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Neurocognitive determinants of performance variability among
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Although the notion of world language has been variously defined, most accounts
acknowledge inter-user performance variability as a key aspect of the construct. The
sociocultural aspects of such a phenomenon have been extensively treated in the
literature. However, comparatively little attention has been paid to its neurocognitive
underpinnings. This paper addresses the biopsychological bases of performance varia-
bility among word-language users, focusing on bilingual speakers of English.
Available evidence reveals four neurocognitive determinants of variability, namely
manner of appropriation, age of acquisition, level of proficiency, and degree of formal
similarity between the native and the non-native language. In its concluding section,
the paper highlights the benefits of incorporating neurocognitive evidence into the
study and conceptualization of world languages.
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1. Introduction

In contemporary neurolinguistics jargon, the term “bilingual” denotes any person who
uses two languages or dialects in daily life (Grosjean 1994; Fabbro 2001a) and who can
willingly communicate in one or the other according to the circumstances (Paradis 1984),
at any level of proficiency (LoP; Meinzer et al. 2007). Thus defined, bilinguals are
estimated to represent one half (Grosjean 1994), to two thirds (Walraff 2000), to three
fourths (Azarpazhooh et al. 2010; Porch and de Berkeley-Wykes 1985) of the world’s
population. The global expansion of bilingualism, in general, and of a selected group of
languages, in particular, has sparked scholarly interest in the so-called world languages —
i.e., languages spoken by a significant proportion of individuals the world over, which
play a dominant role in international media, institutional, and diplomatic communications
(Baker and Prys Jones 1998).

The boundaries between world languages and non-world languages are fuzzy. The
former can be conceived as occupying one end of a linguistic continuum, indicating
maximal inter-user variability in geographical distribution (Baker and Prys Jones 1998),
manners of appropriation, and levels of proficiency (Paradis 2009) (see Figure 1). Non-
world languages, placed towards the other end of the continuum, would tend to be more
similar in terms of those variables.

Inter-user performance variability in world languages (in particular, English) has been
studied from various perspectives, including political (Mair 2003; Crystal 2003),
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Figure 1. The neurocognitive world-language continuum.

grammatical (Wahid 2013), phonological (Fatemi et al. 2012), sociodialectal (Chan 2013),
curricular (Doan 2012), pedagogical (Gilsdorf 2002), and otherwise theoretical (Kilickaya
2009) approaches. However, there is a dearth of studies examining the neurocognitive
basis of the phenomenon. To bridge such a gap in the literature, this paper reviews
evidence on the neurocognitive determinants of performance variability among users of
world languages, with an emphasis on English. Relevant data are gleaned from neuro-
linguistic and psycholinguistic studies of bilingualism. Specifically, the view will be
posited that observable variability in linguistic behavior among users of world languages,
in general, and English, in particular, is determined by differences in the neuropsycholo-
gical representation of linguistic information. This claim is schematically illustrated in
Figure 1.

Idiolectal differences aside, performance variability across users of a given language is
largely determined by neurocognitive factors (Paradis 2009). The closer a language is to
the left end of the continuum, the more similar its users’ neurocognitive processing
systems and linguistic performance. On the other hand, the closer a language is to the
right end, the greater the variability among its users’ language processing and behavior.
As shown in the following sections, the key cerebral and cognitive factors responsible for
performance variability among users of a world language — especially, English — are
manner of appropriation (as a native or as a non-native language), age of acquisition
(AoA), LoP, and degree of formal similarity between the first language (L1) and the
foreign language (L2). More succinctly, this paper seeks to demonstrate that a specific
world language can be represented and processed in very different ways, depending on a
number of interrelated but dissociable neurocognitive factors.

2. Neurocognitive determinants of variability in world-language use

Paradis (2004, 2009) distinguishes two manners of appropriation of linguistic information.
On the one hand, learning consists in the conscious appropriation of the stimuli’s sensible
properties. Its outcome is explicit knowledge, which can be used willingly in a controlled
fashion. Thus, learning is a function of declarative memory. On the other hand, acquisition
refers to the incidental appropriation of the abstract patterns underlying the stimuli’s
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physical forms. Its result is implicit competence, which is used automatically. Incidental
acquisition of linguistic information, then, constitutes a function of procedural memory. In
the following sections, the terms “appropriation”, “learning”, and “acquisition” will be
used in the technical senses presently defined.

2.1 World languages as native languages

While all individuals have different, unique neurocognitive systems, all native speakers
(of Western languages) feature the same neurofunctional organization and neuroanatomi-
cal distribution of their linguistic subsystems. First of all, phonological, lexical, and
grammatical information is lateralized to the left hemisphere (LH) in roughly 97% of
the population (Obler and Gjerlow 1999; Springer et al. 1999). Within the LH, there are
functionally autonomous systems responsible for phonological production as well as
morphological and syntactic processing, on the one hand, and lexico-semantic informa-
tion, on the other. In the case of native languages, the former functions are acquired
incidentally, used automatically — that is, with negligible variability (Paradis 2009) — and
critically subserved by frontobasal areas implicated in procedural memory (e.g., aspects of
Broca’s area, basal ganglia). On the other hand, lexico-semantic information is explicitly
learned, used under conscious control, and represented in temporal and temporo-parietal
regions related to declarative memory (e.g., Wernicke’s area, medial temporal lobe,
hippocampal region). These dissociations have been captured in the declarative/procedural
model (Paradis 1994, 2004, 2009; Ullman 2001; 2004, 2008).

According to Eichenbaum and Cohen (2001), the declarative memory system specia-
lizes in learning and representing episodic and semantic knowledge. This system sub-
serves fast incorporation of arbitrarily related information, with little exposure to relevant
stimuli. Such information is mostly accessible to consciousness and can be explicitly
retrieved. On the other hand, procedural memory subserves the acquisition and represen-
tation of sensorimotor and cognitive skills and habits. Abstract patterns in this system are
built gradually, requiring sustained exposure to relevant stimuli. Information processed by
this system is implicit in nature, which renders it opaque to consciousness. Procedural
memory is implicated in the representation of serial abstract sequences, which are used
automatically, or non-deliberately (see also Packard and Knowlton [2002]).

The evidence compiled by Ullman (2001, 2004, 2008), involving mostly monolingual
English speakers, shows that neurological diseases compromising declarative memory
while sparing procedural memory (e.g., fluent aphasia, Alzheimer’s disease, amnesia)
result in lexico-semantic, but not in grammatical, deficits (Alexander 1997; Bozeat et al.
2000; Dronkers et al. 2000; Graham et al. 1999). On the contrary, lesions affecting the
substrates of procedural memory without damaging those of declarative memory (e.g.,
those causing non-fluent aphasia, Parkinson’s disease, specific language impairment)
impair syntactic and morphological processing while sparing lexico-semantic functions
(Alexander 1997; Clahsen et al. 1997; Dewey and Wall 1997; Dronkers et al. 2000;
Dubois et al. 1991; Ellis Weismer and Hesketh 1996). Such a dissociation is further
supported by neuroimaging evidence (e.g., Damasio et al. 1996; Friederici 2002). It is of
note that while declarative memory processes result in widely different linguistic output
across and within users, language processes sustained by procedural memory present
virtually no variability within and between subjects (Paradis 2009).

In sum, a world language that is appropriated as a native language features negligible
inter-user variability in grammatical performance, since syntax and morphology, in all
cases, are processed automatically by procedural memory. However, declarative functions,
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such as lexical and semantic processing, are less homogeneous because they are subject to
conscious, controlled processes, varying greatly within and across individuals. Still, the
more noticeable sources of performance variability among world-language users are
related to bilingualism, as seen in the following sections.

2.2 World languages as non-native languages

A distinguishing trait of some world languages is that they are spoken by more non-native
that native users. Bilingualism itself modulates cognitive processing overall. Relative to
monolinguals, bilinguals have been consistently shown to possess enhanced skills across
several domains, including selective attention, problem-solving, metalinguistic awareness,
inhibitory control, and executive processing at large (for reviews, see Bialystok [2001],
[2011] and Bialystok et al. [2009]). However, bilingualism (especially in children) proves
detrimental to certain aspects of language processing, as it increases the frequency of tip-
of-the-tongue states (Gollan and Acenas 2004) while reducing word-retrieval speed,
lexical fluency, and vocabulary in each language (Bialystok et al. 2009). These findings
imply that both native and non-native bilingual users of a world language tend to have a
poorer lexical performance than monolingual users of the same language.

Another reason why bilingualism brings about performance variability in world-
language use is that the sociocognitive conditions of language appropriation are much
more varied for foreign than native languages. In particular, the neurocognitive under-
pinnings of language processing are less consistent across individuals for L2s than for
L1s. Dehaene et al. (1997) conducted a functional magnetic resonance imaging (fMRI)
experiment with late French-English bilinguals, and asked them to listen to fragments of
stories in L1, L2, and a third language played backwards. Activations for the L1 condition
were very similar across participants, engaging regions in and around Wernicke’s area.
However, activated areas in the L2 condition were varied and inconsistent between
participants, engaging both frontal and posterior regions in both hemispheres. Also,
several evoked-response potential (ERP) studies have revealed that, relative to monolin-
guals, bilinguals exhibit delayed latencies in the semantic-sensitive N400 component (for
a review, see Moreno et al. [2008]). The greater variability in the neurocognitive repre-
sentation of an L2 relative to an L1 is likely related to the multiple learning styles and
strategies framing L2 appropriation and use, as opposed to the relative uniformity of the
processes sustaining L1 acquisition.

In the case of late language learners, several intersubjective differences relate to their
increased reliance on declarative memory, which may be used to process not just lexico-
semantic, but also grammatical, information. According to Paradis (2009, 189):

[t]he use of declarative memory to learn a second language leads to interindividual variability
in ultimate attainment, resulting from differences in working memory capacity, level of
education, 1Q, motivation, and other factors that do not affect first language acquisition.

However, certain aspects of a foreign language can be automatized and processed
implicitly, through the use of procedural memory. Given a sufficient amount of exposure
and practice:

[s]Jome implicit linguistic competence in L2 can probably be acquired in certain aspects of
linguistic structure (syntax, morphology, phonology, in that order of probability) though not
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completely at any level. This is one reason why there is great variability in individual success
at learning a second language (Paradis 2009, 118).

Specifically, performance differences among non-native users of a world language are
related to a number of interrelated, though independent, neurocognitive variables, as
explained below. Most of the studies cited involve English as a particular language
under scrutiny.

2.2.1 The age of appropriation factor

A world language may be appropriated as an L2 at varying ages, ranging from early
childhood to adulthood. The ability to incidentally acquire linguistic information is bound
to optimal periods, which renders AoA another key factor underlying inter-user varia-
bility. By age five, approximately, procedural memory circuits begin to lose plasticity
(Paradis 2009), which progressively undermines the brain’s ability to acquire new impli-
cit, automatic routines. Studies with humans and rodents confirm that the acquisition of
procedural information, via the basal ganglia, is subject to short-lived critical periods
(Fredriksson et al. 2000; Schlaug 2001). At the same time, declarative memory perfor-
mance steadily improves throughout childhood (DiGiulio et al. 1994), and then decays
during adulthood (Kirasic et al. 1996). One reason behind these changes would be the
increase of estrogen levels during childhood and adolescence, as this substance seems to
inhibit the procedural system while promoting activation in the declarative system
(Ullman 2004).

Birdsong (1999) showed that, in languages appropriated after late childhood (i.e.,
around age seven), grammatical skills are poorer than lexical abilities. Mohring (2001)
tested early bilinguals and found that gender agreement rules were easily acquired before
age three, but became progressively more difficult at later ages. Moreover, the review
offered by Birdsong (2006) shows that most of the tasks in which bilinguals’ L2
performance is comparable to their performance in L1 are offline in nature — meaning
that they allow for conscious control via declarative and executive processes.

These data warrant the postulation that the critical AoA to distinguish between early
and late L2 learners lies between ages five and seven. This critical period is determined by
maturational brain processes rendering individuals above age seven better prepared to
learn — rather than acquire — linguistic information. Thus, whereas early learners may
promptly achieve native-like levels of performance in processing implicit abstract rou-
tines, late learners only rarely manage to do so. Indeed, the neural representation of an
early learned L2 is much more similar to that of a native language than is a lately learned
L2. In reference to the declarative/procedural model of bilingualism, Fabbro (2001b, 219)
states that:

[...] the acquisition or learning modality seems to determine a different participation of
procedural memory systems vs. declarative memory systems. If L1 and L2 are acquired in
informal contexts and both are at a high level of proficiency, their phonologic and morpho-
syntactic aspects are stored in procedural memory systems. On the other hand, traditional
learning of L2 after the age of 7, along with limited proficiency in production, seems to
involve the declarative memory systems to a greater extent.

Indeed, early bilinguals tend to represent the grammar and the lexico-semantics of their
L2s in the same broad neuroanatomical regions as their L1s — i.e., grammar is represented
in procedural memory (frontobasal regions), and lexical information is processed by
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declarative memory (temporal/temporo-parietal areas). On the contrary, late bilinguals
tend to represent both the grammatical and the lexical information of their L2 in
declarative memory. Aphasiological evidence supports this claim. Ku et al. (1996) report
the case of a late Mandarin-English bilingual with a lesion focused on the left temporal
lobe, which compromised his syntactic abilities more markedly in L2 than in L1. Aladdin
et al. (2008) discuss two Ukranian-English bilingual epileptics whose seizures originated
in left temporal regions. In both cases, for roughly 20 minutes post-seizure, the patients
would find themselves unable to speak in L2 while their L1 remained virtually unaffected
(comprehension abilities, however, remained fully functional in both languages).

However, when late bilinguals sustain lesions to frontobasal areas, their grammatical
competence in L1 is selectively compromised. Evidence for this dissociation is offered by
Fabbro and Paradis (1995), who review four cases of bilingual aphasia subsequent to basal
ganglia damage. All four patients (late learners of their respective L2s) were more signifi-
cantly impaired in their native than in their non-native languages (e.g., they omitted more
functors in obligatory contexts in L1 than in L2). A similar pattern was observed by Garcia-
Caballero et al. (2007) in their case study of a late bilingual suffering from crossed aphasia.

Converging evidence has been found through neuroimaging studies with non-patho-
logical subjects. Single-word tasks consistently show that lexico-semantic processing in
L1 and L2, regardless of AoA, engages the same macroanatomical regions, especially
within the temporal lobe (Illes et al. 1999; Paradis 2004; Ullman 2005; Mondt et al.
2009). However, tasks involving syntactic processing (parsing or stripping) indicate a
marked AoA effect.

For example, in the Chee Michael et al. (1999) experiment, early Chinese-English
bilinguals were asked to decide whether sentences presented in one or the other language
were true or false. Stronger activations were detected in the middle and inferior prefrontal
cortices, the left temporal region, the left angular gyrus, the supplementary motor cortex,
and bilateral occipital and parietal areas. What is remarkable is that all these areas were
equally activated in both languages, which supports the view that syntactic processes in
early bilinguals engage the same neurocognitive mechanisms for both languages. For their
own part, in a positron emission tomography (PET) experiment, Perani et al. (1996) asked
late Italian-English bilinguals to listen to stories in L1, L2, and a third language unknown
to them. In L1, differential activations were observed in the inferior frontal gyrus, the
medial and superior temporal gyri, the temporal pole, the angular gyrus, and the right
cerebellum. However, L2 yielded significant activations only in bilateral middle and
superior temporal areas and parahippocampal regions. These data are consistent with
the claim that, in late bilinguals, L2 syntactic processing relies more heavily on posterior
regions implicated in declarative memory.

Other studies provide direct comparisons between early and late bilinguals. Hirsch
et al. (1997), in an fMRI experiment, compared the activation patterns of early and late
bilinguals during a silent sentence-generation task. Both L1 and L2 yielded overlapping
activations in Broca’s area in the “early” group, but they engaged separate frontal regions
in the “late” group. No differences between groups were observed in Wernicke’s area. In a
more recent fMRI study, Waldron and Hernandez (2013) compared brain activation
patterns in early and late Spanish-English bilinguals with similar proficiency in both
languages. Participants were asked to covertly generate the past tense form of visually
presented L2 verbs. The “early” group demonstrated greater activations throughout
frontal-temporal regions associated with automatic processes, whereas the “late” group
presented differential activations in posterior and prefrontal areas associated to controlled
processes.
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There is also behavioral evidence demonstrating the role of AoA in L2 processing. For
example, Marinis and Chondrogianni (2011) showed that the development of comprehen-
sion of pronouns and reflexives is similar between early bilingual children’s L2 and
monolinguals’ native language, but not between the former group and late L2 learners.
To the extent that such word classes involve grammatical processing, these results are also
consistent with the claim that grammar is subserved by different cognitive mechanisms for
early and late bilinguals.

In sum, the evidence indicates that AoA has an impact on how non-native languages
are neurocognitively represented and processed (but see Frenck-Mestre et al. 2005). If
these are appropriated at an early age, they will tend to resemble native languages both in
the anatomical distribution of their subsystems and in the type of cognitive mechanism
responsible for the latter’s processing. Hence, inter-user performance variability in typi-
cally procedural (e.g., grammatical) functions will not be as marked as variability in
declarative (e.g., lexical) functions. On the contrary, if a language is learned at a late age,
all of its subsystems will tend to be processed declaratively, via conscious, controlled
mechanisms — including executive processes (Waldron and Hernandez 2013), leading to
greater interindividual variability in performance.

2.2.2 The level of proficiency factor

Another factor underlying performance variability in world languages is LoP. LoP and
AoA effects are often confounded in experimental designs, since early bilinguals tend to
have higher LoPs than late bilinguals. However, each variable contributes independently
to performance variability among users.

There is abundant behavioral evidence demonstrating that LoP modulates processing
in a non-native language. For instance, translation asymmetries, asymmetrical switching
costs, and differences in conceptual involvement between L1 and L2 tasks are greater in
low-proficiency than in high-proficiency bilinguals (for reviews, see French and Jacquet
[2004], Brysbaert and Duyck [2010], and Kroll et al. [2010])." Moreover, LoP has an
impact on the neurological representation of languages. In this sense, a leading proposal is
the so-called convergence hypothesis:

According to this hypothesis, as proficiency in L2 increases, the representation of L2 and its
processing profile (i.e., ERP and neuroimaging data) converge with those of native speakers
of that language. That is, any qualitative differences between native speakers of a language,
and L2 speakers of that language, disappear as proficiency increases [...] Notice the
convergence hypothesis is a claim about neural representation and processing profiles and
not a claim about whether or not an L2 speaker of a language can simulate or pass off as a
native speaker of that language (Green 2004, 5).

Support for this view has been found in varied studies. For example, Ibrahim (2009)
reports the case of M.H., an aphasic bilingual patient who suffered an intracraneal
hemorrhage compromising his left temporal lobe (declarative memory) but sparing fron-
tobasal regions (procedural memory). A native speaker of Arabic, M.H. learned Hebrew
metalinguistically, through formal instruction, since the fourth grade. Although he was a
late bilingual, he had achieved a high LoP in Hebrew (not only did he use it daily in
academic, professional, and private contexts, but he graduated from a Hebrew university).
Subsequent to his lesion, M.H. presented with similar deficits in both languages, in
fluency, comprehension, and repetition. Moreover, after three months of therapy, gram-
matical deficits were not observed in either language, although vocabulary deficits
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remained. This case suggests that even the grammar of a lately learned L2 may eventually
be processed through the more automatic mechanisms of procedural memory, provided
the user has developed a sufficiently high LoP.

More evidence has been offered in neuroimaging experiments. Using the PET
technique, Perani et al. (1998) formed two groups which differed in AoA but possessed
similar LoPs, and asked them to listen to stories in L1, L2, and a third language
unknown to them. The “early” group comprised native speakers of Italian who spoke
either Spanish or Catalan as L2. The “late” group was composed of Italian-English
bilinguals. The latter group showed left temporal and hippocampal activations for both
languages, without significant differences between them. For its own part, the “early”
group presented bilateral hippocampal and left-lateralized temporal and parietal activa-
tions. Left temporal activations, however, were less pronounced in this group. This
study shows that differences in L2 neural representation between age groups may be
attenuated with increased LoPs by late learners — i.e., extensive practice and exposure
lead to greater macroanatomical convergence between corresponding L1 and L2
subsystems.

In an fMRI study, Videsott et al. (2010) administered a picture naming task to a
sample of native Ladin” speakers with a high LoP in Italian and an intermediate LoP in
English. While word production in all three languages engaged common brain areas, the
two fluently spoken languages involved enhanced right prefrontal activity relative to
English. Given the well-documented role of the right prefrontal cortex in cognitive
control, the authors suggest that such a structure may support language proficiency by
supervising effective word retrieval.

LoP also modulates brain potentials associated with lexical processing. Moreno and
Kutas (2005) examined N400 deflections in two groups of Spanish-English bilinguals
during a semantic decision task. One group was composed of early bilinguals with high
vocabulary proficiency in English, whereas the other comprised late learners with lower
English vocabulary proficiency. In both subgroups, the N400 effect peaked with a
significant delay in the non-dominant than in the dominant language. Among other
results, it was found that both AoA and LoP independently accounted for a statistically
significant amount of the variance in N400 latency. The authors further suggested that
early AoA does not necessarily guarantee a fast response to semantic incongruity.
Moreover, a language dominance effect was found which resembled abstractness/concre-
teness effects observed at a similar time range within a single language (i.e., relative to
abstract words, concrete words yielded a larger anterior negativity). This led the authors to
conjecture that LoP may influence a language’s overall processing style, making it more
literal or metaphorical. For further evidence that L2 LoP is systematically associated with
ERP responses, see Hahne (2001), Elston-Giittler et al. (2005), and Kotz and Elston-
Giittler (2007).

All in all, LoP-related evidence seems largely consistent with the convergence hypoth-
esis. A non-native world language spoken at a low LoP is processed via conscious,
declarative mechanisms, and its grammar is represented in posterior brain areas that are
separate from those subserving native-language grammar. However, as LoP increases,
both its processing and gross neural representation tend to converge with those of native
languages (i.e., processing depends on frontobasal regions, becoming more automatic and
implicit). Moreover, LoP differences account for performance variability even in strictly
declarative functions, such as vocabulary processing: a greater LoP reduces word activa-
tion latencies and executive involvement.
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2.2.3 The interlinguistic influence factor

Unlike monolingual users of a world language, bilinguals represent information about (at
least) two languages, each of which may influence processing in the other. Thus,
performance in a world language that is represented as either a native or a non-native
language may also vary depending on specific properties of the other language.

As a rule, native speakers of European languages tend to develop greater proficiency
in English as an L2 than do Chinese learners. When matched for AoA, years of L2
instruction, and years spent in the United States, European bilinguals outperform Asian
bilinguals in listening and reading tasks. Such differences in L2 attainment are likely
related to the fact that, unlike Chinese, most European languages use alphabetic scripts,
which would facilitate processing in other alphabetic-script languages, such as English
(Bialystok and Miller 1999; Birdsong and Molis 2001; Jia et al. 2002; Jia 2006).

Moreover, the formal properties of a native language may influence the neurocogni-
tive representation of a lately learned L2. Yang et al. (2011) examined whether the neural
representation of lexical categories in a non-native language is influenced by that of a
given native language. Strategically, the authors relied on fMRI to explore the neural
distribution of nouns and verbs in late Chinese-English bilinguals. This language pair is
well-suited to answer such a question. In monolingual speakers of English, nouns and
verbs are differentially represented in left frontal/prefrontal regions and left middle/poster-
ior temporal areas, respectively (Damasio and Tranel 1993; Martin et al. 2000; Shapiro
et al. 2006). The neural dissociation between nouns and verbs also holds in non-native
speakers of English whose native language also presents a morphological distinction
between both classes (Hernandez et al. 2007; Willms et al. 2011). However, no such
dissociation occurs in Chinese monolinguals (Li et al. 2004), arguably because Chinese
features no inflections signaling a formal distinction between such lexical classes (Kao
1990). A previous fMRI study with early Chinese-English bilinguals raised in Hong Kong
found that each language presented the same profile observed in monolingual speakers
(Chan et al. 2008). However, in their study with lafe bilinguals, Yang et al. (2011) found
that nouns and verbs, in both Chinese (L1) and English (L2), were subserved by largely
overlapping regions, although the network for English was more widely distributed than
that involved in Chinese — which likely reflects more effortful processing in the former.
The key finding was that, unlike what occurs in native English speakers and western
learners of English as an L2, these subjects showed no neural dissociation between nouns
and verbs. The authors suggest that “the lack of grammatical morphology and the high
degree of noun-verb ambiguity in Chinese might lead to the speaker’s insensitivity to
noun-verb differences”, so that late bilinguals “may be applying the neural mechanism for
Chinese (L1) to the processing of English (L2) and hence also show no neural sensitivity
to nouns versus verbs in English” (Yang et al. 2011, 680).

Basnight-Brown et al. (2007) offer further evidence that the level of formal similarity
between a non-native world language and a native language influences processing in the
former. Using a cross-modal priming paradigm, the authors compared magnitudes of facil-
itation between Serbian-English and Chinese-English bilinguals. The study focused on
different types of English verbs: irregular nested-stem verbs (drawn-draw), irregular
change-stem verbs (ran-rum), and regular past tense/present tense verbs (guided-guide).
While both groups showed significant facilitation for regular verbs and no facilitation for
change-stem irregulars, only the Serbian group exhibited facilitation effects for nested
irregulars. In light of these results, Basnight-Brown et al. (2007, 76—77) posit that “due to
familiarity with a highly inflected language and with a written language that captures
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inflectional variation, L1 speakers of Serbian appear to be analytic with respect to form in their
L2,” thus being “better able to transfer their sensitivity to word structure from the L1 to the L2
so as to exploit orthographic and phonological similarities between various inflected forms.”
On the contrary, the authors claim, “the Chinese speakers tend to be less attuned to morpho-
logical relatedness overall and more rigid in their criterion for similarity so that it includes only
those pairs that entail affixation of -ed.” More generally, these findings suggest that speakers
of logographic languages are less consistent than speakers of alphabetic languages in their
reliance on formal information during English (L2) processing.

Formal similarities between a native language and a non-native world language also
influence lexical processing in the latter. This is particularly evident in the so-called
cognate effect, that is, the empirical finding that cognates (i.e., words which are phono-
logically/orthographically similar to their translation equivalents) are processed faster than
noncognates (de Groot and Nas 1991; Sachez-Casas et al. 1992; Gollan et al. 1997; Kiran
and Lebel 2007; Schwartz et al. 2007; Dimitropoulou et al. 2011).

Notably, this effect is sensitive to the degree of formal similarity between equivalents.
In an English lexical decision task with Dutch-English bilinguals, Dijkstra et al. (2010)
observed that cognate facilitation effects were proportional to the degree of orthographic
overlap between equivalents. Reaction times decreased as formal similarity increased
across counterparts (e.g., lamp-lamp < flood-vioed < song-lied). Even word pairs with
only partial formal overlap (e.g., guide-gids, rhythm-ritme) elicited facilitation effects.
However, the cognate effect was modulated by task demands, as results were completely
opposite in Dutch-English language decision. In this task, Dijkstra et al. (2010) observed a
cognate inhibition effect, whose size depended on the degree of orthographic overlap
between equivalents (identical cognates were processed more slowly than non-identical
cognates). It follows from these findings that the greater the degree of formal overlap
between the English and the native-language lexicons, the greater facilitatory and inhibi-
tory effects will tend to be in the former during specific language processes. Typologically
related languages, then, are particularly susceptible to these crosslinguistic effects — as
well as others, such as the effect of first language polysemy on L2 semantic processing
(Elston-Giittler et al. 2005; Elston-Guttler and Williams 2008).

Although the cognate facilitation effect is generally larger in L2s than in L1s (Kroll
et al. 1999), it also affects L1 processing. Direct evidence for this was obtained by Garcia
et al. (in preparation), who administered identical single-word translation tasks to three
groups of Spanish-English bilinguals, and two groups of English-Spanish bilinguals. The
cognate effect emerged in both translation conditions (backward translation, forward
translation), irrespective of the participants’ LoP and language pair. This shows that
lexical processing in English is modulated by the degree of formal similarity with another
language, regardless of whether the former is a non-native or a native language.

Interlinguistic effects may even modulate brain activity in the absence of significant
behavioral correlates. Thierry and Wu (2007) tested Chinese-English bilinguals via an
implicit priming paradigm. Participants were asked to read and listen to pairs of English
words so as to decide whether they were semantically related. Critically, the Chinese
equivalents of some of the English pairs had a repeated character (e.g., the words frain
and ham are not semantically related, but their Chinese counterparts, Huo Che and Huo
Tui, have a character in common). Since the tasks were performed entirely in English, the
participants were unaware of this manipulation. Although this hidden factor did not affect
behavioral performance, it did significantly modulate brain potentials by reducing the
amplitude of the N400 component (an effect that was also observed in monolingual
Chinese controls). Since this component is associated with unconscious semantic and
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repetition priming, the results demonstrate that the native language is unconsciously
activated during second-language comprehension. They further indicate that implicit
neurocognitive processing of a non-native world language is sensitive to covert, L1-
specific structural features.

In conclusion, cognitive processing of, and behavioral performance in, a non-native
world language is modulated by its level of formal similarity with a specific native
language. Similarly, the appropriation of a second or foreign language may modulate
both processing and performance in a native language. Hence, part of the performance
variability among users of English as a world language depends on the idiosyncratic
properties of the other language(s) they have appropriated, either as L1 or as L2.
Remarkably, some of these effects may operate below the threshold of conscious
awareness.

3. Discussion

As seen throughout this paper, performance variability among world-language users can
be (partially) explained by reference to varied neurocognitive factors. Whereas native
speakers rely on procedural memory to process grammar automatically, this function
depends on conscious, declarative mechanisms in non-native users. Moreover, as com-
pared to monolinguals, bilingual users of a world language tend to possess poorer lexical
skills but better executive functions — some of which play a role in verbal communication.
In addition, relative to native speakers, non-native speakers represent world-language
information in more widely distributed neural networks, which suggests the use of
additional cognitive resources during processing.

Another set of factors account for the differences among non-native world-language
users. Whereas early and/or highly proficient bilinguals tend to represent syntactic and
morphological routines in procedural memory, late and/or low-proficiency bilinguals rely
on declarative memory to process such functions. On the other hand, lexical representa-
tions are sustained by declarative memory regardless of AoA. This does not mean that
word processing is similar for all non-native users of a world language. In fact, L2 lexical
access is faster for high-proficiency non-native users than low-proficiency ones, especially
if their L1 and L2 share formal features. If both languages are formally dissimilar, late
learners will tend to process L2 information using L1-related neural mechanisms, even if
these differ from the ones typically used by native speakers.

The factors surveyed in this paper are but a sample of the multiple neurocognitive
determinants of performance variability among world-language users. More precise
accounts could be offered by considering the functional, neurophysiological, and even
molecular implications of variables such as sex, level of education, and context of use, to
name but a few. Be that as it may, those heretofore unexplored aspects are probably
interwoven with the ones presently addressed.

The construct of world language has rarely been studied from an internalist perspec-
tive. Most scholarly investigations on the topic have focused on the institutional, educa-
tional, political, social, and dialectal aspects of the phenomenon. However, there is a
paucity of attempts to offer cognitive and neurological insights into it. While admittedly
atypical, studies offering a neurocognitive perspective on aspects of world languages (e.g.,
inter-user variability) may prove valuable for epistemological, methodological, and prac-
tical reasons.

First, epistemologically, world languages are multi-level phenomena. The notion of
world language certainly involves a political, a sociolinguistic, a pragmatic, and a
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dialectological dimension, among others. While this observation stands undisputed, it is
no less true that world languages also imply a neurocognitive dimension. At the level of
the individual, all linguistic information physically exists in, and is physiologically
processed by, the brain. If world languages are characterized by wide variability among
users’ performance, it is because the multiple political, institutional, pragmatic, and
otherwise social contexts in which they are appropriated and used result in equally varied
modes of neurocognitive representation — which, in turn, support widely varying pro-
cesses and forms of output.

Notice that accepting this view does not imply relinquishing other perspectives in
favor of a neurocognitive approach. Neither does it mean that an externalist conception of
language must be validated with neurocognitive data. On the contrary, every relevant
perspective, in its own right, has much to offer to the elucidation of this complex
phenomenon; but an integrative understanding of world languages requires the interaction
of all pertinent perspectives, not just some of them (see Figure 2). Moreover, knowledge
about any given dimension of a multi-level phenomenon may enrich our conception of
another dimension. By gaining insight into the neurocognitive aspects of world-language
use, we may better understand its pragmatic, sociolinguistic, and dialectal properties, and
vice versa.

Second, from a methodological viewpoint, neurocognitive findings may provide
scholars studying other dimensions of world languages with insights for research design
and data interpretation. Neurological and cognitive aspects of language are not divorced
from the social and educational contexts in which verbal communication occurs.
Awareness of the impact of factors such as memory-system involvement in appropriation,
AoA, LoP, and interlinguistic effects can result in more valid and reliable externalist
experimental designs, as well as in more solid data analysis, even if the focus of research
is not the neurocognitive underpinnings of language use themselves.

For example, a study examining proficiency test performance in a multicultural
classroom may reveal different patterns of error between Chinese and Latin American
learners of English. As seen in Section 2.2.3, neurocognitive evidence shows that verbs
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Figure 2. Multiple perspectives converging in an integrative view of world languages.
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and nouns in a lately learned L2 tend to be processed by the same brain mechanisms
subserving such classes in L1 (Yang et al. 2011). If only Chinese learners fail to make
proper use of inflectional morphology in these lexical classes, an explanation that
emphasizes attention deficits, lack of interest, homesickness, or merely structural differ-
ences between languages may be misguided or incomplete, unless it also incorporates
relevant neurocognitive data. (Of course, neurocognitive studies of world languages may
also profit from the findings of externalist approaches.)

Finally, including neurocognitive evidence in the study of world languages may also
have practical benefits. Consider, for example, studies aimed at developing and improving
world-language teaching resources. Both pedagogical and didactic tools can be informed
by neurocognitive evidence, in the pursuit of more ecologically valid materials. By
knowing the neurocognitive profiles of students, teachers should be able to design
activities aimed at exploiting the cognitive mechanisms used by students, depending on
their AoA, LoP, and mother tongue.

Lamendella (1979) offers an early example of such interdisciplinary endeavor by
using aphasiological evidence to specify the benefits and limitations of drilling exercises.
More recent illustrations can be found in the incipient field of neuroeducation. For
instance, Netten and Germain (2012) draw on cognitive neuroscience to develop a new
approach to foreign-language teaching, rooted in five neurolinguistic principles. In a
similar vein, Garcia (2013) turns to neurolinguistic evidence to expose the theoretical
contradictions of English-as-a-foreign-language (EFL) curricula in the Buenos Aires high-
school education system. For an overall appraisal of the advantages and limitations of
using neuroscientific findings to develop educational tools, see Tokuhama-Espinosa
(2010).

4. Conclusion

Internalist and externalist approaches can complement one another to provide an integra-
tive account of world-language-related phenomena. The present paper demonstrates that
inter-user performance variability among users of a world language depends not only on
institutional, pragmatic, and sociolinguistic variables, but also on a number of interrelated
neurocognitive factors. Specifically, performance variability is largely determined by the
users’ mode of appropriation, AoA, LoP, and degree of formal similarity between L1 and
L2. The study of world languages can profit from the findings of neurocognitive science
as much as from those of any other relevant discipline. A world language is a multi-level
phenomenon; as such, its full conceptualization is only attainable through a non-exclu-
sionary interdisciplinary approach.

Notes

1. However, greater executive control may allow non-native speakers to compensate for weaker
language proficiency relative to native speakers (Bialystok and Feng 2009).
2. Ladin is a language spoken in southern Italy.
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