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ABSTRACT

Learning algebraic concepts, particularly algebraic identities, is one of the
major challenges in mathematics education at the lower secondary level.
This study aimed to investigate the effectiveness of computer-supported
collaborative learning with the aid of Al-based group chats on ninth-grade
students’ understanding of algebraic identities, based on the APOS
theoretical framework. The research employed a mixed-methods
(quantitative—qualitative) design. In the quantitative phase, a quasi-
expetimental pretest—posttest design with a control group was used. The
sample consisted of 60 ninth-grade male students from Kerman in the
2024-2025 academic year, selected through cluster random sampling and
assigned to experimental and control groups. The experimental group
received instruction over two weeks in four consecutive sessions using
computer-supported collaborative learning with Al-assisted group chats,
while the control group received traditional instruction. The research
instrument was a researcher-made test based on APOS levels. The results
demonstrated that after controlling for baseline differences, the
experimental group significantly outperformed the control group, with a
large and substantial effect size. The qualitative analysis of interactions also
revealed cognitive development from the Action level towatd the Process,
Object, and Schema levels. Overall, integrating artificial intelligence into
collaborative learning contributed to deepening students’ conceptual
understanding of algebraic identities.
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Introduction

Mathematics education research has increasingly emphasized conceptual
understanding and the construction of meaning rather than procedural
proficiency alone. This challenge is particulatly evident in teaching algebraic
identities, where learning is often reduced to memorizing formulas and
performing expansion algorithms. In response, cognitive theories such as APOS
have been developed to describe the mental structures underlying students’
understanding of mathematical concepts. APOS theory, grounded in Piaget’s
genetic constructivism, frames learning as a transition from Action to Process,
then to Object construction, and finally to Schema integration. Prior research
has shown that students often remain at the action or process levels when
instruction is dominated by symbolic manipulation, preventing them from
developing object-level understanding or coherent algebraic schemas. With the
rise of computer-supported collaborative learning (CSCL) and Al-enhanced
environments, new opportunities have emerged for deeper conceptual
engagement, guided reflection, and collaborative knowledge construction.
Studies such as Noroozi et al. (2025), Van Leeuwen et al. (2024), and the meta-
analysis by Talan (2021) highlight the positive impact of digital interactions and
intelligent support on participation and learning outcomes. However, few
studies have purposefully integrated CSCL, Al-supported group chat, and APOS
theory in the context of algebraic identities—a gap this study aims to address.

Research Question(s)

- What is the effect of computer-supported collaborative learning with Al
assistance, based on the APOS framework, on Grade 9 students’ learning
of algebraic identities?

- How does this approach influence students’ cognitive development across
APOS levels (Action, Process, Object, and Schema)?

Literature Review

APOS theory (Arnon et al, 2014; Asiala et al, 1996) provides a robust
framework for analyzing conceptual development in algebra. Research in CSCL
emphasizes collaborative knowledge building rather than mere communication
(Stahl et al., 20006). Recent studies integrating Al into collaborative learning
environments have shown promising outcomes in fostering group interaction,
conceptual dialogue, and self-regulation. Noroozi et al. (2025) examined the role
of emerging technologies in strengthening peer learning. Their study highlights
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the use of tools such as Al-supported peer assessment systems, multimodal
learning analytics, gamified online platforms, social comparison—based feedback
dashboards, and group awareness tools. The findings indicate that these
technologies can enhance the quality and acceptance of peer feedback, increase
learner interaction, and support reflective and collaborative learning as well as
the development of peer feedback literacy. Similarly, Van Leeuwen et al. (2024)
argued that learners’ sense of autonomy, competence, and relatedness strongly
predicts productive collaboration. In mathematics education, Al has been shown
to enhance conceptual understanding by providing instant feedback, analyzing
misconceptions, and supporting large-group classroom management. Studies
using Al-based chatbots highlight increased student engagement, richer
academic discourse, and improved interaction quality (Winkler & Séllner, 2018;
Li et al, 2025). Despite these advances, few studies have integrated Al-
supported group chat with an explicit APOS-based learning design in algebraic
identities.

Methodology

A mixed-methods design was employed to provide a comprehensive
understanding of students’ conceptual development. Quantitatively, a quasi-
experimental pretest—posttest design with a control group was used.
Qualitatively, students’ interactions in an Al-supported group chat environment
were analyzed using directed qualitative content analysis.

The participants were 60 ninth-grade male students selected through cluster
random sampling from two classes in Kerman. One class (n = 30) was assigned
to the experimental group and participated in Al-assisted collaborative learning,
while the other (n = 30) served as the control group and received traditional
instruction. Due to challenges in stable access to the Al chat environment, only
10 students in the experimental group completed all sessions and were included
in the analysis.

The intervention lasted two weeks and consisted of four consecutive sessions.
The experimental group engaged in collaborative problem-solving through an
Al-supported group chat (ChatGPT-based), where students posed questions,
explained solutions, compared approaches, and received real-time intelligent
feedback. Pretest and posttest assessments, aligned with APOS levels, were used
to measure conceptual understanding. Reliability was confirmed through
Cronbach’s alpha (0.80 for the pretest and 0.86 for the posttest). Qualitative data
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were obtained from 376 chat logs, coded independently by two experts using
APOS categories, with inter-coder agreement confirmed via Cohen’s kappa
(0.83), indicating substantial reliability.

Results

The findings showed that the Al-supported instructional intervention had a
meaningful positive effect on students’ learning of algebraic identities. Because
the score distributions were not normal, nonparametric analyses were first used,
and the results indicated that the two groups were not homogeneous at the
pretest stage. Therefore, ANCOVA was conducted to control for baseline
differences. The analysis confirmed that, even after controlling for pretest
performance, the experimental group significantly outperformed the control
group. This suggests that the superiority of the experimental group was not
simply due to its initial advantage, but reflected the independent effect of the
Al-based intervention. In addition, within-group analyses showed that learning
progress was stronger in the experimental group.

The qualitative findings supported these results. Based on the APOS
framework, students in the experimental group demonstrated stronger
movement toward the Object and Schema levels, while most students in the
control group remained at the Action and Process levels. This suggests that the
intervention promoted not only higher performance but also deeper conceptual
understanding. Analysis of 376 chat logs further showed that students’
interactions gradually shifted from procedural questions to more conceptual and
reflective inquiries. In this process, Al functioned as a scaffold that supported
reasoning and encouraged higher-order thinking. Overall, the combined
quantitative and qualitative findings indicate that Al-assisted instruction had a
meaningful role in improving both achievement and conceptual development in
learning algebraic identities.

Conclusion

The findings demonstrate that Al-supported computer-based collaborative
learning, grounded in APOS theory, can significantly enhance students’
conceptual understanding of algebraic identities. The combination of
collaborative dialogue, intelligent feedback, and structured task design helped
students progress beyond surface-level manipulation toward deeper structural
comprehension. This learning environment promoted meaningful participation,
improved mathematical discourse, and facilitated cognitive transitions to higher
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APOS levels, particularly Object and Schema. Despite limitations such as
reduced sample size due to technological constraints, the mixed-methods
approach strengthened the validity of the conclusions. The study highlights the
potential of Al-enhanced collaborative environments to transform traditional
algebra instruction by supporting conceptual, interactive, and reflective learning
processes. Future studies should examine larger samples, include female

students, and extend this approach to other mathematical domains.
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