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ABSTRACT

This study aimed to investigate the effectiveness of an artificial
intelligence-based science classtoom on critical thinking, social
development, and creative thinking of fourth-grade elementary school
students. The research method was a quasi-experimental design with a
pre-test and post-test design with a control group. The statistical
population included fourth-grade students in public schools in
Azadshahr County, and multi-stage cluster sampling was used. The
research tools included the Ricketts Critical Thinking, Wineland Social
Development, and Torrence Creative Thinking questionnaires. The
experimental group received artificial intelligence-based science
education for one semester, while the control group received
conventional education. Data analysis using the analysis of covariance
test showed that artificial intelligence-based education had a significant
effect on all three variables. The results showed that the experimental
group had a significant increase in critical thinking, social development,
and creative thinking scores compared to the control group. The
collected data were analyzed using SPSS software. The findings indicate
the positive impact of Al technologies in improving students' cognitive
and social capabilities. The use of this educational method provides
interactive and creative learning opportunities and helps teachers
improve the quality of education. These results can be used to design
new curricula and educational policies.
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Introduction

In recent years, the advancement of new technologies, including artificial
intelligence, has brought about significant changes in various educational fields
(Chafai et al., 2023; Zhou et al., 2024; Kedar & khazanchi, 2022). As a powerful
tool, artificial intelligence has provided new opportunities for effective teaching,
strengthening students' intellectual abilities, and social development (Kshirsagar
et al., 2022; Zhao, 2022). Using advanced algorithms and data processing, these
technologies create interactive and personalized learning environments that help
students better understand scientific concepts (Su et al., 2022; Dhillon et al,,
2022; Grayson et al., 2022). However, the application of these technologies in
science classrooms, especially in elementary school, has been less studied, and
its impact on various variables, such as critical thinking, social development, and
creative thinking, still requires more research.

Science, as one of the most important basic subjects, plays an important role
in developing students' cognitive abilities, problem-solving skills, and
understanding of the surrounding environment (Wu et al., 2022; Sampanis, 2020
Hacatrajana, 2022).

However, traditional teaching methods ate often unable to stimulate students'
critical thinking, social development, and creativity due to their focus on one-
way information transfer and lack of active student interaction with the course
content (Grady & Bell, 2021; Vedawala et al., 2024). In contrast, the use of Al
tools in the classroom can encourage students to actively participate in the
learning process by simulating real-world situations, creating practical scenarios,
and providing immediate feedback (Russell et al., 2023; Zurmegly & Adams,
2017; Pham & Nguyen, 2024).

Critical thinking refers to the ability to analyze, evaluate, and synthesize
information to make informed and logical decisions (Rupp, 2019; Chesire et al.,
2022; Heidari & Ebrahimi, 2016). In this context, Al plays an effective role in
strengthening students' analytical skills (Ji et al., 2024; Heshberger et al., 2024;
Gao, 2023).

Social development is a key element of learning, including communicating,
collaborating with others, and understanding roles and responsibilities in social
settings (Tuma & Aljazeeri, 2021; Garcia-Carrién et al., 2018). Al-based learning
enhances these skills by providing group and project-based activities in
interactive environments (Barman & Jena, 2021; Scallan Walter et al., 2022;
Afrashtehfar & Assery, 2017).
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Creative thinking refers to the ability to generate innovative ideas and come
up with creative solutions to problems (Sathe el al, 2024; Ritter & Ferguson,
2017; Snow, 2019; Wolcott al, 2021). Al-based tools can encourage students to
think creatively by providing simulated scenarios and creative challenges
(Beghetoo & Madison, 2022; Chiles & et al., 2022; Royal & Hedgpeth, 2018).

Research Question(s)

This research can help enrich the literature on Al and education and provide
new theoretical frameworks for teaching experimental science. From a practical
perspective, the results of this research can guide teachers and educational
administrators in designing and implementing new educational programs. The
hypotheses of this research are as follows:

1. There is a significant difference between the mean post-test of critical thinking
of students in the experimental and control groups.

2. There is a significant difference between the mean post-test of social
development of students in the experimental and control groups.

3. There is a significant difference between the mean post-test of creative
thinking of students in the experimental and control groups.

Methodology

The present study is an applied study in terms of its purpose, which was
conducted using a quasi-experimental method and a pre-test-post-test design
with a control group. The statistical population of the study included all fourth-
grade male students (10 years old) of public schools in Azadshahr city in the first
semester of the 1403-1404 academic year. A multi-stage cluster sampling method
was used to select the sample. For this purpose, first, two schools (Shaheed and
Razi schools) were randomly selected from among the schools in the statistical
population. Then, from among the four fourth-grade classes of these two
schools, the fourth classes of one of the control schools and the fourth classes
of two Razi schools, which had similar conditions in terms of academic
achievement and were almost homogeneous, were selected. In the next stage,
one of the classes was randomly selected as the experimental group and the other
as the control group. The number of students in each group was 30, and the
total statistical sample of the study included 60 students (30 in the experimental
group and 30 in the control group).
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Results

The results of the data analysis (Tables 4 and 5) showed that Al-based education
had a significant effect on students' critical thinking (F=125.465, P<0.001) and
explained 67% of the variance in critical thinking. The experimental group
performed significantly better than the control group (mean: 123.90 vs. 97.40).
This increase indicates the ability of Al tools to create interactive and analysis-
based learning environments that improved students' analytical and reasoning
skills. Regarding social development (Tables 7 and 8), Al-based education had a
significant effect (F=52.320, P<0.001) and explained 62.2% of the variance in
social development. The experimental group scored higher on the social
development post-test than the control group (mean: 30/108 vs. 50/85). These
findings suggest that Al-based group and project-based activities provide more
opportunities for social interaction, collaboration, and strengthening
communication skills.

In the area of creative thinking, data analysis showed that Al-based training
had a significant effect on creative thinking (F=48.320, P<0.001), explaining
61.8% of the variance in creative thinking. The experimental group scored higher
on the creative thinking post-test than the control group (mean: 20/145 vs.
60/110). The simulated activities and creative challenges in the experimental
group likely played a key role in this improvement.

Conclusion

The results of this study demonstrate the widespread positive impact of Al on
student learning and skills. Al-based technologies can create interactive and
personalized learning environments that not only help reinforce scientific
concepts, but also promote key skills such as critical thinking, creativity, and
social development. The simulation tools, immediate feedback, and interactive
activities provided by these technologies encourage students to engage more
actively and learn deeper, improving their problem-solving and reasoning skills
(Bhusnurmath et al., 2021; Abdel Meguid & Collins, 2017; Havola et al., 2021).

In addition, AI has been able to help transform traditional teaching methods
(Moulin, 2024; Goldust et al., 2023). Unlike conventional methods that focus on
one-way information transfer, these technologies place students at the center of
the learning process and encourage them to generate innovative ideas and
flexible thinking by providing problem-based activities and creative challenges
(Yao et al.,, 2024).
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