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(formulaic sequence)

(formulaic sequence)

(formulaic sequence)

 

(formulaic sequences)

(conventionalised forms) (ready-made 

utterances) (proverbs) (idioms) (sentence 

builders) (preassembled 

speech)… (formulaic sequence)

…

(Schmitt & Carter, 2004; Wray, 2004, 2005)  

( ) (

)

(the formulaic sequences 

of cross-sentence)  

P600  

 (Event-Related Potentials ERPs)

electroencephalogram EEG

(ERPs) ms

(component)

N400

P600(Kutas & Federmeier, 2011)  

(ERPs)

P600 P600 

(Peak) 600ms (Latency) 600 ms~900ms 

P600

P600

(Fisher, Bassok, & Osterhout, 

2010; Friederici, 2002; Hagoort, 2003; Kim & Osterhout, 

2005)     

N400

P600

ERPs

P600

P600

( )

P600 (Kim & Osterhout, 2005; Kuperberg et al., 

2003) P600 

(semantic violation) ( semantic association)

( animacy semantic anomaly)

(context) … (Kuperberg, 2007; 

Nieuwland & Van Berkum, 2005)

 P600

(Kuperberg, 2007; Shen, Fiori-Duharcourt, 

& Isel, 2016; Van Herten, Chwilla, & Kolk, 2006; Vissers, 

Chwilla, & Kolk, 2007)  
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eye tracking ERPs fMRI…

…

 

 

 

17 : 13 : 4

 28~52 M= 40.71, SD=5.32

( Edinburgh 

handedness inventory )1

(REC 10811HT105)  

 

( )

                                                 
1 Oldfield, R.C. (1971) The assessment and analysis of 

handedness: the Edinburgh inventory. Neuropsychologia, 9, 
97–113. 
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1024×768 75 cm 

Neuroscan 

Ag/AgCl-Sintered 30 10-20

the International 10-20 System

GND A1 A2

mastoid

Electrooculogram EOG canthal
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VEOU VEOL
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Neuroscan 

NuAmps 1000HZ  
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5kΩ

0.1-30 Hz band pass SCAN 4.5

 

 

 

(Reaction time, RT) :

(3000ms)

SPSS 18 (

) (ms)

(Repeated measured ANOVA)  

 

Neuroscan 4.5

: (Ocular artifact reduction)

(Epoch) : (trigger)

( ) 100ms 

1000 ms  (Filter) :

0.1 Hz 30 Hz band pass (Baseline correction):

100ms (Artifact rejection) : 

- 50μv ~ 50μv  (Average):

 

 

 

 

  

  (ms) 

 96.38% 3.62% 637±286 
 13.41% 86.59% 653±318 

 2.69% 97.31% 633±270 

(

)

(96.38%)

(13.41%) (2.69%)

SPSS 18 (

) (ms)

(Repeated measured ANOVA)

(P>.05)  
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F3 FZ F4 C3 CZ C4 P3 PZ P4 9

(trigger) ( )

500~900 P600

(Time window)  

SPSS 18

( )

(Repeated measured ANOVA) 

(component) (Mean Amplitude)  (Latency) 

 (Peak Amplitude)

 Mauchly 

 Geisser-Greehouse 

partial η2 Bonferroni 

α=0 .05  

(Epoch)

 (Average)

(trigger) 500~900ms

( )

(

 ~ )  

500~900

P600 (Time window)

 (Mean Amplitude)  ( Latency) 

 (Peak Amplitude)   

  

 
 

(Mean Amplitude)  
 

( Latency) 
 

(Peak Amplitude) 

M SD M SD M  SD 

 3.64  2.95  679.38  79.64 6.24  3.14 

 3.98  3.08  643.67  46.43 7.38  3.44 

 4.74  3.66  662.19  64.27 8.15  4.45 

(N=153) 
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(Repeated measured 

ANOVA) 

(p< .001)

( F(1.708, 259.596) =8.228, p < .001, partialη2 = .051 )

(M=3.641, SD=2.946)

(M=3.980, SD=3.078) (p>.05)

(M=4.738, SD=3.656) (p< .01)

(P<.05)     

(p< .001) ( F (1.821, 276.859) =16.686, 

p < .001, partialη2 = .099 )

(M=679.379, SD=79.642) (M=643.667, 

SD=46.427) (p<.001)

(M=662.190, SD=64.270) (p< .05)

 (P<.001)   

(p< .001) ( F (1.709, 259.696) =19.253, 

p < .001, partialη2 = 0.112 )

(M=7.384, SD=3.440) (M=6.244, SD=3.143) 

(p<.001) (M=8.153, SD=4.450) 

 (p< .001) (P<.05)  

(TANOVA)  

(Topographic Analysis of Variance , 

TANOVA)

CURRY 8

TANOVA

R = 50 / p = 1000

MGFP=1

500ms 900ms p < 0.05

TANOVA

613 ms ~ 635 ms  663 ms ~ 677 ms 710 ms ~ 749 ms

( )

 719 ms ~ 733 ms 756 ms ~ 778 ms

( )

856 ms ~ 871.0 ms ( )  

 

 

  TANOVA  

 

  TANOVA  
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  TANOVA  

 

 

SPSS 18 (

) (ms)

(Repeated measured ANOVA)

(P>.05)

 

a+b=c a= b=

c=

: 

: 15 7

: / /

: 15 7

: / /

: 15 7

: /

/  

( )

TANOVA 613 ms ~ 635 

ms  663 ms ~ 677 ms 710 ms ~ 749 ms

TANOVA  719 ms ~ 

733 ms 756 ms ~ 778 ms

(pattern)

P600  

TANOVA

856 ms ~ 871.0 ms

P600

P600

 

P600

15 7

15 7

(default)

(match)
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(context) P600  

  

   

VS   *** *** 

VS  ** * *** 

VS  * *** * 

      *: P < 0.05 (significant), **: P < 0.01 (highly significant); ***: P < 0.001 (extremely significant) 

 

P600 Shen et al. (2016)

P600 

(conflict monitoring) Shen et al. (2016)

(anterior cingulate cortex, ACC)

P600

(world knowledge)

(RaPFC)

 

 

(ERPs)

( )

( )

( ) (pattern)

(match)

P600 Shen et al. (2016)

(conflict monitoring) Fisher et 

al. (2010) ( )

P600

 

P600

500ms~900ms

P600

…

(source reconstruction)
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The Psychological Reality of The Formulaic Sequences of 
Cross-Sentence : An Event-Related Potential Study of 

Math Word Problem 

Yao, Tien-Ching Lu, Ching- Ching 

National Tsing Hua University Institute of Taiwan Languages and Language Teaching. 

Abstract 

The aims of the present study were to use the experimental research method of 

event-related brain potentials to investigate the psychological reality of the “Formulaic 

Sequences of Cross-Sentence”. Therefore, we take the math word problems as the experimental 

materials and use the ERPs' P600 component to verify. In this study, the statistical analysis 

shows a significant P600 effect of the average brainwave waveform induced by different 

question types between 500ms to 900ms.Therefore, the psychological reality of the formulaic 

sequences of cross-sentence is possible. We can provide some different perspectives on the 

theory of cognitive operation of sentence comprehension by the results of this study. 

Keywords: language processing, sentence comprehension, Formulaic sequences, event-related 

potentials 

 

 


