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Abstract

Recent advances in generative artificial intelligence (Al) have created new opportunities for
enhancing mathematics education, particularly in supporting students’ engagement with
abstract concepts through digital representations. This evaluative action research study
examines the effectiveness of integrating generative Al as a mediating cognitive tool within a
projectbased learning (PBL) framework to foster mathematical thinking and digital inquiry
skills among Arab secondary school students in Israel.

The study employed a mixed methods design, combining quantitative survey data with
qualitative analysis of students’ Al interaction logs, reflective teacher observations, and a
concluding focus discussion. Participants were nine Grade 11 students with no prior
programming experience, who were tasked with designing an interactive web based
mathematical application using natural language interaction with large language models. The
project emphasized the construction and interpretation of multiple digital representations to
support conceptual understanding and problem solving.

Findings indicate that students successfully developed functional digital applications and
demonstrated significant growth in mathematical thinking, representational fluency, and
strategic interaction with Al tools. Qualitative evidence revealed a clear progression from
initial confusion to increasingly sophisticated inquiry strategies, highlighting the central role
of conceptual understanding in guiding effective Al mediated learning.

The study contributes a practical and theoretically grounded model for integrating generative
Al into mathematics education in linguistically diverse and resource limited contexts,
emphasizing that pedagogical design rather than technological availability alone is critical to
meaningful learning outcomes.

KeywordsGenerative Al, Mathematical Thinking, Digital Representations, Project Based
Learning, Secondary Mathematics Education.

Introduction

In recent years, mathematics education has continued to face persistent challenges related to
students’ limited development of deep mathematical thinking, particularly when engaging with
abstract concepts and complex problem solving situations. While many students demonstrate
procedural proficiency, research consistently indicates that they struggle to construct
meaningful connections between symbolic expressions, visual representations, and verbal
explanations, resulting in fragmented and superficial understanding (Hibi, 2017; Hibi, 2018;
Hibi, 2022b; Hibi, 2022c; Shah & Wu, 2004; Taber, 2013). These difficulties are especially
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pronounced in secondary education, where mathematical concepts become increasingly
abstract and cognitively demanding.

Concurrently, rapid advancements in generative artificial intelligence (Al), particularly large
language models such as ChatGPT, Gemini, and Claude, have introduced new possibilities for
transforming learning environments. Generative Al systems are capable of producing
explanations, representations, and digital artifacts in response to natural language input,
thereby offering unprecedented opportunities for personalized and inquiry driven learning
(Holmes et al., 2019; Kasneci et al., 2023). Recent studies suggest that integrating such
technologies into educational contexts can enhance student engagement, support self-regulated
learning, and reduce technical barriers that previously constrained meaningful participation in
digital learning environments (Baidoo-Anu & Ansah, 2023; Hibi, 2020; Hibi, 2021a; Hibi,
2022a; Hibi, 2022d; Ouyang et al., 2022).

Within mathematics education, the role of representations is widely recognized as central to
conceptual understanding and mathematical thinking. Learners are required to coordinate
multiple representational forms symbolic, graphical, numerical, and verbal to construct
meaning and solve problems effectively. However, students frequently experience difficulty
transitioning between these representations, leading to cognitive overload and misconceptions
(Hibi, 2021b; Hibi, 2021¢; Hibi, 2022¢; Hibi, 2022f; Shah & Wu, 2004; Taber, 2013). Digital
representations have been shown to support understanding by making abstract ideas more
accessible and manipulable, yet their effective use often depends on students’ technical
expertise and institutional access to appropriate tools.

The integration of generative Al offers a potentially transformative response to these
challenges. By enabling students to generate, explore, and refine digital representations through
dialogue, Al tools can function as mediating artifacts that support inquiry and conceptual
development without requiring advanced programming skills (Hibi, 2021d; Hibi, 2021e; Hibi,
2022g; Hibi, 2023b; Kasneci et al., 2023; Hu & Chan, 2023). When embedded within well
designed pedagogical frameworks, generative Al may act as a cognitive scaffold rather than a
substitute for mathematical reasoning, encouraging students to articulate questions, test ideas,
and reflect on their understanding (Ouyang et al., 2022).

This pedagogical potential aligns closely with the principles of project based learning (PBL),
which emphasizes authentic tasks, learner autonomy, and knowledge construction through
active engagement (Blumenfeld et al., 1991; Shin & Krajcik, 2014). Rooted in socio
constructivist theory, PBL views learning as a socially mediated process in which tools and
interactions play a crucial role in extending learners’ zones of proximal development
(Vygotsky, 1978). Within this framework, generative Al can be conceptualized as a cultural
tool that supports learners in engaging with complex mathematical tasks while maintaining
cognitive responsibility.

The present study is situated in the context of Arab secondary schools in Israel, where students
face compounded challenges related to limited digital resources, systemic inequities, and
multilingual learning environments (Saad-Abu, 2006; Blass, 2020). Students typically learn
mathematics in Arabic while interacting with technological tools and academic resources
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designed primarily in English or Hebrew, increasing cognitive load and limiting access to
advanced digital learning opportunities (Amara, 2018; Cohen & Zilka, 2023; Hibi, 2021f; Hibi,
2021g; Hibi, 2023a; Hibi, 2025f). Despite growing interest in Al enhanced education, empirical
intervention studies examining the integration of generative Al in mathematics classrooms
within such contexts remain scarce.

In response to these challenges, this action research study investigates the integration of
generative Al within a project based mathematics learning environment to foster mathematical
thinking through digital representations. By examining students’ interactions with Al tools, the
evolution of their inquiry strategies, and the role of representational work in supporting
conceptual understanding, the study aims to contribute empirically grounded insights into
responsible and effective Al integration in secondary mathematics education.

Research Gap

Despite the expanding body of literature on artificial intelligence in education, several critical
research gaps remain. Existing studies have predominantly focused on higher education or
professional training contexts, often emphasizing technical performance or system design
rather than classroom level pedagogical processes and student learning experiences (Holmes
et al., 2019; Ouyang et al., 2022). In secondary education, and particularly within mathematics
classrooms, there is a notable scarcity of intervention based studies that examine how
generative Al can be pedagogically integrated to support inquiry, representation, and
conceptual understanding.

This gap becomes more pronounced when considering underrepresented and marginalized
educational contexts. The vast majority of empirical research on Al in education has been
conducted in Western, resource rich settings and published in dominant European languages
(Holmes et al., 2019). Arab schools in Israel, which serve a linguistic and cultural minority,
continue to experience systemic disparities in technological infrastructure, digital resources,
and institutional support (Saad-Abu, 2006; Blass, 2020). As a result, there is limited evidence
regarding how emerging Al technologies can be adapted to support equitable learning
opportunities in such environments.

Several interrelated dimensions further deepen this research gap. First, students in multilingual
contexts face additional cognitive demands when learning mathematics through digital tools
that operate primarily in non-native languages, potentially hindering conceptual understanding
and effective inquiry (Amara, 2018; Hibi & Tabajah, 2025; Migacheva & Li, 2025). Second,
while digital representations are widely acknowledged as critical for mathematical
understanding, there is insufficient empirical research examining how students actively
construct and negotiate these representations through Al mediated dialogue. Third, little is
known about how novice learners develop effective interaction strategies with generative Al,
particularly in the absence of prior programming experience (Kasneci et al., 2023; Hu & Chan,
2023).

Moreover, existing research often treats technological tools and pedagogical approaches as
separate domains, resulting in fragmented insights. There is a lack of integrative studies that
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combine generative Al, project based learning, and representational theory within a single
coherent framework. Such integration is essential for understanding not only whether Al tools
are effective, but how and under what conditions they meaningfully support mathematical
thinking and problem solving.

Addressing these gaps, the present study adopts an action research approach to explore the
integration of generative Al as a mediating tool within a project based mathematics learning
environment. By focusing on students’ representational work, inquiry processes, and evolving
interaction strategies, the study seeks to provide context sensitive evidence and a transferable
pedagogical model for leveraging generative Al to foster mathematical thinking in secondary
education, particularly within linguistically diverse and resource limited settings.

Theoretical Background

This study is grounded in a multi layered theoretical framework that integrates socio
constructivist learning theory, project based learning (PBL), research on representations and
inquiry, and contemporary perspectives on generative artificial intelligence in education.
Rather than treating these components as isolated elements, the framework conceptualizes
them as an interconnected system through which mathematical thinking is developed and
mediated.

Generative Artificial Intelligence as a Mediating Cognitive Tool

Generative artificial intelligence refers to a class of systems capable of producing contextually
relevant content such as explanations, representations, and code based on natural language
input. Large language models, including ChatGPT and Gemini, are increasingly
conceptualized in educational research not merely as information providers but as mediating
tools that support learners’ engagement with complex cognitive tasks (Hibi, 2024b; Hibi,
2024c; Hibi, 2026b; Hibi, 2026¢; Holmes et al., 2019; Kasneci et al., 2023).

From a socio constructivist perspective, such tools function as cultural artifacts that mediate
learning activity. When appropriately embedded in pedagogical design, generative Al can
scaffold learners’ engagement with abstract mathematical concepts by reducing technical
barriers while maintaining cognitive demand (Ouyang et al., 2022; Baidoo-Anu & Ansah,
2023). However, the literature also highlights critical challenges, including the risk of
overreliance, superficial learning, and the generation of inaccurate or misleading information
(“hallucinations”), underscoring the need for deliberate instructional design that foregrounds
critical inquiry and verification (Kasneci et al., 2023; Hu & Chan, 2023).

Project Based Learning and the Socio Constructivist Perspective

Project based learning serves as the pedagogical backbone of this study. Rooted in socio
constructivist theory, PBL emphasizes learning through engagement in authentic, complex
tasks that require sustained inquiry, decision making, and reflection (Blumenfeld et al., 1991,
Hibi & Khalifa, 2025; Shin & Krajcik, 2014). Learning is understood as a socially mediated
process in which knowledge is constructed through interaction with peers, tools, and the
learning environment.
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Drawing on Vygotsky’s (1978) concept of the zone of proximal development, PBL
environments create conditions in which learners can perform tasks that exceed their
independent capabilities when supported by appropriate scaffolds. In the present study,
generative Al is conceptualized as such a scaffold extending students’ capacity to design,
interpret, and refine digital mathematical representations while preserving their responsibility
for sense making and problem solving.

Representational Challenges in Mathematical Thinking

Mathematical understanding fundamentally depends on the coordination of multiple
representations. Learners must navigate between symbolic notation, graphical displays,
numerical data, and verbal reasoning to construct meaning and solve problems effectively.
Research has consistently shown that students often experience difficulty making these
transitions, leading to fragmented understanding and procedural rather than conceptual
learning (Hibi, 2024a; Hibi, 2024d; Hibi, 2025¢; Hibi, 2025g; Shah & Wu, 2004; Taber, 2013).

Digital representations offer powerful affordances for supporting mathematical thinking by
making abstract structures visible and manipulable. Interactive visualizations can support
spatial reasoning, pattern recognition, and conceptual insight. However, the effectiveness of
such representations depends on learners’ ability to actively construct and interpret them, rather
than passively consume ready made visualizations. This study positions representational work
as a central mechanism through which generative Al supports mathematical inquiry.

Contextual and Cultural Dimensions

The framework explicitly acknowledges the socio cultural context of Arab secondary schools
in Israel. Structural inequalities, limited access to advanced digital resources, and multilingual
learning environments shape students’ opportunities to engage with technology enhanced
mathematics learning (Hibi, 2025a; Hibi, 2025d; Hibi, 2026a; Saad-Abu, 2006; Blass, 2020).
Students typically learn mathematics in Arabic while interacting with technological tools and
academic discourse in Hebrew and English, increasing cognitive load and potentially
constraining conceptual understanding (Amara, 2018; Cohen & Zilka, 2023).

Within this context, the framework advances the hypothesis that generative Al when
thoughtfully integrated can function as an equity oriented tool that mitigates resource
limitations and linguistic barriers, enabling students to engage more deeply with mathematical
representations and inquiry processes.

Conceptual Integration and Synergy

The theoretical framework proposes a synergistic interaction among four core components: (a)
socio constructivist learning theory, (b) project based learning as an organizing pedagogy, (c)
generative Al as a mediating cognitive tool, and (d) representational work as the locus of
mathematical thinking. The central assumption is that meaningful learning emerges not from
the presence of technology alone, but from the alignment of pedagogical design, conceptual
focus, and contextual sensitivity. This integrated framework guides both the design of the
intervention and the interpretation of findings.
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Methodology
Research Design

The study adopts an action research approach with a mixed methods design, combining
quantitative and qualitative data sources to provide a comprehensive understanding of the
learning process and outcomes. Action research was selected due to its emphasis on improving
educational practice through iterative cycles of planning, action, observation, and reflection,
positioning the teacher as an active researcher within the classroom context.

Participants and Context

The study was conducted in an Arab secondary school in northern Israel characterized by
limited digital infrastructure and moderate class size. The participant group consisted of nine
Grade 11 students (six females and three males) enrolled in advanced mathematics courses. All
participants demonstrated satisfactory academic achievement in mathematics but reported no
prior experience in programming or software development. This selection was intentional,
allowing the study to examine the enabling potential of generative Al for novice learners
without technical backgrounds.

Educational Intervention: The Project

The intervention was designed as a project based learning activity titled “Mathematical
Problem Solving Explorer.” Students were tasked with designing a simple interactive digital
application that supported mathematical thinking through multiple representations. Using
natural language interaction with generative Al, students generated code, explanations, and
visual representations to construct digital artifacts that illustrated mathematical concepts and
problem solving processes.

The project unfolded across three sequential phases:

Exploration and Planning: Students were introduced to the goals of the project, basic principles
of digital representations, and the nature of generative Al interaction.

Initial Construction: Students developed a basic digital structure, focusing on representing
mathematical ideas visually and symbolically.

Interactive Refinement: Students enhanced interactivity, refined representations, and
iteratively improved their designs based on Al feedback and self evaluation.

Data Collection Instruments

To ensure methodological triangulation and enhance credibility, four primary data sources
were employed:

Al Interaction Logs: Records of students’ dialogues with generative Al were collected to trace
the development of inquiry strategies and representational thinking.

Learning Experience Questionnaire: A post intervention questionnaire using a five point Likert
scale assessed students’ engagement, perceived learning gains, and confidence in inquiry and
representation.
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Reflective Teacher Observations: The teacher researcher documented classroom observations,
focusing on challenges, breakthroughs, and shifts in students’ learning behaviors.

Concluding Group Discussion: A final discussion session provided qualitative insights into
students’ perceptions, challenges, and sense of achievement.

Data Analysis

Quantitative data from the questionnaire were analyzed using descriptive statistics (means and
standard deviations) to identify overall trends, given the small sample size. Qualitative data
from interaction logs, observations, and discussion transcripts were analyzed thematically to
identify recurring patterns related to inquiry strategies, representational work, and conceptual
understanding. The integration of quantitative and qualitative findings supported a nuanced
interpretation of both learning processes and outcomes.

Ethical Considerations and Limitations

Ethical approval was obtained, informed consent was secured from all participants, and
confidentiality was ensured through anonymization. The primary limitations of the study
include the small sample size and the absence of a control group, which constrain
generalizability. Nevertheless, the study aims to provide in depth, context sensitive insights
that can inform similar educational settings.

Results

This section presents the findings derived from the integrated analysis of four data sources:
students’ generative Al interaction logs, a post intervention learning experience questionnaire,
reflective teacher observations, and a concluding group discussion. The results are organized
around the study’s guiding research questions and are presented through a balanced
combination of quantitative and qualitative evidence.

Quantitative Results

The quantitative findings are based on a post intervention questionnaire consisting of 18 items
rated on a five point Likert scale (1 = strongly disagree, 5 = strongly agree). Due to the
small sample size (N =9), the analysis focuses on descriptive statistics to identify overall trends
in students’ engagement, perceived learning outcomes, and interaction with generative Al.

Overview of Questionnaire Results

Overall, the results indicate high levels of student engagement, satisfaction, and perceived
development of mathematical thinking and digital inquiry skills. Students reported positive
experiences with the project and expressed strong endorsement of Al supported project based
learning in mathematics.

Table 1. Means of Questionnaire Items (N = 9)

Item Description (abbreviated) Mean

1 The project captured my interest 3.89
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Item Description (abbreviated) Mean
2 I was motivated to complete the tasks 4.11
3 The work was enjoyable and meaningful 4.00

4 I connected digital representations with mathematical ideas 3.78

5 My understanding of mathematical concepts improved 3.89
6 It was relatively easy to guide the Al 3.44
7  Ifelt confident in formulating clear questions 3.22
8  Iknew how to simplify or reformulate my questions 3.67
9 I was able to identify Al errors 3.33
10 I requested examples or alternatives 4.11
11 I sometimes felt frustrated 3.00
12 Iwas concerned about the accuracy of Al responses 3.22
13 My problem solving ability improved 4.22
14 My creative thinking improved 3.89
15 My general digital skills improved 4.33
16 I became more aware of how I formulate questions 4.00
17 Ideveloped digital mathematical inquiry skills 4.22
18 1 would recommend this type of project 4.56

Note. Responses ranged from 1 (strongly disagree) to 5 (strongly agree).
Interpretation of Quantitative Findings

Engagement and overall satisfaction.
Students reported strong engagement with the project. Item 18 (“I would recommend this type
of project”) yielded the highest mean score (M =4.56), with eight out of nine students selecting
ratings of 4 or 5. This result aligns with high scores for interest (Item 1, M = 3.89) and
enjoyment (Item 3, M = 4.00), indicating positive affective engagement despite the cognitive
challenges involved.

Development of mathematical thinking and inquiry skills.
Students perceived notable gains in higher order thinking skills. Improvements in problem
solving (Item 13, M = 4.22) and digital mathematical inquiry (Item 17, M = 4.22) were among
the highest rated outcomes. These findings suggest that engaging with digital representations
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through Al mediated inquiry supported conceptual understanding and analytical reasoning in
mathematics.

Interaction with generative Al
Items related to Al interaction reflect a developmental trajectory rather than immediate
mastery. Confidence in formulating clear questions (Item 7, M = 3.22) and detecting Al
inaccuracies (Item 9, M = 3.33) were moderate, indicating ongoing challenges. At the same
time, students demonstrated strong strategic behavior by requesting examples and alternatives
(Item 10, M = 4.11) and developing awareness of their questioning strategies (Item 16, M =
4.00).

Frustration and cognitive challenge.
The neutral mean for frustration (Item 11, M = 3.00) suggests that while students experienced
difficulty, these challenges did not hinder persistence. Instead, the data point to productive
struggle characteristic of inquiry based learning environments.

Qualitative Results

Qualitative findings provide deeper insight into how students’ mathematical thinking and
inquiry strategies evolved throughout the project.

Initial Confusion and Early Difficulties in Inquiry

Reflective teacher observations and Al interaction logs revealed that students initially struggled
to formulate precise and purposeful questions. Early prompts were often vague (e.g., “Make a
math site” or “Explain the problem”), resulting in outputs that were either unusable or
misaligned with students’ goals. This pattern reflects limited familiarity with both digital
representation design and Al mediated inquiry.

Gradual Development of Inquiry Strategies

As the project progressed, students developed increasingly sophisticated interaction strategies.
Five recurring patterns were identified:

From general to specific requests: Students learned to constrain their prompts by specifying
mathematical goals, representations, and desired outputs.

Requesting concrete examples: Rather than abstract explanations, students increasingly asked
for worked examples and representational demonstrations.

Seeking clarification and simplification: Students frequently asked the Al to explain concepts
in simpler terms when confusion arose.

Persistence through iteration: Failed attempts were followed by reformulation and refinement
rather than abandonment.

Clarifying mathematical terminology: Students requested explanations of both mathematical
and technical terms before proceeding.

These strategies reflect growing metacognitive awareness and control over the inquiry process.
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Representational Work as a Catalyst for Mathematical Thinking

Analysis of interaction logs showed that meaningful learning occurred when students focused
explicitly on constructing and interpreting digital representations. Visual and symbolic
representations served as anchors for reasoning, allowing students to explore relationships, test
conjectures, and refine understanding. Teacher observations confirmed that students with
stronger conceptual grounding were more effective in directing Al interactions, reinforcing the
central role of mathematical understanding in productive Al use.

Successful Completion of the Digital Project

All students successfully developed a functional digital mathematical artifact, with variation in
complexity and completeness. Importantly, the educational value lay not solely in the final
product but in the iterative learning process characterized by experimentation, error analysis,
and representational refinement. Quantitative findings related to digital skill development
(Item 15, M = 4.33) support this observation.

Integrated Summary of Results

The triangulation of quantitative and qualitative data reveals a coherent pattern. Students
demonstrated high engagement, meaningful development of mathematical thinking, and
increasing sophistication in Al mediated inquiry. While challenges related to question
formulation and representational complexity persisted, these difficulties functioned as
productive constraints that supported learning rather than impeded it.

Overall, the findings suggest that generative Al, when embedded within a project based
learning environment, can effectively support mathematical thinking through digital
representations, even among students with no prior programming experience and within
resource limited, multilingual contexts.

Discussion

This discussion interprets the findings in light of the study’s theoretical framework and the
broader literature on generative Al, project based learning, and representational work in
mathematics education. The results demonstrate a clear developmental trajectory in students’
mathematical inquiry, characterized by a shift from initial uncertainty to increasingly strategic
and conceptually grounded engagement with digital representations.

From Initial Uncertainty to Strategic Inquiry

Consistent with prior research on novice interaction with generative Al, students initially
experienced difficulty formulating precise and effective prompts, often producing vague
requests that yielded limited or unsuitable outputs (Kasneci et al., 2023; Hu & Chan, 2023).
However, as the project progressed, students demonstrated a marked improvement in their
inquiry strategies, moving from general questions to more constrained, goal oriented requests.
This progression reflects the development of metacognitive awareness and aligns with findings
that effective Al use emerges through iterative practice and reflective engagement rather than
immediate proficiency.
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Representational Work as the Core of Mathematical Thinking

A central contribution of this study lies in highlighting the pivotal role of digital representations
in mediating mathematical thinking. Students’ learning gains were most pronounced when they
engaged explicitly with visual, symbolic, and interactive representations, using them as tools
for sense making and problem solving. This finding reinforces long standing research
emphasizing the importance of representational fluency in mathematics education and suggests
that generative Al can meaningfully support this process when representations are constructed
rather than passively consumed (Hibi, 2025b; Hibi, 2025c; Shah & Wu, 2004; Taber, 2013).

Importantly, the findings indicate that conceptual understanding precedes and guides effective
Al interaction. Students with stronger mathematical grounding were better positioned to direct
Al tools productively, underscoring that generative Al functions as an enabler not a substitute
for mathematical reasoning. This supports socio constructivist perspectives that conceptualize
tools as mediators within learners’ zones of proximal development rather than as replacements
for cognitive effort (Vygotsky, 1978).

Generative Al as a Cognitive Scaffold in PBL Environments

Embedded within a project based learning framework, generative Al operated as a flexible
cognitive scaffold that reduced technical barriers while preserving intellectual challenge. The
moderate levels of reported frustration, coupled with high engagement and persistence, suggest
that students experienced productive struggle an essential condition for deep learning. These
findings align with research indicating that well designed PBL environments promote sustained
inquiry, autonomy, and higher order thinking (Blumenfeld et al., 1991; Hibi & Assadi,
2021; Shin & Krajcik, 2014).

Moreover, the integration of Al within authentic project work shifted students’ focus from
procedural completion to conceptual exploration. Rather than seeking final answers, students
increasingly engaged in iterative refinement, verification, and representational
experimentation, reflecting a meaningful transformation in learning orientation.

Contextual Implications for Equity and Access

Conducted in Arab secondary schools in Israel, the study provides valuable insights into Al
integration within linguistically diverse and resource limited contexts. The findings suggest
that generative Al can mitigate structural constraints by enabling students to create and
manipulate digital representations without requiring extensive technical infrastructure or prior
programming expertise. In multilingual settings, Al mediated dialogue also appears to support
sense making by allowing students to negotiate meaning across languages and representations,
thereby reducing cognitive load (Amara, 2018; Cohen & Zilka, 2023; Hibi & Assadi, 2022).

Theoretical and Practical Contributions

The study contributes theoretically by integrating generative Al, project based learning, and
representational theory into a coherent framework for understanding mathematical thinking.
Practically, it offers an actionable model for educators seeking to implement Al supported
inquiry in secondary mathematics classrooms. The results underscore that the educational value
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of generative Al depends less on the technology itself and more on pedagogical design,
conceptual focus, and contextual sensitivity.

Conclusion eand Recommendations
Conclusion

This action research study examined the integration of generative Al within a project based
mathematics learning environment to foster mathematical thinking through digital
representations among Arab secondary school students. The findings demonstrate that students
with no prior programming experience were able to design functional digital mathematical
artifacts, develop increasingly sophisticated inquiry strategies, and deepen their conceptual
understanding through representational work.

The study highlights the transformative potential of generative Al when positioned as a
mediating cognitive tool rather than a source of ready made solutions. By supporting iterative
inquiry, representational exploration, and reflective dialogue, Al tools can enhance
mathematical thinking while preserving learner agency and cognitive engagement. Crucially,
the study confirms that meaningful outcomes depend on deliberate pedagogical design and
strong conceptual grounding, not on technological availability alone.

Recommendations
Based on the findings, several recommendations emerge:

Design for representation centered inquiry: Mathematics projects should prioritize the
construction and interpretation of multiple representations as central learning goals.

Explicitly scaffold Al interaction: Students benefit from structured guidance in formulating,
refining, and evaluating Al prompts.

Integrate Al within authentic tasks: Generative Al is most effective when embedded in
meaningful, project based activities rather than isolated exercises.

Support productive struggle: Educators should anticipate and normalize initial confusion as
part of the learning process.

Adapt to contextual realities: Al integration should be sensitive to linguistic diversity and
resource constraints, particularly in marginalized educational settings.

Limitations and Future Research

The study’s limitations include a small sample size and the absence of a control group, which
restrict generalizability. Future research should explore longitudinal implementations,
comparative designs, and larger cohorts to examine the sustainability of Al supported
mathematical inquiry. Additional studies might also investigate teacher professional
development and cross cultural applications of the proposed model.
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