hand. Note that

interpreters were slower than controls when processing semantically congruent (Sem. Cong.) words, regardless of

response hand.
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7.2. Comparisons across polyglots for L1 and L2 processing

To compare L1 with L2 processing in polyglots, the RTs of bilinguals and interpreters to
L1 and L2 stimuli were analyzed by a four-way repeated measures ANOVA whose
variability factors were: one between factor, Group (two levels: bilinguals and interpreters)
and three within factors, Language (two levels, L1 and L2), ‘Word type’ (two levels:
congruous and semantically incongruous), and ‘Response hand’ (left and right). Post hoc
Duncan tests were carried out for multiple mean comparisons.

RTs were significantly affected by Word type in both groups, slower when responding to
semantically incongruous (756ms) words than to congruous (721ms) words (F1,17 ¼ 17,
po0.0008). The Group factor interacted with the response hand (F1,17 ¼ 6.91; po0.02),
in that while native monolinguals (interpreters) were much faster with their dominant right
hand, native bilinguals did not show any hand preference (see Fig. 5). Furthermore,
interpreters were faster than bilinguals in responding to L1 words with their right hand.

RTs also differed according to Language in interaction with Group and Hand
(F1,17 ¼ 4.86, po0.05). Post hoc comparisons across means indicated that bilinguals were
actually faster with their left hand (740ms) than with their right hand (771ms) in their
native language, whereas there was no hand effect when responding to L2.

The linguistic preference also interacted with Group and Word type (F1,17 ¼ 5.9,
po0.003). Post hoc comparisons showed that the advantage of interpreters over native
bilinguals in responding to L1 stimuli increased when the words were semantically
incongruous within their context (see Fig. 6a). Finally, the four-way interaction of
Fig. 5. Experiment 1. Mean RTs to L1 and L2 words (regardless of the language) according to group and

response hand. Note how, unlike interpreters, bilinguals did not show an overall marked hand preference.
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Fig. 6. Experiment 1. Mean RTs to L1 and L2 words according to language, word type, group, and response

hand: (a) response speeds obtained for the right hand and (b) for the left hand. The advantage of interpreters over

bilinguals during L1 processing was more conspicuous when the right hand was used to respond (a); this effect was

not observed for L2 processing (b).
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Group�Language�Word type�Hand indicated a possible hemispheric difference for
this effect. Indeed, native monolinguals had an even greater advantage over bilinguals in
judging L1 meaningless words when the right hand was used (mean RTs to L1 Sem.
Incongr. words for interpreters ¼ 667, bilinguals ¼ 805ms; see Fig. 6a), and less of
an advantage when the left hand was used (interpreters ¼ 735, bilinguals ¼ 764ms;
see Fig. 6b).

8. Discussion

Overall, bilinguals were slower than both interpreters and controls in processing L1
sentences. This result pattern fits with previous literature data predicting slower linguistic
processing in polyglots (e.g., Proverbio et al., 2002, 2004; Rodriguez-Fornells et al., 2005).
The results of this study reveal a functional hemispheric asymmetry revealed by the
difference in RTs depending on which hand they used. Indeed, when they used their left
hands, the three groups did not statistically differ from each other, but L1 native
monolinguals (both controls and interpreters) were faster than native bilinguals when
using their right hand. This information suggests that age of acquisition of a second
language may have an effect on the functional organization of the linguistic brain.
Interestingly, while native L1 speakers were faster when using their dominant right hand,
native bilinguals were faster when using their left hand, which suggests a greater
involvement of right hemispheric regions in linguistic processing in early native fluent
bilinguals. The hand asymmetries observed correspond with some experimental evidence
showing a lesser degree of lateralization of linguistic functions in bilinguals (Proverbio
et al., 2002, 2004; Fabbro et al., 1991; Ullman, 2001). However, it must be noted that other
studies failed to observe any hemispheric asymmetry in the cortical activation for L1 and
L2 processing in bilinguals (e.g., Chee, Tan, & Thiel, 1999; Paradis, 1990; Perani &
Abutalebi, 2005). The fact that the advantage of interpreters over bilinguals in responding
to L1 stimuli increased when the words were semantically incongruous within their context
suggests a different organization of lexical/semantic knowledge in early bilinguals. In L1,
native monolinguals had a greater advantage over bilinguals when using their right hand to
judge incongruous words and less so when they used their left hand. This data may suggest
a difference in left hemispheric involvement in semantic representation according to
number of languages learned at the same time.

The comparison between native monolinguals (controls and interpreters) according to
the number of languages subsequently learned with great proficiency enabled us to
evaluate the limited capacity of the linguistic system. Results showed that interpreters were
slower than controls (but still faster than native bilinguals) in processing meaningful,
congruent end words, regardless of which response hand was used. Since both interpreters
and controls had only learned L1 as their native language, this effect could be ascribed to a
limited capacity of the linguistic system or to interference of the different lexicons for L1
and L2. The latter hypothesis concurs with the so-called Bilingualism Interactive
Activation model (or BIA model) (Dijkstra & Van Heuven, 1998; Grainger & Dijkstra,
1992), which predicts that when a word is presented to a polyglot there is an initial parallel
activation of the words in known languages that are partially compatible with the stimulus
presented, followed by a search in the different lexical systems (L1 and L2), together with
relative inhibition of the representations contained in the linguistic nodes belonging to the
non-target language(s), using a top-bottom mechanism. This model explains the
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phenomenon of cross-linguistic interference, and predicts the presence of an integrated
lexicon with non-selective access to L1 and L2. In addition, it predicts that the recognition
of target words is affected by the orthographic neighbors of both the target and the non-
target language.
In another interesting study, Van Heuven, Dijkstra, & Grainger (1998) used the effects

of the number of ‘‘orthographic neighbors’’ (words that differ from the target word by one
letter only) as an index of the relative influence of words belonging to the non-target
language on visual recognition of target words in different experimental conditions. In the
first two experiments, volunteers performed a word identification task of English and
German target-words: in the first experiment the target words were presented in blocks
(first the English words then the German ones, or vise versa); in the second experiment the
target words were mixed. In another two experiments, volunteers were required to perform
a lexical decision task. In particular, in one of these experiments volunteers were required
to give answers to words of both languages, while in the other experiment only English
words appeared and a group of bilinguals was compared with a group of English-speaking
monolinguals. The most relevant finding of this study was that the number of
‘‘orthographic neighbors’’ belonging to both the target and the non-target languages
significantly affected the recognition of the target words. This indicates that cross-linguistic
interferences (i.e., German neighbors of English target words and vise versa) may be
inhibitory.
In this study, the linguistic material in the different languages was presented in separate

blocks (with breaks in between) and not intermixed. Nevertheless, there are some doubts as
to whether the fact that interpreters were slower than controls, and that bilinguals were
even slower, in processing congruous L1 words might be due to: (i) task-related
interference across languages because of close temporal, although not simultaneous access
to the different orthographic/lexical systems (which could be called ‘‘exposure’’), or (ii)
previous multiple linguistic knowledge which to some extent put the limited capacity of the
lexical access system to the test. The experiment described below was designed in order to
disentangle the influence of these two factors in the linguistic processing of the native
language (L1).

9. Experiment 2

The aim of this study was to verify the effects on L1 processing of proficiency in other
languages mastered besides L2 (English). We set out to ascertain whether the limited
capacity, or sensitivity to interference, of the linguistic system in an orthographic decision
task in multiple languages (L1, L2, L3 or L4) increases according to the linguistic systems
known, or whether it depends on local temporal exposure.

9.1. Methods

9.1.1. Participants

The study group was formed of eight highly specialized simultaneous interpreters
who were different from the ones used in Experiment 1. These Italian native
language interpreters were all female, from 30 to 50 years old (mean age 41 years;
SD: 6.43), and had right-handed manual preference. They were all graduates in Languages
and Foreign Literature and specialized in conference interpreting. All had normal or
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corrected-to-normal vision, were in good health and none had ever suffered from
neurological or psychiatric disorders. Before participating in the experiment all the
interpreters were interviewed on a series of aspects that can be found in Table 1 to verify
any possible relationship between the processing speed of the known languages and other
relevant factors. Table 1 includes age of participants, context of English and German use
(all participants translate from Italian to English and vise versa as part of their normal
professional activity; only SS4 uses German, although not as much as English), age of
acquisition of these two languages, proficiency in German, and time exposed to each
language in the period immediately preceding (about a month) the experimental session.

Participants were recruited according to their proficiency in English (L2) and knowledge
of German. To assess proficiency in German, two written tests were administered to each
interpreter: the first one (a production test) involved completing a series of sentences with
an appropriate word from a multiple choice; the second one (a comprehension test)
involved reading a passage and choosing the appropriate answers to the questions at the
end of it. We then used the scores in these tests, together with the information provided
during the interview, to subdivide the participants into two sub-groups according to their
knowledge of the German language. Half the group (SS 1, 2, 3, 4) had an excellent or good
mastery of German although they did not consider this their L2; the other half of the group
(SS 5, 6, 7, 8) were not very proficient in German.

9.1.2. Stimuli and procedure

Stimuli consisted of random sequences of isolated words and legal pseudo-words (390
words, 390 pseudo-words for a total number of 780 stimuli) presented one at a time at the
center of a computer screen. All stimuli were typed in Times font, and were white on a
black background. The length of the words varied from 4 to 7 cm. They were 1 cm in height
and subtended 012504800 of the visual angle in the vertical axis, and 114301200–31101200 in the
Table 1

List of all interpreters tested in Experiment 2 of the present study identified by a code number for privacy

Ss. Proficiency in

German

Age English (L2) German (L3 or L4)

English Age acq. Exposure

(h/mo)

German Age acq. Exposure

(h/mo)

1 High 50 L2 11 50 L3 8 —

2 High 46 L2 20 Daily L3 19 Rare

3 High 42 L2 13 Daily L3 13 Rare

4 High 33 L2 8 Daily L3 13 120

5 Low 46 L2 5 150 L5 33 —

6 Low 42 L2 20 20 L5 17 5

7 Low 40 L2 11 105 L4 14 —

8 Low 30 L2 7 Daily — — —

All interpreters translate from Italian to English and vice versa in their job (active/passive simultaneous or

consecutive interpretation).

Age acq. ¼ age of acquisition of English and German; Exposure ¼ active exposure (interpreting and teaching) to

spoken English in the last month (in hours) as reported by the interpreters in the preliminary interview. For all

interpreters, passive exposure to English was much higher than to German. A low number of hours indicates that,

in the previous month, the interpreters had been using a different language than L2 in their professional activity

(French, Spanish or Danish).
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horizontal axis. Each block of 60 trials lasted about 1.5min and was preceded by three
warning signals ‘‘ready’’, ‘‘set’’, ‘‘go’’ presented for 250ms. Each stimulus remained on the
screen for 200ms and was followed by a 1400–1600ms random ISI. Subjects were
instructed to stare at a fixed point located in the center of the screen.
Thirteen different characters were used as target letters through the different runs. These

characters were: B, C, D, F, G, L, M, N, P, R, S, T, and V. At the beginning of each run,
participants were informed of the target letter for the following run. In each run, half the
stimuli were targets in that they included the target letter announced to subjects at the
beginning of the trial. The task consisted of responding as accurately and quickly as
possible to the presence of target letters by pressing a response key with the index finger of
the left or right hand, at the same time not taking into account whether the word was
congruous or non-existent. The two hands were used alternately during the recording
session. The order of hand use and the task conditions were counterbalanced across
subjects.
Each block of 60 trials consisted of a random sequence of 20 words for each language

(Italian, English and German). For each sequence, there were 30 targets and 30 non-
targets, 30 words (all nouns) and 30 pseudo-words (legal pseudo-words that were in
keeping with the specific orthography of each language). Stimuli were balanced in terms of
imageability, frequency of use, length and position of target letter (beginning, middle or
end of word).

9.1.3. Data analysis

RTs not faster than 140ms, and not exceeding two standard deviations above or below
the mean were analyzed by four-way repeated measures ANOVA. Factors were ‘Group’
(two levels: very fluent or not fluent German), ‘Lexical category’ (two levels: words and
pseudo-words), ‘Language’ (three levels: Italian (L1), English (L2) and German), and
‘Response hand’ (left and right). Post hoc Duncan tests were carried out for multiple mean
comparisons. Greenhouse–Geisser corrections were adopted to reduce positive bias
resulting from repeated factors with more than two levels.

9.2. Results

The analysis of the RTs showed a significant effect of Group (F1,6 ¼ 6.2; po0.05, e ¼ 1)
with slower RTs for interpreters who were fluent in all three languages (595ms, SE
12.97) than for those who were fluent in only two of the languages used in this
study (550ms; SE 12.97), as can be clearly seen in Fig. 7. Furthermore, the ANOVA
showed the significant effect of Language (F2,12 ¼ 7.882; p ¼ 0.006). Relative post hoc
comparisons indicated faster RTs to L1 stimuli (564ms; SE 9.34) than to L2 stimuli
(582ms; SE 11.14) (po0.0001) and no significant difference between L2 and L3 (571ms;
7.83). RTs were also significantly faster to words (562ms; SE 8.78) than to pseudo-words
(583ms; SE 9.67), as demonstrated by the significance of the Word type factor
(F1,6 ¼ 84.8; po0.00001).

9.3. Discussion

The aim of this experiment was to determine whether the possible limited capacity, or
susceptibility to interference of the linguistic system increased in an orthographic decision
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Fig. 7. Experiment 2. Mean RTs to target letters according to fluency in German (group), word type and

language. RTs were slower for very fluent German speakers, in other words for the group that had an excellent

command of three rather than two of the languages used as stimulus material. This suggests a strong effect of

inter-linguistic interference.
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task on multiple languages (L1, L2, L3, L4) according to the known linguistic systems, or
whether it was the result of local temporal exposure.

Overall, the results showed an advantage of L1 over languages learned after late
childhood, which was obviously related to the age of acquisition, and not to proficiency.
Interestingly, interpreters with a very fluent knowledge of all three languages included in
the experiment were significantly slower than those who had an excellent mastery of only
two of them. Since all these professionals spoke four or five languages, and indeed the ones
who were not proficient in German were proficient in French, Spanish, or Danish, there is
a high probability that our pattern of results reflects interference due to the close access, or
exposure in time to multiple linguistic systems, and not to the limited capacity of the
system. Indeed, the stimuli was designed so that both words and pseudo-words were legal
and so that they looked orthographically specific to each language. Therefore, according to
available reading models, this would imply a parallel activation of the different lexicons,
since L1, L2 and L3 words were randomly mixed during presentation. Such activation
would not occur, or would occur to a lesser extent, in readers with a poor knowledge of
those lexicons. For instance, according to the aforementioned BIA model (Dijkstra & Van
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Heuven, 1998; Grainger & Dijkstra, 1992), when a letter string is presented to the model,
the visual input activates representations of the basic features of graphemes. At the next
level, the words belonging to both languages and containing the target letters in a certain
position are activated, while the others are inhibited. Of course, the more languages spoken
among those presented, the higher the number of nodes activated and the greater the
interlinguistic interference, even when the task is simply to recognize a target letter.
The apparently paradoxical results of slower RTs to L3 words in interpreters fluent in

L3 have some similarities with the finding, described by Proverbio et al. (2006), that RTs to
L1 words of native Greek readers fluent in their language were slower than readers not
familiar with that language, in the same kind of letter recognition task. This is probably
due to the fact that although the native readers were much faster in responding to words
(527ms) than to pseudo-words (573ms) (while obviously controls were not), their mean
RTs to non-sense strings were higher than those of controls. Ultimately, native readers
were slower than controls in processing L1 non-words, very probably because the failure to
find a lexical entry interfered with orthographic processing of strings. This result suggests
that lexical access to L1 is automatic even when not required by the task.

10. General discussion

Overall, the data seem to suggest that a certain degree of interference occurs in a
multiple language context, for example in strongly bilingual environments, and this is very
probably due to the close temporal access to the various linguistic systems. For a similar
language proficiency, this interference is recorded to a lesser, though significant, extent in
people in a day-to-day moderately multilingual environment. There is less interference
when a language has a special status, such as the primary language learned before puberty.
In any case, the linguistic systems do not seem to be independent from each other and
appear to be based on a common conceptual system, thus supporting the interference,
rather than the independence hypothesis. Nevertheless, bilinguals can control cross-
language interference quite well. To explain this ability it has been hypothesized that there
is a linguistic switch appointed to control access to each language (Hernandez et al., 2000;
Meuter & Allport, 1999; Moreno, Federmeier, & Kutas, 2002), which is most probably
similar to the ones responsible for the control of other task sets in linguistic or non-
linguistic domains. On the basis of this mechanism, individuals, such as simultaneous
interpreters, can ‘‘tune into’’ different incoming or outgoing languages without evident
interference problems (Proverbio et al., 2004). In the last decade, research on a neural locus
for switching mechanisms has been carried out using neuroimaging techniques. However,
the neural area or areas involved in the switching mechanisms still remain unidentified. In
an fMRI study, Hernandez and coworkers (2000) investigated brain activation during a
picture naming task in one language only or in a mixed-language condition. The
participants (six expert Spanish–English bilinguals) were asked to name each figure
presented in the language suggested by a cue, so that if the word ‘‘say’’ was presented they
had to answer in English, while if the word ‘‘diga’’ (‘‘to say’’ in Spanish) was presented
they had to answer in Spanish. The results of the study did not reveal any difference across
the two languages in the activation of the dorsolateral prefrontal cortex, supramarginal
gyrus, inferior frontal gyrus, and superior temporal gyrus. Nevertheless, greater activation
of the dorsolateral prefrontal cortex was observed when the two languages were mixed
than when they were processed separately, thus suggesting that this area has a role in the
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switching mechanism. On the other hand, it is well known that the same area is active
during tasks requiring an increase in executive/attentive control functions (e.g., Fassbender
et al., 2004; Szameitat, Schubert, Muller, & Von Cramon, 2002). It is therefore possible
that the dorsolateral prefrontal cortex is involved in a general executive function, and not
specifically in a linguistic process.

In a PET study, Price, Green, and von Studnitz (1999) investigated the nature of control
processes in German–English bilinguals who were very proficient in English, using a
translation and a reading task. Their expectation was that the switching mechanisms, and
the translation, or both, would involve activation of the dorsolateral prefrontal cortex. The
translation process showed an involvement of the anterior insula, the cerebellum, and the
supplementary motor area (neural regions related to articulation), whereas switching from
one language to another led to increased activation of Broca’s area in the left hemisphere,
and bilaterally in the supramarginal gyrus, areas thought to be involved in phonologic
recodification. Neither the translation nor the linguistic switching led to increased
activation of the dorsolateral prefrontal cortex or the anterior cingulate, thus suggesting
that probably not all tasks requiring switching involve the same executive functions.

Using this consideration as their starting point, Hernandez, Dapretto, Mazziotta, and
Bookheimer (2001) aimed to compare the pattern of activation associated with a switching
task within one language with the activation produced by switching across two languages
in English–Spanish bilinguals. In the first kind of task, the volunteer was required to name
a picture in English, focusing on the name of the object presented when the article ‘‘the’’
was presented as a cue, or on the action carried out on the object when the particle ‘‘to’’ for
the infinitive verb was presented as the cue. In the second type of task, the volunteers were
required to name pictures in English or Spanish according to whether the cue was in
English or Spanish (‘‘say’’ and ‘‘diga’’, respectively, as in their previous study). Overall, the
two kinds of tasks produced the same activation patterns, involving the frontal cortex, the
dorsolateral prefrontal cortex and the motor area of the left hemisphere. In addition,
consistent with previous studies on expert bilinguals, no difference was found in the
activation pattern for each language, although the volunteers performed better in English.
The core aspect of this study is the comparison of the within-language naming condition
carried out in separate blocks (first in English and then in Spanish, or vise versa) with the
mixed between-language naming condition (alternately in English and in Spanish), which
resulted in significant effects only in the between-languages switching task. Consistent with
the authors’ expectations, increased activation of the right dorsolateral prefrontal cortex
and of the left inferior frontal gyrus occurred only in the between-language switching
condition. This suggested that picture naming in a condition that requires people to switch
from one language to another involves greater executive functions.

Similar studies showed that the costs of the switching mechanisms are higher in children,
then decrease until the age of 18 years, remain stable until 50 years, and increase again
after 65 years (Hernandez et al., 2001). This trend relates to the development of the frontal
cortex, and the working memory and executive control functionality.

Interference between the languages mastered by polyglots occurs not only in speech, but
also in reading. Indeed, if the two languages share the same alphabet but have different
pronunciation rules, there is a competition between the pronunciation generated for a
certain string of letters when both the spelling-sound correspondences are active, as
reported by Jared and Kroll (2001). In their study, English/French bilinguals were asked to
name target words first in their native language, then in their second language. Three
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variables were considered: their native language (English or French); their level of
proficiency in L2 (i.e., French in English native bilinguals) and the presentation (or not) of
French words immediately before the presentation of English words. At the beginning of
each session, a block of English words was presented to the volunteers; in this phase, the
authors showed that, unlike French native speakers, English native speakers did not
activate their spelling-sound knowledge for French (even when they were highly proficient
in this language). In a later phase, a block of French words was presented, followed by a
new block of English words. The results showed that after the presentation of the French
words, the L2 spelling-sound correspondences remained active in native English speakers
(as indicated by the influence of the French competitors on the performance of this group
with the English words). This activation was weaker in less proficient volunteers and
stronger in subjects who were more proficient in French. This was not observed in native
French speakers, probably because they were somehow able to inhibit the activation of
their knowledge of spelling-sound correspondence in French when asked to change
linguistic context (in other words, when they had to use code switching). Other studies
(e.g., Alvarez, Holcomb, & Grainger, 2003; Proverbio et al., 2004) have reported the
presence of greater costs in code switching from the native language to the less dominant
language than vise versa, and interpreted these results as due to the different age of
acquisition of L1 as opposed to L2.
This finding may help to explain the considerable delay in performance of native

bilinguals compared to simultaneous interpreters in our Experiment 1 for L1 processing.
Indeed, the interesting hand asymmetry related to this effect supports the hypothesis that
the difference across the two groups of speakers is based on the different age of acquisition
of L2 and on the relative different functional organization of the linguistic brain.
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