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On the 125th anniversary of the journal Science, Kennedy and Norman 

(2005) identified the biological basis of second language (L2) 

learning as one of the top 125 questions to be answered in the next 25 

years of research:  
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Figure 1. Results of search for topic ‘‘bilingualism’’ on Thompson-

Reuters Web of Science for (a) number of papers published and 

(b) number of citations of those papers for years 1993 to 2012. 

(From Kroll & Bialystok, 2013, Journal of Cognitive Psychology) 

There has been a virtual explosion of research on bilingualism: 



What have we learned in the recent 

upsurge of research? 

 

 

  Recent neuroscience evidence has called into question 

the presence of hard constraints on L2 learning; proficiency 

in L2 may often be more important than age of acquisition 

(e.g., Abutalebi et al., 2005; Steinhauer et al., 2009) and 

the brain 

may outpace behavior in revealing L2 learning. 

 

  But there are consequences: proficient bilinguals are 

not monolingual-like in their native language, suggesting 

that the native language is open to change and to the 

influence of the L2 (e.g., Ameel et al., 2009).  Competition 

across the two languages may reshape the networks that 

support each language.  
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Three discoveries about bilingualism: 

   

1. Both languages are always active and competing. 
 

 The two languages are not separate 
 

2. The native language changes in response to learning and using an L2. 
 

               Bilingualism has consequences for both languages 
 

1. The consequences of bilingualism are not limited to language but 

reflect a reorganization of brain networks that hold implications for the 

ways in which bilinguals negotiate cognitive competition more 

generally.  
 

                    Bilingualism has consequences for the mind and the brain 

 
 

Kroll, Bobb, & Hoshino (2014). Two languages in mind: Bilingualism as a tool 

to investigate language, cognition, and the brain. Current Directions in 

Psychological Science. 
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“bike” “fiets” 

Dutch-English speaker 

How do the mind and brain accommodate the presence of two 

languages?  The bilingual is a mental juggler: Both languages are 

active regardless of the requirement to use one language alone:  

How does a bilingual select a given language to be used at any moment? 



Cross-language interactions are persistent.   

 

At the lexical level, we see them even when bilinguals are processing  

words in sentence context, even when they are not required to use  

one of the two languages at all, even when the bilinguals are highly  

proficient in the L2, and even for language pairings that are highly  

dissimilar (e.g., Morford et al., 2011). 

 

At the level of the grammar, we see them when structures in the  

two languages converge (e.g., Hartsuiker et al., 2004) and when  

they conflict (e.g., Dussias & Sagarra, 2007). 

 

At the level of the phonology, we see them at the earliest stages of 

L2 learning (e.g., Chang, 2012; Jacobs et al., in press) and when 

bilinguals are highly proficient. 

 



But sometimes, these cross-language interactions are seen only in  

the brain data, not in behavior. 
 

Thierry and Wu (2007): Proficient Chinese-English bilinguals access  

the L1 translation equivalent when performing semantic relatedness  

judgments in English, their L2.  

 
The critical manipulation in this study was the 

presence of a repeated character in the Chinese 

translation of the English words: The bilinguals 

did not see the Chinese words in the experiment.  



ERP evidence on semantic relatedness judgments by Chinese-English bilinguals 

The bilinguals were sensitive to the character repetition suggesting that they were 

accessing the translation equivalent in L1 to perform the semantic task in L2:  

But there was no evidence for the activation of the translation in behavior. 



Other evidence that the ERP record may be a more sensitive measure 

of early stages of L2 learning than behavior: McLaughlin et al. (2004)  

We need converging measures of language processing to fully  

understand the course and consequence of cross-language activation  
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Illustrate the effects of L2 on L1 in a program of research on 

bilingual speech planning. 

 

Evidence for inhibition of the L1 to enable speech production in  

the L2.   

 

We see suppression of the L1 in the earliest measures of brain  

activity when bilinguals prepare to speak words in either language, 

in their behavior when they begin to speak, in late acoustic 

measures of produced speech, and in the fMRI record. 

 

But these effects are not always present in behavior – sometimes 

we see them and sometimes we don’t. 



Misra, Guo, Bobb, & Kroll (2012) 
 

Use ERPs to examine the earliest time course of cross-language 

activation in bilingual speech planning. 

 

The effect of language blocking in picture naming in the L1 and L2. 

 

Relatively proficient Chinese-English bilinguals but dominant in L1 

Chinese. 

 
Group 1:  Name pictures in L1 then L2    

Group 2:  Name pictures in L2 then L1 

 

 

 

 

 
The pictures were the same for both languages; two blocks per 

language:  L1, L1, L2, L2  or L2, L2, L1, L1 

Name in  

L1 

Name in  

L2 

Name in  

L1 

Name in  

L2 



Blocked Picture Naming: Early indices of inhibition   
 

  

L1    L2 

L1 First 

L1 Following L2 

L2 First 

L2 Following L1 

Inhibitory pattern for L1 and facilitatory pattern for L2: 

 
If it were a matter of recovering from momentary inhibition following naming in 

L2, then later in the L1 naming blocks we should see this recovery but the pattern 

persists, suggesting the presence of global inhibition. 
 

In this study, there was little evidence for inhibition in the behavioral measure. 



Does behavior also reflect this early inhibitory pattern for the L1? 

Moriyasu (2014): examined simple picture 

naming for Japanese-English bilinguals 

who were highly proficient in English as 

the L2 and living in the US but still very 

dominant in L1 Japanese 

Measure Japanese (L1) English (L2) 

Self rating 

proficiency 

(1-7 scale) 

6.5  4.5 

Category fluency 

(in 30 seconds) 

48.3 38.6 



L1 

L2 

L2 

L1 

Order of picture naming 

When L1 is named first, we see the 

expected pattern of faster naming latencies 

for L1 than L2. 

 

When L1 is named after L2, they are slower 

to speak Japanese than English! A reversal 

of their normal language dominance. 

900

1000

1100

1200

Mean 
Picture
Naming
Latency
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L1 then L2 L2 then L1

Japanese (L1)

English (L2)

Moriyasu (2014) 



Effects of language blocking on articulatory duration:  Are there 

late inhibitory effects? 
 

Name pictures in three blocks: L1 Chinese- L2 English- L1 Chinese 

 

             Name L1          Name L2          Name L1 
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Mean Duration to Speak L1

Before L2

After L2

Articulatory duration is longer in L1 following picture naming in L2.  

These data  are similar to the conditions that produced extended negativity in the 

ERPs and longer RTs in the naming. The effect is present even for identical 

tokens that should produce repetition priming, suggesting that there is inhibition 

of the L1 following naming in the L2.  



The evidence that bilingualism has consequences for 

inhibitory control is now compelling.    

 

But inhibitory control may involve different brain 

networks that are engaged in specific ways to solve 

different types of language processing problems. A 

focus in the recent research has been to examine these 

effects of bilingualism and language experience on the 

brain. 

 



Abutalebi & Green (2007): Different loci of cognitive control in  

the bilingual brain: different components of inhibition? 

 



Guo, Liu, Misra, & Kroll (2011): fMRI evidence for global inhibition  

Chinese-English bilinguals named pictures in three blocks:   
 
Chinese (L1) – English (L2)  – Mixed 
 
English (L2)  – Chinese (L1) – Mixed 
 
 
 
The comparison between blocked and mixed picture naming performance was defined as local 
switching, while the comparison between blocked naming in each language was defined as 
global switching.  
 
Distinct patterns of neural activation were found for each of these comparisons. 

Name in  

L1 

Name in  

L2 

Name in 

L1 or L2 

Name in  

L1 

Name in  

L2 

Name in 

L1 or L2 



Guo, Liu, Misra, & Kroll (2011): fMRI evidence  

Distinct patterns of neural activation were found for local inhibition as compared 

to global inhibition in bilingual word production:  

 

The dorsal anterior cingulate cortex (ACC) and the supplementary motor area (SMA) 

appear to play important roles in local inhibition, while the dorsal left frontal gyrus and 

parietal cortex appear to be important for global inhibition. 



The L2 affects the L1 at the level of the lexicon, the grammar 

and the phonology.  But what are the consequences over time? 

[And see Palomar-Garcia et al. (2015)] 



Grosjean, F. 1989. “Neurolinguists, 

Beware! The Bilingual Is Not 

Two Monolinguals in One Person.” 

The recent evidence suggests that Grosjean was right! 
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reflect a reorganization of brain networks that hold implications for the 

ways in which bilinguals negotiate cognitive competition more 

generally.  

 
 

Kroll, Bobb, & Hoshino (2014). Two languages in mind: Bilingualism  

as a tool to investigate language, cognition, and the brain. Current Directions in 

Psychological Science. 



Juggling two languages may tune brain networks 

that enable control and build cognitive reserve.  

What is the consequence of parallel activity and competition    

across the bilingual’s two languages?  

 





And this is the issue that brings us together at this workshop. 

 

  The hypothesis is that juggling creates a need to negotiate   

      competition across the two languages so that the use of    

      each language is controlled to enable fluent performance.  

 

  Skill in resolving cross-language competition is  

      hypothesized to create expertise that affects not only      

      language but cognition and the brain.  Bilinguals become 

      expert jugglers. 

 

      But how?  The story can’t be this simple. 

 

   The regulation of the native language may be critical. 

 



 

      Life experience as a bilingual changes the mind and the brain 

 
 

1. Bilingualism changes the efficiency of the brain networks responsible for 

resolving competition and conflict in non-linguistic tasks. These changes are 

sometimes observable in behavior but even when they are not, they may be 

evident in structural and functional changes in the brain. 
 

2. The consequences of bilingualism are more evident for older bilinguals than 

for young adult bilinguals.  Bilingualism provides protection against 

cognitive decline. 
 

3. The regulatory processes that are engaged by bilingualism may also be 

trained outside of language experience, suggesting that they are domain-

general mechanisms and may reflect coordination of control mechanisms 

rather than simple main effects. 
 

4. Some of these control processes can be caught “on the fly” as language 

processing is ongoing and others are likely to reflect longer term 

consequences 
 

5. Not all bilingual experience produces the same consequences.  



What is the neural basis of the bilingual effect in resolving conflict? 

1. Bilingualism changes the efficiency of the brain networks responsible for 

resolving competition and conflict in non-linguistic tasks. 



2. The consequences of bilingualism are more evident for older bilinguals than for   

young adult bilinguals.  Bilingualism provides protection against cognitive decline. 

Bilingualism may offer protection against the normal declines in  

attentional control associated with aging. 

 

Bialystok et al. (2005): Older bilinguals outperform age-matched  

monolingual counterparts on non-linguistic measures of 

inhibitory control. 

 

Alladi et al. (2013); Bialystok et al. (2007) : Bilingualism delays the  

onset of Alzheimer’s type dementia symptoms by four years. 

 

Schweizer et al. (2012):  At the point of diagnosis with Alzheimers,  

bilingual brains are more diseased than monolingual brains. 

 



Increased task switching costs with age but 

older bilinguals fare better than older 

monolinguals.  For young adults, the 

effect of bilingualism is not as dramatic. 

Relationship between neural and behavioral switch 

costs in older adults. This graph shows an age by 

group interaction for the ACC, the same region 

identified in other studies as associated with more 

efficient conflict resolution for bilinguals. 



But again, these are not necessarily simple phenomena: 



3. The regulatory processes that are engaged by bilingualism may reflect 

coordination of control mechanisms rather than simple main effects and may 

trained to extend beyond language experience itself 

Studies using the AX-CPT task to dissociate proactive and reactive control 

processes (e.g., Braver et al., 2002). 



Coordination of cognitive control – not necessarily a simple effect 



The claim here is that there  

isn’t a simple effect of  

bilingualism on executive  

function but that bilingualism  

modulates the relation between 

components of EF. 



AX-CPT AX-CPT 

ERP 

Pre-test 

ERP 

Post-test 

Group trained on language switching showed 

a more proactive control mode in the post-test  

Training on language 

switching or not 



Induce phonological competition:   

“plum” vs. “plug” in the L1 only 

 
 

 

 

 

 

 

Then on next trial, indicate the 

cell containing the grey asterisk 

by pressing a button. 

Blumenfeld & Marian (2011): Visual World Paradigm: track eye movements 

Bilinguals show no difference between control and competitor trials at the point 

at which button responses were made whereas monolinguals are slower for the 

competitor position. This suggests that bilinguals eliminate inhibition more 

quickly than monolinguals. 

4. Some of these control processes can be caught “on the fly” as language 

processing is ongoing and others are likely to reflect longer term 

consequences 





 

5. Not all bilingual experience produces the same consequences.  

The use of two languages may impose processing demands that  

create distinct profiles of bilingual cognition. Different forms of 

bilingualism may have the consequence of differentially tuning the 

neural networks that support language use (e.g., Green & Abutalebi, 

2013). Some bilinguals code switch frequently and others not at all.  

Some languages share similar form and others to do not. But in all 

cases, bilinguals must potentially negotiate a higher level of 

competition in their everyday use of language than monolinguals.   

 

The ability to acquire these regulatory mechanisms and to use  

them to effectively control the L1 may be a crucial component 

of successful L2 learning.  



 

                 Bilinguals use language in many different ways: 

 
 

• They read and listen to ambiguous words in both languages. 

 

• They select words to speak. 

 

• They resolve syntactic ambiguities within and across languages. 

 

• They code switch from one language to the other.  

 

• They may live in an environment in which everyone is similarly 

     bilingual or where only few are similarly bilingual 

 

• They engage in dialogue with speakers who vary in whether  

     they are monolingual or bilingual. 

 

 



But some argue that speaking is the critical language processing 

task. When you speak two languages you must choose between 

them before you utter a single word and it is that selection 

mechanism that has been hypothesized that appears most closely 

related to the observed cognitive consequences of bilingualism.  

 

Bilinguals are continuously selecting the language to speak in even the simplest 

language production tasks. But some bilinguals don’t have to choose: see 

Emmorey et al. (2008) on bimodal bilinguals. 



And the control processes that are engaged during language 

comprehension and language production may differ: 

 

In spoken production, there appear to be both local and global 

processes of inhibitory control with some short lived and others 

extended in time course and scope (e.g., Van Assche et al., 2013) 

and with support from different neural networks (e.g., Guo et al.,  

2011) 

 

In comprehension, there may be inhibitory effects that are resolved 

quickly but that also reveal the consequences of bilingual language 

experience  (e.g., Blumenfeld & Marian, 2011; Martín et al. , 2010). 

 

Why should the cognitive and neural consequences of these  

language processes be the same? 



And there is much that is missing: 
 

The evidence on crib bilinguals whose tuning to the presence of two spoken  

languages appears to have remarkable effects.  If the “bilingual effect”  is due  

only to the consequences of selecting the language to speak, then we might not  

expect to see differences between bilingual and monolingual-exposed babies  

because babies do not speak. 

Kovacs & Mehler (2009):  Bilingually exposed 7 month old babies 

can exploit a cue to anticipate a switch of attention! 
 

Weikum et al. (2007): Infants as early as 4 months can discriminate  

languages from different rhythmical classes (English vs. French) by  

watching silent talking faces. 
 

But the amazing result is that not only French-English crib bilinguals 

can do this but also Catalan-Spanish crib bilinguals who have not been 

exposed to French and English!  (Sebastián-Gallés et al., 2012) 
 

These are different consequences of bilingualism. 



Among the goals for the next stage of research, we need: 

 

  An adequate characterization of bilingualism (and multilingualism).   

 

• How bilingual  does a person need to be?  Luk & Bialystok (2013):  

Bilingualism is not a categorical variable!  

 

• What is the role of the context and availability of support or lack of 

support for bilingualism? Whether a person speaks a majority or 

minority language?  Whether the bilingual is a heritage speaker? 

 

• Does age of acquisition really matter or only proficiency? And is the 

answer to that question the same for all the language tasks the bilingual 

performs? 

 

• Sufficient attention to variability within monolingual groups: Not all 

monolinguals are the same (see Pakulak & Neville, 2010:  even native 

speakers of a language differ in their proficiency) 

  

  An account of the consequences of bilingualism for new learning, not only 

for language processing and representation. 



The bilingual may be a mental juggler but the science of how experience  

changes the brain and behavior is only beginning to identify the factors  

that may be required to provide a comprehensive account of bilingualism and 

its consequences. 

 

The message is not that things are complicated (they are!) but that research on 

bilingualism holds enormous promise for revealing fundamental principles 

about cognition and its neural basis.  



We would know none of this if we studied monolinguals 

only.  The implications are not just for our interest 

and curiosity – they require a revision of the traditional 

stories about language development, about cognitive 

control, and about the plasticity associated with language 

experience. 

Thank you! 


