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Main question

How can brain-based measures help us understand second-
language acquisition?



Electroencephalography (EEG)

• Recording of subject’s 
brainwaves as they perform 
a task

• Highly sensitive
• Excellent temporal 

resolution



EEG & Event Related Potentials (ERPs)
• Changing neural activity will change electrical fields outside 

the head
• These changing fields give rise to the EEG

• ERP: An EEG response time-locked to the presentation of a 
stimulus

Time 0: baseline activity Time 200ms: ‘language’ activity

DOG



EEG and L2 research
EEG has been used to demonstrate:

• Stages of learning that L2 learners go through
• That L2 learners can have similar processing strategies as L1 

speakers
• That the brain begins to show evidence of learning before it 

shows up in behavior

The current study: What insights does EEG provide into the 
early stages of L2 Chinese character learning?
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Research Question

• Adult L2 learning can be slow and laborious
• Little is known about the rate of learning

How quickly does the brain show evidence for learning 
(lexical status and meaning) of L2 words?



The N400
Sensitive to lexical status
• For L1 speakers:

• ‘pseudowords’
• Words preceded by 

semantically unrelated 
context

• Words preceded by 
semantically related 
context



The N400

5μV



Stimuli

Prime-Target pair Expected target N400
(native-like)

Word-pseudoword:
mot – nasier (word  --) Big

Semantically unrelated:
maison-soif (home-thirst)

Medium

Semantically related:
chien-chat (dog-cat)

Small



Method

• Lexical decision for the second word in each prime-target 
pair

• Concurrent with EEG recording, behavioral score obtained 
• Target words were selected from the class textbook

• Pseudowords were derived by taking words from the text and 
replacing one or two of the letters



Participants 

• Beginning university French students 
• No previous exposure to French
• (n=18)

• Non-learners
• No previous exposure to French
• (n=8)

• 13 scalp sites



Sessions

Obtained ERP and behavioral responses from both groups in 
3 separate sessions

• Session 1: mean 14 h of instruction for learners
• Session 2: mean 63 h
• Session 3: mean 138 h



Behavioral results



ERP results
Session 1: 

mean 14 h of 
instruction for learners

Session 2: 
mean 63 h

Session 3: 
mean 138 h



N400 correlated with exposure in session 1
Co

m
pa

rin
g 

w
or

ds
 to

 p
se

ud
ow

or
ds



Discussion

• Adult language learners rapidly accrue information about 
L2 words

• First about word form
• Then about word meaning

• Learner’s brainwaves approximated native speakers’ by end 
of one year of instruction

• Learning is happening before you can detect it behaviorally!

Presenter Notes
Presentation Notes
Learners’ neural responses rapidly differentiated between words and non-wordsLearners’ brain responses qualitatively approximated native speakers’ by end of one year of instruction; behavioral responses were still at chance



Replication  
Studies in Second Language Learning

• Beginning-level French students (Chinese students will be the control group)
• Beginning-level Chinese students (French students will be the control group)

• Does a different word learning trajectory occur for the two languages
• Chinese is a nonalphabetic writing system
• Learning characters can be very challenging for L2 learners
• Not phonologically accessible

• Improved equipment (cap has 30 electrodes instead of 13)
• Mixed-effects model will be used instead of an ANOVA



THE CURRENT STUDY
Replication study
Studies in Second Language Learning



Why Chinese?
• Should Chinese character instruction be delayed for 

beginners?

• In favor: Overwhelming for learners; can focus on oral 
learning/Pinyin; learners are more motivated

• Against: Characters are the basis of Chinese language; learning
four skills together can support learning

• Packard (1990) delayed group had better oral fluency than non-lag 
group but no differences in reading

• Knell & West (2017) early instruction group performed significantly 
better than the delayed group on reading comprehension and writing but 
no difference in oral measures



Stimuli
Prime-Target pair

Character - pseudo character:
month -

Semantically unrelated:
month - hundred

Semantically related:
month - day



Stimuli

• Creating pseudo characters:

• Increasing / reducing strokes

• Replacing radicals / components



Method

• Lexical decision task in both French and Chinese
• First-semester French or Chinese students

• One session recorded so far
• French students: mean of 17 hours of instruction
• Chinese students: mean of 24 hours of instruction



Behavioral results
FRENCH Words

Students Related Unrelated Pseudowords D-prime
French 0.82 0.79 0.59 1.08
Chinese 0.75 0.71 0.43 0.44

CHINESE Words

Students Related Unrelated Pseudowords D-prime
French 0.64 0.57 0.46 0.27
Chinese 0.66 0.68 0.52 0.56

Presenter Notes
Presentation Notes
The French students did better than the Chinese students in French.  The Chinese students were equally bad in French and Chinese. 



Correlation of D-prime and exposure
FRENCH STUDENTS (N=8) CHINESE STUDENTS (N=10)

Presenter Notes
Presentation Notes
Not significant for either group. 



ERP results: French
FRENCH LEARNERS (N=8) NON-LEARNERS (N=6)

Related
Unrelated
Pseudo

Presenter Notes
Presentation Notes
We don’t have enough data yet to find significant results, but on the French side, it looks like maybe the pseudowords are showing a bigger N400 response than the words. If so, that would replicate the previous study.  



ERP results: Chinese
CHINESE LEARNERS (N=10) NON-LEARNERS (N=7)

Related
Unrelated
Pseudo

Presenter Notes
Presentation Notes
Here again there’s not enough data to do the stats yet, but just looking at the data, there isn’t really a difference between characters and non-characters for the Chinese learners.  However, we do see a difference between the learners and non-learners.  The learners at least show an N400 shape, while the non-learners don’t at all.  That suggests that the learners are recognizing the characters as meaningful units more than the non-learners are, even if they don’t know what they mean yet.  That’s seen for both the learners and non-learners in French, which is understandable, given that French words look relatively similar to English ones. 



Correlation of N400 and exposure
FRENCH STUDENTS (N=8) CHINESE STUDENTS (N=10)

Presenter Notes
Presentation Notes
There is a significant correlation between hours of instruction and the size of the N400 difference between words and non-words for the French students.  For the Chinese students, it is not significant, but it is trending in the right direction.  As we get more participants, we’ll be able to see more. 



Discussion

• French students may be showing more evidence for 
learning

• But the Chinese students also appear to treat the characters 
as meaningful, and show some evidence for learning over 
time



Conclusion

Brain-based measures can provide insights into L2 learning 
beyond behavioral measures!



Thanks

• BYU
• Ray Clifford, Scott Miller, and the BYU College of Humanities
• Sean Cameron and Anna Moss


	Using EEG to Measure L2 Word Learning
	Main question
	Electroencephalography (EEG)
	EEG & Event Related Potentials (ERPs)
	EEG and L2 research
	Slide Number 6
	McLaughlin, Osterhout, & Kim (2004)
	Research Question
	The N400
	The N400
	Stimuli
	Method
	Participants ��
	Sessions
	Behavioral results
	ERP results
	N400 correlated with exposure in session 1
	Discussion
	Replication  �Studies in Second Language Learning
	The current study
	Why Chinese?
	Stimuli
	Stimuli
	Method
	Behavioral results
	Correlation of D-prime and exposure
	ERP results: French
	ERP results: Chinese
	Correlation of N400 and exposure
	Discussion
	Conclusion
	Thanks
	Stimuli
	Stimuli
	Stimuli



