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Purpose: The relation between preference and the gaze for the test foods under unconsciousness using
the eye-tracking system was investigated.

Methods: Participants consisted of 37 healthy volunteers. Test foods were steamed rice 150 g, grilled
salmon approximately 45 g and slice cooked squash 60 g, all of which were served on a tray. Foods forms
were regular food, chopped food, and blended food. After attached to the eye tracker, participants
watched the each dish arranged in front of them freely for 10s. And they ate test foods freely within

S;Jé th;gl:ng 10 min. The gazing point was measured for 10 s from the time when the food was ordered and just before
Gaze point the eating. Preference levels were interviewed. The number of gaze point fixations and the total gaze
Modified food point fixation time of the viewpoint during 10 s just before eating were analyzed. The analysis items were
Preference (1) the total number of gaze point fixations (2) the total gaze point fixation time (3) the amount of food

intake and (4) the preference level details.

Results: For foods with higher preference levels, the number of gaze point fixations increased significantly

and the total gaze point fixation time significantly increased. In both groups, maximum food intake was

observed for food forms with a high preference level. Most of the participants’ selected regular foods as

their most preferred food form among the food forms.

Conclusions: The results suggested that subjects gazed at regular food which had high preference level.

© 2018 The Authors. Published by Elsevier Ltd on behalf of Japan Prosthodontic Society. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

required maintaining food intake targets and satisfactory of taste
[5]. An offering food that delighted the tastes of elderly individuals
significantly affected satisfaction [5]. A previous study demon-
strated that food is a means to ingest nutrients important for
health, and that food preferences are very important [5,6]. In Japan,
modified foods offered to facility residents during their stay is

1. Introduction

The mean life expectancy in Japan has increased in a relatively
short period owing to higher economic, health, and medical
standards. Furthermore, in 2007, the country became a super-aged
society [1]. Going forward, the elderly population is expected to

increase with increased aging. Therefore, supporting the health of
elderly individuals is becoming an important issue [1].

Eating is essential for an individual’s daily lifestyle and is a joy in
life [2]. Health awareness surveys among elderly individuals reveal
that the elderly dedicate their greatest effort in ingesting a
balanced diet to support their health. It has been reported that 80%
of elderly individuals take particular care of their diets to maintain
their health [3]. Continued intake of unsatisfying food worsens
mental, physical, and social quality of life (QOL) while harmfully
affecting life purpose [4]. Food occupies an extremely important
place in daily life and may greatly contribute to improving QOL. A
diet aimed at maintaining a healthy long life in elderly individuals
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often determined, based on the evaluation of residents’ ingestion
and deglutition disorders and during meetings among medical
staff. Of note, this indicates that it is difficult to take the preferences
of a patient into consideration.

Numerous fields use gaze analysis using the eye-tracking
technique [7-12]. Eye tracking facilitates the measurement of
unconscious movements in gaze and provides objective data that
cannot be obtained via interviews [13]. We believe that this
technology could be utilized to identify an individual’s unconscious
food preferences. Yamamoto et al. reported that individuals focused
their gaze on sites that strongly interested them [ 14]. We previously
investigated whether individuals unconsciously fixed their gaze on
foods that they liked. Individuals were randomly shown different
foods on the left side and right side of a photographs. Each
photograph contained two pictures of food (one food on the left and
one food on the right) in the following combinations: (1) bread and
sandwiches, (2) an omelet and boiled egg, (3) rice balls and rice, (4)
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potato chips and French fries, and (5) an apple and grated apple. Our
purpose was to investigate the extent to which individuals
concentrated their gaze on foods for which they had a strong
preference. Our findings demonstrated that among all foods shown
to the individuals enrolled in the study, their gaze stopped more
frequently and for a longer time on foods for which they had a strong
preference. Based on these results, we reported a correlation
between food preferences and gaze stopping [15].

In elderly people, there is concern that decrease in the amount
of food intake may occur due to deterioration of the visual form of
food form, which may lead to decreased appetite [16]. In Japan,
modified foods offered to residents at nursing home for the elderly
during their stay is often determined, based on the evaluation of
residents’ ingestion and deglutition disorders and during meetings
among medical staff. Of note, this indicates that it is difficult to take
the preferences of a patient into consideration. At nursing home for
the elderly, the decided meals are served every day. Especially,
those who are difficult to communicate cannot understand even if
they explain that a nutritionally balanced meals is important. They
do not eat disgusting foods. Therefore, they tend to be malnour-
ished. It is necessary to consider not only preference but also the
food form. It appears that the evaluation of individuals’ preferences
and food form must be considered to improve dietary QOL.

It has been studied the correlation between food preferences
and gaze stopping. However, it remains unclear whether the same
correlation exists between food preferences and gaze associated
with actual foods offered as modified foods.

In this study, it is assumed that the same result as the previous
research can be obtained. The introduction of an eye tracking system
(eye tracker) for evaluating selection under unconsciousness can be
expected to improve nutrition intake for people with difficult
communication. As a result, we think it will be a great help to clear
the importantissues of Japan “maintaining the health of the elderly”.

The present study aimed to investigate the relationship
between an individual’s unconscious food preferences and gaze
for actual foods offered as various modified foods while they used
an eye tracker.

2. Materials and methods
2.1. Study participants

The study protocol was approved by the Medical Ethics
Committee. Participant recruitment advertisements were posted
within the University and the University Hospital. Fifteen individuals
were recruited for the young healthy adult group (21-32 years old)
and 22 individuals were recruited for the middle-aged to elderly
group (51-86years old). The sample size was calculated by
conducting a pilot study using Cohen’s index as a determinant with
a prior analysis. The level of significance was set at 0.05% and
statistical power at 0.8. The necessary sample size of the total
number of participants (n =37) was included. Individuals were given
verbal guidelines ahead of commencing the experiment using an
explanation sheet. Written consent was then obtained, after
confirming that the participants sufficiently understood the content
of the study. The data obtained were thereafter processed and stored
in an unlinkable anonymized form beginning with the first data
collection. When presenting the results at academic societies and so
forth, the authors explained that sufficient consideration was
provided to make it impossible to identify the participants.

2.2. Eye-tracking system
An eye tracker device (Tobii pro/glasses 2; Tobii Technology

Japan, Ltd., Tokyo, Japan) was used for eye tracking (Fig. 1). With
this system, four cameras fitted to the head apply infrared rays to

Fig. 1. Measuring equipment. Tobii pro/glasses 2 (Tobii Technology Japan, Ltd.,
Tokyo, Japan) was used.

the eyeball to sense light and dark areas in the pupils. Images
reflected in the cornea were obtained via a video camera to create
reflection points (i.e., the Purkinje effect) on the cornea. The pupil
points and reflection points were subsequently detected in real-
time. Gaze points were measured using the corneal reflex method,
which detects eyeball movement based on the positional
relationship between the central point of the pupil and the
Purkinje effect [13,17]. The corneal reflex method facilitates the
measurement of gaze while placing minimal burden on an
individual and causing no health damage. The gaze point shifts
rapidly due to saccadic movements [ 18-20]. Therefore, it is difficult
to quantify gaze points. Martinez-Conde et al. reported that the
gaze point stops when the angular velocity of eyeball movement
decreased to <100°/s [13]. Therefore, they defined a gaze point as
motionless when its sampling rate was 50Hz and the angular
velocity of eyeball movement was decreased to <100°/s [13].
Measured gaze points were recorded using the recording unit. The
unit consists of a small computer controlling the head unit (i.e.,
eye-tracking glasses). Data were recorded in the removable secure
digital memory card of the recording unit. The removable secure
digital memory cards record and store the eye-tracking data. The
memory cards can also be used to store gaze data and sound and
moving images. Gaze data stored in the recording unit were
analyzed using analytical software (Tobii Studio, version 4.2; Tobii
Technology Japan, Ltd.).

2.3. Gaze measurement methods

The measurements were obtained from the participant while in
a silent private room. The test foods were 150¢g of boiled rice,
approximately 45¢g of baked salmon, and 60g of sliced cooked
squash, all of which were laid out on a tray. The food forms were
regular food, chopped food, and blended food (Fig. 2). The
participants fitted the eye tracker (Fig. 3). The trays were then
randomly placed in front of them. They were asked to freely view
the foods for 10 s while standing up. They were given free for up to
maximum of 10 min to move places and eat foods. Gaze point
measurements lasted 10s from the time at which the food was
presented until just before the food was eaten (Fig. 4). Analysis
software was used to analyze the gaze points. We measured the
number of gaze point fixations and gaze point fixation time
recorded at the analysis sites.

2.4. Interviews on preference levels

After eye tracking was completed, the participants were then
presented with photographs of trays containing the same food
forms and asked to rank their preference for each food forms and
were asked to rank their preference for each food form (i.e., regular
food, chopped food, and blended food) to determine their
preference levels. Preference levels were ranked as follows: “high”
for the food form that they liked the most, “moderate” for the food
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Fig. 2. Test food forms. (A) Regular food, (B) chopped food and (C) blended food.

Fig. 3. Attachment of the eye tracker. (A) Front view, (B) side view.

All measurement ends|

10 min(Max)

Start measurement|

Measurement end
lof this experiment|

b

10s

“ Please sit at the favorite

“Please look at food freely. ” seat and eat freely,

Fig. 4. An example of measurement scenery. After attached to the eye tracker,
participant watched the each dish arranged in front of them freely for 10s. And they
ate test foods freely within 10 min. The gazing point was measured for 10 s from the
time when the food was ordered and just before the eating.

form that they liked less, and “low” for the food form that they did
not like. After the interview on preference levels, the number of
participants was tabulated, based on their preference for each of
the three food forms.

2.5. Analysis sites and items

The analysis sites were set on the general form of the tray. The
analysis items for each food form were (1) the total number of gaze
point fixations, based on the individuals’ preference level; (2) the
total gaze point fixation time, based on the preference level; (3) the
amount of food intake; and (4) the preference level details. Gaze
points focusing on chopsticks and sites other than the dishes were
excluded for analysis items 1 and 2. The same dishes were used for
each test food. To investigate the amount of food intake, each test
food was weighed with an electronic scale (Cooking Scale Digital KD-

162, Tanita Japan, Ltd., Tokyo, Japan.) before the experiment. After
completing all measurements, each test food was weighed again.

2.6. Analysis methods

For analysis items 1-3, statistical analysis was performed using
the Friedman test. If a significant difference was observed, the
Wilcoxon signed-rank test was conducted. Then Bonferroni
correction was conducted. The effective dose “r” was also
calculated so as to be determined using Cohen'’s index. The level
of significance was set at 5%. Statistical analyses software (IBM
SPSS Statistics ver.19; Japan IBM, Co, Ltd., Tokyo, Japan.) was used
for statistical analysis. The food intake volume was calculated as
the intake volume/overall weight of the test food x100 (%). Based
on the results of the preference level interviews, a possible
correlation between the number of gaze point fixations and the
total gaze point fixation time as well as food forms with moderate
and low preference levels was comparatively investigated.

3. Results

3.1. Total number of gaze point fixations, based on the preference level
for each food form

The median total number of gaze point fixations, based on the
preference level for each food form in the young adult group was
1.0 time for food forms with a low preference level, 3.0 times for
food forms with a moderate preference level, and 9.0 times for food
forms with a high preference level. The finding indicates a
significant increase as the preference level increased (Fig. 5). The
effective dose r was 0.86 between food forms with low and
moderate preference levels, 0.88 between food forms with
moderate and high preference levels, and 0.88 between food
forms with low and high preference levels.

The median total number of gaze point fixations, based on the
preference level for each food form in the middle-aged to elderly
group was 2.0 times for food forms with a low preference level, 3.0
times for food forms with a moderate preference level, and 8.0
times for food forms with a high preference level. These findings
also showed a significant increase as the preference level increased
(Fig. 5). The effective dose r was 0.56 between food forms with low
and moderate preference levels, 0.88 between food forms with
moderate and high preference levels, and 0.87 between food forms
with low and high preference levels.

3.2. Total gaze point fixation time, based on the preference level for
each food form

The median total gaze point fixation time, based on the
preference level for each food form in the young adult group was
0.2 s for food forms with a low preference level, 1.3 s for food forms
with a moderate preference level, and 2.2 s for food forms with a
high preference level, which indicated a significant prolongation of
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Fig. 5. Total number of gaze point fixations, based on the preference level for each food form. (A) Young adult group and (B) middle-aged to elderly group. Its vertical axis is for
number of gaze point fixations and the horizontal for the preference. Number of gaze point fixations significantly increased.
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Fig. 6. Total gaze point fixation time, based on the preference level for each food form. (A) Young adult group and (B) middle-aged to elderly group. Its vertical axis is for total
gaze point fixation time and the horizontal for the preference. Total gaze point fixation time significantly increased.

the gaze point fixation time as the preference level increased
(Fig. 6). The effective dose r was 0.85 between food forms with low
and moderate preference levels, 0.88 between food forms with
moderate and high preference levels, and 0.88 between food forms
with low and high preference levels.

Moreover, the median total gaze point fixation time, based on the
preference level for each food form, in the middle-aged to elderly
group was 0.2 s for food forms with a low preference level, 0.8 s for
food forms with a moderate preference level, and 2.5 s for food forms
with a high preference level. These findings also indicated a
significant prolongation of the gaze point fixation time as the
preference level increased (Fig. 6). The effective dose r was 0.67
between food forms with low and moderate preference levels, 0.88
between food forms with moderate and high preference levels, and
0.88 between food forms with low and high preference levels.

3.3. Food intake volume

Fig. 7 presents the food intake volume. In both groups,
participants had the maximum food intake for food forms with
a high preference level, and minimal food intake for food forms
with a moderate or low preference level.

3.4. Preference levels

Fig. 8 presents the breakdown of preference levels. In the young
adult group, a high preference level was expressed by 14 participants

forregularfood, 1 participant for chopped food, and 0 participants for
blended food. A moderate preference level was expressed by one
participant for regular food, 14 participants for chopped food, and 0
participants for blended food. A low preference level was expressed
by 0 participants for regular food, 0 participants for chopped food,
and 15 participants for blended food. Thus, all participants in the
young adult group selected regular food as their most preferred food
form among the three food forms.

In the middle-aged to elderly group, a high preference level was
expressed by 22 participants for regular food, 0 participants for
chopped food, and 0 participants for blended food. A moderate
preference level was expressed by 0 participants for regular food,
22 participants for chopped food, and 0 participants for blended
food. A low preference level was expressed by O participants for
regular food, 0 participants for chopped food, and 22 participants
for blended food. Thus, all participants in the middle-aged to
elderly group also selected regular food as their most preferred
food form among the three food forms.

3.5. Number of remaining teeth and dentures

In the young adult group, 15 participants had >20 teeth (Fig. 9).
With regard to dentures, participant used both upper and lower
dentures, no participant used either upper or lower dentures, and
15 participants used no dentures.

In the middle-aged to elderly group, nine participants had >20
teeth, nine participants had 10-19 teeth, and 4 participants had <9
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Fig. 7. Food intake volume. (A) Young adult group and (B) middle-aged to elderly group. Its vertical axis is for dietary intake and the horizontal for the preference. Most
subjects ingested foods with a high preference level.
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vertical axis is for the number of people and the horizontal for the preference. As a food with a high preference level, most subjects chose the regular food.
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Fig. 9. Number of remaining teeth and dentures. (A) Young adult group and (B) middle-aged to elderly group. Left figure is a pie chart showing the number of people by
number of remaining teeth. Right figure is a pie chart showing the number of people by wearing condition of denture.
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teeth. With regard to dentures, 12 participants used both upper and
lower dentures, seven participants used upper or lower dentures,
and three participants used no dentures.

4. Discussion
4.1. Participant selection

Various studies have conducted experimental research on eyeball
movement in healthy and in vision impaired individuals. In general,
eyeball movement involves repeated gaze movement and fixation.
Decreased speed of eyeball movement may be occur in daily life and
in healthy individuals as a result of presbyopia or similar eye
problem. It has been reported that there is no difference in the
fixation time [21]. With aging, cognitive and awareness functions
decline. We are considering using the eye tracking method presented
in this study for middle-aged to elderly individuals. To this end, we
divided participants into a young healthy adult group and middle-
aged to elderly group to determine whether results would vary.

4.2. Eye-tracking recording

Tabletop eye trackers and glasses-type eye trackers exist. A
previous study using a tabletop eye tracker device (Tobii X2-30;
Tobii Technology Japan, Ltd.) limited the measurement range to the
size of the monitor screen, which was a very narrow range [15]. It
also facilitated the recording of only two-dimensional data.
Therefore, in the present study, we used a glasses-type eye
tracker, which offers a wide measurement range, obtains three-
dimensional data, and can record in a setting that more closely
resembles how foods are consumed in daily life.

4.3. Eating utensils/plates

The test foods were commercially available foods familiar to
Japanese people. It has been reported that if the dishes used during
measurement are the same but the logo or illustration. Differs, the
gaze moves toward the altered logo or illustration rather than the
experimental item [22]. To prevent the participants’ gaze from
moving toward something other than the food, only plain plates
were used in the present study. We eliminated color factors by
making all of the plates white. In addition, we used brown trays to
facilitate the contrast against the white plates.

4.4. Preference levels

The preference level was how much each participant expressed
liking a food. Preference is the stimulation of the subjective
evaluation of the participants received from the sensory organ of
the individual. It also refers to various responses caused by the
reaction of the nervous system to a higher order cognitive
processing (e.g., subjective evaluation) [23]. Most studies investi-
gating the relationship between food image, based on visual
sensation and preferences, have used subjective evaluations such
as surveys [24-26]. However, when an eye tracker was used and
participants were asked to select whether they liked or disliked
items presented in two-dimensional images, their gaze stopped
predominantly on the food items that they liked more. For
example, previous studies have shown that before actually
selecting a food image, a person’s gaze tends to incline toward
the food image that the person will choose [27].

4.5. Total number of gaze point fixations and gaze point fixation time

The preferential looking method involves the phenomenon of
an individual’s unconscious comparisons and selections while

looking for a longer time at the item that they prefer [23]. We
previously conducted a study to investigate unconscious prefer-
ences, based on eyeball movement. Different foods on the left and
right sides of a photograph were randomly displayed. Our purpose
was to investigate the extent to which participants focused their
gaze on foods with a high preference level. Our results showed a
correlation between the displayed food preference and gaze point
fixation [15].

In the present study, we also predicted an increased number of
fixations and a longer fixation time for foods with a high
preference level would occur. Previous reports indicate that
people tend to gaze at their preferred food form, based on
memory [27]. The results of the present study supported this
finding: the number of fixations increased and the fixation time
was prolonged for foods with a higher preference level.

4.6. Food intake volume

In subjective evaluations, it has been reported that regular food
is preferred over blended food [27]. In the present study, regular
food was the food form eaten more frequently by participants in
their daily life. Furthermore, the participants visually selected the
food form for 10s before they ate the food. We observed that
participants only sampled a very small amount of foods with low
and moderate preference levels in the 10 min during which they
ate the food. They appeared to eat only this small amount owing to
the poor texture.

4.7. Effective dose and statistical power

It has been indicated that for statistical power, in addition to
determining the p value, the effective dose should also be
calculated [28-31]. The effective dose is the size of the actual
difference when making comparisons [28-31]. We also calculated
each effect size. Cohen’s index was used to determine whether the
effect size was large (0.5), moderate (0.3), or small (0.1) [28]. The
effective dose r between the groups for the total number of gaze
point fixations and total gaze point fixation time, based on the
preference level, was at least 0.5, which indicated validity.

4.8. Issues for future investigation

We were able to use an eye-tracking system to measure gaze
and objectively evaluate an individual’s preference for food forms.
For this research to proceed further, the following issues need to be
investigated.

We will individually investigate participants requiring gaze
analysis and evaluationitems. Gaze analysis depends on higher order
brain functions (e.g., attention, memory, thinking, and decision-
making) [32]. Therefore, potential future participants of preference
evaluation using an eye tracker should be individuals with mild to
moderate dementia because communication is more difficult for
these individuals. It could also be used for individuals with
intractable neurological diseases (i.e., amyotrophic lateral sclerosis,
multiple system atrophy, and muscular dystrophy). We plan to
consider the application of this method in these patient groups. In
terms of evaluation items, patients with mild dementia mightexhibit
attention disturbance symptoms [33,34]; therefore, it may be
appropriate to evaluate gaze fixation frequency in these individuals.
Individuals with intractable neurological diseases have normal
higher order function. Therefore, the number of gaze point fixations
and gaze point fixation time could be assessed in these individuals.

In the present study, we were unable to unify the number of
remaining teeth and dentures. The question of whether the
number of remaining teeth and their wear have a role in preference
selection needs to be investigated.
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5. Conclusion

The young adult group and middle-aged to elderly group
participants unconsciously exhibited different gaze point fixation
frequencies and time, depending on food form differences. We
observed increased fixation frequency and fixation time for food
forms with a higher preference level. Thus, participants’ gazes
stopped on food forms for which they had higher preferences.
Therefore, food forms with higher preferences tend to be easily
gazed at. This finding demonstrated that they were unconsciously
selecting their preferences. The present study indicated a
correlation between food form preference and gaze fixation by
using eye tracker.
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