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Analysis of MEG Coherence with Mental Calculation
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We examined magnetoencephalography (MEG)
coherence in the five bands (theta, alphal, alpha2,
betal, and beta2) while the subjects were performing
two different calculation tasks: (i) single-digit subtrac-
tion, and (ii) double-digit subtraction. MEG signals
were recorded using a whole-head SQUID system. Five
healthy males participated. Coherence was used to pro-
vide a functional measurement of corticocortical
communication. The results showed that coherence in
the alpha2 (10 ~ 12.5 Hz) band significantly decreased

with increasing memory load during mental calculation
tasks. Secondly, in the beta2 (19 ~ 30 Hz) band, sig-
nificant increase of coherence with increasing memory
load during calculation tasks was obtained between re-
gions of left frontal dominance. This result agrees with
that obtained in a preliminary study. The results
showed that coherence in the beta2 band between re-
gions of left hemisphere dominance significantly in-
creased with increasing memory load during verbal
working memory tasks. Therefore, this finding leads to
a conclusion that information processing in mental cal-
culation is necessarily a verbal working memory proc-
ess.
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Fig. 1 Experimental setup for MEG measurement.
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Fig. 2 Averaged calculation time and accuracy for
each calculation task. Averaged calculation time and
accuracy show as a line graph and bar chart respec-
tively.
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(1) theta (4.0 ~ 7.5 Hz) (2) alphat (7.5 ~ 10 Hz) (3) alpha2 (10 ~ 12.5 Hz)
/\ /\

[J Significant increase
of power spectrum

B Significant decrease
of power spectrum

—— Significant increase
of coherence

= Significant decrease
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(4) betal (12.5 ~ 19 Hz)

(5) beta2 (19 ~ 30 Hz)

Fig. 3 Significant changes of coherence and power spectrum during mental calculation task. The lines connecting
sensor sites indicate significant decreases (thick) and increases (thin) of coherence (P < 0.05). Black squares show
decreases of power spectrum. Gray squares show increases of power spectrum (P<0.05).

Table 1 Means of coherence (S.D.) with mental calculation difficulty for alpha2 band (10 ~ 12.5 Hz).

Sensor pair

Rest

Single-digit

Double-digit

left frontal - right temporal
left frontal - left occipital
right frontal - left occipital

right frontal - right parietal

0.0645 (0.0088)
0.0839 (0.0087)
0.0795 (0.0248)

0.0859 (0.0248)

0.0503 (0.0052)
0.0684 (0.0188)
0.0618 (0.0262)

0.0746 (0.0268)

0.0216 (0.0010)
0.0372 (0.0125)
0.0427 (0.00656)

0.0340 (0.0122)

Table 2 Means of coherence (S.D.) with mental calculation difficulty for beta2 band (19 ~ 30 Hz).

Sensor pair

Rest

Single-digit

Double-digit

left frontal - right parietal
left frontal - left temporal
left frontal - left occipital

left parietal - right occipital

0.0734 (0.0111)
0.0985 (0.0139)
0.0400 (0.0108)

0.0740(0.0127)

0.0835 (0.0152)
0.1179 (0.0244)
0.0533 (0.0148)

0.0818 (0.0215)

0.1259 (0.0235)
0.1324 (0.0261)
0.0567 (0.0076)

0.1049 (0.0248)
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