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Extended Abstract

Introduction:
With the rapid evolution of educational technologies, Artificial Intelligence (Al) has emerged as a
powerful driver in transforming teaching and learning processes. Al technologies such as intelligent
tutoring systems, chatbots, machine learning, and virtual laboratories provide unprecedented
opportunities for adaptive, learner-centered, and personalized instruction. In science education,
particularly at the elementary level, Al can foster inquiry-based learning, support conceptual
understanding, and enhance student engagement through interactive digital content and simulations.
However, the effective integration of Al into science curricula requires a systematic understanding
of its pedagogical foundations and curriculum implications. This study addresses a critical gap by
identifying the core dimensions and components of an elementary science curriculum rooted in an
Al-based approach.

Objective:
The primary goal of this research is to identify and validate the fundamental dimensions and
components of the elementary science curriculum that align with an artificial intelligence-based
educational approach.

Methodology:
The study is descriptive-applied in nature and uses document analysis combined with research
synthesis methodology. Data were collected from 70 academic sources, including 30 national and 40
international documents, selected through systematic searches in both Persian and English academic
databases between 2016-2024. The Marsh seven-step synthesis model was used for content
integration, and open and axial coding were conducted to categorize and interpret data. The validity
of the coding was ensured through expert evaluation by two curriculum specialists.

Findings:
Analysis of the data revealed four core dimensions of the science curriculum under the Al approach:

1. Goals (12 components):

o Most emphasized: Personalized learning experiences

o Other key elements include equitable access to resources, immediate feedback, dynamic
learning environments, critical thinking and problem-solving skills, addressing technological gaps,
lifelong learning, and self-efficacy.

2. Content (4 components):

o Most emphasized: Creation of digital content

o Additional components: use of simulations, digital storytelling, and networking.

3. Teaching-Learning Strategies (4 components):

o Most emphasized: Simplification of complex concepts

o Other strategies include project-based learning, deep learning techniques, and guided
brainstorming.

4, Evaluation (3 components):
o Most emphasized: Immediate formative feedback
o Others include innovative and comparative evaluation methods.

Theoretical Framework:
The Al-based science curriculum aligns predominantly with three major learning theories:
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. Constructivism: Promotes knowledge building through active, inquiry-based learning
supported by Al tools.
. Behaviorism: Reinforces correct responses using gamified environments and instant

feedback mechanisms.
. Sociocultural theory (Vygotsky): Encourages collaborative learning, peer support,
cultural sensitivity, and global classroom interactions.

Implications:
Al tools offer significant potential in enhancing the curriculum by:

. Supporting differentiated instruction and personal learning paths.

. Providing immersive simulations to explain abstract scientific concepts.

. Enabling real-time diagnostics and tailored feedback.

. Encouraging cross-disciplinary projects and integrating environmental and engineering
topics.

. Facilitating multilingual communication and inclusivity for learners with special needs.

Furthermore, the research highlighted specific Al applications for science curriculum such as:
. Virtual labs for chemistry and biology.

. Story-driven physics lessons using fantasy elements.
. Real-time molecular structure visualization using Al platforms like IBM RXN.
. Al-enhanced project planning for scientific investigations (e.g., the water cycle or

photosynthesis).

Challenges Identified:
Despite the transformative potential of Al in education, the study identified several implementation
challenges:

. Insufficient teacher readiness and lack of Al-related pedagogical training.
. Technical limitations in school infrastructure.

. Limited availability of culturally contextualized Al educational resources.
. Concerns over ethical use, misinformation, and digital inequity.
Conclusion:

The integration of Al into elementary science curricula promises to revolutionize teaching and
learning by providing personalized, engaging, and inclusive experiences. This study contributes to
curriculum development by offering a validated framework that outlines the core goals, content areas,
instructional strategies, and assessment methods within an Al-enhanced educational context.
Emphasizing Al’s compatibility with foundational learning theories, the research advocates for
strategic planning, teacher empowerment, and investment in infrastructure to maximize the benefits
of Al in science education.
Recommendations:

. Develop national curriculum guidelines that incorporate Al literacy and competencies.

. Train educators to design Al-integrated lesson plans and assessments.

. Facilitate access to Al platforms and tools in public schools.

. Encourage international collaborations to exchange best practices in Al-enhanced science

teaching.



Identification of the Dimensions and Components; Aghdami Tabar et al. 18

By aligning Al technologies with pedagogical frameworks, curriculum designers and educators
can build future-ready science programs that foster innovation, inclusivity, and deeper learning
outcomes among elementary learners.
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