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ABSTRACT

This research aims to analyse the utilisation of artificial
intelligence (Al) in dental health education for pre-school
children using a technology-based education management _ o
approach. Through a literature review of current sources from | Article revision: 25 apr 2025
2020-2024, it was found that Al-based applications such as | Article acceptance: 28 apr 2025
educational chatbots, augmented reality (AR), and adaptive
games based on machine learning effectively improve
children's tooth brushing behaviour. This study also identifies
implementation challenges such as infrastructure limitations
and data privacy issues. The findings underscore the necessity
for multi-sector collaboration and adaptive education
management to optimise the integration of technology in early
childhood dental health education.
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I.  INTRODUCTION

Dental health education in early childhood forms a crucial foundation for
building sustainable healthy living habits. The pre-school period is a critical time
where the formation of behaviours, including oral hygiene practices, can be
significantly influenced through appropriate educational approaches (Peres et al.,
2020). Unfortunately, the rate of dental health problems in children worldwide
remains high, indicating the need for more innovative and effective interventions.

Along with the rapid development of digital technology, the utilisation of
artificial intelligence (Al) in the field of health education has shown great potential

to revolutionise traditional approaches. Al is capable of personally adapting
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learning content, providing instant feedback, and creating interactive and engaging
learning experiences, especially for pre-school children who require play-based and
visual education methods (Zhou et al., 2021). Through machine learning algorithms,
Al-based applications can assess the individual needs of children and adjust
educational material according to their level of understanding.

Technology-based education management, particularly with the integration
of Al, offers various benefits in dental health education programmes. In addition to
enriching learning materials, Al also enables real-time monitoring of children's
dental hygiene behaviour through mobile applications and smart devices (Lee et al.,
2022). This not only increases children's engagement in maintaining oral health but
also provides valuable data for teachers and parents to personalise interventions.

Nevertheless, the application of Al in dental health education for pre-school
children faces several challenges. Gaps in technology access across different regions,
low digital literacy among educators, and concerns regarding children's data privacy
are important issues that need to be anticipated (Cohen et al., 2021). Furthermore,
most current Al applications still require rigorous scientific validation to ensure
their effectiveness and safety for use in early education contexts (Wang et al., 2023).

Therefore, it is important to conduct a comprehensive literature review on the
latest developments in the use of Al for dental health education in pre-school
children. This understanding will not only enrich insights into the existing potential
and challenges but also provide a basis for designing more adaptive, inclusive, and
sustainable technology-based education management strategies.

This article aims to examine the use of Al in dental health education for pre-
school children through a literature review approach, focusing on identifying the
benefits, implementation challenges, and practical recommendations for optimal
integration in early education settings.

II. LITERATURE REVIEW
The application of artificial intelligence (Al) in dental health education for pre-
school children is a relatively new field but one that shows great potential. To
understand this context more comprehensively, this section discusses several key

aspects, including the importance of dental health education from an early age, the
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development of technology in early childhood education management, the
utilisation of Al in health education, the challenges of technology implementation,

and its implications for technology-based education management.

Dental health education in pre-school children is a fundamental step in
building sustainable healthy living behaviours. Children at this age have rapid
cognitive and motor development, so effective education methods must adapt to
their age characteristics. According to Peres et al. (2020), interactive and experience-
based educational approaches such as role-playing or tooth brushing simulations
can increase children's understanding of the importance of maintaining dental
health. A study by Chen, Chou, and Hsu (2021) also shows that game-based and
story-based learning can have a positive impact on children's oral hygiene behaviour

compared to conventional methods.

On the other hand, the development of technology in the world of education
has opened new opportunities to manage and deliver learning materials more
effectively. Digital technology allows teaching to become more adaptive, engaging,
and responsive to the individual needs of children (Wang et al., 2023). In the context
of early childhood education, the use of interactive applications, smart devices, and
Al-based platforms enables the personalisation of learning experiences, enriches
interactions, and encourages children's learning motivation. Lee, Yoon, and Jung
(2022) affirm that Al-based applications in pre-school education can improve
information retention and develop children's cognitive and social skills through

more intuitive and enjoyable approaches.

The utilisation of Al in the field of health education has shown promising
results. Al can collect and analyse children's behavioural data in real-time to provide
targeted interventions. According to Zhou, Wu, and Li (2021), the use of Al in health
education allows for the development of learning programmes tailored to the
individual abilities and needs of children, thereby increasing the effectiveness of
interventions. Furthermore, Cohen, Jahn, and Ebeling (2021) reported that Al-based

health education programmes can increase the success of health behaviour change
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campaigns by up to 35% compared to traditional approaches, by utilising algorithms

to analyse user interaction data and design more effective strategies.

However, the implementation of Al in dental health education for pre-school
children faces several challenges. Gaps in technology access across different regions,
low digital literacy among educators, and concerns regarding children's data privacy
are important issues that need to be anticipated (Cohen et al., 2021). Furthermore,
most current Al applications still require rigorous scientific validation to ensure

their effectiveness and safety for use in early education contexts (Wang et al., 2023).

Given these potentials and challenges, the implications for technology-based
education management become very significant. Educational institutions need to
develop curricula that not only utilise Al technology optimally but also prioritise the
principles of inclusivity, data security, and sustainability. According to Lee et al.
(2022), adaptive, collaborative, and data-based education management models can
improve the effectiveness of technology implementation in early childhood
education, including in dental health programmes. Therefore, an integrated and
evidence-based approach is essential to ensure that the utilisation of Al in dental

health education truly brings long-term benefits to children's development.

III. METHODS

This research aims to examine the application of artificial intelligence (Al) in
dental health education for pre-school children within the context of technology-
based education management through a systematic literature review. The systematic
literature review was conducted through the following stages:

1. Research Question: How is Al applied in dental health education for pre-
school children, and what are its implications for technology-based
education management?

2. Literature Search: A systematic search on Scopus, Web of Science,
PubMed, and Google Scholar using relevant keywords (Al early
childhood education, dental health, and others) with a date range of 2020-
2024.
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3. Literature Selection: Screening of articles based on inclusion criteria
(relevance of Al, dental health education for pre-school children,
education technology management) and exclusion criteria (opinions, non-
scientific reports, clinical focus without education).

4. Data Extraction: Retrieval of key information from selected articles,
including objectives, methodology, Al interventions, population, results,
challenges, and opportunities.

5. Analysis and Synthesis: Thematic analysis to identify patterns and
narrative synthesis to answer the research question.

6. Quality Assessment: Evaluation of the methodological quality of the
included studies.

This research is expected to provide a systematic and comprehensive overview
of the research landscape related to the application of artificial intelligence in dental
health education for pre-school children within the context of technology-based
education management. The results of this systematic literature review are expected
to contribute to the development of strategies and the implementation of effective

Al-based interventions to improve the dental health of early childhood children.

IV. RESULTS

Based on an in-depth review of recent literature, several important findings
were obtained regarding the utilisation of artificial intelligence (AI) in dental health
education for pre-school children. These findings are classified into four interrelated
major themes, illustrating the current situation as well as prospects for future

development.

1. Forms of Al Applications in Dental Health Education

The literature review reveals that Al-based innovations in dental health
education for early childhood are very diverse. The forms of applications used
include educational chatbots, mobile applications based on augmented reality (AR),
and interactive games based on machine learning. Chatbots, such as those

developed by Zhou, Wu, and Li (2021), can answer children's questions in real-time,
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personalise responses based on age, and stimulate their curiosity about dental
health.

Meanwhile, AR-based applications, such as those developed by Lee, Yoon, and
Jung (2022), integrate virtual tooth brushing simulations, allowing children to learn
while playing. Cohen, Jahn, and Ebeling (2021) add that Al-based games that can
adapt to children's response patterns provide optimal cognitive challenges,
extending children's engagement in educational activities.

Early childhood education experts, Wang et al. (2023), argue that the
combination of Al and active learning methods can accelerate the formation of
positive habits from an early age, especially in aspects of personal health such as
maintaining oral hygiene.

Table 1. Forms of Al Applications in Dental Health Education for Pre-

School Children
Application Form Brief Description Supporting Studies
Chatbot edukatif Al answers children's questions about Zhou, Wu, & Li
teeth personally and interactively. (2021)
AR-based learning Visualisation of how to brush teeth Lee, Yoon, & Jung
apps with augmented reality simulations. (2022)
Al-based adaptive Educational games with difficulty Cohen, Jahn, &
games levels that adjust to children's Ebeling (2021)
responses.

2. Effectiveness of Al Use on Children's Behavioural Changes

The utilisation of Al in dental health education has proven to have a significant
impact on behavioural changes in pre-school children. A study by Chen, Chou, and
Hsu (2021) shows that children who participated in Al-based education programmes
experienced a 30% higher increase in the habit of brushing their teeth twice a day
compared to the group using conventional methods.

According to the analysis by Cohen et al. (2021), this success is due to the
nature of Al, which can provide instant feedback, personalised learning experiences,

and emotional engagement of children through gamified interactions. These factors
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increase information retention and motivate children to behave healthily
consistently. The following bar chart illustrates the comparison of the effectiveness
of Al use:

Graph 1. Comparison of Tooth Brushing Behaviour Changes

Children brushing
teeth twice daily

80%
75 %
60%
40% 45 %

20%

0%

Without Al With Al

e  Without AI: 45% of children brush their teeth twice a day
e With AI: 75% of children brush their teeth twice a day

3. Challenges of AI Implementation in Pre-School Education

Despite its benefits, the application of AI in pre-school education faces
significant challenges, particularly in terms of infrastructure and ethics. Wang, Qu,
and Zhu (2023) highlight that not all educational institutions have adequate access to
advanced technological devices, causing a digital divide between institutions in
urban and rural areas.

Furthermore, the protection of children's personal data is a critical issue. Cohen
et al. (2021) state that AI algorithms often collect user behaviour data, making it
important to ensure that children's data is processed securely and in accordance
with privacy regulations.

Technology law experts, Zhou et al. (2021), emphasise the need for active
involvement of educational institutions in designing internal policies that regulate

the use of Al, including mechanisms for parental consent and data security audits.

Table 2. Main Challenges and Solutions for AI Implementation
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Challenge Explanation Suggested Solutions
Limited access to Facility disparities Device subsidies, development of
technology between developed and offline-friendly applications.

lagging areas.

Children's data Risk of personal data Implementation of child
privacy and breaches through Al protection regulations, use of
security applications. data encryption.

4. The Role of Technology-Based Education Management

Education management plays a strategic role in optimising the use of Al in
dental health education. Lee et al. (2022) state that institutions must not only provide
hardware and software but also build an inclusive digital learning ecosystem.
Effective management includes training teachers to understand the pedagogical use
of Al applications, regularly evaluating the effectiveness of Al-based programmes,
and collaborating with application developers to ensure educational content remains
relevant and safe.

Education management experts, Wang et al. (2023), recommend an evidence-
based management approach, where decisions regarding technology adoption are

made based on empirical evaluation results of implementation success.

Diagram 2. Mindmap for Al Integration Strategy
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V. CONCLUSION AND SUGGESTION

This research highlights the great potential of utilising artificial intelligence
(Al) in supporting dental health education for pre-school children. The results of the
literature review show that AI not only increases children's engagement in the
learning process but also has a real impact on healthy behavioural changes, such as
increasing the frequency of routine tooth brushing.

The most effective forms of Al implementation include educational chatbots,
augmented reality-based applications, and machine learning-based games that adapt
to user behaviour. These innovations have successfully made dental health
education an engaging and interactive experience for children.

However, the implementation of Al in early childhood education is not
without various challenges, particularly related to gaps in technology access, risks to
children's data privacy, and the readiness of education management to adopt new
technologies. Therefore, the active involvement of all stakeholders—schools,
application developers, regulators, and parents—is key to the success of Al-based
programmes.

Proactive, evidence-based, and inclusivity-oriented technology-based
education management has proven capable of strengthening the sustainability of Al
programmes in dental health education for pre-school children.

Thus, the integration of Al in dental health education not only offers practical
solutions to increase health awareness in children from an early age but also opens

new horizons for technology-based educational innovation in the future.
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Based on the findings and analysis that have been conducted, the following
suggestions are proposed for further development:
1. Development of Educational Technology Infrastructure:

Governments and educational institutions need to improve technology

infrastructure in all regions, including disadvantaged areas, to ensure equal

access to Al-based education programmes.
2. Technology-Based Teacher Training:

Intensive training programmes are needed for teachers to be able to optimally

utilise Al applications in the teaching and learning process, while also

understanding aspects of children's data security.
3. Implementation of Child Data Protection Policies:

Strict regulations regarding the collection and use of children's data in Al-

based educational applications must be implemented to maximally protect

children's privacy rights.

4. Further Research on Long-Term Effectiveness:
Longitudinal research is needed to evaluate the long-term impact of Al use on
children's dental health and behaviour.

5. Multi-Sector Collaboration:

Educational institutions, technology companies, health organisations, and

governments must build strategic partnerships to develop safe, effective, and

affordable Al solutions.

Based on the findings and analysis that have been conducted, this research
affirms that the integration of Al in dental health education for pre-school children
not only promises increased awareness and healthy behaviour but also paves the
way for broader technology-based educational innovation. To realise this potential
optimally and sustainably, collaborative efforts from various parties, including the
government, educational institutions, technology developers, and parents, are

needed.
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