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Abstract

This study systematically reviews the implementation of Artificial Intelligence
(Al) in elementary education, focusing on the role of Al in enhancing teaching
effectiveness, personalized learning, and student engagement. The research
synthesizes various studies from the past decade to identify key Al technologies,
the challenges faced, and the requirements for successful adoption in primary
schools. The findings reveal that Al technologies, such as biosensors, voice
recognition systems, and Al-powered platforms, significantly contribute to
creating adaptive learning environments and providing real-time feedback, thus
supporting personalized and experiential learning. However, the study also
highlights challenges such as inadequate infrastructure, teacher competence, and
ethical concerns regarding data privacy and algorithmic bias. Addressing these
challenges requires investment in infrastructure, ongoing teacher training, and
clear ethical guidelines to ensure equitable access to Al-driven learning. The
study concludes that while Al holds great potential to transform primary
education, its successful implementation depends on overcoming these barriers
and fostering a culture of innovation within schools. The results offer practical
recommendations for educators, policymakers, and technology developers to
optimize Al use in primary schools, ensuring that it becomes an inclusive tool for
enhancing educational outcomes.
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1.

INTRODUCTION

The development of artificial intelligence (AI) technology has brought great changes in various
aspects of life, including the education sector. Al in education functions as a tool that allows for a more
personalized and adaptive learning experience for students, especially in basic education (Alkan, 2024a;
Gonzalez-Calatayud et al., 2021a). This technology allows for the customization of learning materials
based on individual needs, real-time monitoring of student progress, as well as the provision of instant
feedback to educators to design more effective teaching strategies (Chen et al., 2020; Dogan et al., 2023).
In addition, Al has also been applied in various learning methods, such as intelligent tutor systems and
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Al-based learning platforms that can adjust the level of material difficulty to students' abilities
(Fahimirad & Kotamjani, 2018; Lukianets & Lukianets, 2023). However, despite the significant benefits,
the implementation of Al in primary education still faces various challenges, including infrastructure
readiness, digital divides, ethical issues related to data privacy, and the potential for algorithmic bias in
learning systems (Bai et al., 2023; Marengo et al., 2024).

The application of Al in basic education promises various benefits, such as increased teaching
effectiveness, personalized learning, and student engagement. Al allows students to interact with
materials tailored to their learning style as well as providing additional support for those who have
difficulty understanding certain concepts (Arip Nurahman & Pandu Pribadi, 2022a; Suharyo et al.,
2024a). This technology also supports experiential learning through interactive simulations and
responsive digital learning environments (Baidoo-Anu & Owusu Anisah, 2023; Pont-Niclos et al., 2024).
However, the implementation of Al in elementary schools still faces obstacles, one of which is the low
competence of teachers in utilizing this technology optimally. In addition, there are still few studies that
explore how Al can be completely adapted to the characteristics of elementary school-age students who
are still in the early stages of cognitive development (Li et al., 2024a). The lack of studies addressing the
long-term impact of Al on primary education indicates the need for more research to understand its
effectiveness and the challenges in its implementation.

Several learning theories can be used in education to understand how AI contributes to a more
effective learning process. The constructivist theory emphasizes that students build their understanding
through active interaction with the learning environment. Al can support this theory by providing
exploratory and problem-solving-based learning experiences that are tailored to students' abilities
(Harnawati & Hidayati, 2024; Yusuf et al., 2024). Problem-based learning (PBL) theory is also relevant
in the application of AL as it allows students to engage in solving real problems with the help of Al
technology, such as simulation-based learning systems or interactive data analysis (Arip Nurahman &
Pandu Pribadi, 2022a; Suharyo et al., 2024a). In addition, Adaptive Learning Theory is increasingly
showing its relevance to Al as this technology allows for the adjustment of learning methods based on
individual student progress (Li et al., 2024a; Sun, 2020). By combining these theories, Al can provide a
more inclusive learning experience, support the improvement of critical thinking skills, and provide
real-time feedback to students and educators (Ratnadewi et al., 2023).

Although previous studies have discussed the application of Al in education, most research still
focuses on secondary and higher education levels. Studies that specifically review the application of Al
in elementary schools are still limited and tend to be fragmented, so they have not provided a
comprehensive picture of the effectiveness of this technology for early childhood students (Schleiss et
al.,, 2023; Seo et al.,, 2021). In addition, existing studies highlight more of the potential of Al in improving
the quality of learning but have not yet explored in depth the challenges faced in its implementation,
such as technical barriers, teacher competence, and the social and ethical implications of its use.
Therefore, this study aims to fill this gap by conducting a systematic review of studies that have been
carried out on the implementation of Al in learning in elementary schools.

This research will synthesize studies conducted in the past decade to identify Al usage patterns,
the main benefits offered, and the challenges arising in its implementation in elementary schools. With
a systematic approach, this research will provide a deeper understanding of how Al technology can
support learning at the primary education level and how various parties, including teachers and
policymakers, can optimize its use (Tolentino et al., 2024). In addition, this study will also explore how
factors such as infrastructure readiness, teacher skills, and the role of education policies in determining
the effectiveness of Al application in the context of basic education (Rejeki et al., 2024; Syarifuddin et
al., 2024). The results of this study are expected to provide applicable recommendations for educators,
educational technology developers, and policymakers in developing better strategies to integrate Al
into elementary school learning systems.
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By conducting a systematic review of various studies that have been conducted, this research will
make a theoretical and practical contribution to understanding the trends and challenges of using Al in
basic education. From a theoretical perspective, this research will enrich the academic literature on the
role of Alin education by integrating constructivist theory, PBL, and adaptive learning to support more
innovative and inclusive learning. From a practical perspective, the results of this study can be used as
a guideline for policymakers to develop regulations related to the use of Al in basic education, as well
as provide recommendations for educators in utilizing Al to improve the quality of learning. In
addition, this study also highlights the importance of training and professional development for
teachers so that they can effectively utilize Al technology in the learning process (Chemlal, 2023).

This study is expected to provide broader insights into how Al can be used optimally in basic
education and how various existing challenges can be overcome through better implementation
strategies. Thus, this research not only provides a mapping of the development of Al in primary
education but also offers evidence-based solutions to improve the effectiveness and accessibility of this
technology for all students. The results of this study are also expected to be the basis for developing
education policies that are more adaptive to technological developments to ensure that the use of Al in
basic education provides maximum benefits for student development and the overall quality of
learning.

2. METHODS

This study uses the Systematic Literature Review (SLR) method with a descriptive qualitative
approach to analyze the role of Artificial Intelligence (Al) technology in basic education. SLR is carried
out by following the stages of identification, selection, data extraction, and synthesis from literature
obtained from reputable databases such as Scopus. This study aims to provide a systematic
understanding of the application of Al in learning as well as support data-driven decision-making in
the field of education (Ahmad et al., 2024). This review process is illustrated in Figure 1.

Identification of new studies via databases and reqisters

= Records removed before screening:
2 Records identified from: Duplicate records (n=1)
:g Databases (n=12) = Records marked as ineligible by automation
= Registers (n = 12) tools (n = 11)
% Records removed for other reasons (n=0)
/
Records screened Records excluded
(n=11) (n=0)
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Reports excluded:
Reports assessed for eligibility Does not discuss the application
(n=8) o of Al in learning in elementary
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Mew studies included in review
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% Reports of new included studies
i (n=8)

Figure 1. PRISMA Flow Diagram
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The first step in this process is to formulate research questions that are relevant to the topic of Al
utilization in elementary schools. The next step is to develop a three-stage search strategy: determining
specific search keywords, selecting appropriate literature databases, and systematically executing
search procedures. The third stage establishes study selection criteria, including inclusion and
exclusion, to screen relevant literature. Once the primary literature has been identified, the fourth step
involves assessing the quality of the selected study using a variety of quality assessment questions. The
next step is data extraction to answer the research questions that have been formulated. The final step,
data synthesis, aims to integrate evidence from key studies to produce findings that support the
application of Al in improving learning in primary schools.

Research Question

The first step in any systematic literature review (SLR) is formulating a research question
(Mohamed Shaffril et al., 2021). Based on the research gaps discussed in Part 1, this SLR uses the central
question as a guide: "How can the use of Artificial Intelligence (AI) technology improve learning in
elementary schools?" This question becomes the primary framework that connects all research questions
(see Table 1).

Table 1. Research Questions

ID Research Questions

Rationality/Justification

RQ1  What are the leading Al technologies Identifying key Al technologies is essential to understand their
applied in learning in elementary role in learning. Different technologies have specific functions
schools? in improving various aspects of learning.

RQ2 In what ways does this Al technology This inquiry examines the potential of Al to enhance education
enhance the educational experiencein by highlighting actual applications and their advantages in
primary schools? primary school settings.

RQ3 What are the specific challenges and This question examines the specific benefits and challenges
needs in applying Al technology in faced by the application of AL The primary school context
elementary schools? requires a unique approach to addressing complexity and

collaborative needs.

RQ4 What are the technical requirements Understanding the technical requirements is essential to ensure
needed for adopting Al in elementary a successful Al implementation. This question identifies the
school learning? infrastructure changes needed to support Al in learning.

RQ5 What are the non-technical Focus on non-technical needs such as teacher training and

requirements needed for adopting Al
in elementary school learning?

integration strategies to ensure Al can align with primary
school learning structures.

This inquiry encompasses an examination of diverse Al technologies utilized in education (RQ1),
their influence on the learning process in primary schools (RQ2), the obstacles to implementing Al
within primary school settings (RQ3), and the prerequisites for successful adoption (RQ4 and RQ5).
This method guarantees a thorough examination of the study subject. This research topic in the
systematic literature review aims to investigate the function of Al technology in elementary school
education by emphasizing critical aspects of its implementation. This inquiry framework offers a
methodical and comprehensive methodology for evaluating the feasibility, effect, and constraints of
using Al to enhance learning in primary schools. Table 1 delineates the specifics of the research inquiries
and their rationales.

Search Strategy

Employing a systematic search technique is crucial for rapidly locating relevant material. This
procedure encompasses many phases, such as identifying keywords and search strings, choosing
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relevant literature databases, and establishing the methodology for article selection. The subsequent
sections will delineate these actions.

a. Search String

Tests were performed to optimize the search string and ascertain pertinent articles to address the
study issue. Search queries that include terminology associated with Al technology, education, and
elementary education are used as follows: ("artificial intelligence OR "AI") AND ("education” OR
"learning") AND ("primary schools" OR "elementary school" OR "grade school" OR "grammar school"
OR "Madrasah ibtidaiyah" OR "MI") AND ("technology-enhanced learning"). The logical operator "OR" is
used for terms such as "Artificial Intelligence," "
often used interchangeably in academic and industrial settings. This search string facilitates extensive

education," and "primary schools" because all three are

study into the implementation of Al in several educational contexts.

This methodology broadly examines AI trends, technologies, and prerequisites, offering a
comprehensive insight into its possibilities within the educational sector. Moreover, excluding certain
terms such as "Elementary School" may hinder the acquisition of significant insights from research that,
while not directly addressing elementary education, are pertinent to wider dialogues about the role of
Al in education. The investigation in this research was conducted using the criteria of title, keywords,
and abstract. Only papers published from 2014 to 2024 are included within the search criteria. The
search is restricted to publications in English.

b. Literature Databases

The digital database is selected before the search to find all relevant publications related to the
research subject and the relevant review questions. Data coverage and accuracy are key considerations
in choosing a suitable database to support a comprehensive search strategy. For this systematic
literature review, the databases used are Scopus and WoS. These two databases were chosen because
they offer a wide coverage of high-quality publications in technology, education, and research relevant
to utilizing Artificial Intelligence (AI) in learning in elementary schools. This combination of databases
ensures the diversity and completeness of information to support in-depth literature analysis.

c¢. Defining Article Selection Approach

Keyword-based search techniques and tailored vocabulary are used to locate and retrieve relevant
items from a designated database. The preliminary review yielded a more restricted assortment of
papers. To facilitate the initial selection process, skyspace Al is used, which allows researchers to
effectively assess and select relevant studies based on titles and abstracts. Only relevant articles will be
reviewed and exported using this tool for further analysis. This methodology guarantees that the
chosen literature aligns with the study goals and facilitates an extensive discourse on the use of Al
technology in primary education.

Study Selection

In the main study selection stage, inclusion and exclusion criteria are applied to ensure that only
relevant studies are included (Keung et al., 2020). Studies that met the inclusion criteria, namely
discussing the application of Al in learning in primary schools and written in English, were included in
the list of key studies. Instead, studies that do not meet these criteria, such as those that discuss the
application of Al outside of the context of learning, are excluded. In the initial search phase, 12 studies
were identified. After analyzing the title abstract, as many as 11 studies were selected for further review.
Then, based on the inclusion and exclusion criteria, as many as eight studies were selected. This
approach ensures that the selected literature contributes substantially to understanding Al technology's
application in improving primary school learning.
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Study Quality Assessment

One of the essential steps in implementing an SLR is to assess the quality of the study to be analyzed
(Yang et al., 2021). The Quality Assessment (QA) approach in this literature study is based on five
principal areas, each carrying equal significance. Every question has three response options: "yes" (score
1), "partially” (score 0.5), and "no" (score 0). The subject of the inquiry encompasses:

a. Well-defined research aims and inquiries (20%)

b. A clear articulation of scientific contribution (20%)

c.  Elucidation of technical application or comprehensive Al function (20%)
d. Relevance: Case studies, practical applications, or implications (20%)

e. A definitive articulation of study findings (20%)

In the subsequent analysis phase, only relevant research with an average score over 70% was
included, guaranteeing the results' validity. Studies deemed relevant must possess a score of seven or
above on a scale of ten. Out of 12 articles, as many as 8 met the relevance criteria for further analysis.
This process provides a strong foundation to support research on Al technology's application in primary
school learning, ensuring that only high-quality literature is used in SLRs.

Data Extraction and Synthesis

The studies selected based on the Quality Assessment (QA) results are further analyzed to answer
the five research questions formulated previously. At this stage, each research question is answered
using data extraction cards for each selected article. Table 2 illustrates how the data were extracted to
help answer the five research questions. This process is designed to relate the key findings of each article
to the research question, resulting in a structured and comprehensive analysis. This approach ensures
that studies that have met the relevance criteria can make a real contribution to the research objectives,
particularly in the context of Al technology's application in primary school learning.

Table 2. Data Extraction Card

Field Description

Database The digital database where the study was taken (Scopus and WoS).

Year of Publication Year of publication of the study.

Author's Name Names of authors of relevant articles.

Source The journal or conference proceedings in which the article was
published.

Article Title The title of the article summarizes the content and focus of the study.

Al Technology (RQ1) The main Al technology is applied in learning in elementary schools.

Learning Process (RQ2) How Al technology contributes to improving the learning process in

elementary schools.

Challenges and Needs (RQ3) Specific challenges and needs faced in applying Al technology in
elementary schools.

Technical Requirements (RQ4) Technical requirements required to adopt Alin learning in elementary
schools.

Non-Technical Requirements Non-technical needs, such as teacher training and Al integration
(RQ5) strategies in learning structures in primary schools.

88



Natalina Purba, Desti Pujiati, Partohap Saut Raja Sihombing, Hendra Simanjuntak, Desi Sijabat / The Use of Al in Elementary School
Learning: A Systematic Literature Review

3. FINDINGS AND DISCUSSIONS
Implementation of Al Technology in Learning in Elementary Schools (RQ 1)

Implementing Artificial Intelligence (AI) technology in primary school education has
demonstrated significant potential in enhancing student learning experiences by offering personalized
and adaptive learning environments. Al is an intelligent system that can assess individual student
needs, provide tailored learning materials, and monitor student performance to offer timely support
(Alkan, 2024a; Gonzalez-Calatayud et al., 2021a). Various Al technologies, such as voice recognition
systems, chatbots, and biosensor data analysis, have been integrated into classrooms to facilitate
effective teaching and learning.

One example is the use of wearable biosensors, as highlighted by (M. I. Ciolacu et al., 2019), which
monitors students' health and learning behaviors in real-time. The collected data allows teachers to
analyze student engagement, detect learning difficulties, and provide immediate interventions,
increasing motivation and participation in learning activities. This aligns with the adaptive learning
theory, where AI helps adjust instructional strategies based on student's cognitive and behavioral
responses (Li et al., 2024a; Sun, 2020).

Additionally, AI contributes to early identification of students at risk of academic difficulties
through predictive modeling (M. L. Ciolacu et al., 2020). By leveraging Al-powered diagnostics,
educators can provide targeted interventions to improve student retention and reduce dropout rates.
Furthermore, Al-driven personalized learning systems enable teachers to deliver instructional content
tailored to students' abilities and learning paces, aligning with constructivist learning theory, which
emphasizes student-centered and interactive learning (Harnawati & Hidayati, 2024; Yusuf et al., 2024).

However, the implementation of Al in elementary education also raises ethical concerns,
particularly regarding data privacy and algorithmic bias (Bai et al., 2023; Marengo et al., 2024).
Educational institutions must formulate explicit ethical standards to guarantee that Al serves all
students fairly and does not exacerbate educational inequalities (Busch et al,, 2023). Furthermore,
teacher training and professional development are essential to maximize Al's potential, as many
educators still require adequate knowledge and skills to integrate Al effectively into their teaching
practices (Sadykova & Kayumova, 2024a).

In conclusion, Al technology is reshaping primary education by offering personalized learning,
predictive analytics, and real-time student support. Schools must address ethical challenges, provide
teacher training, and ensure equal access to Al-powered educational resources to harness its benefits
fully. This will ensure that Al serves as an inclusive and transformative tool for improving learning
outcomes in elementary schools.
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Implementation of Al in Elementary
Education
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Figure 2. Implementation of Al in Elementary Education
The Contribution of Al Technology in Improving the Learning Process in Elementary Schools (RQ 2)

Integrating Artificial Intelligence (Al) technology in elementary school education has significantly
enhanced teaching and learning by creating more adaptive and personalized learning experiences. Al
plays a crucial role in assessing student needs, monitoring academic progress, and providing real-time
feedback, which helps teachers develop more effective instructional strategies (Alkan, 2024a; Gonzalez-
Calatayud et al., 2021a).

One notable Al application is the use of wearable devices with biosensors, as discussed by (M. L
Ciolacu et al., 2019). These devices enable real-time data collection on student behavior and health,
allowing teachers to identify students who need additional support and tailor interventions
accordingly. This aligns with adaptive learning theory, which emphasizes personalized learning
approaches based on individual student progress (Li et al., 2024a; Sun, 2020). Consequently, Al
contributes to a more engaging and responsive learning environment, enhancing student motivation
and participation in the classroom.

Furthermore, Al technology improves teaching effectiveness by supporting data-driven decision-
making and personalized instruction. Research by (Earp et al., 2014) Highlights the impact of Al-
powered game-based learning (GBL) on student engagement. Through interactive game design
platforms, students apply academic concepts, collaborate with peers, and develop problem-solving
skills, aligning with constructivist learning theory, which promotes active and experiential learning
(Harnawati & Hidayati, 2024; Yusuf et al., 2024). The study found that students engaged in game-
making activities demonstrated significant improvements in critical thinking and creativity,
outperforming those in traditional learning environments.

Moreover, Al facilitates curriculum innovation and pedagogical transformation by enabling
dynamic content adaptation based on real-time student performance (Fahimirad & Kotamjani, 2018;
Lukianets & Lukianets, 2023). Institutions are increasingly leveraging Al to support online learning
environments, optimize resource management, and enhance collaborative learning experiences (Chen
et al., 2020; Dogan et al., 2023). However, ethical concerns regarding data privacy and algorithmic bias
remain significant challenges (Bai et al., 2023; Marengo et al., 2024). Schools must establish clear ethical
guidelines to ensure Al's fair and equitable implementation in education (Busch et al., 2023). In
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conclusion, Al technology significantly contributes to personalized learning, enhanced student
engagement, and improved instructional methods in elementary schools. However, teacher training,
ethical considerations, and infrastructure readiness must be prioritized to ensure Al-driven education
remains inclusive, effective, and sustainable to maximize its benefits.

Contribution of Al in Elementary
Education

Skills
Development

Wearable Devices

Game Based @

Learning

Personalized
Learning

Data analysis

Figure 3. The Contribution of Al Technology in Elementary Education
Challenges and Needs in the Application of Al Technology in Elementary Schools (RQ 3)

Implementing Artificial Intelligence (AI) technology in elementary school education presents
significant opportunities and challenges that must be addressed to ensure effective integration. While
Al has the potential to enhance personalized learning, facilitate adaptive teaching methods, and
optimize educational resources, several infrastructural, pedagogical, and ethical barriers hinder its
widespread adoption.

a. Infrastructure Limitations

One of the primary challenges is the lack of adequate infrastructure, which includes hardware,
stable internet connectivity, and efficient data management systems (M. I. Ciolacu et al., 2019).
Emphasize that many elementary schools lack the necessary devices and technological support to
implement Al-based learning tools effectively. Without adequate digital infrastructure, Al cannot
function optimally to provide personalized learning experiences and real-time student assessment
(Alkan, 2024b; Gonzalez-Calatayud et al., 2021b). Addressing this challenge requires government and
institutional support to invest in technological upgrades and ensure equitable access to Al-driven
education.

b. Teacher Training and Professional Development

Beyond infrastructure, teacher preparedness is another critical factor influencing Al adoption in
schools. It is common for educators to be unprepared to incorporate Al-based technologies into their
lessons successfully (M. L. Ciolacu et al., 2020). Highlight that many educators struggle to adapt Al-
powered instructional strategies, resulting in ineffective implementation and limited student
engagement. Research also indicates that Al reshapes the traditional role of teachers, shifting their focus
from content delivery to facilitating interactive and student-centered learning experiences (Li et al.,
2024b). To bridge this gap, structured training programs and continuous professional development are
essential to equip educators with the competencies required for Al-assisted instruction (Sadykova &
Kayumova, 2024b).
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c¢. Data Security and Ethical Concerns

The increasing reliance on Al in education raises ethical challenges, particularly regarding data
privacy and security. Many Al applications collect and analyze vast amounts of student data, raising
concerns about unauthorized access, data misuse, and algorithmic bias (Bai, 2023; Marengo, 2024).
Noster et al. (2022) highlight that schools often lack clear policies to regulate Al-driven data collection
and student privacy protection. If not properly managed, Al risks exacerbating educational inequalities
by disproportionately benefiting students with better technological access (Busch et al., 2023). To ensure
responsible and inclusive use of Al in educational settings, it is necessary to build rigorous ethical
principles and apply stringent data protection regulations.

d. The Need for Ethical AI Governance in Schools

Al governance in schools requires a multi-stakeholder approach involving educators,
policymakers, parents, and technology developers. Research suggests that Al-powered education must
align with pedagogical goals while prioritizing fairness and transparency. That Al does not replace but
rather augments human educators in encouraging critical thinking and active learning among their
students is an important part of this effort, as is the development of guidelines for the responsible use
of Al in the classroom (Arip Nurahman & Pandu Pribadi, 2022b; Suharyo et al., 2024b). Furthermore,
inclusive Al policies must be designed to provide equal learning opportunities for all students,
regardless of their socioeconomic background or digital literacy level.

There is great promise in introducing Al into primary schools to improve individualized
instruction and classroom management. Still, there are also major obstacles to overcome regarding
infrastructure, teacher competence, and ethical considerations. Overcoming these barriers requires
investment in digital infrastructure, continuous teacher training, and the development of clear data
governance policies. If these challenges are adequately addressed, Al can be a transformative tool to
improve elementary school student engagement, learning outcomes, and educational equity.

Al Implementation Challenges in Schools

Overcoming Al Integration Challenges in Schools Data Security Infrastructure

Concerns Issues
Lack of hardware,
software, and
internet
connectivity

Risks of
unautherized
access to student
data

Data Security Infrastructure
Teacher Training te;r;i:f:;?;z\lng
and confidence in
Al
(@) (b)

Figure 4. Opportunities and Challenges of Al Integration in Elementary Education (a,b)
Technical Requirements for the Adoption of Al in Learning in Primary Schools (RQ 4)

Adopting artificial intelligence (AI) technology in learning in primary schools requires the
fulfillment of several critical technical requirements to ensure effective and sustainable implementation.
One of the key requirements is adequate technological infrastructure, including the hardware and
software needed to support Al applications. The article by (M. L. Ciolacu et al., 2020) Explains that using
devices such as Raspberry Pi and IoT sensors is essential for collecting and analyzing student data.
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Schools cannot harness Al's potential to improve learning without the proper hardware.

In addition to hardware, stable and fast internet connectivity is also a crucial technical requirement.
Many Al applications, especially cloud-based ones, require good internet access to function optimally.
The article (M. L. Ciolacu et al., 2019) Highlights that without a reliable internet connection, data
collected from wearable devices cannot be uploaded and analyzed in real-time, which reduces the
effectiveness of using this technology in learning. Therefore, a robust network infrastructure is critical
to supporting Al adoption in primary schools.

Additionally, an effective data management system is required to handle the data produced by Al
technology. The student data collected must be appropriately managed to provide valuable insights for
teachers and school managers. The article by (Noster et al., 2022) Shows that proper data analysis can
help identify students' learning patterns and provide more personalized feedback. Therefore, schools
need a system that can store, process, and analyze data safely and efficiently.

Finally, the importance of technical training for teaching staff and administration cannot be
ignored. Teachers may find it challenging to make the most of this technology without understanding
how Al technology works and how to integrate it into the curriculum. The article by (Earp et al., 2014)
Proper training can help teachers develop the skills necessary to use Al technology. Thus, the technical
requirements for the adoption of Al in learning in primary schools not only include infrastructure and
hardware but also include ongoing training and professional development for educators.

Non-Technical Requirements for the Adoption of Al in Learning in Elementary Schools (RQ 5)

The deployment of artificial intelligence (AI) technology in learning in primary schools not only
relies on technical needs but also requires the fulfillment of many non-technical conditions that are
crucial to enable the effective integration of these technologies. One of the most crucial non-technical
requirements is professional training and development for teachers. In the article, (M. L. Ciolacu et al.,
2020) Teachers need adequate training to understand how Al technology works and integrate it into the
existing curriculum. Teachers may feel unconfident in using this technology without proper training,
hindering learning effectiveness.

In addition to teacher training, support from school management is also critical. The article (M. L
Ciolacu et al., 2019) Shows that the successful implementation of Al technology depends on school
leaders' commitment and support. Proactive management in providing resources, both in the form of
budgets and supportive policies, will create an environment conducive to adopting new technologies.
This support also includes the development of clear policies regarding the use of Al technology,
including aspects of student data privacy and security.

The involvement of parents and the community is also an essential factor in the adoption of Al
technology in primary schools. The article by (Noster et al., 2022) Good communication between schools
and parents can help increase understanding and acceptance of Al technology in learning. By involving
parents in this process, schools can create greater trust and support for technology initiatives, improving
the success of Al implementations in the classroom.

Finally, the importance of creating a culture of innovation in schools cannot be overlooked. The
article by (Earp et al., 2014) emphasizes that to adopt new technologies such as Al, schools need to build
a culture that supports continuous experimentation and learning. Schools can more easily integrate Al
technology into the learning process by creating an environment encouraging teachers and students to
try new approaches and share experiences. Therefore, the non-technical requirements for adopting Al
in primary schools include teacher training, management support, parent involvement, and a culture of
innovation that supports experimentation and learning.

This research offers a methodical way to comprehend the use of Al technology in elementary school
curricula via its suggested literature synthesis framework. The framework makes it possible to
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thoroughly examine Alintegration in primary education by organizing the research around five critical
dimensions: the recognition of Al technologies, their effects on learning, related difficulties and
requirements, and technical and non-technical specifications. This method does more than just compile
previous studies; it delves further into the variables that affect Al adoption in primary schools (Zawacki-
Richter et al., 2019).

Identifying AI technologies applied in primary school education reveals various tools and
applications designed to enhance learning experiences. Al-powered tools such as speech recognition
systems, chatbots, and biosensors have been employed to personalize instruction, provide real-time
feedback, and foster student engagement. As noted by (Alkan, 2024a; Gonzalez-Calatayud et al., 2021a),
Al plays a pivotal role in assessing students' needs and delivering tailored instructional materials.
Studies by (T. K. F. Chiu et al., 2023), (Hooda et al., 2022), and (Bakti et al., 2023) Further reinforcing this
notion, emphasizing how Al-driven data collection via wearables allows teachers to provide targeted
and timely interventions. This aligns with the principles of Adaptive Learning Theory, which
underscores the importance of instructional customization based on individual learning trajectories (Li
et al., 2024a; Sun, 2020). Consequently, Al contributes to creating a more responsive and student-
centered learning environment.

Beyond its role in student assessment, Al significantly enhances pedagogical strategies and
instructional methodologies. Al-driven learning analytics enable teachers to identify students’ strengths
and weaknesses, allowing for early intervention and differentiated instruction. Research by Earp et al.
(2014) indicates that Al-based game-based learning environments can improve students' critical
thinking and problem-solving skills, reinforcing the relevance of Problem-Based Learning (PBL) in Al-
integrated classrooms (Arip Nurahman & Pandu Pribadi, 2022a; Suharyo et al., 2024a). Al also facilitates
constructivist learning environments by enabling interactive and exploratory learning experiences,
wherein students actively construct knowledge through Al-generated simulations and adaptive content
delivery (Harnawati & Hidayati, 2024; Yusuf et al., 2024). Thus, Al is an auxiliary tool and a catalyst for
pedagogical innovation.

However, integrating Al into primary school education is not without challenges. One of the
primary barriers to Al adoption is the lack of adequate infrastructure, including access to stable
hardware and internet connectivity. As highlighted by (Chen et al., 2020), many elementary schools
struggle with technological limitations that impede Al implementation. Additionally, the effectiveness
of Al in education hinges on the preparedness of educators. Studies by (J. L. Chiu et al., 2020) and
(Sadykova & Kayumova, 2024a) emphasize the necessity of professional development programs to
equip teachers with the requisite knowledge and skills for integrating Al into the curriculum. Teachers
may find it challenging to harness AI’s potential effectively without adequate training. These challenges
underscore the pressing need for investment in technological infrastructure and educator training
programs.

From a technical perspective, effective Al integration requires robust data management systems to
ensure efficient data processing and secure storage. As (Lim et al., 2021) Suggest Al-generated student
data must be systematically analyzed to provide actionable insights that enhance teaching and learning
outcomes. This aligns with (Viktorova & Mamchur, 2021) The cognitive learning framework emphasizes
Al's role in information processing and knowledge organization. Moreover, technical literacy among
educators and administrative staff is essential to optimize AI utilization, reinforcing the need for
specialized training initiatives.

In addition to technical considerations, non-technical factors such as institutional leadership and
parental involvement play a crucial role in Al adoption. The successful implementation of Al in
education requires a strong commitment from school administrators, as emphasized by (Fullan et al.,
2024; Ghamrawi et al., 2024). Furthermore, engaging parents in the Al integration process fosters greater
acceptance and understanding of the technology’s benefits, thereby facilitating smoother adoption
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(Zhang et al., 2022). As research by (Busch et al., 2023) Highlights that ethical considerations —such as
data privacy and algorithmic bias—must also be addressed to ensure equitable access to Al-driven
educational resources. Without clear ethical guidelines, Al risks exacerbating existing educational
inequalities (Bai et al., 2023; Marengo et al., 2024).

Finally, fostering a culture of innovation within schools is key to ensuring the long-term success of
Al adoption. Schools must create environments encouraging experimentation and continuous learning,
enabling teachers and students to explore Al's potential applications. This aligns with findings by (Earp
et al., 2014), which stresses the importance of institutional support in cultivating an Al-driven learning
culture. Integrating Al into primary education represents a paradigm shift that necessitates ongoing
adaptation and professional development. By leveraging Al's capabilities while addressing its
associated challenges, schools can create a more inclusive, adaptive, and responsive learning ecosystem
that enhances educational outcomes for all students.

4. CONCLUSION

Students' educational experiences have been greatly enhanced by integrating artificial intelligence
(Al) technology into primary school curricula. This study delves into how Al technologies like
biosensors, voice recognition systems, and chatbots might enhance student engagement, motivation,
and learning results. Further evidence that Alis both a tool and a driver of change in education comes
from its role in developing more responsive and individualized learning experiences and enhancing
critical thinking abilities via novel educational approaches, such as game-based learning.

However, the current problems and requirements must be met to integrate Al technology
successfully. Issues with data security, insufficient infrastructure, and the necessity to educate teachers
are all factors to consider. To foster an atmosphere favorable to adopting Al the research stresses the
need to satisfy technical and non-technical needs, such as having management backing and parental
participation. Schools can maximize Al's potential, improve educational results for students, and design
more effective learning experiences by tackling these difficulties and satisfying the standards.
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