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Abstract: This study aims to propose an educational game for newborns around 4 months old who do
not yet know how to distinguish objects that should not be put in their mouths. This seems very normal
when it occurs during this stage of life, but it should be encouraged with educational tools — because eating
objects that are not food can cause choking or suffocation. AR technology provides an interactive and
engaging learning environment by overlaying digital information on the physical environment. The game
also uses Computer Vision technology such as Face Detection and Recognition to control user interaction
based on body movements. By combining computer vision, the game provides a new and dynamic way to
increase user engagement, introducing new opportunities for the development of interactive educational
games for young children.
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1. Introduction

The period from 0 to 8 years is considered the golden age of children, and early childhood is a very
important phase of human development. Throughout this period children become physically, emotionally, and
socially developed which has a significant impact on their personality development in later life. This age group
has distinct developmental characteristics and only happens once in a human's life [1]. At this point, children
start learning things around them like the ability to recognize food and other objects that can be put in their
mouths. Hence, education at this age should be taken seriously as it plays an important role in child growth.
Positive and enjoyable learning experiences are greatly influential to establish fundamental skills which will
become the groundwork to children cognitive and socioemotional development [2]. But, traditional methods
that are commonly used to learn do not catch children's attention and are usually boring for them. The
advancement of technology, particularly computer systems, has brought numerous possibilities of exploring
more interactive and engaging learning processes for preschoolers. One such technology that holds a lot of
promise is Augmented Reality (AR), which overlays digital components in the physical world to enhance the
experience even further. Augmented reality (AR) has been applied in diverse fields since it tends to enhance
the engagement level of the learning process and the efficiency of the learners in their education [8]. In early
childhood learning, AR can be utilized effectively to provide an entertaining and engaging introduction to a
variety of objects, including an instructional journey into the world of food. For instance, the kids will learn,
by interacting directly with the objects that surround them, and through electronic devices like a smartphone
or tablet, by playing with the tools to eat, safely and fun.

Alongside AR, computer vision technology may also play a great potential in supporting children's
learning. Vision Machine is a part of AI, which helps to make computers interpret and analyze visual data from
the immediate environment. Among all the cool applications of computer vision, one othem is facial
recognition — the ability of a device to identify human faces within an image or video. In Early Childhood
Education games, deploying facial recognition technology can lead to more personal and interactive learning
experiences. For example, this technology can also be used in educational games that teach children what
food they can and cannot eat, in which the child can touch any object around them and receive certain
feedback based on the object they touch [3]. In addition, with this technology, more interesting games can
also be developed in which the objects can adapt to children's body movements so that they can learn while
playing. There are many challenges faced in designing educational games using AR and computer vision, from
engaging game design to the realization of appropriate technology for children. Nevertheless, in spite of these
great difficulties, using AR and 3D/visual computing in young child teaching has certain positive effects that
should not be ignored. This technology also encourages children to learn in a playful and interactive way,
making educational games more interesting. Moreover, this game, can also aid children develop basic skills
which are very important for their lives, including the fine motor skills, object recognition, social and emotional
skills.

Effective AR software has become an educational game to teach animals and their food such as; 5% of
isotonic solution. In a study conducted by Mufida et a/ (2021), they created an educational game with
augmented reality (AR) to teach children about animals and their food. It uses fun and interactive visual
elements that make it easier and more enjoyable for children to understand basic concepts [1]. Similarly, a
study conducted by Irliando et a/. (2023) proposed the introduction of traffic signs by creating an avatar game
using AR. This game shows how AR can make learning a more enjoyable and engaging experience [2].
According to Saraswati et a/(2023) AR technology has also been used to introduce early childhood to various
professions [3], which creates AR snapshot-based educational media to familiarize children with various
professions in interactive mobile applications. With AR technology and facial recognition, children will be able
to recognize more people and objects in their environment, such as food, and interact with them in a more
enjoyable way. In addition, this technology is also able to develop creative and innovative games that attract
children's interest in using interactive ways to learn more about their environment. This technology opens up
new possibilities for creating interesting and effective media for early childhood education. Applications that
imply AR technology and computer vision for early childhood education will greatly improve education in the
future and provide more meaningful experiences for children.
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2. Research Method

The method used in developing this educational game is the Waterfall method. The Waterfall method is
a linear approach consisting of a series of stages carried out sequentially, each stage must be completed
before proceeding to the next stage. The stages in this method include needs analysis, system design,
implementation, deployment, and maintenance. Each stage has a very important purpose and role in ensuring
that the system being developed can meet the goals that have been set.

Reguirement Analysis

A L System Design L
¥

Implementation

4+ L Testing
Y L Deployment and

Maintenance

Fy

Figure 1. Waterfall Method

2.1 Needs Analysis

In the first stage, a needs analysis is conducted to identify the system requirements that must be met in
the development of this educational game. This needs analysis includes work related to determining the
conditions and specifications that must be present in a new product or product change, taking into account
the various needs of the stakeholders involved. The requirements resulting from this stage must be feasible,
measurable, testable, and closely related to the identified business needs. This process ensures that the system
to be built truly meets user needs and can meet the desired goals. At this stage, meetings are held with various
stakeholders to explore information related to what features and functions are desired in the game, as well as
the technical requirements underlying its development. These needs are then defined in detail so that they
can be used as a basis for system design in the next stage..

2.2 System Design

Once the system requirements are clearly identified, the next stage is system design. At this stage, the
system designer will create a design that describes how the system will work to meet the needs that have
been set. System design includes not only technical aspects, but also the design of the user interface,
interaction flow, and business processes that will be run in the educational game. The main purpose of system
design is to create a system that is efficient, easy to use, and can meet the learning objectives that have been
set. One of the main aspects that needs to be considered in designing this game is the use of facial recognition
technology and Augmented Reality (AR) which will detect the condition of the child's mouth whether it is open
or closed. The use of this technology aims to increase interactivity in the game, so that children can learn to
recognize edible objects in a fun way. In the design process, mathematical formulas are also prepared to
calculate the ratio of mouth opening and the position of objects that fall in the game. For example, the ratio
between the position of the upper and lower lips (Updown) and the left and right lips (LeftRight) is used to
detect whether the child's mouth is open or closed. In addition, the position of the falling object also needs to
be measured to determine whether the object is in the edible category. All of these components will form a
data structure that facilitates information processing and program code compilation at the implementation
stage. Several components need to be considered when structuring the commands for the program to be
executed, such as the detector for determining whether the mouth is open or closed. The ratio/area of points
created by the mouth's outline must be adjusted, as shown in the formulas below:

UD
R=1r
Where:
r = ratio of the mouth's opening (whether large or small)
ub = (Updown) the coordinate distance between the upper lip and the lower lip
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LR = (LeftRight) the coordinate distance between the left lip and the right lip

Once the ratio is determined, commands can be input by defining the size of the ratio to detect whether
the mouth is open or closed. The condition we will apply is that if the mouth is open, any object the user
“eats” will not count as a point, and similarly, if the mouth is closed, any object “eaten” will also not count as
a point. In addition to the components mentioned above, we also need to integrate distance control or
recognize the condition where the user is “eating” something. However, before that, we need to identify the
position of the falling object to include it in the calculation, as shown in the following formula analogy:

r
=3
Where:
E = Condition for “Eating Object”
r = ratio of mouth's opening (whether large or small)
d = distance between the center of the object and the center of the “Mouth”

From the analogy above, we can determine the size of the “Eating Object” condition by considering the
factors described above.

2.3 Implementation

Implementation is the stage where all designs that have been prepared at the design stage are applied
in the form of program code that can be run. This process involves translating concepts and designs that have
been created into a real software application or system. This implementation aims to create educational games
that are in accordance with previously established plans and needs. In addition, testing is also carried out at
this stage to ensure that all features and functions in the game work as desired. Testing includes aspects of
functionality, such as face detection and object recognition, as well as interactivity in games that involve the
use of AR technology. Implementation also includes integrating software with the hardware used, such as
smartphones or tablets, to ensure that the application can run properly and can be used smoothly by children.
This implementation ensures that the system developed can function properly in real-world conditions and is
ready to be tested at the deployment stage.

2.4 Deployment and Maintenance

After the implementation stage is complete, the next step is deployment, which is the process of
implementing a system or application into a real operational environment. At this stage, the application that
has been developed will be installed and used by end users. This deployment also involves monitoring and
evaluating the performance of the application after it is installed. Any problems or errors that arise at this
stage will be addressed immediately to ensure the application runs smoothly. In addition, feedback from users
is also very important for further improvement. Software maintenance is an equally important stage in the
software life cycle. Maintenance is carried out to fix errors, improve application performance, and adapt the
software to changes that occur during use. At the maintenance stage, updates and adjustments are made so
that the application remains relevant to technological developments and user needs. Maintenance also includes
adding new features that can improve the user experience in using this educational game. This maintenance
process is important to ensure that the game continues to perform well and can continue to provide benefits
to users throughout its lifetime.

3. Result and Discussion

3.1 Results

The augmented reality game developed by the author uses Python programming language and
incorporates Face Mesh Detection from computer vision technology, which is utilized as an interaction medium
between the user and the game. To detail the steps involved in completing this augmented reality game
project using computer vision, based on the theory and materials learned by the author, the following steps
are taken:
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3.1.1 Program Implementation

Several objects were created and exported in .PNG format and stored in a folder. These assets were
measured in pixel size to facilitate the computer’s reading and calculations when executing commands in the
program.

Project .

v [ ProjectSKripsi-01
> [3.venv
v [ Objects

> [D eatable

> [ noneatable
e Code Try.py
e main.py

Figure 2. Importing Assets Object

In this stage Installing Packages, several libraries need to be installed before executing commands or writing
the code that will be used to run the program. Among these libraries are OpenCV, Mediapipe, and CV Zone.
In this stage Importing Face Mesh Detector and Camera Testing, Face Mesh Detector is integrated with the
camera used. Additionally, camera testing and screen size optimization for the recording are performed.

o %

Figure 3. Results of Face Mesh Detector Integration and Camera Obtimization

Once all components are available, this stage involves combining the Face Mesh Detector program with the
previously created game program.

3.1.2 Development Workflow

The following steps outline the process to complete the game development:

1) Problem Analysis
The program used by the user is based on augmented reality, with computer vision functions applied.
This program was built using the Python programming language and developed through the Pycharm
application. It integrates the Face Mesh Detector as an interaction tool within the game. In addition to
incorporating the Face Mesh Detector into the game, the author has also included an educational element
in the research as part of the game's final outcome. This addition aims to clarify the purpose of the game,
making it easier for readers to understand the game’s purpose and its educational benefits.

2) Estimating Work Progress
Creating an accurate work estimate is an essential part of project management to ensure success and
efficiency. This process includes a detailed analysis of the tasks to be performed, the resources required,
and the time needed to complete them. An accurate estimate helps to identify potential obstacles, set
priorities, and optimize resource allocation. It also aids in managing the expectations of both the client
and the team, providing a strong foundation for better decision-making. Therefore, creating a work
estimate is crucial for achieving the best and most satisfying results.

3) Design and Architecture of the Model
Designing the model and architecture is a critical step in the development of complex systems. This

process involves determining the structure and key components of the system, as well as how these
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components interact. The primary goal of design and model architecture is to create a strong framework
that can support the functional and non-functional objectives of the system. During this phase, various
technical aspects such as scalability, security, and performance are considered. A systematic and
structured approach to model and architecture design helps develop a more efficient, reliable, and future-
proof system.
4) Game Application Testing

Game application testing is an essential process to ensure the quality and performance of the game before
its release. This phase involves testing the functionality, performance, and compatibility of the game
across various devices. Testers look for bugs, glitches, and other issues that could affect the user
experience. Additionally, testing evaluates aspects such as gameplay balance, control responsiveness,
and user satisfaction. Through thorough testing, developers can deliver a more stable, enjoyable, and
bug-free game. Below is a screenshot of the user’s experience when playing the food capture game
(Figure 4) and Below is a screenshot of the game when a "Game Over” event occurs (Figure 5).

Figure 4. Event of Playing The Food Capture Figure 5. “"Game Over” Condition
Game

3.2 Discussion

This study introduces the development of an augmented reality game that aims to create an interactive
learning environment for children. Children use Facial Mesh Detection from computer vision to touch objects
around them, allowing them to learn what is safe to eat. The use of AR layered with computer vision allows
for a unique experience that combines educational and engaging elements for children. The game addresses
the need for children to learn to identify food and non-food items so that inappropriate behaviors do not occur
that could lead to choking on non-food substances. So where does Facial Mesh Detection come in? It is key
to making the game more interactive and responsive. When children open their mouths, the game uses this
facial information to provide real-time feedback. For example, if a child’s mouth is open, whatever they are
trying to “eat” will be considered out of bounds and will not count as a point. This real-time feedback gives
children insight into the cause and effect of what they are doing (opening their mouths) and what they should
or should not put in their mouths. This means that the detection system ensures that the game sequence
reacts directly to the child’s movements, forming a direct cause-and-effect relationship that helps in reinforcing
the same learning objective of the game. This brings another important step forward with AR technology for
educational games. AR can overlay digital content on top of the real world to make the overall learning
experience more interactive and engaging. Here AR is used to overlay virtual food that interacts with children
in the context of their real-world environment. Face Mesh detection with AR enhances the learning experience
by providing an interactive and passive experience where children participate in the game based on their
activity. Such a combination also opens the door for further exploration in developing educational games
beyond just food recognition, such as learning about animals, shapes, and numbers.

Using python, and libraries like OpenCV, Mediapipe, and CV zone turned out to be a good choice for
building the game. Python’s flexibility and seamless integration with computer vision and AR technologies
made the development process smooth. With the requirement of facial recognition and AR, these libraries
were key in bringing the game to life and making it an enjoyable experience for the user. The project
contributes to the growing body of research exploring the potential of AR in early childhood education, as
developing augmented reality games for educational purposes is still a relatively new field. That said, there
are a few things that need to be improved in future installments of the game. The accuracy and responsiveness
of face detection in different lighting conditions or for children with different facial characteristics, for example,
could be improved. Additionally, having more interactive objects in the game and more sophisticated
educational content could help improve it as an educational tool. These changes would allow for a more
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tailored presentation that accommodates different speeds and methods of deployment. The project is an
augmented reality game that aims to promote early childhood education around food safety. Technology
combines computer vision with AR, resulting in a dynamic, immersive, and immersive educational experience
that can be developed as the game progresses.

4. Related Work

Many studies have explored AR and computer vision-based educational games for children, and while
they certainly reveal parallels with our study, there are also some differences. Arumsari et a/. (2021) used
animated images in an educational game to increase student engagement, reinforcing the power of visual
elements, an idea that resonates with our implementation of AR for interactive visual feedback [4]. Rusdi et
al (2021) used AR for interactive teaching in an elementary school, demonstrating the potential of AR to
increase student engagement [5], similar to how AR was used in our study to teach food recognition. Although
they were for thematic learning, our study focused on food safety education for young children. Jaya et al.
(2023) and explored mobile games from an early childhood education perspective; their focus was on an
Android-based educational game to teach letters and numbers [6]. Our study also introduced a mobile game,
but it is unique in that it uses computer vision and AR to detect mouth movements, which appears to be absent
from their game. Sholeh et al (2021) examined AR in education and concluded that AR is beneficial for
education because it promotes immersive learning [7], which is consistent with our own use of AR to engage
children in the learning process. Our work primarily focuses on providing food safety recognition features for
young children using AR and computer vision technologies, while their work is generalized towards education.

Another study by Yuniza et a/ (2022) designed a parser-based video game to help learners learn
Indonesian that also utilized interactive game-based learning [8]. Although somewhat similar methodologically,
their technology was aimed at language learning, unlike our study, which focused on food safety education
for children and involved human facial recognition as the mode of interaction. Wabula et a/. (2022) showed
that AR can be used in a high-context setting for children learning about the COVID-19 pandemic [9]. However,
unlike their application, which was health-centered, our study focused specifically on food safety awareness.
Faiza et al. (2023) compared two knowledge acquisition methods in social sciences, one of which evaluated
AR as an educational tool; our study was conducted online using AR for educational experiential purposes
[10]. Its communicative effects were targeted and intended to be educational, but its focus was on social
studies, and our game focused directly on food safety with an interactive AR experience.

Prasetya et al. (2023) examined the need for AR-based learning media in the context of computer
hardware teaching, emphasizing the importance of developing effective educational tools [11]. Their study
also emphasized the need to have appropriate educational content, but our focus is on providing tools to
develop AR-based food recognition tools for young children. Pradhana (2023) explored the use of AR in
teaching Tajweed as a research in the field of Tajweed studies [12], which shows the application of AR in
various fields of study. While their work suggests the use of AR in religious education, our study suggests the
use of AR to teach food safety to children. Hidayani et al. (2024) found AR used as an interactive tool to
provide cognitive skills for children, which directly supports the use of AR in our study [13], but our context
places the focus specifically on food safety education. Sonita and Susanto (2022) have applied AR to teach
script detection, which is somewhat similar to our use of AR for learning purposes [15], but our game uniquely
includes face detection to recognize actions related to food. Anas et al., as they discuss the potential of AR to
enhance pedagogical skills among teachers, whereas our study focuses on the use of AR to engage young
children to teach a specific curricular subject, food safety [14]. Sidiq et a/. (2022) while the Al-based game
developed by Shamsudin et a/. (2022) uses a visit to the national heroes museum as a teachable event [17],
our study relies on computer vision through facial recognition which is a ‘direct’ and ‘sensory’ interaction with
the learning object, namely food safety. Utomo et al. (2023) are still very different in content and target
audience as they use AR for science teaching in secondary schools [18]. Our study focuses on food safety
education for young children, a very specific and developmentally appropriate topic. Subroto et al. (2024)
investigated AR-based educational games for middle school students, focusing on broad educational outcomes,
while our research targets early childhood education with a specific focus on food safety, distinguishing our
work in terms of both content and developmental appropriateness [19].

This shows that AR and computer vision have broad applications in educational contexts, with research
focusing on their contributions to everything from general education to specific subject areas such as language,
science, health, and social studies. Our research is different in that we provide food safety education from a
young age through AR and computer vision to promote an engaging and immersive environment. The novelty
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of the approach lies in its intense focus on early childhood education and real-time interactivity through
machine vision-based facial detection, in contrast to previous efforts that have addressed much broader or
completely different educational content.

5. Conclusion and Recommendations

This study successfully created an informative game based on augmented reality (AR) with face mesh
detection as a medium of interaction between individuals and the game. The interesting thing about this game
is that body movements can be part of the interaction that can create an interesting and dynamic game.
Therefore, by using computer vision algorithms, this game applies face mesh to track the user's mouth
movements and provide them with feedback tailored to it in real-time. AR encourages engagement, the game
becomes interactive, meaning children become active participants in the learning process, making it easier for
them to stay engaged and understand the information. In this scenario, children realize that food objects are
different from non-food objects (and vice versa) when they take direct actions in the game, which intrinsically
makes this a more engaging way of learning than standard methods. When integrated into game development,
computer vision opens new doors to more advanced and specialized educational games, including new ways
to facilitate effective learning more broadly across subjects. By using AR in this study, it can create interactive
experiences that deeply connect the virtual and physical worlds. Such techniques not only engage children's
minds but also provide them with resources to ensure they learn while playing. For example, similar to how
AR+Computer vision technology in this game will help teach various aspects of life such as shapes, animals,
colors, and so on in various educational settings—using the same immersive interactive characteristics.

In addition, AR-based learning tools will also allow for future enhancements, as previous research has
shown. The potential for using augmented reality in educational applications for children is enormous as AR
technology continues to become more accessible, especially through smartphones and tablets. The same
principle applies not only to game development but also to other educational contexts, as AR has the potential
to create more engaging and effective learning experiences. It is hoped that the contributions of this research
will enhance the dimensions of game development, game technology, and computer vision. In particular, the
use of AR and computer vision technologies in early childhood education can teach teachers a lot about the
future of interactive learning and the development of tools that can provide substantial, impactful, and
enjoyable learning experiences for children using these technologies.
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