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Abstract

This study aimed to examine the effect of artificial intelligence-based educational applications on the smartization of second-
grade elementary school students. A quasi-experimental pre-test—post-test design with a control group was applied. Thirty
second-grade students from District 4 of Tehran were selected using cluster sampling and randomly assigned to experimental
and control groups (15 each). The research tool was a 25-item Learning Quality Assessment Questionnaire for smart
learning. The experimental group participated in 15 sessions using Al-based educational apps, while the control group
received no intervention. Data were analyzed using multivariate analysis of covariance (MANCOVA), normality tests, and
homogeneity of variance tests. Results revealed a statistically significant increase in overall smartization scores among the
experimental group (p <0.01). Substantial improvements were also noted in all components: attitudes and perceptions (90%),
knowledge acquisition and integration (94%), knowledge expansion and modification (93%), meaningful use of knowledge
(91%), and mental habits (89%). The findings demonstrate that Al-based educational applications significantly enhance
multi-dimensional smart learning in elementary students. This underscores the importance of integrating advanced

technologies into primary education curricula.
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Extended Abstract

Introduction

The integration of Artificial Intelligence (Al) into educational systems has significantly reshaped how students
acquire knowledge, especially in early childhood education. Al-based tools enable personalized learning,
provide real-time feedback, and promote the development of higher-order cognitive skills by adjusting content
to individual learners' needs (Gligorea et al., 2023; Su et al., 2023). In the context of primary education, these
capabilities are particularly promising, as children at early developmental stages benefit from interactive and
adaptive environments that match their learning pace and style (Li & Lee, 2025; Wu et al., 2024). Such digital
ecosystems can support the smartization of learning, a multi-dimensional concept that involves the
enhancement of attitudes, knowledge construction, meaningful application of learning, and development of
mental habits.

Recent studies have shown that educational applications powered by Al can foster motivation, engagement,
and learning effectiveness among young students. For example, Al tools that include game-based features or
intelligent tutoring systems have demonstrated a significant impact on learners’ retention and understanding
of content (Ebrahimi Pour & Bagheri, 2024; Fallah Tafti et al., 2022). Moreover, interfaces designed with
user-friendly visuals and culturally relevant content have been found to increase children's interaction and
satisfaction with digital platforms (Rashidi & Nili, 2022; Taheri & Fashandaki, 2023). By facilitating
dynamic and learner-centered approaches, Al can help promote student agency, autonomy, and critical
thinking from an early age (Gholami et al., 2024; Yang, 2022).
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Nevertheless, scholars have raised ethical and practical concerns regarding the use of Al in childhood
education. Data privacy, algorithmic bias, and digital dependency are critical issues that must be addressed
through thoughtful design and educational policies (Baracas, 2023; Ismail & Aloshi, 2025). Research also
highlights the importance of cultural contextualization and local adaptation in the design of these tools to
ensure equitable and meaningful learning experiences (Iron & Faramarzi, 2024; Roshanaei et al., 2023).
Given these opportunities and challenges, investigating how Al-based educational applications influence smart
learning outcomes in early learners remains a pressing priority. This study aims to examine the effect of locally
developed Al-powered educational applications on the smartization of second-grade elementary school
students, focusing on five key dimensions of smart learning: attitudes and perceptions, knowledge acquisition
and integration, knowledge expansion and modification, meaningful use of knowledge, and mental habits.
Methods and Materials

This study adopted a quasi-experimental design using a pre-test—post-test format with a control group. A total
of 30 second-grade students from District 4 of Tehran were selected through cluster sampling and randomly
assigned to an experimental group (n = 15) and a control group (n = 15). The research instrument was a 25-
item standardized questionnaire assessing smart learning across five subscales. The experimental group
participated in 15 structured educational sessions using Al-based educational applications including “Shad,”
“Hamyar,” “Padres,” and “Taps,” while the control group did not receive any intervention. Each session
incorporated game-based, multimedia, and adaptive learning components aligned with national curriculum
standards. Data were analyzed using multivariate analysis of covariance (MANCOVA), along with tests of
normality and homogeneity of variances to ensure statistical assumptions were met.

Findings

The results of data analysis indicated a statistically significant improvement in the overall smartization score
of the experimental group compared to the control group (p <0.01). Moreover, each of the five subcomponents
of smart learning showed significant enhancement in the experimental group after the intervention.
Specifically, the increase in “attitudes and perceptions” was 90%, while “knowledge acquisition and
integration” rose by 94%, and “knowledge expansion and modification” improved by 93%. In the “meaningful
use of knowledge” dimension, a 91% increase was observed, and in “mental habits,” the improvement reached
89%. These findings suggest that the educational applications had a widespread positive impact across all
measured areas of smart learning.

Discussion and Conclusion

The findings of this study underscore the efficacy of Al-based educational applications in fostering smart
learning among elementary school students. The significant gains in all five dimensions of smartization suggest
that these digital tools can enhance not only cognitive processes but also student motivation, engagement, and
adaptability. The use of locally developed applications with cultural and linguistic alignment may have
contributed to these outcomes by increasing student familiarity and interaction. Furthermore, the game-based
and interactive elements of the applications likely played a crucial role in maintaining learner attention and
promoting deep learning.

The implications of this study are twofold: pedagogical and technological. From a pedagogical standpoint,
incorporating Al-based tools into early childhood education can enrich learning environments and promote
self-directed learning skills. From a technological perspective, it is essential to continue developing adaptive,
culturally responsive applications that address ethical concerns while maximizing learning benefits. The study
provides empirical support for expanding the integration of intelligent educational technologies into formal
educational settings, especially in developing contexts. By doing so, educators and policymakers can support
a more dynamic, equitable, and student-centered educational system that aligns with the digital age.
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