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Neural consequences
of bilingualism for cortical
and subcortical function

Jennifer Krizman and Viorica Marian

We are what we repeatedly do.

Excellence, then, is not an act, but a habit.

(Aristotle)

27.1 Introduction

Experience is a prime catalyst for change in the human brain and this

capacity for change enables us to optimally engage with our environment.

Just as continued practice swinging a tennis racket can lead to increased

muscle strength in the racket-swinging hand (Lucki & Nicolay, 2007), the

nervous system dynamically adapts tomeet task demands. Underlying this

experience-dependent plasticity are structural and functional changes in

brain regions engaged by these experiences. For example, learning to play

golf results in plasticity of the sensorimotor cortex (Bezzola et al., 2011),

learning to juggle induces plasticity in neural centers devoted to complex

visual processing (Draganski et al., 2004), and practicing a musical instru-

ment drives plasticity in auditory areas (Kraus & Chandrasekaran, 2010;

Schlaug, 2001; Schlaug, Norton, Overy, & Winner, 2005). While active

engagement in skill-based training reshapes training-related neural cir-

cuits, native language acquisition, a fundamental aspect of normal human

development, plays a key role in shaping neural circuitry throughout the

brain (reviewed in Huttenlocher, 2009). This pervasive wiring of cognitive

and sensory circuits for language facilitates expertise in a given language

and in doing so language exerts a stronghold on sensory abilities such that
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seeing an object is sufficient to activate its linguistic label (Chabal &

Marian, under review).

Acquisition of more than one language offers a distinct way to tune

cognitive and sensory circuits to wire the brain with the ability to

communicate in a multilingual environment (e.g., Abutalebi et al.,

2011; Luk et al., 2011; Mechelli et al., 2004). For example, by learning

more than one language, bilinguals necessarily have to make a variety of

sound-to-meaning connections that they must subsequently compart-

mentalize into their two language systems (Shook & Marian, 2013).

Moreover, whereas language input leads to activation of the single

language system in a monolingual, in a bilingual both languages are

automatically activated (Kuipers & Thierry, 2010; Marian & Spivey,

2003a; Shook & Marian, 2012; Spivey & Marian, 1999) and so one lan-

guage must be inhibited for communication to proceed (Kroll et al.,

2008; van Heuven et al., 2008). This process of cross-linguistic co-

activation and the need to inhibit the irrelevant language necessitates

increased activation of the executive system during communication for

a bilingual relative to a monolingual. The heightened need to actively

engage inhibitory and attentional processes – functions of the executive

system – during communication leads to an enhancement in some

executive abilities. For example, bilinguals show cognitive control

advantages on tasks requiring attentional focus, conflict resolution,

switching, and flexibility (Bialystok, 2005, 2009c, 2011; Bialystok &

Craik, 2010; Bialystok & Majumder, 1998; Bialystok & Martin, 2004;

Bialystok, Martin, & Viswanathan, 2005; Bialystok & Viswanathan,

2009; Carlson & Meltzoff, 2008; Krizman et al., 2012; Martin-Rhee &

Bialystok, 2008). Moreover, because bilinguals may utilize the compo-

nents of the executive network differently as a result of their experience

managing multiple languages (Abutalebi et al., 2011) this may result in

differences in how they interact with their auditory environment rela-

tive to monolinguals (Blumenfeld & Marian, 2011). Given this unique

auditory–executive link resulting from experience with more than one

language, in this chapter we explore the neural consequences of multi-

lingualism on cognitive and sensory function through the lens of the

auditory and executive systems.

27.2 Anatomy of the auditory and executive systems

27.2.1 Overview of the executive system
The executive system exerts top-down control on cognitive and sensory

processing. Brain areas that are implicated in cognitive control include

the prefrontal cortex, the anterior cingulate cortex, and the basal gang-

lia, including the caudate and putamen of the striatum (see Figure 27.1)

(MacDonald et al., 2000; Redgrave, Prescott, & Gurney, 1999; Zou et al.,
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2012). The left dorsolateral prefrontal cortex is involved in the imple-

mentation of control and in representing and maintaining the atten-

tional demands of the task (MacDonald et al., 2000). The dorsolateral

prefrontal cortex is activated when tasks require maintenance and

manipulation of information in working memory. The anterior cingulate

cortex is involved in performance monitoring (MacDonald et al., 2000)

and is called upon in tasks that require divided attention, novel or open-

ended responses, or overcoming an automatic or primed response

(Abutalebi et al., 2008; Abutalebi & Green, 2007). It tracks errors and is

involved in response conflict by providing feedback to lower level proces-

sing centers (MacDonald et al., 2000). The basal ganglia are composed of

the substantia nigra, globus pallidus, nucleus accumbens, subthalamic

nuclei and the striate, which includes the caudate and putamen. In the

striate, the caudate is involved in learning and memory as well as feed-

back processing (reviewed in Packard & Knowlton, 2002). It is also

involved in sentence comprehension and language switching (Zou

et al., 2012).

27.2.2 Overview of the auditory system
The auditory system encodes sounds, including language, and consists

of a series of neural relays extending from the cochlea to the cortex (see

Figure 27.1). At the cochlea, the sound wave is translated into electri-

city, the currency of the nervous system, and from there is conducted

along the ascending auditory pathway. These ascending fibers, or

“bottom-up” pathway, carry all auditory-based sensory signals to the

brain: there is not a unique ascending pathway for speech relative to

non-speech sounds. However, the auditory midbrain and primary audi-

tory cortex do show specialized responses to meaningful vocalizations

(De Lucia, Clarke, & Murray, 2010; Woolley et al., 2005; Woolley, Gill, &

Theunissen, 2006; Woolley, Hauber, & Theunissen, 2010). What med-

iates this differential neural response for conspecific vocalizations rela-

tive to other auditory stimuli is signaling from the “top-down” or

descending auditory system, which extends from the cortex to the

cochlea. These descending fibers carry regulatory or feedback informa-

tion from higher to lower processing centers with the effect of modify-

ing the ascending signal along the auditory pathway. This pathway can

function to enhance sensory encoding of relevant signals and inhibit or

minimize encoding of irrelevant ones, suggesting an intimate link

between auditory and executive systems. Structural support for this

link is seen in the projections between executive and auditory centers

of the cortex, such as the link between the superior temporal gyrus (i.e.,

auditory cortex, see Figure 27.1) and the anterior cingulate cortex

(Jürgens, 1983), as well as connections between the inferior colliculus
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(i.e., auditory midbrain, see Figure 27.1)1 and basal ganglia (Casseday et al.,

2002; Moriizumi & Hattori, 1991). Additionally, encoding of auditory

information in both the midbrain and cortical structures are sensitive to

attention (Hairston, Letowski, & McDowell, 2013; Jäncke, Mirzazade, &

Joni Shah, 1999; Mesgarani & Chang, 2012; Rinne et al., 2008; Woldorff et

al., 1993). These connections between neural regions devoted to auditory

processing and executive function likely exist to enhance encoding of

acoustic stimuli that carry a learned behavioral significance, such as
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Figure 27.1 Schematic of the nuclei of the auditory and executive systems. Note: Auditory
processing begins at the cochlea, where sound waves are translated into electricity, the
currency of the nervous system. This electrical signal is carried from the cochlea to the
cochlear nuclei (CN) via the cochlear division of the vestibulocochlear nerve (i.e., 8th nerve)
and it subsequently ascends to the superior olivary complex (SOC) of the brainstem. From
the brainstem, the signal travels to the inferior colliculus (IC) of the midbrain by way of the
lateral lemniscus (LL). The inferior colliculus projects auditory information to the medial
geniculate body (MGB) of the thalamus in themidbrain, which subsequently sends auditory
information to the primary and secondary auditory cortex (AC) in the left and right superior
temporal gyri located on the temporal lobes. At each neural relay, innervation from the
ascending system is tonotopicallymaintained,meaning that the frequency information from
the sensory signal is conserved in a spatial arrangement throughout the auditory system.
Brain areas that are implicated in cognitive control include the prefrontal cortex, the anterior
cingulate cortex, and the basal ganglia, including the caudate and putamen of the striatum.
Gray lines indicate top-down (efferent) connections, black lines indicate bottom-up (affer-
ent) projections. Gray ovals are nuclei of the auditory system and black ovals are relays of the
executive system.

1 The inferior colliculus is located in the midbrain. It is an auditory nucleus that integrates across many ascending auditory

fibers and is innervated by efferent fibers from cortical structures. The inferior colliculus plays a key role in sound

localization, integration of sensory information across different sensory systems (e.g., audio and visual), and potentially

filtering of relevant from irrelevant auditory signals (the inferior colliculus is discussed in great detail in Casseday,

Fremouw, & Covey, 2002; Huffman & Henson, 1990).
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language, and may underlie the specialized neural responses to speech

that are evident in these auditory cortical and midbrain structures.

27.3 Auditory and executive systems develop under the
influence of language experience

27.3.1 A monolingual perspective on language development
From infancy, the brain is sculpted by experience and experience provides

a strong influence on our subsequent interactionswith theworld. Through

experience, our nervous system becomes capable of dynamically respond-

ing to the world in a behaviorally appropriate manner. Within the context

of language learning, experience-dependent plasticity in the auditory and

executive systems is a natural developmental process that selectively

strengthens communication abilities for one’s native language. Indeed,

while infants are able to discriminate phonetic contrasts across many

languages for a short period after birth (Eimas et al., 1971; Trehub, 1976;

Werker & Tees, 1984), with continued exposure to a native language,

discrimination abilities are selectively honed for that native language

(Kuhl et al., 2006). As this process occurs, the infant transitions from

being a universal speech perceiver to a language-specific speech perceiver

by 6 to 12months of age (Cheour et al., 1998; Kuhl et al., 1992, 2006). These

enhancements of within-language phoneme discrimination provide the

building blocks on which sound-to-meaning mappings for that language

can be made. However, expertise in the native language comes at

the expense of perception of non-native languages: as fluency in the native

language increases from phoneme discrimination to knowledge of words

and phrases and the acquisition of syntax, the individual becomes rela-

tively insensitive to non-native contrasts (Krishnan et al., 2005; Miyawaki

et al., 1975). Accompanying this change in behavior is a change in the

underlying neural architecture.

During normal development of a single language, exposure to native

phonemic contrasts sculpts the neural architecture to selectively enhance

the recognition of these contrasts while diminishing discrimination of

non-native contrasts (Cheour et al., 1998; Kuhl et al., 2006). The neural

changes underlying language development appear to rely on the same

mechanisms that are known to underlie development generally (Nixdorf-

Bergweiler et al., 1995). Normal development is characterized by excessive

proliferation of synapses early in life, which can be indexed as changes in

gray matter2 density or gray matter volume (Craik & Bialystok, 2006;

Gilmore et al., 2007). Across the brain, this heightened synaptic density3

2 Graymatter is the collective of neuronal cell bodies, dendrites, unmyelinated axons, glial cells (i.e., supporting cells), and

blood vessels (i.e., capillaries).
3 Synaptic density refers to the number of synapses per unit area on a given neuron.
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persists through early childhood but synapses are subsequently pruned

through late childhood into early adulthood to include those that are

necessary for function, such as the connections enabling communication

in one’s native tongue4 (Chechik, Meilijson, & Ruppin, 1999; Craik &

Bialystok, 2006; Paolicelli et al., 2011). This synaptic pruning is experience

dependent (Zuo et al., 2005), is a neural correlate of learning (Craik &

Bialystok, 2006) and is competitively driven by Hebbian mechanisms

(Hebb, 1949), where neurons activated in response to an experience can

strengthen one another and their strengthened activation can lead to the

elimination of quiescent synapses (Chechik et al., 1999; Glazewski & Fox,

1996). Ultimately, synaptic pruning increases synaptic efficiency (Balice-

Gordon& Lichtman, 1994; Kerschensteiner et al., 2009;Mimura, Kimoto, &

Okada, 2003). The outcome of this synaptic pruning is the formation of an

expert system that is optimally primed to respond to the environment in a

way that has been behaviorally meaningful in prior experiences (e.g., a

native English speaker becomes expertly capable of communicating in

English).

Additionally, during this period of early language development, changes

are occurring in white matter, which is primarily made up of myelinated5

axons. Although changes in myelination may be largely genetically pre-

programmed (Craik & Bialystok, 2006; Tsuneishi & Casaer, 2000) experi-

ence does appear to play some role in myelination as it has been shown

that increased electrical activity in axons can drive increases in myelina-

tion, while a lack of electrical activity can lead to reductions in myelina-

tion of those silent axons (Demerens et al., 1996). Given this relationship

between myelination and neural activity, it is possible that white matter

density may increase with second language experience (e.g., Mohades

et al., 2012).

27.3.2 A sensitive period for language learning
Optimal native-language learning occurs within a sensitive period

(Werker & Tees, 2005).6 Though the term critical period and sensitive

period have sometimes been used interchangeably (e.g., Bruer, 2001;

Ruben, 1997), they refer to two distinct ideas. A critical period is defined as

a developmental time point in which an experience must occur for a skill

(such as language) to be acquired (Lenneberg, 1967). A sensitive (i.e., optimal)

period, however, is defined as a time when an experience can have the

4 These changes in synaptic density are not uniform throughout the brain. Maturation of brain structures occurs in a

caudal-to-rostral direction (Rakic, Bourgeois, & Goldman-Rakic, 1994) with synaptic density peaking in the auditory

system at 3 months (Huttenlocher & Dabholkar, 1997), followed by experience-based pruning, a timescale that

supports a relationship between changes in synaptic connectivity in auditory structures and language development.
5 Myelination is the accumulation of a fatty layer around a nerve cell, normally around the axon of the nerve cell, to

improve transduction of the electrical signal that is carried by the nerve.
6 To avoid confusion, Werker and Tees refer to this period as an “optimal period.” This is because until recently ‘critical

period’ and ‘sensitive period’ were used interchangeably when describing language acquisition.
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greatest influence on acquiring a particular skill (Bornstein, 1989;

Knudsen, 2004). Early childhood is a developmental period when neural

resources are in abundance and the nervous system is highly malleable

(Chechik, Meilijson, & Ruppin, 1998), two necessary ingredients of a sen-

sitive period (Greenough, Black, & Wallace, 1987; Jolles & Crone, 2012;

Knudsen, 2004) and so early childhood has been suggested as being a

sensitive (i.e., optimal) period. It is within a sensitive period that the

greatest changes in synaptic density, and subsequently gray matter

volume, occur (i.e., experience-dependent pruning of the overabundance

of existing synaptic connections; Knudsen, 2004). Native language experi-

ence within this sensitive window of development facilitates expertise in

the language while failure to be exposed to language within this optimal

period results in difficulty acquiring native-like language abilities (as evi-

denced by children raised in isolation, Curtiss, 1977, 1989). Auditory-based

language input during the sensitive period appears to be a major factor in

language outcomes as evidenced by the relationship between age of

cochlear implantation and eventual language abilities (McConkey

Robbins et al., 2004) and the inability of a young bird to learn its song in

the absence of a tutor early in life (Doupe & Kuhl, 1999; Mooney, 1999).

Moreover, evidence from deaf children implanted with cochlear implants

at various ages within this optimal developmental window also suggests

that auditory-based language experience provides the scaffolding upon

which some executive abilities develop (Cleary, Pisoni, & Geers, 2001;

Conway, Pisoni, & Kronenberger, 2009).

27.3.3 Neural consequences of second language learning
In regard to second language learning, there is a strong relationship

between the age at which a second language is acquired and the subse-

quent proficiency in that language (e.g., see Hakuta, Bialystok, & Wiley,

2003), where a later age of acquisition often relates to lower proficiency.

Given that some level of second language proficiency is seen throughout

life, this has been taken as evidence against the ‘critical period hypothesis’

(Birdsong &Molis, 2001; Flege, 1999; Hakuta et al., 2003), which posits that

the nervous system is only capable of language acquisition within a finite

developmental period extending from infancy to puberty (e.g., see

Lenneberg, 1967). In addition to second language learning, evidence of

late-in-life learning and subsequent neuroplasticity for other skills has

further debunked the hypothesis that acquisition of a skill must occur

before the door to the critical period closes (Boyke et al., 2008; Draganski

et al., 2004).

Although the greatest neural and behavioral changes tend to occur early

in childhood, in contrast to the critical period hypothesis, experience-

based neuroplasticity persists throughout life, suggesting that the door

for learning never fully closes. That ultimate attainment wans with
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increasing age of acquisition would however support the proposed ‘sensi-

tive period’ (Johnson & Newport, 1989; Krashen, Long, & Scarcella, 1979).

Indeed, it would be expected that a sensitive period – especially one that

slowly declines but never fully closes – would result in a negative relation-

ship between age of acquisition and proficiency, with the trend that earlier

acquisition relates to higher proficiency and later acquisition relates to

lower proficiency. On the other hand, the relationship between age of

acquisition and proficiency also has been interpreted as resulting from

greater interference by the more developed native language system with

increasing age of second language acquisition (e.g., see Flege, Yeni-

Komshian, & Liu, 1999). Whether the relationship between proficiency

and age of acquisition results from maturational (i.e., optimal period)

changes or interference from prior learning, it is likely that neural encod-

ing of the second language is influenced by proficiency and acquisition

age. In support of a relationship between brain structure and behavior,

these metrics (i.e., proficiency and age of acquisition) have been shown to

track with differences in neural encoding of the second language: poorer

neural responses to second language utterances, as indexed by evoked

response potentials, are seen with increasing age of second language

acquisition (e.g., Peltola et al., 2012; Weber-Fox & Neville, 1996) and

decreased proficiency (Peltola et al., 2003).

These changes in the evoked neural response to second-language utter-

ances likely reflect differences in the neural architecture underlying the

second-language abilities, with more robust evoked responses relating to

enhancements in the neural structures. Support for this link between

auditory evoked potentials and neural structure comes from work in

congenitally deaf cats fitted with cochlear implants which find that

evoked activity increases as gray matter density increases (i.e., with

increased synaptic density; Kral & Sharma, 2012; Kral et al., 2005).

Therefore, increases in evoked response potential in individuals who

acquired their second language early in life suggests that linguistic

experience increases gray matter density, potentially through increases

in synaptic connectivity, and that differences in age of second language

acquisition are linked to differences in the underlying neural architec-

ture (e.g., Grogan et al., 2012). Moreover, if the auditory and executive

systems are involved in second language acquisition and language acqui-

sition is heightened during the sensitive period, then areas devoted to

auditory and executive processing should show greater gray matter den-

sity in multilinguals relative to monolinguals and this change in gray

matter density should be dependent on age of acquisition, with larger

increases in gray matter density being seen in bilinguals who learned

both languages earlier in life (e.g., see Mechelli et al., 2004). Furthermore,

if plasticity in the auditory and executive systems are dependent on

language experience, then the degree of plasticity observed in these

regions should be dependent upon the number of languages the
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individual knows (e.g., trilinguals would show greater plasticity than

bilinguals).

Indeed, evidence for language-dependent plasticity resulting in

enhancements in neural structure for bilinguals relative to monolinguals

is seen in both auditory-related and executive systems. Bilinguals who

learned both languages within the presumed sensitive period for language

(Johnson & Newport, 1989; Ruben, 1997) demonstrate structural differ-

ences from monolinguals in Heschl’s gyrus (Ressel et al., 2012), an area of

the brain that comprises the primary auditory cortex (Figure 27.2). Ressel

and colleagues found that early Spanish–Catalan bilinguals had larger

Heschl’s gyrus volume than Spanishmonolinguals. This volume difference

was driven by greater volume of both white and gray matter in Heschl’s

gyrus. Moreover, enhanced gray matter density in the inferior colliculus

(i.e., auditory midbrain, Figure 27.2) has been found for simultaneous

interpreters (Green, Crinion, & Price, 2006), lending further support to

the involvement of auditory areas in multilingual language acquisition

and use.

These structural enhancements in the auditory system are not limited to

those who learned to speakmultiple languages earlier in life. Longitudinal

studies assessing second language learning in adults have found structural

enhancements following second language learning in areas known to

subserve language and auditory function, including increases in gray
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Figure 27.2 Schematic of the nuclei of the auditory and executive systems. Note: The
darker-colored structures are neural relays known to be sensitive to multilingualism.
Abbreviations are: CN: cochlear nucleus; SOC: superior olivary complex; IC: inferior collicu-
lus; MGB: medial geniculate body; AC: auditory cortex; BG: basal ganglia; ACC: anterior
cingulate cortex; PFC: prefrontal cortex
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matter volume in the left inferior frontal gyrus (Osterhout et al., 2008;

Stein et al., 2012), and increased cortical thickness in the superior tem-

poral gyrus (which contains the primary auditory cortex, see Figure 27.2;

Maº rtensson et al., 2012). Additionally, although unable to disentangle pre-

existing differences in neural structure from language training induced

plasticity, two recent studies have shown that for monolinguals learning a

foreign speech contrast, those who learned the foreign contrasts had a

larger Heschl’s gyrus volume than those who struggled to learn the con-

trast (Golestani et al., 2007; Wong et al., 2008). Taken together, these

results show that cortical and subcortical areas involved in auditory pro-

cessing are sensitive to language experience and that these structures are

likely involved in language acquisition and use for bothmonolinguals and

bilinguals. Through their role in language learning, these auditory regions

show higher graymatter density with increasing proficiency in the second

language, suggesting a heightened involvement of these regions during

multilingual communication.

Additionally, observations have been made for structural plasticity in

areas that integrate auditory signals with information from other systems

involved in language processing; and, these studies have found that the

amount of plasticity in these regions is related to age of second language

acquisition. For example, Mechelli and colleagues found higher gray mat-

ter density in the left inferior parietal cortex for bilinguals relative to

monolinguals (Mechelli et al., 2004). The left inferior parietal region

includes the angular gyrus and supramarginal gyrus. It lies roughly super-

ior and posterior to the primary auditory cortex and it may provide an

important connection between the auditory perception of a speech sound

and itsmotor production (Hickok& Poeppel, 2000) as it is known to project

to Broca’s area (Aboitiz & Garcı́a, 1997). Not only are these auditory-related

areas sensitive to age of acquisition of the second language, but they also

demonstrate increased plasticity with increased number of languages. For

example Grogan and colleagues (2012) examined structural plasticity in

bilinguals and multilinguals and found that multilinguals who spoke two

or more non-native languages had higher gray matter density in the right

posterior supramarginal gyrus compared to bilinguals who only spoke one

non-native language. Moreover, in bilinguals, gray matter density in the

left pars opercularis (i.e., part of the left inferior frontal gyrus that com-

prises Broca’s area) was positively related to lexical efficiency in their

second language. Other recent work has shown that in L1-German speak-

ers increases in gray matter volume in the supramarginal gyrus and

Broca’s area relate to better imitation of words and sentences in their

second language (i.e., English) as well as a foreign language (i.e., Hindi)

(Reiterer et al., 2011). Though for a long time Broca’s area was thought

to be involved exclusively in language production, there is evidence that

this area is also involved in language comprehension, including the pro-

cessing of complex sentences (D’Ausilio, Craighero, & Fadiga, 2012;
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Rogalsky & Hickok, 2011) and understanding of auditorily presented

instructions (Schäffler et al., 1993). Thus, not only is the neural architec-

ture of the auditory midbrain (i.e., inferior colliculus) and auditory cortex

(i.e., superior temporal gyrus) shaped by language experience, but the

cortical areas that these structures send auditory information to, such as

the angular gyrus and supramarginal gyrus, are also sculpted by experi-

ence with multiple languages. This plasticity suggests that brain regions

that interact with auditory structures are also highly involved in multi-

lingual communication.

It is not only auditory areas or auditory-associated areas of the brain that

show plasticity with the acquisition of a second language. Studies have

also shown that following acquisition of novel phonological-to-

orthographic mappings, larger evoked responses to the learned orthogra-

phy are seen in the visual word form area, which has been taken as

evidence for experience-dependent plasticity (Song et al., 2010).

Moreover, while future research should investigate the structural changes

associated with improved production in a second language, behavioral

measures of learning a difficult to perceive phonetic contrast in a second

language (e.g., /r/–/l/ distinctions for Japanese speakers) appear to support

the idea that changes in performance are driven by Hebbian-based plasti-

city (McCandliss et al., 2002).

Moreover, the brain areas implicated in cognitive control (i.e., the pre-

frontal cortex, the anterior cingulate cortex, the caudate and putamen of

the striatum, the inferior parietal lobe and the supplementary motor area)

(Abutalebi et al., 2011; Zou et al., 2012) also show plasticity that is related

to language experience (Figure 27.2). For example, it has been shown that

bimodal7 bilinguals have greater graymatter density thanmonolinguals in

the head of the left caudate nucleus (Zou et al., 2012). This neural structure

is called upon when bilinguals switch between languages (Abutalebi et al.,

2008) orwhen bilinguals encounter response competition (Abutalebi et al.,

2008). It is likely, then, that the continued use of the caudate by bilinguals

during daily communication leads to experience-based enhancements in

the synaptic density of this structure. Furthermore, differences have been

found between monolinguals and bilinguals in the anterior cingulate

cortex. Though differences were not seen in overall gray matter density

in this region, only in bilinguals was there a positive relationship between

gray matter density in the anterior cingulate cortex and a measure of

conflict resolution (Abutalebi et al., 2011). These results suggest that the

neural infrastructure of the bilingual anterior cingulate cortex is optimally

wired for resolving conflict and that the executive system is enhanced

through experience with more than one language. Additional research

should address the roles of age of acquisition and effects of knowing

7 Bimodal bilinguals are individuals who know two languages that differ inmodality (e.g., oral and signed language), while

a unimodal bilingual is an individual whose two languages are in the same modality (e.g., two spoken languages).
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three or more languages on the structural plasticity of networks within

this system.

Language is a multifaceted ability that relies on the integration of infor-

mation across systems and so in addition to greater neural connectivity

within the neural structures involved in auditory and executive processing,

it is likely that the connections between these structures would be heigh-

tened in multilinguals as well. Indeed, in children aged 8–11 years, using

fractional anisotropy8 as an index of white matter organization and struc-

ture, white matter along the left inferior occipitofrontal fasciculus was

found to be higher in simultaneous bilinguals as compared to monolin-

guals, while sequential bilinguals had levels that were intermediate rela-

tive to the two other language groups (Mohades et al., 2012). This inferior

occipitofrontal fasciculus is thought to be involved in semantic processing

(Mandonnet et al., 2007) and is a tract that connects the venterolateral and

dorsolateral prefrontal cortex with the posterior temporal lobe and the

occipital lobe (Maheshwari, Klein, & Ulmer, 2012). Similarly, in older

adults, white matter integrity in the corpus callosum is maintained in

bilinguals, whereas monolinguals show age-related declines in white mat-

ter (Luk et al., 2011). The corpus callosum is the largest white matter

structure in the brain and runs along the base of the cortex. It consists of

a bundle of myelinated neural fibers that connect the two cerebral hemi-

spheres. The differences in white matter integrity that are observed

between older adult bilinguals and monolinguals were evidenced by

higher fractional anisotropy values in the bilingual group that extended

from the bilateral superior longitudinal fasciculi9 to the right inferior

occipitofrontal fasciculus and uncinate fasciculus10 (Luk et al., 2011).

Enhancement of these neural tracts in bilinguals suggests that multi-

language experience leads to a pervasive rewiring in the neural architec-

ture, likely to meet the need for enhanced and efficient communication

between the multitude of systems (e.g., auditory, visual, motor, executive)

that are involved in language processing, a need that is presumed to

increase with the addition of more than one language. Finally, young

adults participating in intensive classroom instruction of Chinese demon-

strated pervasive increases in white matter throughout the brain, which

the authors interpreted as likely reflecting increased myelination; and,

these increases positively correlated with class performance (Schlegel &

Rudelson, 2012). The observed changes in white matter during language

8 Fractional anisotropy is a measure of the directionality of diffusion of water molecules in the brain, whereby molecules

located within a tract are restricted to diffuse in a specific (i.e., anisotropic) direction while water molecules outside of a

tract have less restrictions on their movement. Fractional anisotropy is often used in diffusion imaging as an index of

fiber density, myelination, or axon diameter (discussed in Hasan & Narayana, 2003).
9 The bilateral superior longitudinal fasciculi are a pair of bidirectional bundles of neurons that connect the fronterior to

the posterior of the cortex. This tract lies superior to the corpus callosum.
10 The uncinate fasciculus is a white matter tract that connects structures of the limbic system located in the temporal

lobe with limbic structures in the frontal lobe.
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learning provide additional evidence for the role of language in driving

neural enhancements.

27.3.4 Potential mechanisms underlying differences in neural
infrastructure

Two possible mechanisms may underlie differences in neural structure

between monolinguals and multilinguals: increased synaptic pruning in

monolinguals (de Bot, 2006) and structural plasticity in multilinguals

(Mechelli et al., 2004). The close of the sensitive period is marked by

stabilization of neural circuitry and a significant reduction in experience-

dependent synaptic pruning (Jolles & Crone, 2012; Knudsen, 2004). It is

possible that monolingual language abilities are optimal in a system that

has fewer synaptic connections than what is needed to facilitate multi-

lingual communication. Experience with a single language within this

sensitive window would therefore lead to greater synaptic pruning in the

monolingual brain (de Bot, 2006). This honed system would afford the

monolingual expertise in the native language but may come at

the expense of easily acquiring new languages. A relationship between

language experience and amount of synaptic pruning would suggest that

acquisition of more than one language inside the sensitive period would

result in a greater number of synaptic connections being retained in

multilinguals. Moreover, it is possible that the number of connections

that are maintained are also dependent on age of acquisition (e.g.,

Mechelli et al., 2004) in addition to the number of languages acquired

within this window (one language vs. two languages, e.g., Mohades et al.,

2012).

It is also likely that differences in the neural architecture of monolin-

guals and multilinguals results from experience-induced plasticity and

growth of additional neural connections in the multilingual brain. The

differences in gray matter density and volume observed between multi-

linguals andmonolinguals could come from experience-induced increases

in synaptic connectivity in areas that subserve multilingual language

abilities. Experience with more than one language, then, may serve as

one form of environmental enrichment in humans that bolsters gray

matter changes in the brain. Through animal work on environmental

enrichment, it is known that the mechanisms underlying gray matter

increases include dendritic arborization (i.e., an increase in the prolifera-

tion of dendrites) which leads to greater dendritic density (Ip et al., 2002),

sprouting of new axon terminals (Knudsen, 2004) the formation of new

blood vessels (i.e., angiogenesis, Black, Sirevaag, & Greenough, 1987), and

increased proliferation of both supporting cells (i.e., gliogenesis; Soffié et

al., 1999) and nerve cells (i.e., neurogenesis; Kempermann, Kuhn, & Gage,

1997; Nilsson et al., 1999) in the neural region undergoing experience-

dependent changes.
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Through the enriched environment of multiple languages, multilin-

guals also demonstrate white matter plasticity. Increased myelination,

through myelination of previously unmyelinated axons, or thickening of

the myelin sheath of myelinated axons (Juraska & Kopcik, 1988; Markham

et al., 2009; Sanchez et al., 1998) underlies the experience-dependent

changes in white matter. These changes in myelination may improve

conduction velocity, or improve the connection between separate areas

of the brain that are simultaneously engaged during the plasticity-

inducing experience (e.g., multilingual communication).

27.4 Connectivity between auditory and executive systems

Interestingly, the processes that are involved in auditory comprehension

of language are presumed to provide the scaffolding for the development

of domain-general executive functions (Conway et al., 2009; Pisoni &

Cleary, 2004), suggesting that there is a strong link between development

of cognitive skills and phonetic discrimination abilities (Kuhl & Rivera-

Gaxiola, 2008). Indeed, the auditory and executive systems appear to be

highly intertwined, with connections between auditory and executive

systems evident both cortically and subcortically (Figure 27.2). These con-

nections have been structurally observed between the anterior cingulate

cortex and the auditory cortex (Jürgens, 1983) and between the basal

ganglia and the inferior colliculus (Casseday et al., 2002). There have

been functional connections observed between the frontal cortex and

inferior colliculus (Raizada & Poldrack, 2007) as well as frontal cortex

and auditory cortex (Wu et al., 2007). These structural and functional

links between the auditory and executive system suggest a privileged

role of auditory-based stimuli in facilitating interaction with the environ-

ment in a behaviorally relevant manner.

At any given moment, the various sensory systems will receive and

subsequently bombard the brain with more information than the brain

is capable of processing (e.g., see Marois & Ivanoff, 2005). The ability to

perform higher-level actions, such as those involved in communication,

requires the cognitive system to not be solely influenced by the incoming

stimulus but to also incorporate prior experience (e.g., whether that signal

was behaviorally meaningful in the past) in influencing how the stimulus

is encoded and responded to. Activation of the executive system influences

sensory encoding to focus the brain’s processing capacity on the encoding

of sensory stimuli necessary for achieving behaviorally relevant goals

as opposed to responding to sensory stimuli in a reflex-like manner

(Koechlin & Summerfield, 2007).

The auditory system is sensitive to the effects of the executive system on

neural processing. For example, attention to stimuli in another modality

decreases neural encoding of auditory stimuli in the inferior colliculus
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(i.e., auditorymidbrain) and auditory cortex (Hairston et al., 2013; Oatman,

1976). On the other hand, attentional focus to auditory stimuli selectively

enhances important features of the auditory signal in both the auditory

midbrain and cortex (Galbraith & Arroyo, 1993; Galbraith et al., 1998;

Jäncke et al., 1999). Although the afferent, bottom-up auditory signal

begins as a faithful encoding of the incoming stimulus, through descend-

ing projections, the executive system configures neural processing in

auditory midbrain and cortical structures to meet the current task

demands. Physiological studies demonstrate that the top-down (i.e., effer-

ent) pathway can affect many aspects of subcortical processing, including

filtering, sharpness of tuning, and response plasticity (Gao & Suga, 1998,

2000; Hairston et al., 2013; Rinne et al., 2008; Sakai & Suga, 2001; Suga,

2008). Top-down feedback will tune the ascending auditory signal at mid-

brain and cortical nuclei to selectively encode stimulus features deemed

behaviorally important based on experience and prior-knowledge (Gao &

Suga, 1998, 2000).

The top-down feedback signal will preferentially reinforce patterns of

neural firing that represent the behaviorally relevant features of incoming

signals. Preferentially selecting the same behaviorally relevant features of

a signal can lead to greater synchrony in the stimulus-evoked response

across a population of neurons thereby increasing the consistency of the

neural response to that signal (i.e., better neural synchrony) and decreas-

ing the neural encoding of irrelevant cues (e.g., noise, Faisal et al., 2008).

This heightened neural synchrony across a population of neurons can

enhance the saliency of neural responses (Engel & Singer, 2001). Exerting

this experience-dependent influence (i.e., enhancing synchrony of

response to behaviorally relevant features) earlier in the signaling path-

way (e.g., auditory midbrain relative to cortex) is preferable for optimal

sound transmission and decoding (Faisal et al., 2008). This is because the

synchronous neural response is projected to additional structures along

the ascending pathway and at these subsequent structures the synchro-

nous firing can exert a greater influence than neural firings that are

temporally disorganized (Engel & Singer, 2001).

This auditory–executive link functions to encode a consistent and pre-

cise representation of sound for everyone (e.g., Hornickel & Kraus, 2013).

The relationship between executive function and auditory processing

likely aids both monolinguals and multilinguals in managing the within-

language competition that occurs during communication. However,

because multilinguals also must manage cross-linguistic co-activation

when communicating, their auditory–executive linkmay be strengthened

(i.e., greater top-down influence, resulting in greater consistency in the

representation of the incoming auditory signal) and plasticity of these

systems may result from experience with multiple languages (e.g.,

Krizman et al., 2014).
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27.4.1 Heightened integration of auditory and executive systems in
multilinguals: a proposal

While the auditory–executive link necessarilymust develop in everyone to

allow us to navigate complex sensory environments and is a normal

process that occurs throughout maturation, we propose that this connec-

tion may be particularly strong for speakers of more than one language

due to the additional demands of cross-linguistic co-activation during

communication, resulting in synergistic activation of both the auditory

and executive systems. As described above, it has been shown that both the

auditory and executive systems are structurally enhanced inmultilinguals

relative to monolinguals (Ressel et al., 2012; Stein et al., 2012; Zou et al.,

2012). Furthermore, it has been shown that this executive-auditory net-

work functionsmore efficiently during auditory comprehension formulti-

linguals relative to monolinguals (Blumenfeld & Marian, 2011). Moreover,

we have seen relationships between attentional control and auditory pro-

cessing that are unique to speakers of more than one language

(Figure 27.3; Blumenfeld & Marian, 2011; Krizman et al., 2012, 2014);

and, importantly, we have seen these relationships at subcortical levels

of auditory processing, which may boost signal transmission and
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Figure 27.3 Bilinguals demonstrate unique relationships between auditory and executive
systems. Note: Bilinguals have more consistent brainstem responses to auditory stimuli as
evidenced by greater similarity between responses from the first half (A-pink, B-gray) and
second half (A-red, B-black) of a recording session. In A and B, the top panel is the entire
response to the speech syllable (0–180 ms) and the bottom panel is the response to the
vowel portion of the speech syllable (60–180 ms) to better illustrate the amount of overlap
between the first half and last half responses for bilinguals (A) and monolinguals (B)
(adapted fromKrizman et al., 2014). In bilinguals, consistency of the neural response relates
to enhancement of the response to the fundamental frequency (F0, r = 0.68, p < 0.0005), a
cue that may be behaviorally relevant for a bilingual (C and D, adapted from Krizman et al.,
2012). Bilingual response consistency is also linked to auditory attentional focus (r = 0.42,
p < 0.05), an ability that requires inhibitory control (D). Vertical lines indicate 0.1 µV scale
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processing at a greater number of ascending auditory nuclei in a multi-

lingual (Faisal et al., 2008).

From this relationship between attentional control and subcortical audi-

tory function,wepropose that, inmultilinguals, the executive systembiases

the neural response of auditory cues important to early and accurate selec-

tion of the appropriate language. One potential cue11 may be the funda-

mental frequency (F0), a speech feature thatmay be subtlymanipulated by a

bilingual speaker (see Figure 27.3; Altenberg& Ferrand, 2006; Krizman et al.,

2012). Through the experience of juggling two languages, the neural path-

way encoding these cues (e.g., F0) is continuously selected via top-down

feedback from higher order processing centers (Miller & Cohen, 2001),

resulting in these pathways being strengthened through Hebbian plasticity

mechanisms (Hebb, 1949). We suggest that the bilingual’s unique experi-

ence of cross-linguistic co-activation (Marian & Spivey, 2003b; Spivey &

Marian, 1999) leads to a rewiring of neural circuitry so that over time the

neural architecture of the bilingual brain reflects the experience of using

two languages and the heightened need for executive and auditory circuits

to interact to manage language co-activation during communication.

This strengthened interaction between auditory and executive systems

may facilitate enhancements in bilingual foreign language learning

(Bartolotti & Marian, 2012; Marian & Kaushanskaya, 2009) in that bilin-

guals are able to focus their encoding on the relevant acoustic features

(Bartolotti et al., 2011). These enhancements in novel language learning

suggest that bilinguals have learned how to actively engage the executive

system when the sensory signal is ascending the bottom-up pathway so

that the behaviorally relevant features of the signal are emphasized.

27.5 Conclusions

In conclusion, both auditory and executive systems are sculpted by lan-

guage experience. Learning and using more than one language leads to

structural enhancements in auditory and executive systems at both corti-

cal and subcortical processing centers. The degree of plasticity observed in

these systems appears to be dependent on both age of acquisition and the

number of languages acquired. Through normal development, the rela-

tionship between executive and auditory relays is established to facilitate

efficient and meaningful interactions with the auditory world. Given the

unique relationships seen in multilinguals between auditory and execu-

tive functions, we propose that the connection between these two systems

is strengthened by experience withmore than one language. The strength-

ened network leads to fundamental differences in how multilinguals and

monolinguals process sounds.

11 Future work should determine whether there are additional cues that are important for bilingual communication.
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multilingual lexicon. In M. Pütz & L. Sicola (eds.), Cognitive processing in

722 References



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 723 [695--828] 13.4.2015 6:03PM

second language acquisition (pp. 117–134). Amsterdam/Philadelphia, PA:

John Benjamins Publishing.

De Bot, K., Lowie, W., & Verspoor, M. (2007). A dynamic systems theory

approach to second language acquisition. Bilingualism, 10(1), 7–21.

De Bot, K., Martens, V., & Stoessel, S. (2004). Finding residual lexical knowl-

edge: The “Savings” approach to testing vocabulary. International

Journal of Bilingualism, 8(3), 373–382.

De Bot, K., & Stoessel, S. (2000). In search of yesterday’s words: Reactivating

a long-forgotten language. Applied Linguistics, 21(3), 333–353.

de Diego Balaguer, R., Rodrı́guez-Fornells, A., Rotte, M., Bahlmann, J.,

Heinze, H.-J., & Münte, T. (2006). Neural circuits subserving the retrie-

val of stems and grammatical features in regular and irregular verbs.

Human Brain Mapping, 27, 874–888.

De Groot, A. (1992a). Bilingual lexical representation: A closer look at

conceptual representations. In R. Frost & L. Katz (eds.), Orthography,

phonology, morphology, meaning (pp. 389–412). Amsterdam: Elsevier.

(1992b). Determinants of word translation. Journal of Experimental

Psychology: Learning, Memory, and Cognition, 18, 1001–1018.

(1993). Word-type effects in bilingual processing tasks: Support for a

mixed-representational system. In R. Schreuder & B. Weltens (eds.),

The bilingual lexicon (pp. 27–51). Amsterdam/Philadelphia, PA: John

Benjamins Publishing.

(2000). On the source and nature of semantic and conceptual knowledge.

Bilingualism: Language and Cognition, 3, 7–9.

(2006). Effects of stimulus characteristics and background music on

foreign language vocabulary learning and forgetting. Language

Learning, 56, 463–506.

(2011). Language and cognition in bilinguals and multilinguals: An introduction.

New York: Psychology Press.

(2012). Vocabulary learning in bilingual first-language acquisition and

late second-language learning. In M. Faust (ed.), The handbook of the

neuropsychology of language (pp. 472–493). Malden, MA: Blackwell.

De Groot, A., & Christoffels, I. (2006). Language control in bilinguals:

Monolingual tasks and simultaneous interpreting. Bilingualism:

Language and Cognition, 9(2), 189–201.

De Groot, A., Dannenburg, L., & van Hell, J. (1994). Forward and backward

word translation by bilinguals. Journal of Memory and Language, 33, 600–

629.

DeGroot, A., Delmaar, P., & Lupker, S. (2000). The processing of interlexical

homographs in translation recognition and lexical decision: Support

for non-selective access to bilingual memory. The Quarterly Journal of

Experimental Psychology: Section A, 53(2), 397–428.

De Groot, A., & Comijs, H. (1995). Translation recognition and translation

production: Comparing a new and an old tool in the study of bilingu-

alism. Language Learning, 45(3), 467–509.

References 723



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 724 [695--828] 13.4.2015 6:03PM

De Groot, A., & Hoeks, J. (1995). The development of bilingual memory:

Evidence from word translation by trilinguals. Language Learning, 45,

683–724.

De Groot, A., & Keijzer, R. (2000).What is hard to learn is easy to forget: The

roles of word concreteness, cognate status, and word frequency in

foreign language vocabulary learning and forgetting. Language

Learning, 50, 1–56.

De Groot, A., & Kroll, J. (eds.) (1997). Tutorials in bilingualism: Psycholinguistic

perspectives. Mahwah, NJ: Lawrence Erlbaum Associates.

De Groot, A., & Nas, G. (1991). Lexical representation of cognates and

noncognates in compound bilinguals. Journal of Memory and Language,

30(1), 90–123.

De Groot, A., & Poot, R. (1997). Word translation at three levels of profi-

ciency in a second language: The ubiquitous involvement of concep-

tual memory. Language Learning, 47, 215–264.

De Groot, A., Starreveld, P., & Geambaçu, A. (in preparation). Lexical
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Döpke, S. (1998). Can the principle of one person-one language be disre-

garded as unrealistically elitist? Australian Review of Applied Linguistics,

21(1), 41–56.

Dörnyei, Z. (2003). Attitudes, orientations, and motivations in language

learning: Advances in theory, research, and applications. In Z. Dörnyei

(ed.), Attitudes, orientations and motivations in language learning (pp. 3–32).

Oxford, UK: Blackwell.

(2010). The relationship between language aptitude and language learn-

ing motivation. In E. Macaro (ed.), Continuum companion to second lan-

guage acquisition (pp. 247–267). London: Continuum.

(2013). Researching complex dynamic systems: ‘Retrodictive qualitative

modelling’ in the language classroom. language teaching. Language

Teaching, 47(1), 80–91.

Dörnyei, Z., & Kormos, J. (2000). The role of individual and social variables

in oral task performance. Language Teaching Research, 4, 275–300.

Dörnyei, Z., & Tseng, W-T. (2009). Motivational processing in interactional

tasks. In A. Mackey and C. Polio (eds.),Multiple perspectives on interaction.

Second language research in honor of Susan M. Gass (pp. 117–134). London:

Routledge.

Doupe, A., & Kuhl, P. (1999). Birdsong and human speech: common themes

and mechanisms. Annual Review of Neuroscience, 22(1), 567–631.

Draganski, B., Gaser, C., Busch, V., Schuierer, G., Bogdahn, U., & May, A.

(2004). Neuroplasticity: Changes in grey matter induced by training.

Nature, 427(6972), 311–312.

Dreher, J., Koechlin, E., Ali, S., & Grafman, J. (2002). The roles of timing and

task order during task switching. Neuroimage, 17(1), 95–109.

Driscoll, I., & Troncoso, J. (2011a). Asymptomatic Alzheimer’s disease: a

prodrome or a state of resilience? Current Alzheimer Research, 8(4), 330–

335.

Dryer, M., & Haspelmath, M. (eds.). (2011). The world atlas of language struc-

tures online. Munich: Max Planck Digital Library. Retrieved from: http://

wals.info.

Duffy, S., Henderson, J., & Morris, R. (1989). Semantic facilitation of lexical

access during sentence processing. Journal of Experimental Psychology:

Learning, Memory, and Cognition, 15(5), 791–801.

728 References



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 729 [695--828] 13.4.2015 6:03PM

Duffy, S., Kambe, G., & Rayner, K. (2001). The effect of prior disambiguating

context on the comprehension of ambiguous words: Evidence from

eye movements. In D. Gorfein (ed.), On the consequences of meaning selec-

tion: Perspectives on resolving lexical ambiguity. Decade of behavior (pp. 27–

43). Washington, DC: American Psychological Association.

Duffy, S., Morris, R., & Rayner, K. (1988). Lexical ambiguity and fixation

times in reading. Journal of Memory and Language, 27(4), 429–46.

Dufour, R., & Kroll, J. (1995). Matching words to concepts in two languages:

A test of the concept mediation model of bilingual representation.

Memory and Cognition, 23, 166–180.

Dumay, N., & Gaskell, M. (2007). Sleep-associated changes in the mental

representation of spoken words. Psychological Science, 18, 35–39.
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Duñabeitia, J., Perea, M., & Carreiras, M. (2010). Masked translation prim-

ing effects with highly proficient simultaneous bilinguals.

Experimental Psychology, 57, 98–107.

Dunlosky, J., Rawson, K., Marsh, E., Nathan, M., & Willingham, D. (2013).

Improving students’ learning with effective learning techniques:

Promising directions from cognitive and educational psychology.

Psychological Science in the Public Interest, 14, 4–58.

Dussias, G., & Sagarra, N. (2007). The effect of exposure on syntactic par-

sing in Spanish–English bilinguals. Bilingualism, Language and Cognition,

10, 101–116.

Dussias, P. (2001). Sentence parsing in fluent Spanish–English bilinguals.

In J. Nicol (ed.), One mind, two languages: bilingual language processing (pp.

159–176). Malden, MA: Blackwell.

Dussias, P. (2003). Syntactic ambiguity resolution in second language lear-

ners: Some effects of bilinguality on L1 and L2 processing strategies.

Studies in Second Language Acquisition, 25(4), 529–557.

Dussias, P., & Cramer, T. R. (2006). The role of L1 verb bias on L2 sentence

parsing. In D. Bamman, T. Magnitskaia, & C. Zaller (eds.), Proceedings of

the 30th annual Boston University conference on language development, vol. 1

(pp. 166–177). Somerville, MA: Cascadilla Press.

Dussias, P., & Cramer Scaltz, T. (2008). Spanish–English L2 speakers’ use of

subcategorization bias information in the resolution of temporary

ambiguity during second language reading. Acta Psychologica, 128(3),

501–513.

Dussias, P., Marful, A., Gerfen, C., & Bajo, M. (2010). Usage frequencies of

complement-taking verbs in Spanish and English: Data from Spanish

monolinguals and Spanish–English bilinguals. Behavior Research

Methods, 42(4), 1004–1011.

Dussias, P., Perrotti, L., & Brown, M. (2013). Re-learning to parse a first

language: The role of experience in sentence comprehension. Poster

References 729



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 730 [695--828] 13.4.2015 6:03PM

presented at the International Workshop on Bilingualism and

Cognitive Control. Krakow, Poland.
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A. Nilsson, & M. Tellier (eds.), Eurosla yearbook 9 (pp. 76–106).

Amsterdam/Philadelphia, PA: John Benjamins Publishing.

Frenck-Mestre, C., & Pynte, J. (1997). Syntactic ambiguity resolution while

reading in second and native languages. Quarterly Journal of Experimental

Psychology, 50A(1), 119–148.

Friederici, A. (1995). The time course of syntactic activation during lan-

guage processing: a model based on neuropsychological and neuro-

physiological data. Brain and Language, 50, 259–281.

(2006). What’s in control of language? Nature Neuroscience, 9(8), 991–992.

Friederici, A., & Jacobsen, T. (1999). Processing grammatical gender during

language comprehension. Journal of Psycholinguistic Research, 28(5), 467–

484.

Fromm, E. (1970). Age regression with unexpected reappearance of a

repressed childhood language. International Journal of Clinical and

Experimental Hypnosis, 18, 79–88.

Frost, R. (2012). Towards a universal model of reading. Behavioral and Brain

Sciences, 35, 263–279.

Frost, R., Deutsch, A., & Forster, K. (2000). Decomposing morphologically

complex words in a nonlinear morphology. Journal of Experimental

Psychology Learning Memory, and Cognition, 26, 751–765.

Frost, R., & Grainger, J. (2000). Cross-linguistic perspectives on morpholo-

gical processing. Language and Cognitive Processes, 15, 321–328.

Gahl, S., & Garnsey, S. (2004). Knowledge of grammar, knowledge of usage:

Syntactic probabilities affect pronunciation variation. Language, 80(4),

748–775.

Gais, S., Lucas, B., & Born, J. (2006). Sleep after learning aidsmemory recall.

Learning & Memory, 13, 259–262.

Galbraith, G., & Arroyo, C. (1993). Selective attention and brainstem

frequency-following responses. Biological Psychology, 37(1), 3–22.

Galbraith, G., Bhuta, S., Choate, A., Kitahara, J., &Mullen Jr., T. (1998). Brain

stem frequency-following response to dichotic vowels during atten-

tion. Neuroreport, 9(8), 1889–1893.

Ganzeboom, H. (2010). A new international socio-economic index (ISEI) of

occupational status for the International Standard Classification of

Occupations 2008 (ISCO-08) constructed with data from the ISSP

2002–2007. Paper presented at the Annual Meeting of the

International Social Survey Programme, Lisbon, Portugal.

Gao, E., & Suga, N. (1998). Experience-dependent corticofugal adjustment

of midbrain frequency map in bat auditory system. Proceedings of the

National Academy of Sciences of the United States of America, 95(21), 12663–

12670.

738 References



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 739 [695--828] 13.4.2015 6:03PM

(2000). Experience-dependent plasticity in the auditory cortex and the

inferior colliculus of bats: role of the corticofugal system. Proceedings of

the National Academy of Sciences of the United States of America, 97(14),

8081–8086.

Garbin, G., Costa, A., Sanjuan, A., et al. (2011). Neural bases of language

switching in high and early proficient bilinguals. Brain and Language,

119(3), 129–135.

Garbin, G., Sanjuan, A., Forn, C., et al. (2010). Bridging language and

attention: Brain basis of the impact of bilingualism on cognitive con-

trol. Neuroimage, 53(4), 1272–1278.

Garcı́a, N., Chelminski, P., & Hernández, E. (2013). The effects of language

on attitudes towards advertisements and brands trust in Mexico.

Journal of Current Issues & Research in Advertising, 34, 77–92.

Garcı́a-Orza, J., Perea, M., & Munoz, S. (2010). Are transposition effects

specific to letters? The Quarterly Journal of Experimental Psychology, 63,

1603–1618.

Garcia-Sierra, A., Rivera-Gaxiola, M., Percaccio, C., Conboy, B., Romo, H., &

Klarman, L. (2011). Bilingual language learning: An ERP study relating

early brain responses to speech, language input, and later word pro-

duction. Journal of Phonetics, 39(4), 546–557.

Gardner, D. (2007). Validating the construct of word in applied corpus-

based vocabulary search: A critical survey. Applied Linguistics, 28(2),

241–265.

Gardner, H. (1987). The mind’s new science: A history of the cognitive revolution.

New York: Basic books.

Gardner, R. (1985). Social psychology and second language learning: The role of

attitudes and motivation. London: Edward Arnold.

Gardner, R., & MacIntyre, P. (1993). On the measurement of affective

variables in second language learning. Language Learning, 43, 157–194.

Gardner-Chloros, P. (2009). Code-switching. Cambridge, UK: Cambridge

University Press.

Garnsey, S., Pearlmutter, N., Myers, E., & Lotocky, M. (1997). The contribu-

tions of verb bias and plausibility to the comprehension of tempora-

rily ambiguous sentences. Journal of Memory and Language, 37(1), 58–93.

Gaskell, G., & Dumay, N. (2003). Lexical competition and the acquisition of

novel words. Cognition, 89, 105–132.

Gass, S. (1987). The resolution of conflicts among competing systems: A

bidirectional perspective. Applied Psycholinguistics, 8(4), 329–350.

Gass, S., & Selinker, L. (eds.). (1983). Language transfer in language learning.

Rowley, MA: Newbury House.

Gathercole, S. (1999). Cognitive approaches to the development of short-

term memory. Trends in Cognitive Sciences, 3, 410–419.

Gathercole, V., Thomas, E., Kennedy, I., Prys, C., Young, N., Viñas Guasch et
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Lukatela, G., Gligorijević, B., Kostić, A., & Turvey,M. (1980). Representation

of inflected nouns in the internal lexicon.Memory and Cognition, 8, 415–

423.

Lukyanchenko, A., & Gor, K. (2011). Perceptual correlates of phonological

representations in heritage speakers and L2 learners. Proceedings of the

35th Annual Boston University Conference on Language Development.

Somerville, MA: Cascadilla Press.

Luo, L., Craik, F., Moreno, S., & Bialystok, E. (2013). Bilingualism interacts

with domain in a working memory task: Evidence from aging.

Psychology and Aging, 28(1), 28–34.

Luo, L., Luk, G., & Bialystok, E. (2010). Effect of language proficiency and

executive control on verbal fluency performance in bilinguals.

Cognition, 114, 29–41.

Lupker, S., Brown, P., & Colombo, L. (1997). Strategic control in a naming

task: Changing routes or changing deadlines? Journal of Experimental

Psychology: Learning, Memory, and Cognition, 23, 570–590.

Luria, A. (1966). Higher cortical functions. New York: Basic Book.

McCallum, W., Farmer, S. & Pocock, P. (1984). The effects of physical and

semantic incongruities on auditory event-related potentials.

Electroencephalography and Clinical Neurophysiology, 59, 447–488.

McCandliss, B., Cohen, L., & Dehaene, S. (2003). The visual word form area:

Expertise for reading in the fusiform gyrus. Trends in Cognitive Sciences,

7, 293–299.

McCandliss, B., Fiez, J., Protopapas, A., Conway, M., &McClelland, J. (2002).

Success and failure in teaching the [r]–[l] contrast to Japanese adults:

Tests of a Hebbian model of plasticity and stabilization in spoken

language perception. Cognitive, Affective, & Behavioral Neuroscience, 2(2),

89–108.

McCann, W., Klein, H., & Stegmann, T. (2003). EuroComRom: The seven sieves:

How to read all the Romance languages right away (2nd rev. edn). Aachen,

Germany: Shaker Verlag.

McClelland, J. (2009). The place of modeling in cognitive science. Topics in

Cognitive Science, 1, 11–28.

(2014). Explorations in parallel distributed processing: A handbook of

models, programs, and exercises. Accessed from http://www.stanford.

edu/group/pdplab/pdphandbook.

McClelland, J., & Rumelhart, D. (1981). An interactive activation model of

context effects in letter perception: I. An account of basic findings.

Psychological Review, 88, 375–407.

McConkey Robbins, A., Koch, D., Osberger, M., Zimmerman-Phillips, S., &

Kishon-Rabin, L. (2004). Effect of age at cochlear implantation on

auditory skill development in infants and toddlers. Archives of

Otolaryngology-Head & Neck Surgery, 130(5), 570.

References 773



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 774 [695--828] 13.4.2015 6:03PM

McCormack, P. (1977). Bilingual linguistic memory: The independence-

interdependence issue revisited. In P. Hornby (ed.), Bilingualism:

Psychological, social, educational implications (pp. 57–66). New York:

Academic Press.

McCormack, P., Brown, C., & Ginis, B. (1979). Free recall from mixed-

language lists by Greek-English and French-English bilinguals.

Bulletin of the Psychonomic Society, 14, 447–448.

McCormack, P., & Novell, J. (1975). Free recall from unilingual and trilin-

gual lists. Bulletin of the Psychonomic Society, 6, 173–174.

MacDonald, A., Cohen, J., Stenger, V., & Carter, C. (2000). Dissociating the

role of the dorsolateral prefrontal and anterior cingulate cortex in

cognitive control. Science, 288(5472), 1835–1838.

McDonald, J. (1987). Sentence interpretation in bilingual speakers of

English and Dutch. Applied Psycholinguistics, 8(4), 379–413.

. (2006). Beyond the critical period: Processing-based explanations for

poor grammaticality judgment performance by late second language

learners. Journal of Memory and Language, 55(3), 381–401.

McDonald, J., & Heilenman, L. (1991). Determinants of cue strength in

adult first and second language speakers of French. Applied

Psycholinguistics, 12(3), 313–348.

MacDonald, M. (1994). Probabilistic constraints and syntactic ambiguity

resolution. Language and Cognitive Processes, 9(2), 157–201.

(2013). How language production shapes language form and comprehen-

sion. Frontiers in Psychology, 4, 1–16.

MacDonald, M., & Seidenberg, M. (2006). Constraint satisfaction accounts

of lexical and sentence comprehension. In M. Traxler &

M. Gernsbacher (eds.), Handbook of psycholinguistics (2nd edn). (pp. 581–

611). London: Elsevier.

MacDonald, M., & Thornton, R. (2009). When language comprehension

reflects production constraints: Resolving ambiguities with the help

of past experience. Memory & Cognition, 37(8), 1177–1186.

McDonald, S., & Shillcock, R. (2001). Rethinking the word frequency effect:

The neglected role of distributional information in lexical processing.

Language and Speech, 44(3), 295–322.

McDonough, K., & De Vleeschauwer, J. (2012). Prompt type frequency,

auditory pattern discrimination, and EFL learners’ production of wh-

questions. Studies in Second Language Acquisition, 34(3), 355–377.

McElree, B., & Griffith, T. (1995). Syntactic and thematic processing in

sentence comprehension: Evidence for a temporal dissociation. Journal

of Experimental Psychology: Learning, Memory, and Cognition, 21(1), 134.–157.

MacIntyre, P. (1995). How does anxiety affect second language learning? A

reply to Sparks and Ganschow. Modern Language Journal, 79, 90–99.

(2007). Willingness to communicate in a second language:

Understanding the decision to speak as a volitional process. Modern

Language Journal, 91, 564–576.

774 References



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 775 [695--828] 13.4.2015 6:03PM

MacIntyre, P., Baker, S., Clément, R., & Donovan, L. (2003). Talking in order

to learn: Willingness to communicate and intensive language pro-

grams. Canadian Modern Language Review, 59, 589–607.

MacIntyre, P., Dörnyei, Z., Clément, R., & Noels, K. (1998). Conceptualizing

willingness to communicate in a L2: A situational model of L2 con-

fidence and affiliation. Modern Language Journal, 82, 545–562.

MacIntyre, P., & Gardner, R. (1994). The subtle effects of language anxiety

on cognitive processing in the second language. Language Learning, 44,

283–305.

MacIntyre, P., & Legatto, J. (2011). A dynamic systems approach to will-

ingness to communicate: Developing and idiodynamic approach to

capture rapidly changing affect. Applied Linguistics, 32, 149–171.

Macizo, P., Bajo, M., & Martı́n, M. (2010). Inhibitory processes in bilingual

language comprehension: Evidence from Spanish–English interlexi-

cal homographs. Journal of Memory and Language, 63, 232–244.

Macizo, P., Bajo, M., & Paolieri, D. (2012). Language switching and language

competition. Second Language Research, 28(2), 131–149.

McKenna, F. (1986). Effects of unattended emotional stimuli on color-

naming performance. Current Psychological Research and Reviews, 5(1),

445–452.

McKenna, F., & Sharma, D. (2004). Reversing the emotional Stroop effect

reveals that it is not what it seems: The role of fast and slow compo-

nents. Journal of Experimental Psychology: Learning, Memory, and Cognition,

30(2), 382–382.

Mackey, A., & Sachs, R. (2012). Older learners in SLA research: A first look at

working memory, feedback, and L2 development. Language Learning,

61, 704–740.

Mackey, A., Philp, J., Egi, T., Fujii, A., & Tatsumi, T. (2002). Individual

differences in working memory, noticing of interactional feedback,

and L2 development. In P. Robinson (ed.), Individual differences and

instructed language learning (pp.181–209). Amsterdam/Philadelphia, PA:

John Benjamins Publishing.

McLaughlin, B., &Heredia, R. (1996). Information processing approaches to

the study of second language acquisition. In W. Ritchie, & T. Bhatia

(eds.), Handbook of second language acquisition (pp. 213–228). New York:

Academic Press.

MacLeod, C. (1976). Bilingual episodicmemory: Acquisition and forgetting.

Journal of Verbal Learning and Verbal Behavior, 15, 347–364.

(1991). Half a century of research on the Stroop effect: An integrative

review. Psychological Bulletin, 109, 163–203.

McMurray, B., & Aslin, R. (2004). Anticipatory eye movements reveal

infants’ auditory and visual categories. Infancy, 6(2), 203–229.

Macnamara, J. (1966). Bilingualism and primary education: A study of Irish

experience. Edinburgh: Edinburgh University Press.

References 775



C:/ITOOLS/WMS/CUP-NEW/6143877/WORKINGFOLDER//9781107060586RFA.3D 776 [695--828] 13.4.2015 6:03PM

(1967a). The bilingual’s linguistic performance-a psychological over-

view. Journal of Social Issues, 23(2), 58–77.

(1967b). The linguistic independence of bilinguals. Journal of Verbal

Learning and Verbal Behavior, 6, 729–736.

Macnamara, J., Krauthammer, M., & Bolgar, M. (1968). Language switching

in bilinguals as a function of stimulus and response uncertainty.

Journal of Experimental Psychology, 78, 208–215.

MacNamara, J., & Kushnir, S. L. (1971). Linguistic independence of bilin-

guals: The input switch. Journal of Verbal Learning and Verbal Behavior, 10

(5), 480–487.

McQueen, J., Cutler, A., & Norris, D. (2006). Phonological abstraction in the

mental lexicon. Cognitive Science, 30, 1113–1126.

McRae, K., Cree, G., Seidenberg, M., & McNorgan, C. (2005). Semantic

feature production norms for a large set of living and nonliving things.

Behavior Research Methods, 37(4), 547–559.

MacSwan, J. (2000). The architecture of the bilingual language faculty:

Evidence from intrasentential code switching. Bilingualism, Language

and Cognition 3, 37–74.

MacWhinney, B. (1987a). Applying the competitionmodel to bilingualism.

Applied Psycholinguistics, 8(4), 315–327.

(1987b). The Competition Model. In B. MacWhinney (ed.), Mechanisms of

language acquisition (pp. 249–308). Hillsdale, NJ: Erlbaum.

(2000). The CHILDES Project: The database (3rd edn). Mahwah, NJ: Lawrence

Erlbaum.

(2001). Emergentist approaches to language. In J. Bybee & P. Hopper

(eds.), Frequency and the emergence of linguistic structure (pp. 449–470).

Amsterdam/Philadelphia, PA: John Benjamins Publishing.

(2005). A unified model of language acquisition. In J. Kroll, & A. de Groot

(eds.), Handbook of bilingualism: Psycholinguistic approaches (pp. 49–67).

Oxford University Press.

(2010). Computational models of child language learning: An introduc-

tion. Journal of Child language, 37(3), 477.

(n.d.) Bilingual Corpora: Biling. Accessed from http://childes.psy.cmu.

edu/manuals/04biling.pdf.

MacWhinney, B., & Bates, E. (1989). The cross-linguistic study of sentence proces-

sing. New York: Cambridge University Press.

MacWhinney, B., Bates, E., & Reinhold, K. (1984). Cue validity and sentence

interpretation in English, German, and Italian. Journal of Verbal

Learning & Verbal Behavior, 23(2), 127–150.

Madden, D., Costello, M., Dennis, N., et al. (2010). Adult age differences in

functional connectivity during executive control. Neuroimage, 52(2),

643–657.
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contact du français. Paris: L’harmattan.

Ziegler, J., & Goswami, U. (2005). Reading acquisition, developmental

dyslexia, and skilled reading across languages: A psycholinguistic

grain size theory. Psychological Bulletin, 131, 3–29.

Ziegler, J., Muneaux, M., & Grainger, J. (2003). Neighborhood effects in

auditory word recognition: Phonological competition and ortho-

graphic facilitation. Journal of Memory & Language, 48, 779–793.

Zipf, G. (1935). The psycho-biology of language: An introduction to dynamic philol-

ogy. Cambridge, MA: MIT Press.

Zobl, H. (1982). A direction for contrastive analysis: The comparative study

of developmental sequences. TESOL Quarterly, 16(2), 169–183.

Zou, L., Ding, G., Abutalebi, J., Shu, H., & Peng, D. (2012). Structural

plasticity of the left caudate in bimodal bilinguals. Cortex, 48(9),

1197–1206.

Zuo, Y., Yang, G., Kwon, E., & Gan,W.-B. (2005). Long-term sensory depriva-

tion prevents dendritic spine loss in primary somatosensory cortex.

Nature, 436(7048), 261–265.

828 References


	9781107060586c27_p614-630
	9781107060586rfa_p695-828


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




