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regular  vs. irregular  rhythm COMPARISON 

Stimulus Rehearsal Response 

GO signal (15% catch) 

Å encoding of stimulus 
 
Å visual working memory 
ᴼ ÁÕÄÉÔÏÒÙ-motor w.m. 

Å maintenance  in w.m. 
 
Å rehearsal of motor 
routines  

Å selection , execution of 
motor routines 
Å forward model 
Å sensory feedback 

0 ms 3000 ms 6000 ms 

Stim. OFFSET 

regular  

regular :       Sww      Sww      Sww     Sww 
                        meetida peetida   seetida   keetida 

irregular :   Sww      wSw      wSw     Sww 
                        meetida pateeda  sateeda  keetida 

STIMULI 
sequences of 4 trisyllabic nonwords  

(W1, W2, W3, W4), visually presented. 
initial consonants randomized, 

W1: {m,n}; W2-4: {p,s,k} 

BEHAVIORAL  
RESULTS 

irregular  

Å slower production of irregular utterances 
Å more errors in irregular utterances 

Band Hz Window (ms)  
high gamma (ɾȭɊ 65-115 100 

gamma (ɾ) 30 ɀ 55 150 
beta (ɼ) 13 ɀ 30 310 

alpha (ɻ) 8 ɀ 12 500 
theta (ʃ) 4 ɀ 8 1000 

QUESTION How does the rhythm of speech influence 
low-frequency (4-12 Hz) brain rhythms 
during subvocal rehearsal of an utterance? 

MEG POWER ANALYSIS     

 
BETWEEN-VOXEL DEPENDENCE ANALYSIS 
 Å transform source activation time-series into phase space trajectory 
Å define a neighborhood of nearby points in one trajectory 
Å evaluate the size of the temporally corresponding neighborhood in the other trajectory 

Quiroga et al. (2002) {regular, irregular} vs. Control 
regular vs. irregular 

Average error  rates by type, condition, and word  

W1 W2 W3 W4 TOTAL 

hesitation REG   0.01 0.03 0.03 0.02 0.09 

IRREG 0.01 0.08 0.07 0.07 0.23 

AVG   0.01 0.06 0.05 0.05 0.16 

other REG   0.01 0.05 0.03 0.03 0.12 

IRREG 0.01 0.06 0.04 0.06 0.17 

AVG   0.01 0.05 0.03 0.05 0.14 

all errors REG   0.02 0.08 0.06 0.05 0.20 

IRREG 0.02 0.14 0.10 0.14 0.41 

AVG   0.02 0.11 0.08 0.09 0.30 

TASK DESIGN 

WORD DURATIONS ERROR RATES 

regular  vs. 
i rregular    

REG more synchronized than IRREG 
IRREG more synchronized than REG 

RESULTS 
 

LH/RH  IFG & RH pMTG 
 �E��synchronization associated  with:  
  rhythmic regularity  
  facilitation of rhythmic processing (fewer errors)  

 
LH pMTG 
 �E synchronization reflects task difficulty  
  facilitation of segmental processing (?)  

 

SPECULATION 
�Æ support for hemispheric specialization  

 double -filtering by frequency (DFF), Robertson & Ivry 1998  
 asymmetric sampling in time (AST), Poeppel 2002  
 

�Æ support for hypothesis that planning timescales are 
commensurate with production timescales in the �E/ �= range 

no-error vs. 
error  

NO-ERROR more sync. than ERROR 
ERROR more sync. than NO-ERROR 

LEFT HEM. RIGHT HEM. 

IFG pMTG/pSTG IFG pMTG/pSTG 

�6  
IRREG desync  

REG sync 

 
REG more desync.  

than IRREG 

 
(onset) IRREG desync 

 rel. REG 

 
IRREG desync  

rel. REG 

�=  
only IRREG desync 

pre-rehearsal 

 
difference occurs  

pre-rehearsal 

 
reversal of difference,  

not signif. 

�> 
�@ 

L
 I
F

G
 B

A
4

5 

R
 I
F

G
 B

A
4

5 
R

 p
M

T
G

 B
A

2
1 

L
 p

M
T

G
 B

A
2

1 

desynchronization 

�x LH IFG: 
           REG sync. > IRREG 

 
�x LH/RH  dissociation : 
           MTG (BA21) �Æ IFG 
 
�x RH pMTG ~ parietal  areas 
           IRREG sync. > REG 

�x LH IFG (BA45 ~ BA47): 
           no-error  sync. > error  

 
�x RH premotor  areas: 
           no-error  sync. > error  
 
�x RH IPL ~ pMTG 
           error  sync. > no-error  

SUMMARY of POWER CHANGES during REHEARSAL 

Power changes during rehearsal  

VERBAL WORKING MEMORY 
AREAS:       

L/R  IFG (BA45) 

     L/R  pMTG (BA21)  

POWER TIME SERIES 
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