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Abstract. While previous studies have compared performance between alphabetic and Chinese 
subjects, few data were about Japanese-speaking individuals. In this study, we used 
Japanese-Chinese bilingual and Chinese-Japanese bilingual subject to investigate different in 
processing semantic and phonological by visual judgment tasks in 15 Japanese-speaking individuals 
and 15 Chinese-Japanese bilingual subjects. Different patterns were observed between 
Japanese-speaking individuals and Chinese-Japanese bilingual subjects and used in brain computer 
interface (BCI). 

Introduction 

Recent neuroimaging studies used behavioral experiment and functional  magnetic resonance 
imaging (fMRI) to clarify the different brain activities when bilingual speaker comprehend their first 
language (L1) compare with their second language(L2) [1, 2]. Many studies showed the different 
activation patterns of alphabetic language (e.g. English) and logographic language (e.g. Chinese 
characters) [3, 4, 5, 6]. In this study, we used Japanese-Chinese bilingual and Chinese-Japanese 
bilingual subject to investigate different in processing semantic and phonological by visual judgment 
tasks in 15 Japanese-speaking individuals and 15 Chinese-Japanese bilingual subjects. 

While previous studies have reported that Chinese–English bilinguals’ alphabetic English (L2) 
reading is shaped by logographic Chinese (L1) and different from native English speakers’. By a 
study of Chinese–English bilinguals’ brain activity processing of logographic Chinese (L1) and 
alphabetic English (L2), it is reported that reading involves language-specific neuro-cognitive 
systems in which alphabetic English (L2) reading is shaped by logographic Chinese (L1) for 
bilinguals and different from native English speakers’ brain activity [1].  

In this study, we used behavioral method to investigate different in processing semantic and 
phonological by visual judgment tasks. 

Methods 

Subjects. In this study, there are 15 Japanese-Chinese bilingual subjects (seven females, eight males) 
and 15 Chinese-Japanese bilingual (seven females, eight males). They were selected and participated 
in the behavioral study. We explained the details of the information form and the consent form for 
them before we obtained their fingerprints or signing. All subjects had normal or corrected-to normal 
vision. No subjects were using drugs or alcohol or had any history of neurological disease, systemic 
disease known to affect central nervous system functioning, clinically significant head injury or 
mental retardation. 

Experiment Stimuli. As shown in Fig.1, forty-eight pairs of synonymous Japanese words (or 
Chinese words) were used for synonym judgments (Fig.1). The other 48 pairs of Japanese words (or 
Chinese words) were used for front size judgments. To minimize the visual similarity of stimuli, the 
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two characters in each pair shared as few letters as possible. Words were commonly used in terms of 
their frequency. 

 
Fig. 1 In each trial, a pair of characters was exposed synchronously for 2.5s, one left and one right 

a fixation crosshair. After the presentation of the two items, a fixation crosshair was exposed for 1.5s. 
Participants indicated a positive response by pressing the key corresponding to the index finger of 
their right hand and a negative response by pressing the key corresponding to the index finger of their 
left hand. 

Task and Design.The experiment stimuli were shown to subject through a display. In the 
phonological decision or semantic decision task, subjects decided whether the two viewed items 
phonologically or semantically with each other. In the font size decision task, subjects decided 
whether the two viewed items had a same physical size. In each trial, a pair of characters was exposed 
synchronously for 2,500msec, one above and one below a fixation crosshair. After the presentation of 
the two items, a fixation crosshair was exposed for 1,500 msec. Bilinguals indicated a positive 
response by pressing the key corresponding to the index finger of their left hand and a negative 
response by pressing the key corresponding to the index finger of their right hand. 

Data Analysis.The data were used in a repeated measures analysis of variance (ANOVA) (SPSS 
16.0 for Windows) with an equal variances assumption. A Bonferroni correction at P<0.05 was used 
for the post hoc multiple comparison to test the pairwise comparisons. 

Results 

As shown in Fig.2 and Fig.3,  we calculated the mean reaction time and accuracy for each task. The 
mean accuracies were 97.1 ± 1.8 % for the Chinese-Japanese bilinguals with the Chinese stimuli, 92.3 
± 1.9 % for the Chinese-Japanese bilinguals with the Japanese stimuli and 90.1 ± 0.6 % for the 
Japanese-Chinese bilinguals with the Japanese stimuli of semantic task; 98.1 ± 1.9 % for the 
Chinese-Japanese bilinguals with the Chinese stimuli,88.3 ± 1.9 % for the Chinese-Japanese 
bilinguals with the Japanese stimuli and 94.1 ± 0.6 % for the Japanese-Chinese bilinguals with the 
Japanese stimuli of phonological task; 99.1 ± 1.8 % for the Chinese-Japanese bilinguals with the 
Chinese stimuli, 98.3 ± 1.9 % for the Chinese-Japanese bilinguals with the Japanese stimuli and 96.8 
± 0.5 % for the Japanese-Chinese bilinguals with the Japanese stimuli of font size task. 

The same repeated measures ANOVA and multiple comparisons were also performed for reaction 
time. The mean reaction time were 1480.2 ± 1.9 for the Chinese-Japanese bilinguals with the Chinese 
stimuli, 1590.3 ± 1.9 for the Chinese-Japanese bilinguals with the Japanese stimuli and 1825.1 ± 0.6 
for the Japanese-Chinese bilinguals with the Japanese stimuli of semantic task;1509.2 ± 1.9 for the 
Chinese-Japanese bilinguals with the Chinese stimuli,1628.3 ± 1.9 for the Chinese-Japanese 
bilinguals with the Japanese stimuli and 1950.1 ± 0.6 for the Japanese-Chinese bilinguals with the 
Japanese stimuli of phonological task; 825.3 ± 1.8 for the Chinese-Japanese bilinguals with the 
Chinese stimuli, 803.3 ± 1.9 for the Chinese-Japanese bilinguals with the Japanese stimuli and 1356.8 
± 0.5 for the Japanese-Chinese bilinguals with the Japanese stimuli of font size task. 

1734



 

 
Fig.2 average reaction time 

 
Fig.3 average accuracy 
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Fig.4 BCI system 

Discussion 

The purpose of the current second language experiment was to confirm the influence which the 
process of L1 affects the one of L2 between similar shape characters and for semantic and 
phonological processing. In this point, we found that many different were activated between L1 and 
L2 in our semantic or phonological tasks. 

Recent neuroimging study reported that equally important is our discovery of the high similarity of 
neural networks involved in phonological analysis of L1 and L2 words [1]. One might expect that, as 
English words are linearly constructed and follow the letter-to-sound conversion rules that require 
elaborated phonemic processing, the left mid-superior temporal gyrus would be active. Indeed, our 
second fMRI experiment with native English users did find the peak activity of left inferior frontal 
and superior temporal gyri in phonological processing. Our failure to show activation in the 
mid-superior temporal gyrus when Chinese – English bilinguals processed English words 
phonologically is thus not due to inadequate power to detect the activation. Rather, it suggests that the 
processing of L1 phonology (where logographic characters are pronounced monosyllabically) carries 
over to L2 processing. Clearly, our Chinese subjects were applying the strategy of processing 
Chinese to processing English words. They did not automatically use the letter-to-sound conversion 
rules to pronounce English words. Collectively, our current fMRI experiments have produced the 
most compelling data in support of the hypothesis that language experience tunes the cortex [5, 6]. 

The present study demonstrated that different brain activation of phonological processing between 
Chinese-Japanese bilingual and Japanese native speakers. Future, if same Chinese tasks are applied to 
Chinese native speakers, we may describe about second language processing between Chinese and 
Japanese in greater detail, this topic is my further plan. 

Summary 

The behavioral result showed that our bilingual Japanese subjects have large overlaps in the neural 
substrates for semantic and phonological processing of Chinese (L2) and Japanese (L1) language.  
Different patterns were observed between Japanese-speaking individuals and Chinese-Japanese 
bilingual subjects.  
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