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Goal of the study



Goal of the study



Goal of the study

1. Does the brain remember the error you make?

2. How long & how strong are they maintained?
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Experimental Design

300 trials



1. Brain activity is recorded by MEG

2. Multivariate Pattern Analysis (MVPA)

MVPA Decoding

An estimator is trained at each time point 
to separate MEG activity distributions 
associated with content and rule



King and Dehaene. 2014
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GAT Method
3. Generalization across time (GAT)

Each estimator is tested on its ability to generalize to all time points
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Decoding Target Position

• Target appears
• Movement starts
• Contacts target



Decoding Directional Error at 100 ms

• Target appears
• Movement starts
• Contacts target

100 ms



Time-locking the Movement Onset (targ)

• Target appears
• Movement starts
• Contacts target

Second activation = coming back?



Time-locking the Movement Onset (IDE 100ms)

Second activation = coming back?

• Target appears
• Movement starts
• Contacts target



Distribution of error correlates with targ

random condition constant condition



Split by Target Position

target = left target = right

• Target appears
• Movement starts
• Contacts target



Split by Condition

• Target appears
• Movement starts
• Contacts target

random condition constant condition



Time-locking the Target Contact (targ)

Highest point = target contact, second activation = coming back!

• Target appears
• Movement starts
• Contacts target



Time-locking the Target Contact (IDE 100ms)

propagation from target position

• Target appears
• Movement starts
• Contacts target



Time-locking the Target Contact (IDE 100ms)

• Target appears
• Movement starts
• Contacts target

random condition



Time-locking the Target Contact (IDE 100ms)

constant condition

• Target appears
• Movement starts
• Contacts target



Time-locking the Target Contact (IDE 100ms)

random condition Constant conditiontarget = left



Cross-validation between Target Position

Train left, Test right Train right, Test left

• Target appears
• Movement starts
• Contacts target

random condition



Cross-validation between Target Position

Train left, Test right Train right, Test left

• Target appears
• Movement starts
• Contacts target

constant condition



Conclusion

1. We can decode the error of each trial

2. Decoding performance is

­ at its highest around the target contact

­ maintains longer when the condition is constant 



Pilot Study: goal



Pilot Study: goal



Using MVPA + GAT

King and Dehaene. 2014
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Experimental design

800 ms per word, 8 words per ‘sentence’

1600 ms of beep in between, total 8 seconds per sentence

200 sentences per session

? sessions per language
wall       tree       shelf       road     painter   house      box       blood 



Experimental design

1-word ✕ 8
­ Nouns

­ Verbs

N N   N    N    N    N   N    N
wall          tree        shelf       road     painter    house       box       blood

V    V    V    V    V    V    V    V
drink     explain      run          sell      spend      teach      draw     choose 



Experimental design

2-word ✕ 4
­ Adjective + Noun

­ Adverb + Verb 

A    N   A    N    A    N   A    N

NP               NP                NP               NP

thick        walls       short     books       nice     students   round    desks

A    V   A    V     A    V   A    V

VP               VP                VP               VP

slightly    move    secretly      kill        loudly        eat       gently     brush



Experimental design

4-word ✕ 2
­ S [NP + VP]

­ NP [NP + NP]

A    N V    N    A    N   V    N

NP               VP                NP               VP

S                                      S

scary   teachers  scolded  students    great     artists     painted   houses

A    N A    N    A    N   A    N

NP               NP                NP               NP

NP                                   NP

tall         sister’s       red       dress      brown     dog’s    beautiful     furs



Experimental design

8-word ✕ 1

A    N A    V    A    N   A    N

NP               VP                NP               NP

S

Fat        uncle   carefully  watched     old       friend’s   horror     films

NP

VP



Experimental design

1. Subject: French, Japanese native speaker

2. Language material: English, French, Japanese

Fat        uncle   carefully  watched     old       friend’s   horror     films

太った 叔父が 注意深く 古い 友人 ホラ٦ 映歗を 見た

Gros oncle a soigneusement regardé les films d'horreur de l'ancien ami



Experimental design

1. Subject: French, Japanese native speaker

2. Language material: English, French, Japanese

Romain
Quentin

English
Speaker

Ippei
Nojima

French L1 - -

Japanese - - L1

English L2 L1 L2



“When you talk”



*Gamsahamnida! *Thank you in Korean


