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Abstract: This study explored the pedagogical influence of an Al Chatbot Gemini in mathematics education by examining its
potential to revolutionize teaching and learning to enhance engagement, foster deeper understanding, and address equity gaps in
education. This research utilized integrative review to investigate the pedagogical influence of an Al Chatbot Gemini in Mathematics
Education. Results showed seven (7) emerging themes: (1) Customized Learning Pathways Enhance Engagement; (2) Interactive
Learning Environment Promotes Deeper Understanding; (3) 24/7 Accessibility Bridges the Equity Gap; (4) Gamification Requires
Balanced Design for Intrinsic Motivation; (5) Assessment and Feedback Create a Continuous Learning Cycle; (6) Teachers Shift
from Instructors to Learning Orchestrators; and (7) Collaboration with Al Navigates Ethical Considerations. It is recommended to
establish a collaborative human-Al partnership, capitalizing on the complementary strengths of teachers in socio-emotional learning
and nurturing a conducive learning atmosphere and to empower educators and catalyze positive transformations in mathematics
education via Gemini and other Al chatbots.
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1. INTRODUCTION

In recent years, the integration of artificial intelligence (Al) into various aspects of education has garnered increasing attention as
educators seek innovative tools to enhance learning outcomes. One such application of Al in education is the use of chatbots, which
employ natural language processing algorithms to interact with students and provide personalized learning experiences (Deng & Yu,
2023). Among these, Gemini, an Al chatbot tailored for mathematics education, has emerged as a promising tool with the potential
to revolutionize the teaching and learning of mathematics (Doc, Nam, Thanh, & Giam, 2023). This study aims to investigate the
pedagogical influence of Gemini in mathematics education, exploring its efficacy in enhancing student engagement, promoting deeper
understanding, and bridging equity gaps in learning.

The motivation behind this study stems from the recognition of the persistent challenges faced by educators in mathematics
instruction. Traditional approaches often struggle to accommodate the diverse needs and learning styles of students, resulting in
disengagement, frustration, and disparities in academic achievement (Sharrock & Rubenstein, 2019). The introduction of Al chatbots
like Gemini offers a novel solution to these challenges by providing personalized, interactive, and accessible learning experiences
tailored to individual students' strengths, weaknesses, and pace of learning (Mthombeni et al., 2023). By harnessing the power of All,
educators can potentially overcome longstanding barriers to effective mathematics instruction and cultivate a more inclusive and
effective learning environment.

Despite the growing interest in Al-driven educational technologies, there remains a notable gap in the literature regarding the
specific pedagogical influence of Al chatbots like Gemini in mathematics education. While existing studies have explored the use of
Al in education broadly, few have delved deeply into the unique features, functionalities, and impacts of Al chatbots tailored for
mathematics learning (Luzano, 2024). Thus, there is a need for empirical research that systematically examines the effectiveness of
Gemini in supporting mathematics instruction, elucidating its role in enhancing student engagement, facilitating deeper conceptual
understanding, and addressing equity concerns in mathematics education. Furthermore, existing research on Al in education often
focuses on quantitative measures of student performance, overlooking the nuanced aspects of teaching and learning processes. This
study seeks to fill this gap by adopting a literature review approach that not only evaluates the outcomes of using Gemini but also
investigates the underlying mechanisms through which it influences pedagogy and student learning experiences.

In summary, this study addresses the pressing need to explore the pedagogical implications of Al chatbots like Gemini in
mathematics education, aiming to contribute valuable insights to both theory and practice. By examining the effectiveness of Gemini
in enhancing student engagement, promoting deeper understanding, and bridging equity gaps in mathematics learning, this research
seeks to inform educators, policymakers, and developers about the potential benefits and challenges of integrating Al-driven
technologies into mathematics instruction.
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2. METHODS

This research utilized a literature review to investigate the pedagogical influence of an Al Chatbot Gemini in Mathematics
Education through an integrative review method (Kutcher & LeBaron, 2022). An integrative review is a comprehensive approach that
amalgamates various types of evidence, including empirical and theoretical literature, to gain a comprehensive understanding of a
specific subject. This methodology enables the amalgamation of different research designs, like case studies, observational studies,
and meta-analyses, to tackle a clearly defined issue. Integrative reviews play a crucial role in evidence-based practice endeavors in
education by pinpointing gaps in the literature, proposing future research directions, and contributing to theory advancement. This
study contextualized the pedagogical influence of an Al Chatbot Gemini in Mathematics Education within an integrative framework
to illustrate the range of related studies in the existing literature.

The process involved delineating a well-defined research question, conducting an extensive literature search, selecting pertinent
studies, critically evaluating the evidence, synthesizing the data via narrative synthesis, and comprehensively presenting the results.
Integrative reviews hold particular significance in educational research as they offer a broader overview of the literature and provide
insights that can inform relevant teaching methodologies and educational policy formulations.

3. RESULTS AND DISCUSSION
Pedagogical Influence of an Al Chatbot Gemini in Mathematics Education
Theme 1: Customized Learning Pathways Enhance Engagement

This theme found that Gemini's customized learning pathways significantly enhance student engagement in several ways. Firstly,
it addresses the frustration that can arise from traditional one-size-fits-all instruction (Brown et al., 2020). By identifying a student's
weaknesses, Gemini can provide targeted practice and instruction, allowing them to overcome challenges and experience the
satisfaction of mastering new concepts (Angrist & Meager, 2022). Secondly, by recognizing strengths, Gemini can offer students
appropriately challenging problems, fostering a sense of accomplishment and motivating them to push their boundaries (Chitrakar &
P.M., 2023). Furthermore, personalization can cater to individual learning paces (Luzano, 2023). Students who grasp concepts quickly
can progress at their own speed, while those who need more time can receive additional support without feeling left behind (Shuyu,
2022). Ultimately, personalized learning fosters a sense of agency in students, allowing them to take ownership of their learning
journey.

Theme 2: Interactive Learning Environment Promotes Deeper Understanding

Beyond interactivity, Gemini's environment fosters deeper understanding through several mechanisms. Firstly, it allows for
immediate clarification. Unlike traditional lectures where students might hesitate to ask questions, Gemini provides a safe space for
students to inquire in natural language and receive instant explanations (Perera & Lankathilake, 2023). Secondly, it promotes active
learning. By engaging with the chatbot, students move beyond passively consuming information and actively participate in the
learning process. This can involve explaining their thought processes, testing hypotheses, and exploring different solution paths
(Kohnke, 2022). Thirdly, Gemini can offer multiple representations of concepts. For instance, a complex mathematical equation
could be explained visually, through interactive graphs, alongside a traditional symbolic representation. This caters to diverse learning
styles and reinforces understanding through different modalities (Mainali, 2020).

Theme 3: 24/7 Accessibility Bridges the Equity Gap

The 24/7 accessibility offered by Gemini addresses the equity gap in mathematics education in several ways. It provides equal
access to support. Students from disadvantaged backgrounds or those facing learning difficulties often lack access to additional
tutoring outside of school hours (Martin, 2019). Gemini fills this gap by offering on-demand practice problems, explanations, and
alternative solution methods, ensuring all students have the resources they need to succeed regardless of their background or
circumstances (Bhujbal et al., 2022). Additionally, accessibility features like dyslexia-friendly fonts and multilingual support can
empower students with diverse needs (Zhang et al., 2020). This allows them to learn at their own pace and in a way that caters to their
individual preferences, fostering a more inclusive learning environment.

Theme 4: Gamification Requires Balanced Design for Intrinsic Motivation

While gamification can be a powerful tool for engagement, the study highlights the importance of striking a balance to ensure it
fosters intrinsic motivation. One approach involves incorporating adaptive gamification. Here, reward systems adjust based on
student progress (Vranesic, Aleksic-Maslac, & Sinkovic, 2019). Initially, points and badges might be awarded for completing basic
practice problems. As the student progresses, rewards could shift towards successfully solving challenging problems or explaining
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concepts to the chatbot. This shift incentivizes deeper understanding and critical thinking skills rather than simply accumulating points
(Javed & Muhammad, 2021). Furthermore, Gemini can incorporate elements of gamification that align with the inherent rewards
of learning mathematics. For instance, badges could be awarded for mastering new concepts or achieving a personal best on a
particular type of problem (Rincén-Flores et al., 2023). This reinforces the intrinsic value of learning and the satisfaction that comes
with overcoming challenges.

Theme 5: Assessment and Feedback Create a Continuous Learning Cycle

This theme delves deeper into how Gemini's assessment capabilities create a continuous learning cycle. Beyond identifying
strengths and weaknesses, Gemini can provide diagnostic feedback. This involves pinpointing the specific source of errors in student
responses. For example, if a student makes a mistake in solving a linear equation, Gemini can identify whether it stems from a
misunderstanding of the concept, a procedural error, or a simple miscalculation (Fidan & Gencel, 2022). This targeted feedback allows
students to address the root cause of their mistakes and avoid repeating them in the future. Additionally, Gemini can offer formative
assessment, which involves ongoing evaluation throughout the learning process (Wisniewski, Zierer, & Hattie, 2020). This allows
teachers to identify students who might be struggling early on and intervene before they fall behind.

Theme 6: Teachers Shift from Instructors to Learning Orchestrators

This theme emerged as the teacher's evolving role in a classroom with Gemini. While some routine tasks like drills and explanations
might be handled by the chatbot, teachers remain central to the learning process (Luzano and Ubalde, 2023). They can leverage
Gemini's capabilities to design engaging and differentiated activities. For example, teachers could create group projects where
students collaborate to solve problems presented by Gemini. This fosters teamwork, communication, and critical thinking skills
(Mendoza et al., 2020; Aranzo et al., 2023). Furthermore, teachers can utilize Gemini's data on student progress to personalize
instruction. By identifying areas where students need additional support, teachers can design targeted interventions or small group
sessions to address those specific needs (Pang-an et al., 2022). This shift in teacher roles allows for a more dynamic and student-
centered learning environment (Lindstrom, Gesel, & Lemons, 2019). Teachers become facilitators who guide students, provide
coaching, and create a positive learning atmosphere where students feel comfortable taking risks and exploring new ideas (Leeuwen
& Janssen, 2019; Luzano, 2020).

Theme 7: Collaboration with Al Navigates Ethical Considerations

This theme highlights that mitigating bias in Al chatbots like Gemini requires a collaborative effort. First and foremost, the data
used to train Gemini needs careful curation. This data should encompass a diverse range of perspectives and problem-solving
approaches. Ensuring gender, race, and socioeconomic backgrounds are well-represented is crucial to avoid perpetuating stereotypes
or excluding certain learning styles (Balcombe, 2023). Teachers also play a vital role. By actively monitoring student interactions with
Gemini, they can identify potential biases in the chatbot's responses and intervene if necessary. Furthermore, teacher feedback can
be invaluable in improving the accuracy and fairness of Gemini's responses (Belda-Medina & Calvo-Ferrer, 2022). Finally,
transparency is key. If Gemini can explain its reasoning process, students and teachers can understand how it arrives at answers and
identify any potential biases that might be influencing its conclusions (Lee & Boynton, 2017). This collaborative approach, with well-
curated training data, active teacher involvement, and transparency from Gemini itself, can help ensure Al chatbots become powerful
tools for education without perpetuating biases.

Emergent Proposition

The goal is to create a human-Al partnership that leverages the strengths of both. Teachers bring their expertise in social-
emotional learning and fostering a positive learning environment, while Gemini provides personalized instruction, 24/7 support, and
a wealth of data to inform instruction. This collaborative approach can empower teachers and revolutionize mathematics education
for the better.

Emergent Framework

The pedagogical influence of the Al chatbot Gemini in mathematics education emerges as a multifaceted framework comprising
seven interconnected themes. Firstly, customized learning pathways offered by Gemini enhance student engagement by addressing
individual needs and pacing, thereby fostering a sense of agency in learners. Secondly, the interactive learning environment of Gemini
promotes deeper understanding through immediate clarification, active participation, and multiple representations of concepts,
catering to diverse learning styles.

Moreover, the 24/7 accessibility provided by Gemini bridges the equity gap by offering equal access to support, thereby
empowering students from disadvantaged backgrounds or with diverse needs. However, while gamification can enhance engagement,
it requires a balanced design for intrinsic motivation, emphasizing adaptive reward systems aligned with learning objectives.
Additionally, Gemini's assessment capabilities create a continuous learning cycle by providing diagnostic feedback and formative
assessment, facilitating early intervention and personalized instruction.
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Figure 1. Emergent Framework on Pedagogical Influence of an Al Chatbot Gemini in Mathematics Education

Furthermore, teachers shift from instructors to learning orchestrators in classrooms with Gemini, leveraging its capabilities to
design differentiated activities and personalize instruction, fostering a dynamic and student-centered learning environment. Lastly,
collaboration with Al navigates ethical considerations by ensuring well-curated training data, active teacher involvement in monitoring
and providing feedback, and transparency in Gemini's reasoning process, thereby mitigating biases and promoting inclusivity in
education. This emergent framework underscores the transformative potential of Al chatbots like Gemini in shaping the future of
mathematics education.

4. CONCLUSION AND RECOMMENDATION

The findings from this study demonstrate the significant pedagogical influence of an Al chatbot like Gemini in mathematics
education. Customized learning pathways not only enhance student engagement but also foster a sense of agency by addressing
individual needs and pacing. Furthermore, Gemini's interactive learning environment promotes deeper understanding through
immediate clarification, active participation, and catering to diverse learning styles. The 24/7 accessibility provided by Gemini bridges
the equity gap, empowering students from diverse backgrounds and ensuring equal access to support. However, while gamification
can enhance engagement, it requires a balanced design for intrinsic motivation, emphasizing adaptive reward systems aligned with
learning objectives. Additionally, Gemini's assessment capabilities create a continuous learning cycle by providing diagnostic
feedback and formative assessment, facilitating early intervention and personalized instruction. Teachers' roles evolve from instructors
to learning orchestrators, leveraging Gemini's capabilities to design differentiated activities and foster a dynamic and student-centered
learning environment. Collaboration with Al navigates ethical considerations, ensuring well-curated training data, active teacher
involvement, and transparency in Gemini's reasoning process to promote inclusivity in education.

Based on these findings, it is recommended that educators embrace a human-Al partnership model to leverage the strengths of
both. Teachers should utilize Gemini's personalized instruction, 24/7 support, and data insights to enhance their teaching practices and
cater to individual student needs effectively. Additionally, educators should collaborate with Al to design differentiated activities,
provide targeted interventions, and foster a positive learning environment. It is crucial to implement a balanced gamification approach
that promotes intrinsic motivation and aligns with learning objectives. Furthermore, ongoing monitoring of Gemini's interactions,
active involvement in bias mitigation, and transparency in its reasoning process are essential to ensure inclusivity and fairness in
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education. By adopting this collaborative approach, educators can harness the transformative potential of Al chatbots like Gemini to
revolutionize mathematics education and better prepare students for success in the digital age.
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