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Abstract

This study aimed to identify and extract the key components affecting artificial intelligence-based
intelligent educational systems and platforms offering smart education in mathematics. The method
used in the study was a synthesis approach based on the seven-stage model proposed by Cooper
(2015). To this end, English-language articles published in journals available in the Web of Science
database in the field of education and educational research were searched using two keyword
categories: artificial intelligence and related keywords (16 keywords), and mathematics and
mathematics education, spanning the years 2000 to 2024. The selection of the articles for the study
was carried out using criterion-based sampling, and after the review and screening process, 73
articles were selected for final analysis. The analysis of the sources was done through line-by-line
analysis, and MAXQDA software was used to manage the resources and data analysis. The results
of the analysis revealed 386 basic codes, which, after removing duplicates, irrelevant ones, and
those with low frequency, resulted in the identification of 47 components and 24 intelligent
education platforms. The identified components were categorized into 8 groups based on shared
characteristics, and the platforms were categorized into 7 groups based on their interaction methods
with students. The identification and extraction of key components of intelligent educational
systems and their potential and capabilities in Al-based educational service platforms provide an
opportunity for designers and users in this field to enhance the effectiveness and efficiency of
educational processes through the integration of advanced technologies.
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Introduction

This study reviews related theories and empirical evidence from educational research on
the components of an intelligent system to achieve optimal efficiency in mathematics
education. By introducing the main components of intelligent educational systems, it offers
solutions to refine some key parameters adjusted by the system. In the second part, a set of
significant and widely-used intelligent platforms for mathematics education designed
based on artificial intelligence is introduced and analyzed. These platforms include
globally recognized software and tools that have attracted the attention of many researchers
in the field of intelligent education and learning. The study examines the role of these
platforms in improving the learning process, enhancing learner motivation, and facilitating
access to personalized education. Ultimately, the study aims to identify the strengths and
weaknesses of these systems and propose innovative paths to enhance the effectiveness of
intelligent educational systems.

Methodology

The research method employed is a synthesis study based on Cooper's (2015) seven-step
model, which includes defining the problem, gathering research evidence, collecting
information from selected studies, evaluating the quality of studies, analyzing and
integrating results, interpreting evidence, and presenting findings. English articles
published in journals indexed in the Web of Science database were searched on June 11,
2024 (corresponding to January 21, 2024) in the fields of education and educational
reviewd using two sets of keywords: artificial intelligence (including “artificial
intelligence,” “machine intelligence,” “intelligent support,” “intelligent virtual reality,”
“chat bot*,” “machine learning,” “automated tutor®,” “personal tutor*,” “intelligent
agent™,” “expert system*,” “neural network®,” “natural language processing,” “chatbot*,”
“intelligent system,” and “intelligent tutor*”); and mathematics education (including
“mathematics” and “math education”) between the years 2000 and 2024. The initial search
yielded 89 articles meeting the desired characteristics. After reviewing the abstracts and
full texts, 16 articles were excluded from the synthesis process, leaving 73 articles selected
for the final analysis. Following Wu et al. (2013), the selection of articles was conducted in
two stages. In the first stage, an article was included in the potential analysis pool if it met
two qualifying criteria: (a) it included a specific artificial intelligence technique as an
intervention to support learning or teaching, and (b) it provided empirical evidence or in-
depth analysis (English articles indexed in SSCI). Articles focusing solely on Al
development processes without educational implications or adopting Al as a learning topic
without utilizing Al were excluded.
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Findings

The resources were analyzed through full-text examination and line-by-line analysis. In
this phase, 386 fundamental codes were extracted. After eliminating duplicates, irrelevant
entries, and low-frequency codes, 47 components with the highest frequency and
recurrence among the reviewed articles were identified and extracted. Additionally, 24
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platforms for intelligent mathematics education were identified. The extracted components
were grouped into eight categories based on shared characteristics: personalization, student
grouping, intelligent system design, assessment and remediation, motivation and
interaction, online and offline support, educational content and methods, progress
monitoring and mastery, and human-Al collaboration. The identified platforms were
categorized into seven groups based on their interaction methods with students: platforms
with direct user interaction, game-based platforms for student engagement, model-based
platforms offering feedback and personalized interaction, simulation-based platforms for
deeper interaction, human-Al collaborative problem-solving platforms, interactive
platforms emphasizing feedback and social collaboration, and platforms focusing on
teaching verbal and conceptual problems.

Discussion and Conclusion

The findings of this study indicate that identifying and utilizing key components in the
design of intelligent educational systems plays a significant role in enhancing the quality of
the teaching—learning process. The use of modern technologies—particularly artificial
intelligence—can lead to a fundamental transformation in the educational system, provided
that such systems are designed and implemented based on rigorous theoretical frameworks
and the actual needs of learners. An analysis of the data from the present study shows that
the proposed components can serve as strategic tools for developing educational modules
that support personalized learning, increase learner interaction with content, and enhance
active engagement in the learning process. This is especially effective in contexts where
learners exhibit diverse abilities, learning styles, and personal interests, potentially
resulting in greater instructional effectiveness and improved academic performance.

Moreover, the design of intelligent educational systems based on the extracted components
enables continuous monitoring of learning through periodic assessments and targeted
feedback, thereby facilitating ongoing refinement and optimization of educational content
and learning processes. In addition, employing this approach can support effective student
grouping and the adaptation of instructional content to the cognitive and educational
characteristics of each group. Overall, it can be concluded that an approach grounded in
intelligent components not only addresses the challenges inherent in traditional educational
systems but also creates the foundation for a dynamic, flexible, and learner-centered
educational environment—paving the way for a fundamental transformation in modern
education.
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