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Figure 1: Proposed method: an image in which the contour of the face is deformed is presented in accordance with the masti-
cation motion (left : source image, center : deformed image). Also, feedback on the mastication sound is included. The image
on the right shows the measured mastication movement which was used to deform the contour of the face.

ABSTRACT
Food texture plays an important role in the experience of food. Re-
searchers have proposed various methods to manipulate the per-
ception of food texture using auditory and physical stimulation.
In this paper, we demonstrate a system to present visually mod-
ified mastication movements in real-time to manipulate the per-
ception of food texture, because visual stimuli efficiently work to
enrich other food-related perceptions and showing someone their
deformed posture changes somatosensory perception. The result
of our experiments suggested that adding real-time feedback of
facial deformation when participants open their mouths can in-
crease the perceived chewiness of foods. Moreover, perceptions of
hardness and adhesiveness were improved when the participants
saw their modified face or listened to their non-modified chewing
sound, while both perceptions were decreased when participants
were presented with both stimuli. These results indicate the occur-
rence of the contrast effect.
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1 INTRODUCTION
Enriching the food experience is important for our overall enjoy-
ment of food. Food texture, like the appearance and taste, plays an
important role in the food experience, and a recent report demon-
strates that texture expressions dominate the top ranking of sizzle
words, which are thewords food critics use to describe food experi-
ences1. On the other hand, more andmore people are experiencing
decreased oral function as they age and are obliged to eat nurs-
ing home diets that have little texture. Previous studies on texture
perception only focus on mechanical [Iwata et al. 2004] and audi-
tory stimuli [Koizumi et al. 2011], and auditory stimuli have been
proven to have a great effect on texture perception. However, these
methods have some limitations that include the foods they can be
1http://www.bmft.jp/pdf/services/kotoba.pdf
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applied to and require a special device. Although visual stimuli are
expected to have significant effects on texture perception because
of its huge effect in other food perceptionmanipulation, visual ma-
nipulation of food appearance has little effect on texture percep-
tion [Inoue et al. 2016]. Considering other visual stimuli, we focus
on studying the manipulation of somatosensory sensations by vi-
sual cues showing that the sense of weight is changed by present-
ing amodulated posture [Jauregui et al. 2014]. Texture is perceived
when masticating food, and mastication causes a change in facial
configuration. Therefore, we tried to manipulate texture percep-
tion by modulating the appearance of mastication movements. As
mentioned above, auditory stimuli greatly affect texture percep-
tion but are limited in the foods that can be applied to. We believe
this limitation can be lessened when combined with visual stimuli
and face deformation and have tested the effects of this.

2 PROPOSED METHOD
In this paper, we propose a novel method formanipulating the food
texture perception of individuals by presenting them with the vi-
sual feedback of their modified mastication movements and the
audio feedback of their mastication sounds. We used an Intel Re-
alSense Camera (SR300) and its SDK to capture and track feature
points of a face. To modify the contour of a face, we used Zhu
and Gortler’s 3D deformation method [Zhu and Gortler 2007]. We
hypothesized that presenting modified face images and chewing
sounds in real-time would change the perception of food texture
and by combining both, the effect would be further improved.

3 PRELIMINARY STUDY
People do not normally watch their own face while eating. Even
when eating with others, not much time is spent watching other’s
faces. Therefore, firstly, we examinedwhich facial deformationmost
effectively influenced the texture perception.We evaluated the chewi-
ness when eating gummies using the scale bar. The number of
chews, stroke, and chewing time were also measured. Eight par-
ticipants were asked to sit down in front of a PC monitor and
watched their face shown on the monitor. We tested four types
of deformation: expanding/contracting in the longitudinal/lateral
directions upon opening the mouth. The evaluations of each de-
formation were compared with the evaluations under the control
condition (no deformation). The results of the experiment suggest
that upon shrinking in the lateral direction according to the mouth
opening movement, the perception of the chewiness is increased.

Secondly, to achieve a more natural deformation, we also mea-
sured the actual mastication motion and applied the parameters to
the deformation algorithm.

4 EVALUATION
Wemeasured changes in the texture perception and chewingmove-
ment when presenting the modulated chewing motion using the
measured lateral component and the masticatory sound. Thirteen
participants (7 males and 6 females, mean age 27.5 years) joined
this study, and they were asked to chew gummies. Four experi-
mental conditions were used: combining the presence/absence of
chewingmovement deformation and the presence/absence of mas-
tication sounds. The Visual Analog Scale (VAS) ranging from -100

Figure 2: Result of the accessment of hardness and adhesive-
ness (Mean±SE).

to 100 was used to evaluate the texture. To relatively access the
gummies’ texture, subjects ate two other different gummies, which
were set to -50 and 50 in the VAS referring to the method of Arce-
Lopera [Arce-Lopera et al. 2015]. We used hardness, adhesiveness,
and springiness for the texture evaluation, and chewing frequency,
stroke and chewing time were measured as mastication parame-
ters.

The results suggested that the evaluation of hardness and ad-
hesiveness tended to increase when only one of the two stimuli
(modulated image, chewing sound) was presented and decreased
when both stimuli were presented. This result can be explained
by the theory of expectation effect [Yanagisawa and Mikami 2015].
When one stimulus was presented, the difference between the pre-
diction and the actual sensation was small, which could cause the
assimilation effect. When the two stimuli were combined, the dif-
ference was large, which could possibly cause the contrast effect.

Finally, to verify this hypothesis, wemeasured the occlusal force
in a simple manner in the same four conditions. The result indi-
cated that when the modulated image or the mastication sound
were presented, the occlusal force increased, and when combined,
the force increased. This suggests that the difference between the
prediction and actual perception increases then the expectation ef-
fect is reversed.
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