https://ejournal.bbg.ac.id/jipei, Vol. 1, No. 1, Mei 2026

/ JIPEI:
‘ Journal of Incl

Education Inn

@ nttps://ejournal.bbg.ac.id/jipei jipei@bbg.ac.id
i

4
S

IMPLEMENTATION OF ARTIFICIAL INTELLIGENCE (Al)-BASED IPAS BOOKS
IN IMPROVING SCIENCE PROCESS SKILLS STUDENT’S

Asmanidar!, Lili Kasmini?, Siti Mayang Sari®

tUniversitas Bina Bangsa Getsempena, Aceh, Indonesia
2Universitas Bina Bangsa Getsempena, Aceh, Indonesia
SUniversitas Bina Bangsa Getsempena, Aceh, Indonesia

Corresponding Author: Asmanidar@email.com

Abstract: The integration of Artificial Intelligence (Al) in education has created new
opportunities to enhance students’ learning experiences and develop essential scientific
competencies. This study aimed to investigate the implementation of an Al-based IPAS
(Natural and Social Sciences) book in improving elementary school students’ science process
skills. The Al-based IPAS book was designed with interactive features, adaptive learning
pathways, intelligent feedback, and inquiry-based activities to facilitate scientific exploration
and problem-solving. The research employed a quasi-experimental design involving
elementary school students as participants. Data were collected through science process skills
tests, classroom observations, and student response questionnaires. The implementation of the
Al-based IPAS book significantly improved students’ science process skills. The average
post-test score increased from 63.45 in the pre-test to 84.72 in the post-test, indicating
substantial learning gains. Students demonstrated notable improvements in observing,
classifying, predicting, experimenting, interpreting data, and communicating scientific
findings. Statistical analysis showed a significant difference between pre-test and post-test
scores (p < 0.05), confirming the effectiveness of the intervention. Questionnaire results
indicated that 92% of students responded positively to the Al-based learning experience,
reporting increased motivation, engagement, and understanding of scientific concepts. Al-
based IPAS book encouraged active participation and inquiry-based learning. Real-time
feedback and personalized learning support enabled students to construct scientific knowledge
more effectively and independently. The study also demonstrates that Al-supported learning
materials can bridge the gap between traditional instruction and the demands of 21st-century
education by fostering critical thinking, problem-solving, and scientific literacy.
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INTRODUCTION

The rapid advancement of digital technology has transformed educational practices
worldwide, creating new opportunities to improve teaching and learning processes. Among
these technological innovations, Artificial Intelligence (Al) has emerged as a powerful tool
capable of personalizing learning experiences, providing adaptive feedback, and enhancing
student engagement (Yang & Taele, 2025). The integration of Al into educational resources
has gained significant attention due to its potential to support students’ cognitive development
and facilitate meaningful learning experiences. In the context of elementary education, Al-
based learning materials can help students interact with scientific concepts more actively and
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independently (Elfera et al., 2025). Al-based IPAS books are innovative learning media that
integrate subject materials with intelligent technology, enabling students to learn actively and
independently (Surianto et al., 2025). These books are equipped with interactive features such
as automatic exercises, digital illustrations, smart quizzes, and direct feedback that help
students understand learning concepts more easily (Elza, 2025).

Science education plays a crucial role in developing students’ understanding of natural
phenomena and fostering essential skills needed for lifelong learning (Novitasari et al., 2025).
In Indonesia, the subject of IImu Pengetahuan Alam dan Sosial (IPAS) is designed to integrate
scientific and social knowledge while encouraging students to explore, investigate, and solve
real-world problems (Bengio et al., 2021). Classroom observations and previous studies
indicate that many elementary school students still experience difficulties in mastering science
process skills due to teacher-centered instructional approaches, limited learning resources, and
insufficient opportunities for inquiry-based activities (Sari, Fidawati, et al., 2025). As a result,
students often focus on memorizing concepts rather than developing the skills necessary to
conduct scientific investigations (Nurjannah, 2025). Science process skills are fundamental
competencies that enable students to acquire knowledge through scientific inquiry (Sofianti,
2025). These skills include observing, classifying, measuring, predicting, formulating
hypotheses, experimenting, interpreting data, and communicating findings. The development
of science process skills is essential because it not only improves students’ understanding of
scientific concepts but also enhances critical thinking, problem-solving, and decision-making
abilities (Gabriel, 2024). Innovative learning resources are needed to facilitate the acquisition
of these skills and create more engaging learning environments (Cheng et al., 2025).

The implementation of Al-based IPAS books offers a promising solution to address
these challenges. Unlike conventional textbooks, Al-based books can provide interactive
content, adaptive learning pathways, intelligent tutoring features, real-time feedback, and
personalized learning experiences (Maulidin, 2024). Through these features, students are
encouraged to actively participate in learning activities, explore scientific phenomena, and
conduct investigations independently (Nababan et al., 2024). Al technology can support
differentiated instruction by accommodating diverse learning needs and providing appropriate
learning assistance based on individual student performance (Sahputra et al., 2025). Al-based
IPAS books offers a promising solution to address these challenges (Sobar et al., 2024).
Unlike conventional textbooks, Al-based books can provide interactive content, adaptive
learning pathways, intelligent tutoring features, real-time feedback, and personalized learning
experiences (Ningtiyas et al., 2019). Students are encouraged to actively participate in
learning activities, explore scientific phenomena, and conduct investigations independently.
Al technology can support differentiated instruction by accommodating diverse learning
needs and providing appropriate learning assistance based on individual student performance
(Purba et al., 2025).
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Al-Based IPAS Books: An Innovative Solution for
Effective and Personalized Learning

Al-Based IPAS Books
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Figure: 1. Efectivinees Al-Based IPAS Books

Artificial Intelligence into science learning materials, students are expected to become
more active learners and develop higher levels of science process skills, including observing,
classifying, predicting, experimenting, interpreting data, and communicating scientific
findings. This ultimately contributes to improved scientific literacy and better preparedness
for learning in the digital era. This study aims to investigate the implementation of an Al-
based IPAS book in improving students’ science process skills. Specifically, the study
examines the effectiveness of the Al-based learning resource in enhancing students’ abilities
to observe, classify, predict, experiment, interpret data, and communicate scientific findings.
The findings of this study are expected to contribute to the development of innovative
educational technologies and provide practical recommendations for teachers, curriculum
developers, and policymakers seeking to improve the quality of science education in the
digital era.
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METHOD

This study employed a quantitative approach using a quasi-experimental research
design with a one-group pretest—posttest model. The design was selected to examine the
effectiveness of implementing an Artificial Intelligence (Al)-based IPAS book in improving
students’ science process skills. Students’ science process skills were measured before and
after the intervention to determine the learning gains resulting from the use of the Al-based
learning material. The participants of this study consisted of 30 fourth-grade students from an
elementary school in Indonesia. The participants were selected using purposive sampling
based on the school's readiness to implement digital learning resources and the availability of
technological facilities. The students had diverse academic backgrounds and learning abilities,
representing typical elementary school learners. Participation in this study was voluntary.
Permission was obtained from the school administration, classroom teachers, and students’
parents before conducting the research. All collected data were treated confidentially and used
solely for academic research purposes.
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Figure: 2. Research Method Design
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RESULT AND DISCUSSION

The effectiveness of the Al-based IPAS book was evaluated by comparing students’
science process skills before and after the implementation. The results showed a significant
improvement in students’ performance following the intervention. The implementation of the
Al-based IPAS book was conducted for six instructional sessions over three weeks. To
evaluate its effectiveness, students completed a science process skills test before (pre-test) and
after (post-test) the intervention.

Table 1. Comparison of Pre-test and Post-test Scores

Test Mean SD N-Gain
Pre-test 63.45 8.72
Post-test 84.72 6.35 0.58

The results showed a substantial increase in students’ science process skills after using
the Al-based IPAS book. The mean score increased from 63.45 to 84.72, indicating an
improvement of 21.27 points. The average N-Gain score of 0.58 falls within the moderate
category, demonstrating that the Al-based IPAS book effectively enhanced students’ scientific
skills. A paired-sample t-test revealed a statistically significant difference between the pre-test
and post-test scores (p < 0.05), indicating that the intervention contributed significantly to
students’ learning outcomes. To identify specific areas of improvement, students’
performance was analyzed according to seven science process skill indicators.

100

Pre-test Post-test

Figure: 3. Pretest and Posttest Graph

The graph shows a substantial increase in students’ science process skills after the
implementation of the Al-based IPAS book. The mean pre-test score was 63.45, while the
mean post-test score increased to 84.72, resulting in a gain of 21.27 points. This improvement
indicates that the Al-based IPAS book effectively supported students in developing scientific
inquiry abilities, including observing, classifying, predicting, hypothesizing, experimenting,
interpreting data, and communicating scientific findings. The increase in scores suggests that
integrating Artificial Intelligence into learning materials can create a more interactive,
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personalized, and engaging learning environment that enhances students' science process
skills.

Table 2. Science Process Skill Achievement

Indicator Pre-test (%) Post-test (%) Improvement (%)
Observing 65.20 88.50 23.30
Classifying 62.40 84.30 21.90
Predicting 60.10 82.70 22.60
Hypothesizing 58.30 81.20 22.90
Experimenting 64.50 86.80 22.30
Interpreting Data 61.80 83.60 21.80
Communicating 62.10 85.40 23.30

The highest improvement was found in observing and communicating skills, each
increasing by 23.30%. These findings suggest that students became more capable of
identifying scientific phenomena and communicating their findings after engaging with the
Al-supported learning activities. The overall response rate reached 92.4%, indicating that
students highly appreciated the Al-based IPAS book. Most students reported that the
interactive features and personalized feedback helped them better understand scientific
concepts and complete inquiry-based activities.

The findings demonstrate that the implementation of the Al-based IPAS book
significantly improved students’ science process skills. The increase in post-test scores
indicates that Al-supported learning materials can effectively facilitate scientific inquiry and
enhance students’ engagement in the learning process. One of the major factors contributing
to this improvement is the interactive nature of the Al-based IPAS book. Unlike traditional
textbooks that mainly provide static information, the Al-based IPAS book incorporates
multimedia resources, simulations, adaptive learning pathways, and intelligent tutoring
systems. These features create a dynamic learning environment that encourages students to
actively participate in scientific investigations rather than passively receiving information.
The significant improvement observed in observing and experimenting skills can be explained
by the inquiry-based learning activities embedded within the Al-based IPAS book. Students
were required to observe scientific phenomena, conduct virtual experiments, record evidence,
and draw conclusions. Such activities align with constructivist learning theory, which
suggests that knowledge is actively constructed through meaningful interactions with learning
environments. Through direct exploration and investigation, students developed a deeper
understanding of scientific concepts and processes.

The Al system provided immediate feedback and adaptive recommendations based on
students’ performance. This feature allowed students to identify misconceptions quickly and
receive targeted assistance, thereby promoting self-regulated learning. As a result, students
were able to learn at their own pace while maintaining high levels of motivation and
engagement (Sari, Bangsa, et al., 2025). The positive student responses further support the
effectiveness of the Al-based IPAS book. More than 90% of students reported that the
learning resource was easy to use, interesting, and helpful in understanding scientific concepts
(Yaseen et al., 2025). These findings indicate that integrating Al technology into educational
materials can increase students’ motivation and willingness to participate in learning
activities. Previous studies have similarly reported that Al-assisted learning environments
contribute to greater student engagement, academic achievement, and higher-order thinking
skills (Pendidikan & Hasanah, 2026). Al-based IPAS book also supports the development of
21st-century competencies, including critical thinking, problem-solving, communication,
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creativity, and digital literacy (Fitas, 2025). By engaging students in inquiry-oriented
activities and providing intelligent learning support, the Al-based book prepares learners to
face the challenges of an increasingly technology-driven society (Mahbub, 2024). The
research was conducted in a single school with a limited number of participants, which may
affect the generalizability of the findings (Smart et al., 2023). Future studies should involve
larger samples and experimental control groups to provide stronger evidence regarding the
effectiveness of Al-based learning materials. Longitudinal research is also recommended to
investigate the long-term impact of Al-supported learning on students’ scientific literacy and
academic achievement (Mardhatillah et al., 2024). Al-based IPAS book is an effective
educational innovation that promotes active learning and significantly improves students’
science process skills. The integration of Artificial Intelligence into science learning resources
offers promising opportunities for transforming elementary science education and fostering
meaningful learning experiences in the digital era.
CONCLUSION

The findings of this study demonstrate that the implementation of an Artificial
Intelligence (Al)-based IPAS book effectively improves elementary school students’ science
process skills. The significant increase in post-test scores compared to pre-test scores
indicates that the Al-based learning resource successfully enhanced students’ abilities in
observing, classifying, predicting, formulating hypotheses, experimenting, interpreting data,
and communicating scientific findings. The moderate N-Gain score further confirms the
effectiveness of the intervention in supporting meaningful learning outcomes. The positive
impact of the Al-based IPAS book can be attributed to its interactive content, adaptive
learning pathways, intelligent tutoring features, real-time feedback, and personalized learning
experiences. These features encouraged students to actively engage in inquiry-based
activities, explore scientific phenomena independently, and develop a deeper understanding of
scientific concepts. Moreover, the high level of student satisfaction suggests that Al-supported
learning environments can increase motivation, participation, and overall learning
engagement. The study also highlights the potential of Al technology to support differentiated
instruction by accommodating diverse learning needs and providing individualized learning
assistance. As a result, Al-based instructional materials can contribute not only to improved
academic achievement but also to the development of essential 21st-century competencies,
including critical thinking, problem-solving, communication, and digital literacy. Al-based
IPAS book represents an innovative and effective educational tool for enhancing science
process skills in elementary education. The integration of Artificial Intelligence into science
learning materials offers promising opportunities to transform traditional learning
environments into more interactive, personalized, and student-centered experiences. Future
research is recommended to involve larger samples, multiple educational settings, and longer
implementation periods to further investigate the long-term impact of Al-supported learning
on students’ scientific literacy and academic performance.
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