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ABSTRACT

This qualitative study investigated the mechanisms, effects, and implications
of applying Artificial Intelligence (AI) to represent and facilitate the
understanding of abstract phenomena and concepts in elementary science
education. The study employed a systematic review and thematic synthesis
approach guided by the PRISMA statement. Relevant studies published
between 1390-1404 Solar Hijri (2010-2025 AD) were identified through
purposive sampling from domestic databases (Magiran, IranDoc, Civilica,
and Noormags) and international databases (Web of Science, Scopus,
ScienceDirect, and Google Scholar). After removing duplicates and applying
the inclusion and exclusion critetia, 10 studies were selected for thematic
analysis. Findings indicated that Al, through multimodal representations,
interactive simulations, knowledge modeling, and personalized learning,
substantially improves students’ understanding of abstract concepts in
elementary science. It reduces cognitive load, strengthens causal reasoning,
enhances learner motivation and engagement, and promotes deep
conceptual and inquiry-based learning rather than rote memorization. Al
therefore has strong potential to transform elementaty science education;
however, its effective implementation requires sound instructional design,
adequate technological infrastructure, and appropriate teacher professional
development.

Cite this Article: Lakzang, S., & Khalifeh, GH. (2026). A Systematic Review of the Application of Artificial
Intelligence in Representing and Facilitating the Understanding of Abstract Phenomena
and Concepts in Science Instruction. Trends and Achievements in Learning Technology, 3(11),
185-217. https://doi.org/10.22034/j1t.2026.2089503.1115

© 2026 by The author(s) retain the copyright
Publisher: Iranian Educational Technology Association
DOT: https://doi.org/10.22034/1t.2026.2089503.1115


mailto:zandisalimeh@gmail.com
mailto:gh.khalifeh@saadi.shirazu.ac.ir
https://orcid.org/0009-0006-7174-253x
https://orcid.org/0000-0003-2637-7618
https://doi.org/10.22034/jlt.2026.2089503.1115

Trends and Achievements in Learning Technology
\ Vol 3,No. 11,2026, Page | 186

7

Introduction

Teaching experimental sciences plays a fundamental role in developing students'
cognitive abilities by helping them observe, explain, and predict natural
phenomena (Haug & Odegaard, 2014). However, many scientific concepts—
such as force, electricity, cell structure, and astronomical events—are abstract
and not directly observable. This abstraction poses a significant challenge for
primary school students, who are largely in Piaget's concrete operational stage
(ages 7-11) and rely on tangible, sensory experiences for learning (Ghazi &
Ullah, 2015). Traditional teaching methods, based on repetition and direct
transmission of knowledge, cannot effectively address this challenge (Farrokhnia
et al, 2019). In recent years, Al-based technologies—including interactive
simulations, virtual reality, and augmented reality—have emerged as promising
tools to concretize abstract phenomena and enhance students' understanding
(Arici & Yilmaz, 2023; Jiang et al., 2025). Al-powered modeling and simulation
allow learners to visualize invisible processes, explore relationships between
variables, and receive intelligent feedback (Yufei et al., 2020; Anderson et al.,
2025). Despite these benefits, the widespread adoption of Al in primary science
education faces challenges such as lack of trained teachers, inadequate
equipment, and poor instructional design (Zarnik, 2017; Banda & Nzabahimana,
2022). Although many studies have examined Al's impact on representing
abstract concepts, a comprehensive overview of its mechanisms, effects, and
consequences remains lacking. Therefore, this study aims to map the existing
literature on how artificial intelligence represents complex phenomena and
facilitates understanding of abstract concepts in experimental science education.

Research Question(s)

1. What are the mechanisms through which artificial intelligence represents
and facilitates understanding of abstract phenomena and concepts in
experimental sciences?

2. What impact does artificial intelligence have on the representation of
phenomena and abstract concepts in experimental sciences at the
primary education level?

3. What are the consequences of applying artificial intelligence to the
representation of phenomena and abstract concepts in experimental
sciences?
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Literature Review

Most existing studies on Al in education have focused on secondary and higher
education or on general outcomes like academic achievement and motivation,
while few have specifically addressed the role of Al in representing abstract
concepts at the primary level (Zawacki-Richter et al., 2019; Holmes et al., 2019).
This is although abstract concepts pose major challenges for young learners
(Vosniadou, 2013). Traditional teaching methods, such as verbal explanation and
memorization, are insufficient for conveying complex, abstract ideas (Potter,
2024). In contrast, interactive simulations and immersive environments have
been shown to enhance understanding of abstract concepts (Arici & Yilmaz,
2023; Jiang et al., 2025). Al-based modeling enables visual representation of
invisible processes like electric current or cell division, deepening learning (Yufei
et al., 2020). Overall, Al can be a transformative tool for representing abstract
concepts, provided it is designed according to students' developmental needs.

Methodology

This qualitative study employed a systematic review and theme-synthesis
approach. Following the PRISMA guidelines, relevant studies were
systematically identified, evaluated, and coded, and their findings were
analytically integrated into common themes and mechanisms. The search
covered Iranian databases (Magiran, IranDoc, Civilica, Noormags) and
international databases (SpringerLink, Web of Science, ScienceDirect, Google
Scholar) from 2010-2025 (Persian sources: 2011-2025). Keywords related to Al,
science education, primary school, abstract concepts, and conceptual
understanding were combined using AND/OR operators. After screening, 10
studies most aligned with the research objectives were selected for final analysis.
Thematic analysis was used to code and organize findings into three main
categories: (a) Al mechanisms (e.g., multimodal representation, knowledge
modeling, personalization), (b) types of impact on representation (e.g., reducing
abstraction, causal explanation, active interaction), and (c) multidimensional
consequences (educational, motivational, behavioral, and metacognitive).
Findings are presented as an analytical narrative and three systematic tables.

Results

Research Question 1: What are the mechanisms through which Al represents
and facilitates understanding of abstract phenomena and concepts in
experimental sciences?
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The systematic review reveals that Al facilitates understanding of abstract
scientific concepts through several cognitive and representation-oriented
mechanisms. First, Al generates multimodal representations (text, images,
interactive structures) that reduce cognitive load and provide diverse perceptual
pathways (Mayer, 2021; Holmes et al., 2019). Second, through knowledge
modeling, Al organizes concepts into semantic and network structures, helping
learners see relationships between scientific phenomena (VanlLehn, 2011; Woolf,
2021). Third, personalization allows Al to adapt representations to each learnet’s
cognitive characteristics and prior knowledge (Zawacki-Richter et al., 2019;
Chen et al., 2020). Fourth, data-driven learning analyzes interaction patterns to
optimize how abstract concepts are presented (Zawacki-Richter et al., 2019).
Finally, dynamic representation displays concepts as evolving processes, which
is particularly helpful for understanding gradual changes in scientific phenomena
(Mayer, 2021). Together, these complementary mechanisms serve as a cognitive
bridge, transforming abstract scientific knowledge into understandable and
meaningful structures.

Research Question 2: What impact does Al have on representing abstract
phenomena and concepts in experimental sciences at the primary education
level?

At the primary level, Al acts as an active cognitive mediator with
multidimensional impacts on representing and understanding abstract concepts.
Cognitively, Al reduces abstraction by converting invisible scientific concepts
(e.g., water cycle, forces) into simple, imaginable representations suited to young
learners’ concrete operational stage (Holmes et al., 2019; Mayer, 2021).
Structurally, Al supports conceptual structuring by displaying relationships
between scientific concepts in simplified, networked ways, moving learners from
isolated facts to coherent mental models (Vanl.ehn, 2011; Woolf, 2021). AT also
provides immediate error correction, addressing misconceptions as they occur
(Holmes et al, 2019). Furthermore, Al enables explanation of causal
relationships by simplifying cause-and-effect links in scientific phenomena,
helping learners understand processes step by step (Holzinger et al., 2019).
Finally, Al promotes active cognitive engagement through intelligent dialogues
and guided inquiry, transforming learning from passive reception to exploratory
meaning-making (Luckin et al., 2016; Kasneci et al., 2023).

Research Question 3: What are the consequences of applying Al to represent
abstract phenomena and concepts in experimental sciences?
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The application of Al to represent abstract concepts in experimental sciences
yields multidimensional consequences across educational, motivational,
behavioral, and metacognitive domains. Educationally, Al improves teaching
effectiveness through personalized content and adaptive learning paths, leading
to better academic performance and preventing superficial learning
(Zawacki-Richter et al., 2019; Woolf, 2021). Motivationally and emotionally, Al
increases learning motivation and reduces anxiety toward complex scientific
concepts by making interactions engaging and providing positive feedback
(Chen et al,, 2020; Luckin et al., 2016). Behaviorally, Al transforms passive
learning into active, exploratory, and interactive processes, increasing learner
engagement and participation (Kasneci et al., 2023). Metacognitively, Al
strengthens self-regulated learning skills by providing targeted feedback and
step-by-step guidance, helping learners identify and correct their own errors
(Holmes et al., 2019; Woolf, 2021). Overall, Al facilitates a shift from rote
memorization to deep, meaningful, and transferable conceptual understanding.

Conclusion

This systematic review examined Al's mechanisms, impacts, and consequences
for representing abstract concepts in primary science education. Findings show
that Al acts as an intelligent cognitive mediator, not just a tool. Al employs six
key = mechanisms—multimodal  representation, knowledge modeling,
personalization, data-driven learning, dynamic representation, and cognitive
reconstruction—that transform abstract concepts into understandable forms
(Mayer, 2021; Vanlehn, 2011). At the primary level, Al reduces abstraction,
structures concepts, corrects errors, explains causal relationships, and promotes
active engagement, all aligned with young learners' concrete operational stage
(Holmes et al., 2019). The consequences of Al use are multidimensional:
educational (personalized learning, better performance), motivational (increased
interest, reduced anxiety) , behavioral (active engagement), and metacognitive
(enhanced self-regulation) (Azevedo & Aleven, 2013; Deci & Ryan, 2000).
Opverall, Al holds strong potential to transform science education by shifting
learning from memorization to deep conceptual understanding. However,
effective use requires proper instructional design, developmental alignment, and
teacher training. Future research should test these findings through experimental
studies in real classrooms.
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