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More natural pseudo chewing sounds to improve the texture of nursing care foods

Hidekazu Kaneko™1, Hiroshi Endo*1, and Shuichi Ino*!

Abstract - To improve the texture of nursing care foods, we have been developing a pseudo-chewing-sound
generator referring to electromyogram (EMG) signals of mastication muscles. Usage of EMG signals enables us
to promptly present care recipients a pseudo chewing sound with the intensity corresponding to mastication strength.
However, actual chewing sounds vary more than EMG signals in the intensity and duration. In this study, we
investigated changes in EMG signals and actual chewing sounds during the mastication of some foods (rice crackers
and Japanese pickles) to improve our previously proposed pseudo-chewing-sound generator.  As a result, we found
that the intensity and duration of the chewing sounds decreased as the number of strokes increased. Furthermore,
the intensity and duration of the chewing sounds and the latency between the onset of the EMG signals and that of
the chewing sounds were also different between foods. For the EMG signals, only the intensity differed between
foods. These effects about the chewing sounds showed statistically large effect sizes according to Cohen’s criteria.
Based on our findings, we modified the pseudo-chewing-sound generator to enable the intensity and duration of

pseudo chewing sounds changeable by the number of mastication strokes and by foods.
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Fig. 1 Experimental setup (Exp. 1).
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Fig. 2 An example of waveforms observed in the
mastication of a rice cracker.
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Table 1 Results of nonparametric statistical analysis.
These tables show the effects of food, stroke, and their
interaction on the evaluation values. F: F-statistics; dfs:
degrees of freedom for the targeted factor (dfl) and
residuals (df2); p: p-value; n % Eta squared; ES:
effect size (2 > 0.25: large, n?2> 0.09: medium, n2>
0.01: small, others: very small).

(a) Peak-to-peak amplituds of masseter EMG

F df1 df2 P 2 ES
Food [AEAR I a0 <0010 #x n21o medium
Stroke 0524 7 a0 >0.200 1065 zmall
Interaction 154 7 a0 0200 0.190 medium

(b} Duration of maszeter EMG

F dif df2 p ik ES
Food 013 1 a0 >0.200 0004 wery small
Stroke 0447 7 a0 0200 0054 =mall
Interaction 0s77 7 a0 >0200 n.10g medium
{z) Peak-to-peak amplitude of chewing sound
F dft df? p ik ES
Food 17583 1 a0 <0001 sk 0196 medium
Stroke 4308 7 a0 0ot * 0336 large
Interaction 1692 7 a0 0200 0152 medium
{d) Duration of chewine sound
F dfl df2 ] e ES
Food 17982 1 a0 <0001 Ak 0138 tedium
Stroke a9z 7 a0 <0001 sk 0523 large
Interaction 2042 7 a0 0200 0.109 medium

(2] Latency fram the onzet of masseter EMG to that of chewing sound

F dfl df?2 P 72 ES

Food e 1 a0 <0001 #0402 large
Stroke 2228 7 a0 >0.200 0141 medium
Interaction 0gh8 7 a0 0200 0069 =mall
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Fig. 3 Duration of chewing sound decreased as the
number of mastication strokes increased. In each box-
and-whisker plot, the thick line indicates the median. The
upper and the lower edge of the box indicate the third and
the first quartile, respectively. The range between the
third and the first quartile is the inter quartile range (IQR).
The upper whisker indicates the maximum value of the
data in the range of 1.5 IQRs above the third quartile. The
lower whisker indicates the minimum value of the data in
the range of 1.5 IQRs below the first quartile. The data
out of the range between the upper and lower whiskers are
shown as circles.

(post hoc t-test, t(30) =5.884, p < 0.001).
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Fig.4 Peak-to-peak amplitude of chewing sounds

Peak-to-peak amplitude of chewing sound (mV)

decreased as the number of mastication strokes increased.
For the box-and-whisker plots, see the description of Fig.
3.
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generator under development (2™ prototype).
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Fig. 6 Signal processing. Modulation signals were
generated by thresholding rectified-and-integrated EMG
signals (upper). We have added some processes reducing
duration and amplitude after thresholding (lower).
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