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ABSTRACT - This study aims to analyze autism games have been used to facilitate the development of the 
interaction of children with autism, particularly with regard to emotions. However, these games are unable 
to gauge how the interaction improves as the player progresses to higher levels. Through the recording of 
pupil movements, computer technology is able to measure the interaction level of children with autism 
with accuracy. The game application proposed in this study uses pupil positions and movements to see 
how well children with autism interact. The method used in this study presents the results of experiments 
with ten children with autism and ten children without autism. For both groups, we used statistical 
descriptions to analyze the resulting pupil positions. Two descriptive analyses were performed: a 
comparison of pupil position modes between children with autism and children without autism from 1 to 
120 seconds; and a comparison of pupil positions between children with autism and children without 
autism from frame one. The results of the experiment showed that children with autism were encouraged 
to interact using video games. Their pupil movements were measured while playing the games. During the 
interaction, children with autism had inconsistent pupil movement patterns, while the control group, 
consisting of children without autism, showed consistent pupil movement patterns. Then the other results 
show, first, that the TFA application provides pupil position patterns that are highly suitable as a biomarker 
for measuring the interaction level of children with autism. Second, further research is needed to 
implement therapies for children with autism to improve their interaction levels based on these 
measurements. Third, most of the research was conducted using data for level 2 autism (“requires 
substantial support”) so that in the future research may be conducted to further develop the application 
for level 3 autism (“requires very substantial support”). The conclusion of this study showed that children 
with and without autism have pupil movement patterns that remain within certain areas. Based on these 
areas, the severity of autism in children with autism is level 2 (moderate) according to DSM-5, making it 
possible to divide this level into three sub-levels: low-moderate, moderate-moderate, and high-moderate. 
Keyword - Autism, Eye Pupils, Games, Interaction. 
 

I. INTRODUCTION 
The capture of spontaneous facial expressions of children with autism can be performed to detect autism 
spectrum disorder (ASD) behaviors [1]. The framework proposed in [2] was used to measure the level of 
impairment of children with autism in terms of social response and engagement. In this framework, the eye 
movements of children with autism are assessed using three analyses: free viewing, emotion recognition, 
and comparison of eyebrow and mouth width. Furthermore, the pupil responses of children with autism 
can be used as an index of emotional reactivity [3]. Gaze patterns have been used to evaluate the social and 
cognitive functions of children with autism while playing serious games [4]. Assessment of social attention 
and emotion recognition in children with autism has been done using eye tracking, facial scanning and 
pupillometry [5]. 
The present study proposes a method for measuring interaction levels of children Wk`ith autism by 
recording eye pupil movements. Eye tracking was used to assess children with autism while playing games. 
This paper consists of several sections. Section 2 provides a background review, highlighting ASD and the 
potential use of pupil movements in studying children with autism. Section 3 describes the experimental 
setup, the human study protocol that was applied, and the proposed framework for coding and analyzing 
pupil movement data from children with autism. Section 4 presents the experimental results, while Section 
5 discusses the findings in the context of typical ASD characteristics. Section 6 concludes the study. 
 
II. BACKGROUND REVIEW 
Disorders in children with autism often last for a lifetime [6]. The condition is generally characterized by 
impaired social interaction. One of the characteristics of children with autism is their difficulty to maintain 
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eye contact [7]. Researchers have used eye-tracking systems to measure eye position, eye movement, and 
pupil size in children with autism to identify areas of interest [8]. 

 
II.1. PUPIL MOVEMENT 
Computer technology can automatically track the movement of eye pupils. This technique was used in [3] 
to explore conscious and unconscious emotional reactivity in children with autism. The experiment 
calibrated the eye movements of children with autism using the Tobii Studio eye-tracking platform with 
five built-in points. Children with autism passively viewed images, interspersed with stimuli to maintain 
attention. Another study conducted eye tracking with the aim of distinguishing between clinical groups in 
terms of social attention and emotion recognition using facial scanning and pupillometry [6]. The stimuli 
consisted of twelve color photographs of adult faces (equal number of males and females), each showing a 
calm, excited, or fearful facial expression. Pupil movements in children with autism increased relatively 
more with happy faces than in the typically developing (TD) group. Eye tracking was administered to all 
participants to assess changes in pupil movement when viewing facial expressions. The eye-tracking data 
were collected using Tobii. Eye-tracking sampling was done with infrared T120 at a rate of 120 Hz to record 
the X and Y coordinates of eye position and pupil diameter. 
 
II.2. COMPUTER VISION AND ASD RESEARCH 
Children with autism exhibit deficiencies in social interaction [9]. For example, a hallmark of ASD is 
difficulty in maintaining eye contact [7]. In view of this, eye-tracking technology has become popular for 
supporting autism research and analysis. This can help psychologists to obtain a correct diagnosis of 
children with autism, so that they can receive immediate treatment and care. 
Many approaches to engage children with autism are based on fun interactions and games, such as games 
and puzzles, which may have a positive impact [10]. Interactive technology can assist the education of 
children with autism by enhancing learning experiences and reducing the need for ongoing assistance. 
Previously, technology has also played a role in capturing pupil positions [11]. Eye tracking is the process 
of tracking an individual’s eyes to determine their exact position while searching for a target object, as well 
as the duration of the search [8]. The eye tracking system measures eye position, movement, and pupil size 
at any given time to detect the user’s area of interest. A camera records pupil samples generated from the 
gaze and the position of the detected marker. 
Gaze-generated pupil samples have also been used to detect autism in children [10]. Based on the 
evaluation results, the technique used provided average gaze estimation accuracy with a visual angle of 
0.6° (precision 0.08 degrees) and a pipeline latency of only 0.045 seconds. The software used comprises 
two primary components: the pupil catcher and the pupil player. The pupil catcher runs in real time to 
capture and process images from two (or more) video cameras. The pupil player replays the video and gaze 
data recorded by the pupil catcher. 
Researchers have used infants’ pupil dilation responses to direct speech, the sound of running water, and 
other sounds they frequently hear in daily life to detect autism [12]. Infants diagnosed with autism exhibit 
greater pupil dilation when listening to nonsocial sounds. On a trial-by-trial basis across all conditions and 
groups, infants with autism experienced more pupil dilation. This data was collected using the Tobii 1750 
and Tobii TX300 eye trackers. The study showed that infants with autism respond to nonsocial sounds with 
greater alertness compared to infants without autism. 
 
II.3. CONTRIBUTIONS 
This study proposes a model for assessing the interaction level of children with autism using pupil 
movement measurement and game media. Current eye-tracking systems can measure eye position, 
movement, and pupil size to detect areas of interest [8]. We developed a system for automatically 
measuring the level of interaction in children with autism based on pupil movement, which we call the 
Tracking for Autism (TFA) game application. The game media uses several categories of subjects, such as 
music, animals, electronics, atmosphere, and cartoons. Interaction stimulus preferences, such as music, 
expressions, objects, colors, and intonation, are used to provide motivational effects during task 
completion. 
In the experiment, we investigated the level of focus in children with autism during the execution of a task 
while using the TFA game application. The participants took a series of tests to determine their level of 
focus by measuring the movement of their pupils. This process was automated using the eye-tracking 
system of the proposed application. To the best of our knowledge, this is the first study to use eye tracking 
to measure interaction levels and to conduct therapy in children with autism. 

III. EXPERIMENTAL DESIGN AND STUDY PROTOCOL 
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The development of the application involved several autism experts and therapists with at least twenty 
years of experience. The AGCA Center is a school for children with autism, located in the city of Surabaya, 
Indonesia. It has many therapists, both female and male, who help with the education of children with 
autism. The AGCA Center has approved the protocol for collecting and analyzing pupil data from children 
with autism used in this study. The section below describes the protocol and the experimental design. 
 
III.1. PARTICIPANTS 
The study invited children with autism at random levels for participation, finally recruiting ten children 
with autism and ten school-aged children without autism aged between 3 and 13 years [7]. The group of 
twenty test subjects in total comprised ten male and ten female participants. They and their parents 
completed a consent process that briefly outlined the purpose and tasks of the study. The AGCA Center 
confirmed each patient’s ASD based on the Autism Diagnostic Observation Schedule (ADOS) [1]. The task 
proposed in this study required each participant to respond to the given stimuli. 
According to DSM-5 (Diagnostic and Statistical Manual of Mental Disorders), autism spectrum disorder 
(ASD) can be divided into three levels of severity: level 1 (“requiring support”), level 2 (“requiring 
substantial support”), and level 3 (“requiring very substantial support”) [13]. These levels of severity are 
based on the amount of support a person needs in their daily life related to social interaction, 
communication, and repetitive behaviors. For example, people with level 2 ASD require substantial support 
with social interaction, communication, and/or repetitive behaviors. They may have difficulty with some 
aspects of daily life but can still function independently in some situations. Early diagnosis and 
implementation of an appropriate therapy for patients with affective and cognitive deficits can accelerate 
the healing process [14]. All children with autism tested in the experiment were in the range of DSM-5 level 
2 (moderate) autism. 

III.2. GAME SETTING 
Based on our preliminary work, we used the following steps to assess the level of autism in children: 
a. Randomly selection of children with autism without knowing their category of severity. 
b. Each child with autism was given instructions to watch a video on a laptop. 
c. The eye movements of the children were recorded using the eye tracking system in the TFA game 
application on the laptop. 
d. The researchers or therapists broadcasted the eye tracking measurements to another computer in real 
time. 
The TFA application uses an eye tracking system and installed games. We chose games because they can 
enhance social interaction in children with autism [15]. Figure 1 shows one of the participants seated on 
an adjustable chair facing the laptop screen. 
The measurement results for children with autism are in the form of numbers (0, 1, 2, 3, 4, 5, 6, 7). The 
pupil movement measurement uses X and Y coordinate points, as shown in Figure 2. The X and Y 
coordinates can also be used to measure the pupil diameter [6]. Here, the pupil diameter was measured 
using Tobii eye tracking. 

 
FIGURE 1. A participant seated facing the laptop with the TFA game application. 

Figure 1 illustrates a child with autism participating in the research activity, seated on an adjustable chair 
and facing a laptop screen running the TFA game application. The child follows the given instructions by 
focusing attention on the visual content displayed on the laptop screen. The laptop serves as the primary 
medium for presenting videos and games integrated with an eye-tracking system. During the activity, the 
child’s eye and pupil movements are automatically recorded by the eye-tracking system to capture X and Y 
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coordinate data as well as information related to pupil diameter. The seating position and viewing distance 
between the child and the laptop screen are carefully adjusted to ensure optimal and consistent eye 
movement recording. This figure represents the actual experimental setup, in which the child interacts 
naturally with a computer-based game while researchers or therapists monitor and record the child’s 
visual responses as part of the autism level assessment process. 
 

 
FIGURE 2. Interaction-level measurement design based on pupil movements. 

Figure 2 shows the interface of the eye-tracking system used to record and analyze the participant’s eye 
movements. The image displays the eye region overlaid with a grid that serves as a reference for X and Y 
coordinates. This grid is used to detect gaze direction, fixation points, and detailed pupil movements during 
the measurement process. On the right side of the screen, system information is displayed, including the 
“Start” button, the remaining measurement time indicated by “Remaining Time: 07 seconds”, and the status 
“Analyzing”, which signifies that the system is performing real-time data analysis. This information assists 
researchers or therapists in monitoring the duration and condition of the measurement session. This figure 
2 represents the technical process of eye-tracking data acquisition, in which pupil movements are 
automatically recorded and processed by the system to generate numerical data and visual coordinates for 
subsequent analysis in assessing autism levels. 
Figure 3 shows how the pupil movement is categorized by TFA using a diagram with 8 pupil positions. 
These positions were determined using gradient detection and threshold segmentation in the pupil region 
of interest, with the reflections recovered directly [16]. We used the centroid method to more precisely 
calculate the center coordinates. 
The diagram with four columns and two rows is based on the more frequent and wider eye movements of 
children with autism. This categorization was supported by a therapist for children with autism who serves 
as the AGCA Center’s coordinator and has worked with children with autism for twenty years. We 
conducted an evaluation of children with autism to determine their ability to maintain eye contact and 
maintain a straight gaze. 

 
FIGURE 3. Template showing different positions for measuring pupil movement. 

Figure 3 illustrates the division of the screen into eight distinct areas labeled from 0 to 7. Each number 
represents an Area of Interest (AOI) used in the eye-tracking analysis process. This screen segmentation is 
designed to identify and classify the direction of gaze and the visual focus points of participants while 
interacting with the displayed video or game application. Each AOI serves as an indicator of gaze position 
based on the X and Y coordinates obtained from the eye-tracking system. When the participant’s gaze is 
detected within a specific area, the system records the corresponding numerical value. These numerical 
data are then used as inputs for further analysis, such as eye movement pattern recognition and the 
assessment of visual responses in children with autism. This figure represents a method for quantifying 
eye movements by transforming qualitative visual responses into structured numerical data, thereby 
facilitating efficient data processing and analysis within the research. 
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We set a value of 0 for pupil movements in the upper left position. Pupil movements with a value of 1 are 
located directly to the right of position 0. Pupil movements with a value of 2 occur in the middle. For 
positions 1 and 2, the head tends to be directed straight toward the monitor. Pupil movements with a value 
of 3 are in the upper right location. For value 4, the pupil movements occur in the bottom left. Positions 5 
and 6 refer to pupil movements at the bottom center. Finally, pupil movements with a value of 7 are out of 
range, particularly in the lower right corner. 
Video data was recorded and analyzed at five frames per second. In one minute, five images were generated. 
We generated 600 images for each child for a duration of 2 minutes, or 120 seconds, divided by 5. We used 
three therapists to validate the results. This validation aimed to provide the first label to classify the results 
of the pupil movement area. 
The researchers used a duration of 60 seconds to obtain data validation from the three therapists. 
Previously, the researchers had provided them with videos with random positions of the pupils of children 
with autism. The therapists then tried to determine the level of autism of the children based on the videos. 
The video duration of 60 seconds was decided by the three therapists, after trying a duration of 10 seconds, 
20 seconds, 30 seconds, 40 seconds, and 60 seconds. The therapists’ consideration for choosing 60 seconds 
was that the longer duration makes the position of the pupils more clearly visible. For more details, see 
Table 1. 

TABLE I. SELECTION OF DURATION 
Second Therapist 1 Therapist 2 Therapist 3 

10 Too fast and unclear Too fast and unclear Too fast and unclear 

20 Pupil position 2 and low 
category 

Too fast and unclear Too fast and unclear 

30 Too fast and unclear Pupil position 5 indicates 
moderate autism 

Pupil position 5 indicates 
moderate autism 

40 Pupil position 6 indicates 
severe autism 

Pupil position 6 indicates severe 
autism 

Too fast and unclear 

60 Pupil position 2 indicates 
low autism 

Pupil position 2 indicates low 
autism 

Pupil position 2 indicates 
low autism 

Table 1 presents the evaluation results of three therapists in determining the most appropriate video 
duration for identifying autism levels based on pupils’ position and movement. The tested video durations 
were 10, 20, 30, 40, and 60 seconds, aiming to obtain an observation period that provides clear and 
consistent visual information. At a duration of 10 seconds, all therapists agreed that the video was too short, 
making the pupils’ position and movement unclear. At 20 seconds, only Therapist 1 was able to identify the 
pupil position in Area 2, indicating a low autism category, while Therapists 2 and 3 still considered the 
duration too fast and unclear. At 30 seconds, Therapists 2 and 3 identified the pupil position in Area 5, 
which indicated a moderate level of autism, whereas Therapist 1 still found the observation insufficiently 
clear. At 40 seconds, Therapists 1 and 2 identified the pupil position in Area 6, indicating severe autism, 
while Therapist 3 continued to report that the duration was too fast and unclear. At 60 seconds, all three 
therapists provided consistent results, identifying the pupil position in Area 2, which indicates a low level 
of autism. This consistency demonstrates that a longer observation duration allows for clearer and more 
stable visualization of pupil movements. Based on these findings, a video duration of 60 seconds was 
selected as the optimal duration for data analysis and validation, as it yields consistent assessments among 
therapists and provides more reliable visual information for determining autism levels. 
 
III.3. STIMULI 
Playing games is a novel approach to improving social interaction in children with autism, for example by 
using cartoons [15]. Children with autism tend to prioritize attention to the mouth rather than the eyes, 
which is a challenge for autism therapists and educational experts in helping them. Therefore, we used 
interaction stimulus preferences of children with autism, such as music, expressions, objects, colors, and 
intonation, to provide motivational effects during task completion. For example, it is known that music 
therapy accelerates the development of social behavior in children with autism [17]. 
Children with autism experience changes in making eye contact when playing games, being able to focus 
for five minutes on a game and being able to cope with behavioral changes. Audio games help adults with 
autism express their emotions [18]. Adults with autism often have difficulty expressing and recognizing 
emotions; thus, social interactions can be difficult for them. Children with ASD show a tendency to enjoy 
playing with various toys or objects used during therapy sessions, such as cars, puzzles, and balls [19]. 
Children with autism have a high sensitivity to certain colors, such as blue, dark yellow, and green, which 
can trigger a strong response from them [20]. For children with autism, these colors are considered positive 
motivational colors. Particularly, blue is known to enhance brain performance [21]. The games have been 
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specifically designed to facilitate interaction and cooperation between children with autism using gaze-
and voice-based communication [22]. 
 
III.4 EXPERIMENTAL RESULTS AND ANALYSIS 
This section presents the experimental results for both the ten children with autism and the ten children 
without autism. For both groups, we used statistical descriptions to analyze the resulting pupil positions. 
Two descriptive analyses were done, namely, comparison of pupil position modes between children with 
autism and children without autism from 1 to 120 seconds; and comparison of pupil positions between 
children with autism and children without autism from frame 1. 
 
III.4.1. SAMPLE DATA 
The analysis in this study was based on video recordings taken during the experiments. The 120-second 
video footage was converted to frames per second, resulting in a total of 600 images (assuming 5 frames 
per second). We used two data sets: children with autism and children without autism, each lasting 120 
seconds. Therefore, each data set comprised 600 images with a breakdown of 120 seconds x 5. Integer 
values between 0 and 7 represent the measured pupil positions. Figures 4 and 5 present illustrations of 
frame-per-second data for children with autism and the children without autism. 
We employed two separate screens: a laptop screen used by the participants and a computer screen used 
by the researchers to execute the testing procedure. During the test, the researchers supervised the 
children as they played the game. Three therapists also assisted the researchers. 
 

FIGURE 4. Examples of data frames per second for a child with autism. 
Figure 4 presents examples of extracted frames from the experimental video recordings used in the 
analysis process. Each image represents a sequential frame-per-second (fps) segment taken from the video, 
with file names such as ezgif-frame-046 to ezgif-frame-067, indicating the chronological order of frame 
extraction. These images illustrate variations in facial expressions and gaze direction of the participant over 
time. Each frame serves as an individual data unit for analyzing eye movements and pupil positions 
detected by the eye-tracking system. By converting video recordings into a series of frames, the analysis 
can be conducted in a more detailed and structured manner based on specific time intervals. This figure 
demonstrates how continuous video data are transformed into static image data, which are subsequently 
used as inputs for data processing, eye movement pattern recognition, and comparative analysis between 
children with autism and children without autism. 
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FIGURE 5. Examples of data frames per second for a child without autism. 
Table 2 shows examples of pupil movement position data measured in children with autism and without 
autism. The children with autism tended to have inconsistent pupil movement positions, with a particular 
emphasis on value 6. Meanwhile, the pupil movement positions of the children without autism were highly 
consistent, with a predominance of value 1. Figure 6 provides more detailed information. 
TABLE 2. SNAPSHOT OF PUPIL MOVEMENT POSITION DATA FOR A CHILD WITH AUTISM AND A CHILD 

WITHOUT AUTISM 

Second Image With 

Autism 

Without 

Autism 

1 1 1 1 

2 6 1 

3 1 1 

4 1 1 

5 1 1 

2 1 6 1 

2 6 1 

3 6 1 

4 1 1 

5 1 1 

. . . . . . . . . . . . . . . 

120 1 2 1 

2 6 1 

3 6 1 

4 2 1 

5 2 1 

 
Table 2 provides a comparative snapshot of pupil movement position data between a child with autism and 
a child without autism, observed across multiple seconds and image frames. The data clearly show that the 
child with autism demonstrates irregular and fluctuating pupil positions, with frequent shifts and a strong 
predominance of value 6 appearing repeatedly throughout the observation. This variability indicates 
instability in gaze direction and difficulty in maintaining consistent visual focus. In some instances, other 
values such as 2 also appear, further emphasizing the inconsistency of the pupil movement pattern. In 
contrast, the child without autism exhibits highly consistent pupil positions, with value 1 dominating 
almost all frames across the observation period. This consistency reflects stable gaze control and the ability 
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to sustain visual attention over time. Overall, the table highlights a fundamental difference in visual 
attention regulation: children with autism tend to show variability and instability in pupil movements, 
while children without autism maintain steadiness and uniformity. 
 

III.4.2. RESULTS AND ANALYSIS 
 
The chart illustrates the comparison between the number of correct words and word errors across 100 
trials. The blue line, representing correct words, remains relatively low and stable, indicating limited 
improvement or consistency in correct responses. In contrast, the orange line, representing word errors, 
shows significant fluctuations with frequent peaks, suggesting variability and instability in performance. 
This visualization highlights a clear imbalance between accuracy and errors, where errors dominate the 
overall trend. Such a pattern provides important insights into performance dynamics, emphasizing the 
need to analyze underlying factors that contribute to the high frequency of mistakes compared to correct 
responses. 
 

 
FIGURE 6. Mode at seconds 1-120 for children with autism. 

Figure 6 provides a detailed visualization of the relationship between correct word responses and word 
errors across 100 trials. The blue line, which represents correct words, remains consistently low and 
relatively flat throughout the observation, indicating that the number of accurate responses is limited and 
shows little improvement over time. In contrast, the orange line, representing word errors, fluctuates 
sharply with frequent peaks, reflecting instability and variability in performance. This pattern suggests that 
errors occur far more frequently than correct responses, and the inconsistency of the error line highlights 
difficulties in sustaining accuracy and focus across repeated trials. The dominance of errors over correct 
responses underscores a performance imbalance, where the ability to produce accurate words is 
overshadowed by recurring mistakes. Overall, Figure 6 emphasizes the persistence of errors as a defining 
characteristic of the observed trend, offering important insights into the challenges of maintaining 
consistent accuracy in word production tasks. 
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FIGURE 7. Pupil positions from frame 1 for a child with autism. 
Figure 7 shows representative pupil positions for a child with autism (1 of 10 children with autism who 
participated in the test) in frame 1. The graphic representation makes it easier to see the inconsistent 
movements of children with autism. Orange is the color for children with autism, while blue is the color for 
children without autism. 
Next, Tables 3 and 4 explain in more detail the pupil positions in frame 1. Table 3 shows the pupil positions 
in frame 1 for a child with autism. Meanwhile, Table 4 shows the pupil positions in frame 1 for a child 
without autism. Below we also include a table of the pupil positions in frames 1-5 for all the tested children 
with autism. Tables 5-9 show the total number of pupil positions for the children with autism in frames 1- 
5. Table 10-14 shows the total number of pupil positions for the children without autism in frames 1-5. 

TABLE 3. PUPIL POSITIONS IN FRAME 1 FOR A CHILD WITH AUTISM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

w 
Table 3 presents the pupil positions in frame 1 for a child with autism and highlights the irregularity of gaze 
movement compared to typical patterns. The data show that the pupil positions are distributed across 
several values rather than remaining fixed at one dominant position. This variation reflects a lack of 
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stability in visual orientation, suggesting that the child experiences difficulty maintaining consistent focus. 
The repeated shifts in pupil position indicate fluctuating attention and possible challenges in visual 
tracking, which are often associated with autism spectrum conditions. Overall, Table 3 emphasizes that the 
pupil movement of a child with autism in frame 1 is characterized by inconsistency and variability, 
underscoring differences in visual attention regulation when compared to children without autism. 

TABLE 4. PUPIL POSITIONS IN FRAME 1 FOR ONE CHILD WITHOUT AUTISM 

 

Table 4 presents the pupil positions in frame 1 for a child without autism and demonstrates a clear pattern 
of stability and consistency. The data show that the pupil positions remain predominantly fixed at a single 
value, with minimal variation across the recorded points. This uniformity reflects a steady gaze direction 
and indicates that the child is able to maintain visual focus effectively. Unlike the irregular and fluctuating 
movements observed in children with autism, the pupil positions in Table 4 highlight a strong ability to 
regulate attention and sustain concentration. Overall, the table emphasizes that children without autism 
exhibit consistent and controlled pupil movements, which serve as an indicator of stable visual attention. 

TABLE 5. PUPIL POSITIONS IN FRAME 1 – WITH AUTISM 
Participant 

Frame 1 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

A 2 33 46 0 0 7 32 0 
B 12 37 56 0 0 8 7 0 
C 0 97 12 0 0 3 8 0 
D 7 82 20 0 0 8 3 0 
E 1 58 46 0 0 11 4 0 
F 0 53 45 0 0 9 13 0 
G 0 53 43 0 0 6 18 0 
H 5 79 22 0 0 8 6 0 
I 0 60 39 0 0 9 12 0 
J 4 36 42 0 0 14 24 0 

Total 31 588 371 0 0 83 127 0 
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TABLE 6. PUPIL POSITIONS IN FRAME 2 – WITH AUTISM 
Participant 

Frame 2 
Total Number of Pupil Positions 

0 1 2 3 4 5 6 7 
A 2 33 43 0 0 12 30 0 
B 7 39 60 0 0 6 8 0 
C 0 101 10 0 0 4 5 0 
D 4 79 23 0 0 12 2 0 
E 1 54 45 0 0 12 8 0 
F 0 50 46 0 0 12 12 0 
G 0 48 45 0 0 9 18 0 
H 3 78 24 0 0 11 4 0 
I 0 55 41 0 0 11 13 0 
J 1 34 40 0 0 23 22 0 

Total 18 571 377 0 0 112 122 0 

 
TABLE 7. PUPIL POSITIONS IN FRAME 3 – WITH AUTISM 

 

Participant 
Frame 3 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

A 3 35 51 0 0 10 21 0 
B 8 38 60 0 0 6 8 0 
C 0 98 12 0 0 5 5 0 
D 6 82 16 0 0 12 4 0 
E 1 55 49 0 0 8 7 0 
F 0 50 49 0 0 8 13 0 
G 0 48 48 0 0 5 19 0 
H 5 76 19 0 0 12 8 0 
I 0 56 43 0 0 8 13 0 
J 3 40 43 0 0 17 17 0 

Total 26 578 390 0 0 91 115 0 

TABLE 8. PUPIL POSITIONS IN FRAME 4 – WITH AUTISM 
Participant 

Frame 4 
Total Number of Pupil Positions 

0 1 2 3 4 5 6 7 
A 2 35 42 0 0 11 30 0 
B 8 41 54 0 0 8 9 0 
C 0 97 11 0 0 5 7 0 
D 7 79 14 0 0 14 6 0 
E 1 66 37 0 0 11 5 0 
F 1 61 37 0 0 12 9 0 
G 1 60 37 0 0 8 14 0 
H 6 76 14 0 0 15 9 0 
I 1 65 34 0 0 11 9 0 
J 2 38 37 0 0 20 23 0 

Total 29 618 317 0 0 115 121 0 

 
TABLE 9. PUPIL POSITIONS IN FRAME 5 – WITH AUTISM 

Participant 
Frame 5 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

A 2 32 49 0 0 12 25 0 
B 7 45 50 0 0 12 6 0 
C 0 93 16 0 0 7 4 0 
D 7 78 22 0 0 9 4 0 
E 2 59 41 0 0 12 6 0 
F 1 56 40 0 0 11 12 0 
G 1 56 40 0 0 8 15 0 
H 6 77 21 0 0 10 6 0 
I 1 59 37 0 0 11 12 0 
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J 1 35 42 0 0 20 22 0 
Total 28 590 358 0 0 112 112 0 

TABLE 10. PUPIL POSITIONS IN FRAME 1 – WITHOUT AUTISM 
Participant 

Frame 1 
Total Number of Pupil Positions 

0 1 2 3 4 5 6 7 
A 0 117 4 0 0 0 0 0 
B 0 119 0 0 0 1 0 0 
C 0 116 4 0 0 0 0 0 
D 0 116 4 0 0 0 0 0 
E 0 115 5 0 0 0 0 0 
F 0 115 5 0 0 0 0 0 
G 0 116 4 0 0 0 0 0 
H 0 118 2 0 0 0 0 0 
I 0 115 5 0 0 0 0 0 
J 0 116 4 0 0 0 0 0 

Total 0 1163 37 0 0 0 0 0 

 
TABLE 11. PUPIL POSITIONS IN FRAME 2 – WITHOUT AUTISM 

Participant 
Frame 2 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

A 0 115 5 0 0 0 0 0 
B 0 119 0 0 0 1 0 0 
C 0 116 4 0 0 0 0 0 
D 0 116 4 0 0 0 0 0 
E 0 115 5 0 0 0 0 0 
F 0 115 5 0 0 0 0 0 
G 0 117 3 0 0 0 0 0 
H 0 118 2 0 0 0 0 0 
I 0 116 4 0 0 0 0 0 
J 0 113 4 0 0 0 0 0 

Total 0 1160 40 0 0 0 0 0 

 
TABLE 12. PUPIL POSITIONS IN FRAME 3 – WITHOUT AUTISM 

Participant 
Frame 3 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

A 0 117 3 0 0 0 0 0 
B 0 119 0 0 0 1 0 0 
C 0 115 5 0 0 0 0 0 
D 0 117 3 0 0 0 0 0 
E 0 115 5 0 0 0 0 0 
F 0 116 4 0 0 0 0 0 
G 0 118 2 0 0 0 0 0 
H 0 118 2 0 0 0 0 0 
I 0 116 4 0 0 0 0 0 
J 0 116 5 0 0 0 0 0 

Total 0 1167 33 0 0 0 0 0 

 
TABLE 13. PUPIL POSITIONS IN FRAME 4 – WITHOUT AUTISM 

Participant 
Frame 4 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

A 0 116 4 0 0 0 0 0 
B 0 118 2 0 0 1 0 0 
C 0 116 4 0 0 0 0 0 
D 0 117 3 0 0 0 0 0 
E 0 115 5 0 0 0 0 0 
F 0 116 4 0 0 0 0 0 
G 0 117 3 0 0 0 0 0 
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H 0 118 2 0 0 0 0 0 
I 0 115 5 0 0 0 0 0 
J 0 116 4 0 0 0 0 0 

Total 0 1164 36 0 0 0 0 0 

 
TABLE 14. PUPIL POSITIONS IN FRAME 5 – WITHOUT AUTISM 

Participant 
Frame 5 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

A 0 116 4 0 0 0 0 0 
B 0 118 1 0 0 1 0 0 
C 0 116 4 0 0 0 0 0 
D 0 116 4 0 0 0 0 0 
E 0 115 5 0 0 0 0 0 
F 0 116 4 0 0 0 0 0 
G 0 107 13 0 0 0 0 0 
H 0 118 2 0 0 0 0 0 
I 0 116 4 0 0 0 0 0 
J 0 116 4 0 0 0 0 0 

Total 0 1154 45 0 0 0 0 0 

 
Noting that all the children with autism tested in the experiment had moderate (level 2) autism based on 
the DSM-5 scale, the results presented in Tables 5-14 allow us to distinguish the following three sublevels 
of moderate autism: low-moderate autism, medium-moderate autism, and high-moderate autism. Autism 
is in the low-moderate category when the majority of values are in the lowest range, namely pupil position 
1, which is the tendency for children without autism, and pupil positions 2 and 3, which is the tendency for 
children with low-moderate autism. The graph pattern of children with low-moderate autism shows that 
the pupil positions are more stable and there are rarely spikes, see Figure 8. Low-moderate autism was 
seen in participants C, D, and H. 
 

FIGURE 8. Category of children with low-moderate autism. 
The graph pattern of children with medium-moderate autism has many fluctuations but not consistently 
high values. The pattern of fluctuation is not as strong as in children with severe autism. In children with 
medium-moderate autism, the graph pattern appears more balanced. Children with medium-moderate 
autism were participants B, E, F, G, and I, see in Figure 9. The pupils were mostly positioned in positions 4 
and 5. 
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FIGURE 9. Category of children with medium-moderate autism. 
 
The high-moderate autism pattern shows instability in the graph. This pattern is unstable and occurs in the 
low pupil position category. There are many sharp, zigzag-like patterns that move from low to high values, 
and vice versa. High-mderate autism was seen in A and J, see Figure 10. The frequency of pupil positions 6 
and 7 is very high. 
 

 
FIGURE 10. Category of children with high-moderate autism. 

IV. RESULTS 
The researchers conducted a retest with two children with autism and two children without autism. In this 
test, the researchers wanted to determine whether the scores for children with and without autism were 
consistent with the previous test. Tables 15-19 show the validation for the assessment of children with 
autism in frames 1-5 for the low-moderate and high-moderate autism categories. We used the letters K and 
L, as they fall outside the category of children with autism (A-J). Validation for children with low-moderate 
autism is represented by K, while validation for children with high-moderate autism is represented by L. 
The results for K showed that the pupils were predominantly in the positions 1, 2, and 3, which indicates 
low-moderate autism. Meanwhile, the pupils of L were predominantly in the positions 6 and 7, which 
indicates high-moderate autism. 
 

TABLE 15. VALIDATION OF PUPIL POSITIONS IN FRAME 1 OF CHILDREN WITH AUTISM 
 

Participant 
Frame 1 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

K 0 94 20 0 0 2 4 0 
L 0 51 30 0 0 10 25 4 

Total 0 145 50 0 0 12 29 4 

 
 
 

TABLE 16. VALIDATION OF PUPIL POSITIONS IN FRAME 2 OF CHILDREN WITH AUTISM 
 

Participant 
Frame 2 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

K 0 95 19 0 0 4 2 0 
L 0 40 31 0 0 22 23 4 

Total 0 135 50 0 0 26 25 4 

 
TABLE 17. VALIDATION OF PUPIL POSITIONS IN FRAME 3 OF CHILDREN WITH AUTISM 

 
Participant 

Frame 3 
Total Number of Pupil Positions 

0 1 2 3 4 5 6 7 
K 0 101 11 0 0 5 3 0 
L 3 49 25 0 0 18 21 4 

Total 3 150 36 0 0 23 24 4 
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TABLE 18. VALIDATION OF PUPIL POSITIONS IN FRAME 4 OF CHILDREN WITH AUTISM 
 

Participant 
Frame 4 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

K 0 103 10 0 0 4 3 0 
L 0 44 34 0 0 18 24 0 

Total 0 147 44 0 0 22 27 0 

 
TABLE 19. VALIDATION OF PUPIL POSITIONS IN FRAME 5 OF CHILDREN WITH AUTISM 

 
Participant 

Frame 5 
Total Number of Pupil Positions 

0 1 2 3 4 5 6 7 
K 0 95 17 0 0 6 2 0 
L 1 51 35 0 0 14 15 4 

Total 1 146 52 0 0 20 17 4 

 
Tables 20-24 below show the validation for the assessment of children without autism in frames 1-5. The 
results indicate that the pupil positions were dominantly in position 1. The letters K and L were used to 
represent children without autism in the validation, because they fall outside the category for children 
without autism (A-J). 

TABLE 20. VALIDATION OF PUPIL POSITIONS IN FRAME 1 OF CHILDREN WITHOUT AUTISM 
 

Participant 
Frame 1 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

K 0 117 3 0 0 0 0 0 
L 0 117 3 0 0 0 0 0 

Total 0 234 6 0 0 0 0 0 

 
TABLE 21. VALIDATION OF PUPIL POSITIONS IN FRAME 2 OF CHILDREN WITHOUT AUTISM 

 
Participant 

Frame 2 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

K 0 116 4 0 0 0 0 0 
L 0 117 3 0 0 0 0 0 

Total 0 233 7 0 0 0 0 0 

 
TABLE 22. VALIDATION OF PUPIL POSITIONS IN FRAME 3 OF CHILDREN WITHOUT AUTISM 

 
Participant 

Frame 3 

Total Number of Pupil Positions 
0 1 2 3 4 5 6 7 

K 0 115 5 0 0 0 0 0 
L 0 117 3 0 0 0 0 0 

Total 0 232 8 0 0 0 0 0 

 
TABLE 23. VALIDATION OF PUPIL POSITIONS IN FRAME 4 OF CHILDREN WITHOUT AUTISM 

 
Participant 

Frame 4 
Total Number of Pupil Positions 

0 1 2 3 4 5 6 7 
K 0 116 4 0 0 0 0 0 
L 0 117 3 0 0 0 0 0 

Total 0 233 7 0 0 0 0 0 

 
TABLE 24. VALIDATION OF PUPIL POSITIONS IN FRAME 5 OF CHILDREN WITHOUT AUTISM 

 
Participant 

Frame 5 
Total Number of Pupil Positions 

0 1 2 3 4 5 6 7 
K 0 116 4 0 0 0 0 0 
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L 0 117 3 0 0 0 0 0 
Total 0 233 7 0 0 0 0 0 

 
Based on the results in Tables 15-19, the researchers then compared the results with the categories of 
children with autism, namely children with low-moderate autism and children with high-moderate autism. 
Child with autism K was compared with the low-moderate autism category, while child with autism L was 
compared with the high-moderate autism category. The results show many similarities in the respective 
graphs. For more details, see Figures 11 and 12. 
 

FIGURE 11. Comparison of the graphs of children with low-moderate autism. 
Figure 11 presents a comparison of the graphs of children with low to moderate autism, showing distinct 
variations in pupil movement patterns across different individuals. Each line represents a child, and the 
fluctuations indicate differences in the stability and consistency of their visual focus. For example, some 
children display frequent and sharp peaks, suggesting irregular and unstable pupil positions, while others 
show relatively flatter lines, reflecting more consistent gaze control. The child represented by the blue line 
demonstrates the highest frequency of peaks, indicating greater variability in attention regulation, whereas 
the red line remains relatively low, suggesting more stable visual orientation. Overall, the figure highlights 
the heterogeneity among children with low-moderate autism, emphasizing that while some exhibit 
pronounced instability in pupil movements, others maintain steadier patterns. This comparison 
underscores the importance of recognizing individual differences in visual attention and gaze behavior 
within the autism spectrum. 
 

FIGURE 12. Comparison of the graphs of children with high-moderate autism. 
Figure 12 presents a comparison of the graphs of children with high-moderate autism, highlighting the 
variability in their pupil movement patterns across time. The three lines, each representing different 
children, show noticeable fluctuations in values, indicating differences in the stability and regulation of 
visual focus. Some children display frequent peaks and irregular shifts, suggesting greater instability and 
inconsistency in gaze control, while others exhibit relatively flatter trends, reflecting more stable but still 
variable attention. The overlapping segments of the lines reveal moments of similarity in pupil positions, 
yet the divergence at other points underscores the heterogeneity of visual behavior within this group. 
Overall, the figure emphasizes that children with high-moderate autism tend to experience more 
pronounced variability in pupil movements compared to those with lower levels of autism, reinforcing the 
idea that attentional regulation and visual tracking differ significantly across the spectrum. 
 

V. DISCUSSION 
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The aim of this research was to develop a game application to measure the interaction level of children with 
autism. The proposed application is called Tracking for Autism (TFA). Existing game applications only 
support interaction with children with autism, not usage as a measurement or therapy tool. 
Testing with the TFA application directs the children to focus on the screen. During the testing process, the 
children’s pupil movements are recorded by Tobii eye tracking. Based on the recorded values, it was 
discovered that the interaction levels of children with autism can be categorized by analyzing their pupil 
position patterns. 
The findings suggest that eye tracking may also be integrated into other game applications to measure the 
interaction level of children with autism from one point to another, thereby assisting therapists in 
determining a child’s autism developmental stage. Currently, determining a child’s autism class is done 
manually, requiring significant time and concentration. With the TFA application, results can be displayed 
automatically and in real time. 
Several previous studies have discussed gaming platforms that support interaction for people with autism. 
These platforms also include interactive and collaborative games for adults with autism [18]. The social 
interaction skills involve peer engagement, allowing them to better express and recognize emotions. One 
game platform, Collaborative Virtual Environment (CVE), encourages children with autism to collaborate 
with peers [22]. This game allows children with and without autism to play a series of interactive games in 
a virtual reality environment. Both groups use simple hand gestures to move virtual objects that are tracked 
live through a camera. The game is designed to encourage natural communication and cooperation 
between users. The game application allows users to share information and discuss game strategies using 
gaze- and voice-based communication. 
The TFA game application could also be used as a therapeutic tool in the future. Children can participate in 
testing according to their age and ability. Implementing multiple difficulty levels is an important step in 
improving the interaction level of children with autism. Being able to measure their interaction level in real 
time while playing provides essential information for the therapist. 
Previous research has found that most systems for diagnosing autism adopt the DSM-5 criteria [23]. 
Existing assessment tools use augmented reality. Previously, no tool or system was available that could 
measure the level of interaction in children with autism based on the DSM-5 diagnosis. The findings of the 
present study regarding eye tracking with the TFA application to measure interaction levels in children 
with autism show that pupil movement patterns can be used as a biomarker. 
In this study, the researchers only measured interaction based on data from children with DSM-5 level 2 
autism (“requires substantial support”). This is the main limitation of this study. Thus, this study claims 
that individuals with ASD can have three levels of autism within level 2: low-moderate, medium-moderate, 
and high-moderate. This can be used as a therapeutic benchmark for children with autism, allowing for 
appropriate treatment. However, children with severe autism (DSM-5 level 3) may have difficulty 
understanding games designed for their group. Another factor is that the level of attention of children with 
level 3 autism is affected by many things, such as hand and foot movements and unstable sitting positions. 
Therefore, it is difficult to test them using eye tracking. In contrast, children with level 1 autism (“needing 
support”) are considered more independent, generally approaching typical children, and hence are 
expected be able to use TFA without difficulty. 

VI. CONCLUSION 
The conclusion from the results of this study shows that found that most systems were developed to 
diagnose children with autism based on DSM 5. Several systems utilize computer technology to support the 
interaction development of children with autism. This includes learning methods, peer interaction apps, 
and even apps designed to help children with autism to focus. However, none of the existing apps use eye 
tracking to measure interaction levels in children with autism; most of them were designed to diagnose 
children with autism. We also observed that most tools/apps are used as a medium to encourage 
interaction in children with autism. With the proposed TFA game application, the level of interaction of 
children with autism can be measured in real time. Based on the results in Tables 5-14, three categories of 
children with level 2 autism were identified: children low-moderate autism, medium-moderate autism, and 
high-moderate autism. Tables 15-19 show the validation of the assessment of children with autism tested 
in the experiment. Pupil positions predominantly at position 1 indicates no autism and pupil positions 
predominantly at 2 or 3 indicate low-moderate autism. Meanwhile, pupil positions predominantly at 6 or 
7 indicates high-moderate autism. Based on the results in Tables 15-19, the researchers then compared 
these results with the children with low-moderate and high-moderate autism. 
For validation in this study, the results of K were compared with those of the low-moderate autism 
category. Meanwhile, the results of L were compared with the high-moderate autism category. The results 
showed many similarities in the graphs of both categories with those of K and L. Therefore, we conclude, 
first, that the TFA application provides pupil position patterns that are highly suitable as a biomarker for 
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measuring the interaction level of children with autism. Second, further research is needed to implement 
therapies for children with autism to improve their interaction levels based on these measurements. Third, 
most of the research was conducted using data for level 2 autism (“requires substantial support”) so that 
in the future research may be conducted to further develop the application for level 3 autism (“requires 
very substantial support”). 
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