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Abstract

The objective of this study was to identify key factors influencing the use of artificial
intelligence in the learning of elementary school students and to develop a valid and
comprehensive qualitative framework. This applied study employed a qualitative
exploratory design based on the systematic grounded theory approach. Participants
included 16 experts in artificial intelligence, learning sciences, and educational
management, selected through snowball sampling until theoretical saturation was reached.
Data were collected using semi-structured interviews and analyzed through open, axial,
and selective coding using MAXQDA software. Credibility and reliability were ensured
through retesting, inter-coder agreement, and validation using new interviewees. The
analysis resulted in 106 open codes and 19 axial codes organized within six dimensions
of the paradigm model. The core phenomenon consisted of learning enrichment and
individualized learning. Causal factors included technical infrastructure, smart support,
and technological readiness in families. Contextual factors were identified as intelligent
learning management, Al-based learning content, and teachers’ competencies.
Intervening conditions included ethics and information security, along with educational How to cite: Heidarian, A., Shafizadeh, H.,
technology. Strategies encompassed personalized - content, intelligent feedback, smart ihf?g'cattlrr:‘gadfg; o fﬁozfr)t-iﬁ'c?;”t:‘;{L’I‘ﬁgeﬁﬁgtoiﬁ
assessment, content quality enhancement, and learning assistance. Consequences included  Learning for Elementary School Students and
deep learning, improved teacher efficiency, high-quality assessment, and educational gg;ﬁﬁg;”%i’;lgﬁg:oﬂﬁﬁI‘gg‘*gz%“’fngame‘”"”‘
innovation. The study demonstrates that adopting artificial intelligence in elementary

education can meaningfully enhance learning quality by providing personalized content,

real-time feedback, and flexible learning support. The proposed framework offers

practical guidance for educators and policymakers seeking to integrate Al tools effective ly

to promote deep learning and improve instructional processes.

Keywords: Artificial intelligence, learning, personalized learning, elementaryeducation,

qualitative framework
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Extended Abstract
Introduction

Artificial Intelligence (Al) has reshaped the landscape of contemporary education by enhancing
personalization, optimizing instructional processes, and enabling more dynamic and adaptive learning
experiences. Over the past decade, a growing body of research has shown that Al systems are capable of
analyzing learners' behavioral patterns, tailoring instructional content, and providing immediate feedback to
optimize academic outcomes (Chen et al., 2020; Hwang, 2014). These capabilities are especially influential
in elementary education, where differences in developmental levels, learning styles, and cognitive readiness
are more pronounced, making adaptive instructional systems particularly valuable (Baghaei & Valipour, 2025;
Xie et al., 2019). At the same time, the integration of Al in early learning environments has been linked to
improved engagement, enhanced comprehension, and deeper conceptual understanding through multimodal
interactions, interactive content, and real-time scaffolding (Valeri et al., 2024; Wang et al., 2024). Research
on the broader ecosystem of Al in education further highlights its contributions to educational management,
assessment, and decision-making, demonstrating that Al-based systems can track learner performance, identify
gaps, and recommend targeted interventions to support learning progression (Chen et al., 2022; Randhawa &
Jackson, 2020).

Despite these benefits, the deployment of Al in schools remains complex and multifaceted, involving
technological, pedagogical, ethical, and organizational considerations. Several studies emphasize that the
successful adoption of Al technologies depends on adequate technical infrastructure, educator competencies,
and supportive institutional policies (Liang, 2020; Sheikh Shoaie, 2021). In the context of elementary
schooling, these issues become even more critical due to the heightened sensitivity surrounding children’s
data, privacy, and developmental vulnerability (Omar et al., 2024). Furthermore, researchers argue that Al-
supported learning environments must be grounded in high-quality instructional content, teacher readiness,
and responsible data practices to ensure equity and avoid widening existing digital divides (Nokouei Far,
2022; Su et al., 2023).

Parallel findings in global and local studies demonstrate that Al can significantly improve educational quality
when implemented through coherent pedagogical strategies rather than treated merely as a technological add-
on. For example, investigations show that personalized learning systems built on Al algorithms can bolster
students’ metacognitive skills and promote self-regulated learning (Baghaei & Valipour, 2025; Sun, 2024).
Likewise, Al-driven assessment mechanisms offer opportunities for more accurate, timely, and individualized
evaluation, reducing human bias and creating more transparent learning trajectories (Duan et al., 2019;
Mondal et al., 2019). However, the literature consistently warns that without structured frameworks guiding
the adoption of Al, many educational institutions may struggle to translate the potential of Al into meaningful
learning improvements (Salehnejad Behrastaqi et al., 2024; Shahbazi Koohi et al., 2024).
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Taken together, these studies highlight an urgent need for context-sensitive frameworks to guide the adoption
of Al in elementary education. The current study contributes to this emerging body of knowledge by
identifying the factors influencing Al integration in elementary students’ learning and proposing a qualitative
framework grounded in expert perspectives and empirical thematic patterns. The purpose of this extended
abstract is to present the methodological approach, major findings, and conceptual implications of the study,
which collectively shed light onthe mechanisms through which Al can enhance learning experiences in young
learners while addressing the pedagogical and structural conditions needed for its effective implementation
(Castillo-Acobo et al., 2023; Nazari et al., 2023).

Methods and Materials:

This study employed a qualitative research design using the systematic grounded theory approach to explore
the factors affecting the use of Al in elementary students’ learning. Participants included sixteen experts from
the fields of artificial intelligence, educational technology, curriculum design, and primary education. They
were selected purposively through snowball sampling until theoretical saturation was reached. Data were
gathered through semi-structured interviews, each lasting between 45 and 60 minutes. All interviews were
transcribed verbatim and analyzed using open, axial, and selective coding to identify categories within a
paradigm model. MAXQDA software facilitated the coding process and organization of conceptual categories.
Toensure reliability and validity, the study utilized strategies such as member checking, inter-coder agreement,
and peer debriefing. The final framework emerged through iterative comparison of codes, categories, and
theoretical linkages.

Findings:

The analysis resulted in 106 open codes that were subsequently clustered into 19 axial categories and mapped
into a six-component paradigm model. The central phenomenon identified was “learning enrichment and
personalized learning enhancement,” representing the core influence of Al on learners in elementary settings.
Causal conditions involved three major components: (1) availability and robustness of technical infrastructure,
(2) parental and home-based technological readiness, and (3) smart support systems that supplement classroom
instruction. These conditions reflected the foundational requirements enabling the use of Al-based learning
tools.

Contextual conditions included intelligent learning management systems, Al-driven instructional content, and
teacher competencies in using smart technologies. These categories demonstrated how Al integration depends
on pedagogical readiness, availability of tailored content, and educators' digital proficiency.

Intervening conditions comprised ethical considerations related to data privacy and information security, as
well as the affordances and limitations of educational technology tools. These factors were found to mediate
the effectiveness and acceptability of Al in schooling environments.

Five strategy categories emerged: personalization of learning content; intelligent feedback mechanisms; Al-
based assessment practices; content quality enhancement; and the use of Al-powered learning assistants.
Together, these strategies illustrated how Al supports instructional decision-making and fosters ongoing
learner engagement.

Finally, four major consequences were identified: deepened conceptual understanding, increased teacher
efficiency, more accurate and comprehensive evaluation processes, and overall educational innovation. These
outcomes demonstrated the transformative potential of Al in improving teaching and learning within
elementary education.

Discussion and Conclusion:

The findings of this study enrich current understanding of how Al can be effectively integrated into elementary
learning environments. The central phenomenon—Iearning enrichment through personalization—aligns with
existing theories emphasizing that individualized instruction improves learning depth, engagement, and long-
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term retention. The identified causal conditions reinforce the notion that Al adoption is dependent on
technological preparedness and alignment among families, schools, and digital ecosystems. Similarly, the
contextual conditions highlight the necessity of school-level readiness, particularly regarding teacher digital
literacy and the availability of relevant Al-based content.

The intervening conditions underscore the importance of ethical and security considerations. Without clear
protocols for managing student data and mitigating algorithmic risks, the implementation of Al in early
education could face institutional resistance and parental concerns. The strategies identified in the study
demonstrate how Al can be operationalized to support continuous learning: through real-time feedback,
adaptive learning paths, and innovative content delivery. These strategies contribute directly to the educational
outcomes observed, including enhanced learner understanding and improved instructional effectiveness.

As a whole, the proposed framework helps bridge the gap between theoretical potential and practical
application by offering a structured explanation of how Al functions within elementary schools. It provides
policymakers, curriculum designers, and educational practitioners with insights into the conditions,
mechanisms, and impacts associated with Al integration. The study concludes that Al, when implemented
within a coherent pedagogical and infrastructural framework, can significantly elevate the quality of learning,
enable more responsive teaching practices, and lay the foundation for innovative and equitable educational
systems.
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