72 139-151 2025

An Attempt to Conduct Eye-Tracking Measurements During
Video Viewing in Children with Intellectual Disabilities :
To Obtain Educationally Useful Information

Faculty of Education Kosuke NAKANO
Rinno DOI

(Received September 1, 2025 Accepted November 27, 2025)

Abstract: Fifteen students in the elementary school division of a special needs school for children with
severe intellectual disabilities and autistic tendencies watched a video lasting approximately three and a
half minutes, and their eye tracking was measured during this time. The video content included scenes
where humans and patterned designs were displayed simultaneously, one image was visually emphasized
among multiple images, and a teacher spoke to the viewers through the screen. As a result, all 15 students
completed the test without any issues, and it was possible to analyze their eye movements. Additionally,
individual differences in attention toward human, patterns, and symbols were identified, and strategies
such as pointing or circling objects to make them stand out were found to effectively increase attention
in the children participated in this study. These findings are expected to provide valuable insights for
educational methods, material creation, and selection in schools for children with relatively severe

intellectual disabilities.
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Introduction the neurodevelopmental disorders group,
1. Difficulty in Educating Children with defining it as a state where the individual's 1Q is
Intellectual Disabilities generally below 70 and an adaptive impairment
Intellectual disability is a condition is recognized. Furthermore, the more severe the
characterized by a delay in intellectual intellectual disability, the higher the comorbidity
development that requires continuous support in with autism spectrum disorder (ASD), and the

daily and social life. The DSM-5-TR includes it in severity of ASD also tends to be greater.”-? In
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Japanese special needs schools for children with
intellectual disabilities, students who enter at an
earlier age generally have a higher degree of
intellectual disability, and it can be said that
many of the children who enter from the
elementary school level have a certain degree of
autistic spectrum disorder tendencies.

The Ministry of Education, Culture, Sports,
Science and Technology points out that
characteristics of education for children with
intellectual disabilities include the tendency for
knowledge to be fragmented and the difficulty
they have applying it to real life and solving
problems. There are also indications of challenges
in teaching specific subjects such as science
education ? and English education ¥, issues with
curriculum development ¥, and the potential for
long-term support and increased costs if effective
interventions are not provided 8. While the
necessity of creating individualized education
plans and implementing inclusive education has
been noted in the education of children with
intellectual disabilities 7, the difficulty of
providing instruction that accounts for individual
characteristics has also been reported 9. It is
easy to imagine that for children entering the
elementary school section of special needs
schools, the strong frequency and severity of co-
occurring autistic traits—such as restricted
interests, fixations, sensory peculiarities, and a
lack of verbal and non-verbal interpersonal
responses—can easily contribute to the difficulty
of instruction.

2. What is eye tracking research?
Eye tracking research has a history of over 100

years, as exemplified by Huey's eye tracking
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research on reading?. Eye movements tend to
reflect attention, interest, and focus in a
nonverbal manner, and Yarbus pointed out the
importance of understanding cognitive processes
based on “what is being seen.” 19 Since then,
advancements in eye movement analysis and
infrared-based analysis of pupil and corneal light
reflection have further driven research in eye
tracking across various fields, including
psychology, neuroscience, medicine, and
marketing 1V, In the field of special education for
children with disabilities, Toki has suggested
that eye tracking analysis during reading may be
useful for diagnosing and evaluating dyslexial?.
Notably, there have been reports on applied
research for early diagnosis and support of
children with autism!® and studies analyzing
attention and interest in children with multiple
disabilities'?. These findings suggest that eye-
tracking could serve as a useful tool for
educational support for children with severe
intellectual disabilities or autism spectrum
tendencies, who often have limited verbal
explanations or responses regarding their
attention and interests. However, research using
eye-tracking devices to obtain information useful
for school education among elementary school
groups in special needs schools—which include
children with severe intellectual disabilities who
frequently co-occur with classic autism—remains
extremely scarce. Additionally, one study has
been reported on a group of children with severe
intellectual disabilities whose average age was
junior high-school level; however, this study was
limited to examining gaze attention to sticks,

underlines, and sounds.!®



3. Purpose of this study

The purpose of this study is to present image
content to elementary-age special needs school
students with intellectual disabilities who often
have relatively severe intellectual disabilities and
autistic tendencies, measure their gaze while
viewing the content, and examine how their gaze
tendencies can be utilized for educational
support. The specific objective is to present
several video clips to the group and examine
whether they serve as a convenient means for
determining the object each individual is looking
at—a piece of information crucial for special
education. While this is difficult to discern
through teacher observation alone, it is useful
information for incorporating into lessons and
other educational activities. Note that this study
does not analyze the relationship between the
children's individual biological or psychological
characteristics and their individual gaze

measurement results.

Method

1. Subjects

Fifteen elementary school students enrolled in a
special needs school. All of them have relatively
severe intellectual disabilities and autistic
tendencies. To use confidential information from
our examinations of eye tracking analyses, we
obtained written consent from 15 elementary
school students and their parents, as required
under the Japanese Privacy Protection Law. We
received permission from the Research Ethics
Committee of the Faculty of Education at Ehime
University(approval no. R6-12). The risks and

harms associated with this test are extremely
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low, but it was also stated that should
circumstances arise making it difficult to
continue the test, it would be stopped
immediately.

2. Equipment

Gazefinder NP-100 manufactured by JVC
Kenwood Corporation. This device uses infrared
rays to detect and analyze the pupils and corneas
of test subjects and records their gaze positions
on a monitor screen. In addition to implementing
the standard social development assessment
system “Look Look,” it is also capable of
displaying still images and videos imported from
external sources.

3. Measurement Method

Subjects were seated in front of the Gazefinder
installed in a quiet private room and instructed
to view two types of video content. The content
was as follows.

A) Social Development Assessment Tool “Look
Look”

This is a video content approximately two
minutes long that is standardly implemented in
the Gazefinder. The video includes scenes such as
the following.

+ People and patterned images appear
simultaneously on the left and right sides of the
screen.

+ A woman's face looking at the camera is
displayed on the screen.

+ Pointillist drawings in the shape of people
appear simultaneously on the left and right sides
of the screen and move their bodies in time with
the song. One is an upright image, and the other
is an inverted image.

- A person points at one of several objects.



B) Original video content

This is an original video content created by the
authors, approximately 90 seconds in length. The
video includes the following content.

+ The author is on the right side of the screen,
and a stick figure is performing the same
gymnastic movements on the left side.

« Imitially, a video showing eight dogs appears.
1) The voice “Look Look” is heard simultaneously
with the appearance of a pointing mark,
indicating one dog.

2) A red circle appears around one dog. No voice
is heard.

3) The voice says “Look Look” and a pointing
mark appears, pointing to one dog.

4) The voice says “Look Look” and a red circle
appears around one dog, and at the same time, a
pointing mark appears, pointing to the same dog.

- A video showing a pencil on the right and an
eraser on the left.

1) The voice says, “Look at the pencil,” and at the
same time, a finger pointing at the pencil
appears.

2) The voice says, “Look Look,” and at the same
time, a finger pointing at the pencil appears.

3) The voice says, “Look Look,” and three seconds
later, a finger pointing at the pencil appears.

4) At the same time as the voice saying “Look at
the pencil,” a finger pointing at the eraser
appears.

- A video of a male teacher looking directly at
the camera and calling out. Behind him is a
whiteboard with a picture of a fish on the left and
words on the right. After a while, the teacher
says, “Look at me.”

Regarding the content of the original video, it
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was created in consultation with four highly
specialized teachers from the special needs school
where the research took place, based on matters
they wished to include but were not covered in
“Look Look.”
4. Analysis Methods
A) Analysis of “Look Look”
For each subject, patterns were identified for the
following four tendencies.
1) Whether they focused on the eyes or the mouth
2) Whether they focused on the upright image or
the inverted image
3) Whether they focused on the person or the
pattern
4) Whether they focused on the pointing finger
B) Analysis of original video content
1) Whether they focused on the person or the
stick figure
2) Changes before and after the teacher's verbal
cue
3) Whether they focused on the pencil when it
was pointed at
4) When the pointing and verbal cue were
contradictory
5) The effect of circling the dog with a red circle
6) The effect of pointing at the dog

The method for identifying the above was first
decided by consensus between the two authors,
and then the results were confirmed by three
researchers not involved in the study to ensure
their validity.
The determination of whether gaze was directed
toward a target was decided through consensus
between the two authors. This approach was
taken because situations such as “glancing

briefly” or “gaze moving back and forth between



targets” could be judged qualitatively by humans,
but it was difficult to provide quantitative
evidence for them. The authors' judgment results
were verified for validity by three researchers not
involved in this study.
Results

1. Eye contact rate

Eye tracking was conducted on 15 people, and
all of them successfully completed the calibration
and finished the experiment without
experiencing any discomfort during the
examination. Table 1 shows the results of the
“eye contact rate,” which is the percentage of
time during the eye tracking period that the

subject's gaze was on the screen.

Table 1 Eye contact rate (%)

ID Look Look original video
1 19.7 28.0
2 88.0 77.4
3 88.2 4.3
4 89.5 86.0

Table 2 Eye tracking analysis results for “Look Look”

72 139-151 2025

5 70.3 72.3
6 19.7 13.6
7 73.9 41.8
8 82.6 70.9
9 55.6 49.3
10 88.6 88.1
11 48.9 0.0
12 84.8 76.0
13 83.6 63.1
14 98.6 91.7
15 86.9 87.2

There were significant differences in gaze
contact rates. While the original video for ID11
could not be analyzed for gaze targets within the
frame because the subject was not looking at the
screen at all, gaze detection was still possible in
several other cases with low gaze contact rates.
2. Analysis results of “Look Look”

Table 2 shows the eye tracking results for each
subject during the implementation of “Look

Look.”

ID Facial parts Upright or Inverted = Human or Pattern Focusing on pointing
1 Mouth inversion human )
2 Eyes upright pattern +)
3 Eyes upright human )
4 Mouth upright pattern )
5 Eyes upright pattern )
6 Eyes inversion human )
7 Eyes upright pattern (+)
8 Eyes upright human (+)
9 Eyes upright human (+)
10 Eyes upright human )
11 Eyes upright pattern )
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12 Mouth upright pattern +)
13 Eyes inversion human )
14 Mouth upright human (+)
15 Eyes upright human )

Regarding the parts of the face that attracted and 6 people focused on patterns, with human
attention, 11 people focused on the eyes and 4 receiving more attention. Regarding pointing at
people focused on the mouth, with the eyes objects, 6 people focused on the pointed object
receiving more attention. Regarding upright and and 9 people did not, with more people not
inverted animations, 12 people focused on the focusing on the object.
upright animation and 3 people focused on the 3. Analysis results of the original video
inverted animation, with the upright animation The results of the eye-tracking analysis of the
receiving more attention. When comparing original video are shown in Table 3.

human and patterns, 9 people focused on human

Table 3 Eye tracking analysis results for original video

ID  human or Teacher's call pointing pointing  Encircling  pointing
stick effect or voice effect

1 ) ()= () ) voice +) (+)

2 stick (+H)—(+) (+) voice +) (+)

3 Q) inside—(+) (+) ¢) ¢) (+)

4  equivalent H—) ) wondering +) (+)

5  equivalent +)—) +) pointing +) +)

6 stick (+)—(+) (+) ¢) (+) (+)

7 stick +)—) +) pointing +) +)

8 human (+H)—) (+/-) voice (+) (+)

9 stick (-)—notices*! +) pointing +) +)

10  equivalent - +) pointing +) +)

11 Q) ¢) Q) ¢) ¢) Q)

12 stick (+)—() (+/-) voice (+) (+)

13 stick () (+/-) voice (+) )

14 stick notices—(+) (+/-) pointing +) +)

15 equivalent inside*2—(+) +) voice ) (+)

*1: On-screen notices *2: Inside the screen but excluding the teacher and notices

First, ID 11 had 0% view acquisition of the original video, so eye movements could not be
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measured.

In individual items, the focus of attention for
“people and stick figures” was on “people” for only
one person, excluding the three who could not be
measured, while “stick figures” were focused on
by seven people and ‘equal’ by four people,
indicating that there was more attention on
“stick figures.”

In terms of changes before and after the
teacher's prompt, nine participants were already
looking at the teacher before the prompt, but one
participant who was looking outside the screen
after the prompt began focusing on the teacher,
and one participant began focusing on the display
inside the screen. Additionally, two participants
who were looking at objects other than those
inside the screen began focusing on the teacher
after the prompt. On the other hand, one
participant shifted their gaze from the teacher to
outside the screen after the prompt.

In the video where the pencil was pointed at,
nine people clearly focused on the pencil, and
four people showed some degree of attention. In
the video where the pencil was pointed at and the
voice indicated the eraser, five people focused on
the pencil and six people focused on the eraser,
excluding the three people who could not be
measured. One person shifted their gaze back
and forth between the two.

When the dog was circled in red, 11 out of 13
participants focused on it, and when the finger
was pointed, 12 out of 13 participants focused on
it. It was not determined that attention increased
further when all three elements—the circle, the
pointing finger, and the verbal cue—were

combined.
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Discussion

1. Conducting the examination

This study uses eye tracking to identify the
objects that children with intellectual disabilities,
who have difficulty explaining their interests and
actual circumstances, focus on, and to examine
how the results can be utilized in education.
First, it was a major achievement that all of the
children in the elementary school department of
a Japanese special needs school for children with
intellectual disabilities, who have relatively
severe intellectual disabilities, were able to
complete the examination without any particular
problems. Severe intellectual disabilities not only
make it difficult to understand the significance of
the test but also tend to exacerbate autistic
traits, leading to more limited interests and
stronger resistance to new stimuli or unfamiliar
sensations. Therefore, identifying a method that
can be easily applied to such children is
meaningful. In a previous study conducted with
51 children with intellectual disabilities, 13
children could not be measured successfully.
While the reasons for this were not examined, it
1s not difficult to imagine that difficulties
stemming from their disabilities were involved.
In our current study, factors such as the short
duration of approximately 5 to 6 minutes total,
the use of a quiet private room, and the
administration by a familiar teacher may have
contributed to a sense of security.
The gaze acquisition rate was 19.7-98.6% for
“Look Look” and 0-91.7% for the original video,
showing significant individual variation, but all

data except for the 0% gaze acquisition rate for



ID 11 in the original video were analyzable.
There was no need to maintain eye contact at all
times, and the fact that this method did not
involve attaching electrodes to the face to track
eye movements, as in previous eye-tracking
techniques, likely contributed to reduced
discomfort. The device used, “Gazefinder,” had
previously been applied to measuring social
development in infants and toddlers and
assessing autism tendencies!®, and is a device
that can be easily adapted to cases where
cooperation is difficult to obtain.

2. Considerations based on the results of “Look
Look”

The video content that comes standard with the
Gazefinder device was developed for the purpose
of early detection of autistic tendencies!?.
Therefore, although this study was conducted on
school-age children, we expected that it would
reveal the focus of a child's attention that cannot
be ascertained through teacher observation by
targeting a group of children with strong autistic
tendencies, namely, elementary school students
at special needs schools in Japan.

In “Look Look,” there are several pieces of
content that show people's faces. While one of the
main characteristics of children with autism is
that they have little interest in people, there are
reports that they tend to focus more on the
mouth than the eyes when looking at facial
features!® . Some reports point to abnormalities
in the control of visual attention as the reason for
this'® , and there is also a theory that the more
severe the autistic tendencies, the stronger the
tendency to look at the mouth2?, In this study, 11

out of 15 participants tended to focus on the eyes,
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while 4 tended to focus on the mouth. While the
differences compared to typically developing
children of the same age have not been examined,
identifying this personal reaction tendency is a
significant finding.

In a video showing movements similar to
dancing to music, an upright image was
displayed on the left side of the screen and an
inverted image on the right side, and the focus of
attention was analyzed. The results showed that
12 out of 15 participants primarily focused on the
upright image, while only 3 focused on the
inverted image. Previous studies have reported
that children with autism have lower recognition
of upright faces2?- 22,23 Although the stimulus
video in this study featured a human figure in an
upright position rather than facial features, the
fact that most children focused on the upright
figure suggests that, compared to an “inverted
face,” a “simple human outline” may not evoke
negative feelings and that its simplicity may
have contributed to the higher level of attention.
Of course, the results of the three children who
focused on the inverted figure are also important
from the perspective of understanding individual
characteristics. In this study, no comparison was
made between individual characteristics such as
the strength of autistic tendencies and the
results, which remains a future challenge.

In videos where people and patterned images
appear simultaneously on the screen, we
measured which of the two participants tended to
focus on. The results showed that 9 out of 15
participants focused on the people, while 6
focused on the patterned images. Several studies

have reported that children with autism tend to



be more interested in patterned images than in
people?¥. There are also reports indicating that
individuals with autism tend to focus on
geometric patterns, repetitive images, or moving
stimuli that involve repetition or cycles2?: 20, In a
sense, this is a fundamental characteristic of
autism that appears at the diagnostic criteria
level. Eye-tracking is a method that allows direct
confirmation of cognitive characteristics without
requiring the individual to provide explanations,
and the results can be utilized in educational
materials and explanatory documents during
special education classes.

It is well known that children with autism
spectrum disorder (ASD) have difficulty focusing
their attention on objects pointed to by others
compared to typically developing children 27. In
an analysis of whether participants focused on
the object being pointed to, 6 out of 15
participants focused on it, while 9 could not be
determined to be focusing. This result was lower
than the authors' expectations and showed a
lower tendency than the original video described
below. The pointing in this video involves a
relatively small image of a person pointing their
finger. The fact that the pointing is small and
inconspicuous, and that it is a real person, may
make it harder to focus on than larger symbols.
In educational settings for children with
intellectual disabilities, it may not be possible to
capture their attention as much as teachers
expect during explanations. The “Look, look!”
video contains content reported to attract the
attention of children with autism, but the
reactions of the children in this study did not

necessarily align with those reports. It is
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important to consider how to utilize these
findings effectively when sharing them with
teachers engaged in daily educational practice to
apply them to actual instruction.

3. Considerations based on the results of the
original video

In this study, we created an original video to
measure the characteristics of gaze toward
objects that include elements not reflected in
“Look Look.” The video is only 90 seconds long to
avoid motivational decline in children with
severe intellectual disabilities and young
children. Each specific video was created based
on topics that teachers at Special School A
wanted to investigate based on their daily
teaching experiences, so they are significant in
terms of educational practice.

The video “Which exercise video do children
focus on more: real people or stick figures?” was
created with the intention of exploring effective
presentation methods for teaching exercise and
dance in the classroom. As a result, eye trackings
were measured in 12 out of 15 children, and only
one of those 12 children focused on the real
people. The remaining 11 children included 7
who focused on the stick figures and 4 who
focused equally on both the real people and the
stick figures. While it is challenging to explain
the reasons behind their focus, factors such as
stick figures being simpler with only necessary
structures, a tendency to avoid autistic
individuals, and the novelty of stick figures may
be involved. This result suggests that teachers
should not only demonstrate movements as
models but also use symbolic visuals or objects to

present movements. Of course, individual



differences in the results can also be utilized as
valuable information. In practical teaching
situations, these findings may provide useful
information when considering instructional
methods for physical education skills or dance
choreography.

In a video in which a teacher appeared on the
screen and said, “Look this way” after a short
while, the children showed a high level of
attention even before the teacher spoke, and
their attention increased further when the
teacher spoke. There are reports that children
with autism respond less to verbal cues than
typically developing children 28. However, in
cases such as this one, where the teacher
appeared prominently in a small classroom
setting and gave simple instructions, the children
at least paid close attention, demonstrating the
usefulness of this approach in the classroom.

The video showing a pencil and an eraser was
created without emphasizing the pencil in
particular. However, pointing at the pencil had
the effect of increasing attention. This was more
effective than pointing with the phrase “Look,
look,” suggesting that a tool such as a finger-
shaped pointer may be useful. Additionally, in a
slightly mischievous video where the pointing
gesture for the pencil and the verbal cue for the
eraser occur simultaneously, the level of
attention varied among individuals. While we did
not analyze the relationship with individual
characteristics in this study, the results may be
influenced by factors such as language
comprehension ability or personal preferences.

The effect of circling the dog with a red circle

and the appearance of the pointing image clearly
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showed an improvement in attention. This was
stronger than the effect of “Look, look,” which is
consistent with the results of the “pencil”
experiment mentioned earlier. This content was
created in response to feedback from teachers at
special education schools who wanted to know
how effective the intuitive methods they use on a
daily basis are, and it has once again
demonstrated its usefulness. Since one method
already captured the attention of nearly
everyone, it remains to be verified whether using
multiple visual limiting effects would be even
more effective, making this an area for future
research.
The content of this original video was created
based on prior research showing that children
with autism or intellectual disabilities exhibit
different cognitive tendencies compared to
typically developing children. These prior
findings do not imply that “all children with
autism or intellectual disabilities react in the
opposite way to typically developing children.”
While the eye-tracking method cannot
definitively determine results stemming from the
subject's disability characteristics, it
demonstrates the potential for a simple test
capable of measuring individual differences in
reactions. Similar to “Look, look,” the results
regarding the relationship between the
presentation stimuli in the original video and the
objects of attention for the children in this study
could potentially provide useful information for
teachers seeking to refine their material selection
and clarify explanations during lessons.
Conclusions

The results of this study can be summarized as



follows.

1. In this study's eye-tracking measurements, we
obtained data that was relatively usable at a high
rate despite the participants being children with
severe intellectual disabilities, compared to
previous reports.

2. Eye tracking is a potentially useful method
that may safely reflect differences in individual
responses to presented materials and
information—differences that are educationally
important but difficult to recognize through
teacher observation alone.

3. The results for the children in this study did
not necessarily align with previous research on
children with autism, which provided new
insights for the teachers working with them.

4. It has been suggested that the use of symbolic
visual images, such as stick figures, to explain in
settings like physical education instruction may
enhance educational effectiveness for the target
children in this study.

5. Circling with a red circle or giving clear verbal
instructions tended to capture the attention of
the target children, and this finding may provide
useful information when attempting to improve
their attention to teaching materials and
explanations in educational settings.

While there are still many unresolved issues,
advances in technology have made it possible to
apply these methods to research on education for
children with intellectual disabilities, even when
their cooperation is difficult to obtain.
Furthermore, these methods are extremely safe
and place little burden on such children, making
this a promising area for future development.

Going forward, it is hoped that teams consisting
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of teachers involved in education, experts
engaged in educational research, engineering,
and physiological research, and others will work
together to develop methods that can be directly
applied to those involved and demonstrate their

actual effectiveness.
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