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ABSTRACT

A magnetoencephalographic (MEG) study was carried out 
to investigate the perception of second language phonemes, 
through testing whether second language sounds uttered by 
plural speakers elicit a “mismatch” magnetic field (MMF). 
In this study, we performed two experiments. The first 
experiment was the measurement of MMF, and the second 
one was a perception test. In the first experiment, two 
oddball sessions were adopted. In one session, the stimuli 
were the English phonemes /ra/ and /la/, spoken by three 
male speakers of English. In the other session, a control 
study, the stimuli were the Japanese phonemes /a/ and /i/, 
spoken by three male speakers of Japanese. In the Japanese 
session, MMF were observed in all 15 Japanese subjects, 
and in the English session, MMF were observed in 13. 
Results showed significant interaction effect between 
language and hemisphere. Namely, there was a tendency 
that the Japanese phonemes were mainly perceived in the 
left hemisphere, whereas the English phonemes were 
mainly perceived in the right hemisphere. In the second 
experiment, results showed a correlation between 
perceptual ability and the intensity of MMF in the right 
hemisphere. However, there was no correlation in the left 
hemisphere. This result differed from the left hemispheric 
dominance of native phonemes. From these results, it was 
thought that the perceptual mechanism of second languages 
might differ from that of native languages. 

1. INTRODUCTION 

In the living body, electric currents are generated 
accompanying the activity of the brain, nerves and others. 
In addition, the ionic current in the brain induces a 
magnetic field around the head. We are thus able to 
determine the regions of brain activation by analyzing the 
source of this magnetic field. However, it was difficult to 
measure these brain magnetic fields, because they are 
10-12~10-13 Tesla (T) and a billion times or more smaller 
than geomagnetism. Due to the development of the 
superconducting quantum interference device (SQUID), 
however, measurement of brain magnetic fields is now 
possible. A magnetoencephalogram (MEG) is obtainable 
by the measurement of the magnetic fields generated in the 
brain using SQUID. The advanced features of MEG are as 
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s: (1) the information about higher order brain 
ons, cognition, and  memory, can be obtained, (2) the 
rement using MEG is a completely non-invasive 
que, (3) the spatial localization of the current source 
 estimated to within a few millimeters order, and (4) 

 has a 1 millisecond temporal resolution and is far 
or than other such devices. 

ell known that in a magnetoencephalographic study, 
ismatch field (MMF) is generated by an event-related 
ry neural process which automatically registers the 

lus difference or change. This MMF is observed in an 
ll paradigm, in which one standard stimulus is 
ted as frequent and one deviant stimulus is presented 
e. In this oddball paradigm, memory traces are 
ped by the standard stimulus and one can detect the 
ion with reference to these traces. 

tly, in addition to the simple oddball paradigm, MMF 
observed in the complex oddball paradigm using an 
scending scale [1], [2] and vowel nonsense 
nces [3]. In addition, MMF were observed using 
 synthesized native sounds which had 8 kinds of VOT 
, and it was confirmed that the native phonemes were 
ved categorically in this study using a synthesized 
s sequence [4]. Moreover, Funatsu et al. reported that 
 native phonetic sounds with variable 
er-dependent attributes elicit MMF and accordingly 
as thought to be due to categorical perception of 
 phonemes [5], [6]. 

 perception of second language phonemes by adults, 
phonemes are hard to discriminate by second 

age learners. For example, it is well-known that 
ese speakers have difficulties in discrimination 
en English /r/ and /l/, and there are a lot of behavioral 
s addressing these problems. However, there have 
few studies in brain sciences about these problems. 
fore, we investigated how second language learners 
ve second language phonemes in their brain. Namely, 
died how Japanese speakers perceive English /r/ and 
heir brain.  

 study, two experiments were performed. Experiment 
 a brain activation analysis using MMF in MEG 
que. Experiment 2 was a perception test of English  



/r/ and /l/. We aimed to clarify whether Japanese speakers 
elicit MMF by English natural sounds spoken by plural 
English speakers and what parts of their brain are activated 
when they perceive English sounds. 

2. EXPERIMENT 1 

2.1 METHODS 
2.1.1 Subjects 
The subjects were 15 native speakers of Japanese (six 
males, ten females) aged 21-55 years. All subjects were 
right-handed, and had no hearing loss. Subjects were 
instructed to attend passively to the stimulus sequence. 
Stimuli were binaurally presented to subjects by inserted 
earphones.

2.1.2 Stimuli  
Stimuli, /r / and /l /, were cut out from /r k/ and /l k/, 
which were spoken by three male speakers of General 
American English. The consonants, /r/ and /l/, were aligned 
to 80 ms, and the vowel / / was aligned to 150 ms in 
duration. The total duration of each stimulus, therefore, was 
230 ms. The amplitude of stimuli was adjusted to an equal 
power in rms. Japanese stimuli, used as a control, were the 
vowels /a/ and /i/, which were spoken by three male 
speakers of Japanese, and were aligned to 230 ms in 
duration.  

English /r/-/l/ condition 
An oddball paradigm was adopted, in which plural standard 
stimuli were presented at a high frequency of 85% and 
plural deviants at a low frequency of 15%. Both standard 
and deviant stimuli were selected randomly from the 
multi-speaker utterances. Deviants never occurred in 
immediate succession. Two sessions with a 
standard-deviant pair set as /l / vs. /r /, and /r / vs. /l /,
respectively, were conducted with an interleave 5 min. rest 
in a counter-balanced order.  

Japanese /a/-/i/ condition 
As with the English /r/-/l/ condition, stimuli were presented 
using the oddball paradigm. Both standard and deviant 
stimuli were selected randomly using the multi-speaker 
utterances. Deviants never occurred in immediate 
succession. Two sessions with standard-deviant pair sets as 
/a/ vs. /i/, and /i/ vs. /a/, respectively, were conducted with 
an interleave 5 min. rest in a counter-balanced order. 

2.1.3 MEG Recordings and Analyses 
The recordings were performed in a magnetically shielded 
room using a 204-channel whole head magnetometer 
(Neuromag Ltd., Finland). The MEG epochs, starting 100 
ms before and ending 500 ms after each stimulus onset, 
were averaged separately for standard and deviant stimuli, 
and filtered using a 1.2-26 Hz digital band-pass filter. The 
MMF was determined from the deviant stimulus response 
minus the standard stimulus response subtraction waves 
between 90 ms and 300 ms. For each subject and condition, 
equivalent current dipoles (ECDs) were determined for the 
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ESULTS 
 English condition, MMF were observed in 13 of 15 
ts, and ECD moments were estimated. In the 

ese condition, MMF were observed in all subjects, 
CD moments were estimated. An example of MMF 
 in the English condition are shown in Figure 1. 
 2 shows an example of the estimated dipoles 
mposed on an MRI image. The ECD was estimated 
 supramarginal gyrus, auditory association cortex. 

 1. An example of wave forms in the left hemisphere 
 English condition. The solid line is an MMF, and the 
d line is a deviant, the dotted line is a standard. 

 2. An example of the estimated ECD in the right 
phere in the English condition. 

CD moments estimated in the English and Japanese 
tions are shown in Figure 3. In the English condition, 

D moment of the right hemisphere was 16.1 nAm 
hat of the left hemisphere was 12.7 nAm. In the 
ese condition, in contrast to the English condition, the 
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ECD moment of the left hemisphere was 16.9 nAm and that 
of the right hemisphere was 11.4 nAm. A two way ANOVA 
(language vs. hemisphere) showed a significant interaction 
effect in ECD moment (p<0.01). Namely, it is thought that 
the Japanese phonemes were mainly perceived in the left 
hemisphere, whereas the English phonemes were mainly 
perceived in the right hemisphere.  

The peak latency in the English and Japanese conditions are 
shown in Figure 4. In the English condition, the peak 
latency of the left hemisphere was 158 ms, and was 162 ms 
in the right hemisphere. In the Japanese condition, the peak 
latency was 114 ms in the left hemisphere, and 131 ms in 
the right hemisphere. A two way ANOVA (language vs. 
hemisphere) was carried out. There was a significant main 
effect of language (p<0.001). Namely, the latency of the 
Japanese phonemes was shorter than that of the English 
phonemes in both hemispheres. 

0
2
4

6
8

10
12
14

16
18
20

Eg Jp

RH

LH

Figure 3. ECD moments in the English and the Japanese 
conditions. Jp indicates the Japanese phonemes. Eg 
indicates the English phonemes. LH shows the left 
hemisphere and RH shows the right hemisphere. 
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Figure 4. Latencies of the ECD in the English and the 
Japanese condition. Jp indicates the Japanese phonemes. 
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moment (nAm) 
dicates the English phonemes. LH shows the left 
phere and RH shows the right hemisphere. 

3. EXPERIMENT 2 

ETHODS 
bjects were eight Japanese in the experiment 1 (four 

, four females). The speech samples for the 
tion test were the same stimuli (/r / and /l /) used in 
periment 1. These stimuli were randomized in a 

uter and presented binaurally through headphones. 
timulus was presented five times. Therefore, 30 trials 
nemes x 3 speakers x 5 times) were performed, and 
oneme identification score was calculated for each 
t. Then correlation between the phoneme 

fication score and ECD moment was calculated. 

ESULTS 
correlation coefficient between the phoneme 

fication score and ECD moment of the left 
phere was 0.04, whereas that between the phoneme 
fication score and ECD moment of the right 
phere was 0.69 (Figure 5). Although this was not 
icant (p=0.057), it was thought that the second 
age phoneme perception might be mainly performed 
 right hemisphere. This result supported the findings 
periment 1. 
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Y = 31.296 + 2.315 * X; R^2 = .481

 5. Correlation between the right hemisphere ECD 
nt and the phoneme identification score. R2 is 0.481. 

4. DISCUSSION 

e English condition, in contrast to the Japanese 
tion, the ECD moment in the right hemisphere was 
 than the one in the left hemisphere. There are two 
le explanations for this result.  First, it is said, in 

al, that the left hemisphere is more dominant in 
h perception than the right hemisphere, which 
ates non-speech perception.  

ding to this hypothesis, it is possible to consider that 
nglish phonemes were perceived as non-speech 
s. If the subjects, however, perceived in such a 



manner, MMF would not have been observed, because 
stimuli were natural sounds with variable acoustic features 
(e.g. formant, f0, etc.), which did not constitute the standard 
versus deviant contrast.  

The second hypothesis assumes that the perception of 
non-native speech is dominated by the right hemisphere. 
This hypothesis appears to be able to explain that the ECD 
moment in the right hemisphere is larger than the one in the 
left hemisphere in the English condition.    

Another possibility for the right hemispheric dominance in 
the English condition is the difference in the phonetic 
features between English and Japanese stimuli. English 
stimuli were consonants, while Japanese were vowels. The 
ariticulatory difference between the English consonants /r/ 
and /l/ is a manner of articulation. It is possible to assume, 
therefore, that the right hemispheric dominance was caused 
by the discrimination between consonant 
manner-of-articulation contrasts. However, our previous 
study, which used Japanese consonants /ra/ and /da/ as 
stimuli, did not show the right hemispheric dominance [5]. 

From experiment 2, there was a correlation between the 
phoneme identification score of the perception test and the 
ECD moment of the right hemisphere, though this did not 
reach significance. Therefore, it is thought that the right 
hemisphere may perform some functions in the second 
language phoneme perception. 

5. CONCLUSIONS 

In this study, there was a tendency that the second language 
phonemes were mainly perceived in the right hemisphere, 
whereas native phonemes were mainly perceived in the left 
hemisphere. Moreover, there was a correlation between the 
ECD moment of the right hemisphere and the phoneme 
identification score of second language. Therefore, it was 
thought that the perceptual mechanism of second languages 
might differ from that of native languages. 
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