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Abstract

The integration of artificial intelligence (AI) into mathematics education has demonstrated
potential in enhancing students’ conceptual understanding and reasoning abilities, particularly
in the context of mathematical proof. Despite these advancements, limited research has
investigated the use of Al-based language models such as ChatGPT to support students in
learning the logical structure of trigonometric identity proofs, which remain a challenging
topic for many learners. To address this gap, this study introduces a novel learning trajectory
assisted by ChatGPT aimed at improving students’ abilities in constructing and understanding
trigonometric proofs. Employing a validation study design, the research was conducted in
three phases: experimental preparation, experimental design, and retrospective analysis. Data
were collected through observations, interviews, document analysis, and written tests, and
analyzed qualitatively. A total of 50 eleventh-grade students engaged in three learning
activities: studying proofs with ChatGPT-generated explanations, interacting directly with
ChatGPT to explore proof strategies, and independently solving proof tasks without Al
assistance. The findings indicate that ChatGPT effectively supports students in
comprehending the logical steps involved in proof construction, enhances their engagement
with mathematical reasoning, and promotes deeper understanding of trigonometric identities.
These results highlight the potential impact of conversational Al tools in fostering proof-
based thinking and enriching mathematics instruction at the secondary education level.
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Introduction

The process of learning to prove trigonometric identities presents significant cognitive
challenges for students, as it necessitates a comprehensive understanding of trigonometric
principles coupled with proficient algebraic manipulation skills. The act of constructing,
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simplifying, and verifying trigonometric identities requires systematic reasoning and logical
consistency, making it one of the more demanding components within the secondary
mathematics curriculum. Previous research and teacher interviews have highlighted that
student in grade X generally lack prior exposure to trigonometric concepts at the elementary
and junior high school levels, thereby underscoring the importance of establishing a solid
foundational understanding before engaging with advanced topics such as trigonometric
proofs (Astuti et al., 2024).

At the senior secondary level, trigonometry instruction often includes engagement with
mathematical proofs, which are central to fostering both cognitive development and affective
appreciation of mathematical reasoning (Aminudin et al., 2019; Lee, 2016). Proofs are not
only instrumental for deepening conceptual understanding but also serve as essential tools in
the development, structuring, and transmission of mathematical knowledge (Mahfudy, 2017).
However, the inherently abstract and deductive nature of proof construction renders it a
persistent source of difficulty for many students (Muzangwa & Ogbonnaya, 2024).
Difficulties in proving trigonometric identities are frequently attributed to students’
insufficient grasp of basic trigonometric relationships, improper application of identities and
formulas, and weak algebraic reasoning. Empirical findings by Rohimah and Prabawanto
(2020) reveal that students struggle with applying standard trigonometric formulas,
interpreting interrelationships among trigonometric ratios, and executing algebraic
transformations, such as factoring trigonometric quadratic expressions. Similarly, Arhin and
Hokor (2021) found that students often make systematic errors during the transformation,
processing, and encoding stages of solving trigonometric problems, reflecting deficits in both
conceptual and procedural knowledge. The difficulty of engaging in proof-based reasoning,
particularly in trigonometry, is further compounded by students’ limited capacity for
deductive reasoning, which is a critical skill in mathematical proof construction (Miyazaki et
al., 2017; Pedemonte & Balacheff, 2016).

Proving trigonometric identities remains a persistent challenge for many students,
primarily due to the complexity of the topic and the cognitive demands it places on learners.
This area of mathematics is often perceived as particularly difficult because it necessitates a
strong conceptual foundation in trigonometry and the ability to integrate algebraic reasoning
with trigonometric principles (Mustamir, 2019; Rohimah & Prabawanto, 2019; Siyepu, 2015).
Students frequently encounter difficulties in bridging their understanding of algebra with
trigonometric identities, indicating a disconnection between procedural knowledge and
conceptual insight (Rohimah & Prabawanto, 2019). Compounding this issue is the insufficient
emphasis placed on proof-oriented tasks in secondary mathematics curricula, which may be
attributed to the limited inclusion of such items in standardized assessments (Fatmahayati,
2019). Finally, Noto et al. (2019) affirm that although proof constitutes a vital aspect of
mathematical competence, students rarely develop this skill adequately within current
educational practices.

Furthermore, students tend to rely heavily on formulaic approaches, such as using
function tables, without fully understanding or applying the underlying properties of
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trigonometric functions. For instance, many students struggle to compute values such as sin
210° and lack the ability to recognize or relate different trigonometric relationships (Maknun
et al., 2019). These tendencies suggest that students often engage with mathematics at a
surface level focused on result-oriented tasks, whereas proof requires higher-order thinking,
including analytical reasoning, synthesis of concepts, and critical evaluation of the validity of
mathematical arguments.

In the context of the Fourth Industrial Revolution (Industry 4.0), rapid developments in
computing and internet technologies have significantly transformed how information is
accessed and processed, offering new opportunities for enhancing mathematical learning
(Bonfield et al., 2020). Among these innovations, artificial intelligence (Al) has emerged as a
prominent tool in education. Al refers to computational systems designed to perform tasks
traditionally requiring human intelligence (Chen et al., 2020). One such advancement is
ChatGPT (Generative Pre-trained Transformer), developed by OpenAl, which enables
dynamic, real-time dialogue between users and Al, resembling instructional interactions in
educational settings. ChatGPT holds considerable potential to enhance student learning by
providing immediate feedback and facilitating access to complex content. Research by
Mustafa (2023) indicates that 57.4% of students report increased engagement when learning
is supported by ChatGPT, suggesting its capacity to foster active participation in the learning
process. In particular, Al tools such as ChatGPT may offer effective scaffolding for students
learning to prove trigonometric identities by providing guided explanations and step-by-step
feedback (Wardat et al., 2023). Nevertheless, empirical studies specifically investigating the
role and effectiveness of ChatGPT in supporting the learning of trigonometric proofs remain
scarce. Thus, there is a pressing need to design and examine instructional strategies that
integrate ChatGPT into the teaching and learning of trigonometric identity proofs, addressing
this gap in current mathematics education research.

Methods

The present study employed a design research methodology, specifically a validation study
type, to develop, implement, and evaluate an innovative pedagogical intervention in the
domain of mathematics education. The intervention focused on enhancing students'
understanding and proficiency in proving trigonometric identities through the integration of
ChatGPT technology as a learning support tool. The research participants consisted of 50
eleventh-grade students (aged 17—18 years) from State Senior High School 1 South Indralaya,
located in the Ogan Ilir district.

Data collection methods comprised classroom observations, semi-structured interviews,
document analysis, and mathematical proficiency tests. The collected data were analyzed
using a qualitative analytical approach, allowing for a comprehensive examination of the
learning processes and students' conceptual development. The research was conducted over
two iterative cycles, each encompassing three phases aligned with the validation study
framework: preparation phase, experimental implementation, and retrospective analysis.
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In the first cycle, the initial instructional design was constructed based on an extensive
review of relevant literature, analysis of students’ learning needs, and foundational principles
of effective mathematics instruction. The instructional design included structured learning
activities centered on techniques for proving trigonometric identities and incorporated
ChatGPT as an assistive digital tool. An initial assessment was administered to evaluate
students' baseline knowledge of trigonometric identities and their familiarity with using
ChatGPT.

Subsequently, a Hypothetical Learning Trajectory (HLT) was formulated to guide the
design of instructional activities. This HLT integrated specific learning objectives, anticipated
students’ reasoning processes, and strategies for addressing potential misconceptions, all
contextualized within the topic of trigonometric identities. The research instruments—
including the HLT, observation protocols, and assessment tasks—were subjected to expert
validation and revised accordingly based on feedback. The outcomes and reflective analysis
from the first cycle informed the refinement and development of the instructional components
for the second cycle.

At this stage, the instructional designs and implementation plans were refined to focus
on evaluating students’ engagement in structured mathematical activities and their capacity
for conjectural reasoning. The primary objective of this research was to formulate an effective
instructional design that supports the development of students’ competencies in proving
trigonometric identities. A secondary objective was to enhance students’ conceptual
understanding through the integration of ChatGPT as an instructional aid. The experimental
phase involved the validation of the Hypothetical Learning Trajectory (HLT) designed in the
initial cycle. The first cycle served as a pilot study, while the second cycle involved a full
classroom implementation of the revised learning design.

The second cycle aimed to investigate the extent to which students could meaningfully
engage in the learning activities originally developed in the first cycle. In this phase, the
revised HLT was implemented with the same cohort of 50 students from SMA Negeri 1 South
Indralaya. Data collection methods included classroom observations, semi-structured
interviews, document analysis, formative and summative assessments, and Focus Group
Discussions (FGDs). These data were subsequently analyzed during the retrospective analysis
phase to evaluate the effectiveness of the learning intervention.

Prior to the implementation of instructional activities, collaborative discussions were
held between researchers and participating teachers to align the lesson plans and objectives.
Post-lesson reflections were conducted at the end of each session to evaluate the instructional
process and gather insights for further refinement. Following the second implementation, an
advanced assessment phase was conducted to determine the accuracy and efficacy of the
revised instructional design.

The data collected during this phase were subjected to qualitative analysis to assess the
effectiveness of the Hypothetical Learning Trajectory (HLT), with particular emphasis on its
integration with ChatGPT as a hybrid instructional tool. The analysis focused on identifying
students' mathematical achievements and challenges, their patterns of interaction with
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ChatGPT, and the extent to which the instructional design met their learning needs. Findings
from the second research cycle yielded empirical evidence supporting the potential of a
ChatGPT-assisted learning environment to facilitate students’ conceptual understanding and
procedural fluency in proving trigonometric identities. Finally, the research phases undertaken
in this study are illustrated in Figure 1.

Retrospective Analysis cycle 1, Analyzing
2 02 4 ~ observation data, interviews, tests and documents

from the pilot experiment, revising the HLT
RESEARCH FLOW

2
% ] . .
Preparing the experiment cycle 2 preparation of
experimental Survey the use of Chat GPT as well as
students’ initial abilities schedule teaching,

Survey the use of
Chat GPT as well as
students' initial
abilities

W

|

Reviewing literature,
developing research
instruments

Designing HLT

preparing research subjects, preparing HLT revised
cycle 1results)

1

Teaching Experiment (cycle 2) piloting the HLT to
students in one class, conducting observations,
interviews, tests and collecting documents.

3 v

Review dan validation Retrospective Analysis cycle 2 analyzing
observation data, interviews, tests, and documents
of experimental teaching results, revising HLT cycle

2

Research result (Learning Trajectery of Trigonometric
Identity Proof in Chat GPT Assisted Learning)

!

instrument validation

Pilot Experiment (cycle 1) Yes
piloting the HLT, conducting /

I_ u observations, interviews, tests and
. H collecting documents

Figure 1. Research Flowchart

Results and Discussion

Prior to engaging in the activities, students underwent an initial assessment designed to gauge
their understanding of trigonometric identity proofs. This assessment served as a baseline
measure of their foundational knowledge. The subsequent learning process was organized into
three distinct activities, each aimed at enhancing students' ability to prove trigonometric
identities.

In Activity 1, students were provided with trigonometric identity problems,
accompanied by solutions generated by ChatGPT. The objective was for students to review
these solutions, analyze the reasoning behind each step, and articulate the logical process
involved in the proof. Activity 2 involved a more interactive approach, where students
worked through additional trigonometric problems with direct assistance from ChatGPT.
During this activity, students received real-time feedback and corrections, which facilitated

2 DOHESIAN MATHEMATICS FDUCATORS SOCHTY



Journal of Honai Math, 8(1), 43-56, April 2025

active problem-solving and engagement with various methods of solution. In Activity 3,
students were presented with a new identity proof problem and tasked with solving it
independently, without any technological support.

Table 1. HLT (Hypothetical Learning Trajectory)

Activity Learning Objectives Conjecture
Activity 1: Students  To understand the steps involved Students will comprehend the proof
learn questions and in proving trigonometric steps and be able to explain the
answers from identities with the assistance of  process clearly and accurately.
ChatGPT. technology.

Activity 2: Students  To develop skills in breaking Students will complete the problem
use ChatGPT as an down problems using ChatGPT  with ChatGPT’s help, engage

assistant to answer as a tool for guidance. actively, and explore multiple
questions. solution approaches.

Activity 3: Students  To assess students’ ability to Students will solve the problems
solve problems without apply proof strategies correctly, demonstrating a deep
ChatGPT's assistance. independently. understanding without external aid.

Following the completion of these activities, the initial assessment will be re-
administered to evaluate whether the learning design has effectively enhanced students'
comprehension. The resulting data will be used to assess the effectiveness of the Hybrid
Learning Tool (HLT) and the integration of ChatGPT in the learning process. The analysis of
this post-intervention data will focus on identifying student achievements and challenges,
exploring their interactions with ChatGPT, and evaluating the appropriateness of the learning
design in addressing students' needs.

In Activity 1, students were presented with a trigonometric identity proof question,
along with a solution generated by ChatGPT. They requested further clarification and asked
for detailed explanations of the steps involved in the proof. This activity was designed to
assist students, particularly those at the beginner level, in understanding the structured process
of identity proof using technology. ChatGPT provided clear and detailed solutions, which
allowed students to examine not only the steps of the proof but also the underlying reasoning
behind each transformation or manipulation of the identity. Through this engagement,
students were encouraged to develop critical thinking skills, especially in identifying key
components of the proof. This methodical approach not only facilitated a deeper
understanding of proof construction but also prepared students for more advanced problem-
solving tasks. Moreover, this activity contributed to building a strong foundation in creating
well-organized and logical proofs.

As illustrated in Figure 2, the majority of students demonstrated the ability to
understand the trigonometric identity proofs presented. In the image, the second student is
able to articulate additional steps in the proof process. However, difficulties arose when
students were required to manipulate algebraic expressions or handle more complex
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trigonometric identities. To further investigate these results, researchers conducted an
interview following Activity 1.

Researcher : "How did you find your experience with learning and answering
questions using ChatGPT? Do you feel that your understanding
improved after using it?"

Student . "Yes, it’s very helpful! I can follow the steps in the proofs, especially
for formulas like sine and cosine. However, when the problems
become more complicated, I struggle to keep up.”

Researcher :  "What part do you find most challenging?"”

Student o "The part where we need to combine multiple identities. [ understand
the steps initially, but when it comes to transforming the problem

into a more complex identity, I get confused."”

B m21521||:1:T_$-IMFﬂ;¥Mﬂ‘I the Buktikan identitas berikot dengan bantuan ChatGPT
e NPV R Y
fosx
Study the explanation of the ChabGFF Pelsjori penjelasan dari jawaban Chat-GPT di bawah ini, laly tuliskan ranglknian untuk proses
answer below, then write a seres for pesibuitnavs
the proofl process:
1. SEart fram thi ot side of the 1. bbulai dari sisi Kirl porsamaan; Ple=te Sax in + %o
equation LoE Ces n
- Pt + Bugaikan -
2. separate the fraction into two parts: " 2. Phsahian pecahan menjadi dua baglr -
L. separste e PRI * Fh ﬁf Dnanly 1
Aesmr 3 4 Wax
3 jom atric identi #. Gunaksn identites rasio tigenament =34 LI =
b IRE % bon ®
- .-J—‘ =L
- gﬁ:::u:x m:_‘m:h“n-\—smx
T x Lok w

4. combine the results of simphification & Gsbngkan had penyehanaa:

W e D me*{ 1

kit . ) P
conchiesion : Wetiepulan:
npe of identity . used: Erigonometric R
. i ‘L

ratio Jenii Igenttas yang Digunakan: Rasko Trigonomsts

Figure 2. Student’s Work in Activity 1

In Figure 3, students are seen explaining their work during Activity 1. This suggests
that, while technology aids in the initial understanding of concepts, deeper comprehension
requires additional instructional support.

In Activity 2, depicted in Figure 4, students were encouraged to interact directly with
ChatGPT to address new trigonometric identity problems. The objective of this activity was to
foster problem-solving skills and promote active engagement. Students were able to
communicate with ChatGPT, posing questions and receiving immediate, real-time feedback.
This direct interaction with the technology proved beneficial, as it allowed students to test
their hypotheses and quickly identify any errors. Instant feedback facilitated the correction of
conceptual misunderstandings and helped students develop a clearer understanding of the
solutions. The iterative nature of this process not only reinforced their knowledge but also
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expedited their mastery of trigonometric identities. The results from this activity indicate that
students felt more confident in completing the tasks and showed significant improvement in
their skills through the reflective process supported by ChatGPT.

1 tSiny
V= cokx

g

Figure 3. Student Presentations

Students utilize technology to explore various methods of proving trigonometric
identities. They are encouraged to submit questions, repeat inquiries, or request further
explanations for any parts of the process they find unclear. This approach mirrors Activity 1,
where interviews with students were also conducted to gain deeper insights into their

experiences.

Researcher : "Now that you are using ChatGPT to answer questions directly, how
do you perceive the impact of this tool on your learning?"

Student . "Yes, it’s very helpful! I feel more confident when answering
questions because ChatGPT guides me and alerts me if I make any
mistakes. I also learn from each step it provides."

Researcher : "That’s interesting. Has your approach to solving problems changed
as a result of using ChatGPT? How often do you utilize it?"

Student . "Yes, I now understand the methods better. I can solve problems

independently, though [ still need assistance with some steps
occasionally. If I don’t fully understand something, I just ask
ChatGPT again."

Unlike the prior phases of learning that involved direct assistance from ChatGPT, the
third phase of the study focuses on the challenges associated with applying knowledge
independently. This phase is designed to assess how effectively students can demonstrate
their understanding of trigonometric identity proofs without the aid of ChatGPT.

Building on the experience and insights gained through previous interactions and
solutions provided by ChatGPT, students are expected to utilize more refined strategies and
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exhibit greater confidence in solving problems autonomously. The objective of this phase is to
evaluate the extent to which students have developed their skills in proving trigonometric
identities independently.

Figure 4. Activity 2

In the earlier stages of the study, students worked through questions with the assistance
of ChatGPT (Activity 1) and received real-time support while solving problems using the tool
(Activity 2). In contrast, during this phase, they are tasked with answering questions
independently, without the aid of technology. Most students are able to solve the questions
correctly on their own. Their prior interactions with ChatGPT have provided a solid
foundation for understanding the proof process. However, some students still experience
challenges, particularly in recalling the steps and managing complex proofs without direct
prompts from a tool like ChatGPT.

Researcher : "How do you feel about completing the questions without the help of ChatGPT?"

Student  : "At first, I felt nervous, but after practicing with ChatGPT, I gained more
confidence. I learned to follow the steps that were taught, and I was curious to see
if I could complete the questions without any issues."

Researcher : "I see. Do you believe that practicing with ChatGPT has helped you complete
questions independently, without relying on technology?"

Student  : "Definitely! I feel that I understand the concepts better now and can apply them
on my own. I remember the steps that ChatGPT taught me, and that helps me
complete the questions."

In Cycle 1, many students faced challenges in understanding and proving trigonometric
identities. They frequently made errors in calculations and struggled with organizing the proof
steps. Additionally, a significant number of students exhibited excessive dependence on
ChatGPT, often copying answers without fully grasping the underlying concepts. As a result,
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their active engagement in problem-solving remained limited, and the success rate in proving
trigonometric identities was relatively low.

However, Cycle 2 saw notable improvements. Students demonstrated a better
understanding of the concepts and were able to construct proofs more systematically and
accurately. To reduce their reliance on ChatGPT, students were encouraged to attempt solving
problems independently before seeking assistance from the Al. This approach led to increased
student participation and confidence in problem-solving, as well as greater care in selecting
the appropriate trigonometric identities for proofs.

The positive effects of this strategy were evident, with a higher number of students
successfully proving trigonometric identities correctly and with fewer errors compared to
Cycle 1. Learning became more effective as ChatGPT shifted from being a mere answer
provider to a valuable tool for comprehension. Thus, the modified strategy in Cycle 2 not only
improved students' understanding but also fostered greater independence, ultimately
enhancing their performance in proving trigonometric identities.

In the third activity, while ChatGPT was not directly involved, its influence remained
significant through the knowledge students had gained from previous interactions. The tool
served as a support mechanism, offering quick explanations whenever students encountered
obstacles. Its role in helping students develop their analytical skills was crucial in the proof
process, demonstrating the utility of Al in enhancing both understanding and problem-solving
efficiency.

Previous research by Lo (2023) indicated that ChatGPT can assist students in
understanding complex material by engaging in human-like conversations. However,
challenges may arise when the AI provides information lacking technical accuracy,
particularly in mathematical contexts. Despite these limitations, ChatGPT has proven capable
of delivering clear and structured solutions to trigonometric identity problems. By presenting
logical, step-by-step explanations, it helps students grasp the foundational concepts behind
proofs, reinforcing their conceptual understanding (Baidoo-Anu & Owusu Ansah, 2023).
Students are able to identify key steps in the proof process, which they can then apply to other
problems.

In the trigonometry learning process, ChatGPT's provision of immediate feedback when
students make errors plays a critical role in deepening understanding and refining analytical
skills. This instantaneous correction facilitates greater engagement with the material,
enhancing student motivation to learn (Ifraheem et al., 2024). Furthermore, ChatGPT allows
students to practice trigonometric problems independently, minimizing their dependence on
teachers. The tool offers solutions that can be reviewed and understood multiple times,
benefiting students who require additional time to master the material (Ipperciel, 2020). This
self-paced learning model empowers students to manage their own learning trajectory based
on individual needs. By providing initial guidance, ChatGPT encourages students to
independently solve problems after practicing with provided examples.

When learning activities are well-designed, students can eventually solve problems
without assistance, indicating enhanced analytical skills and a deeper understanding of the
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concepts (Alam, 2021). Supporting this, research by Taani and Alabidi (2024) found that
teachers who integrated ChatGPT into their teaching reported positive outcomes, including
improved teaching effectiveness, increased student engagement, and better comprehension of
complex concepts. Similarly, Zawacki-Richter et al. (2019) highlighted the role of Al-based
technology in fostering independent learning, allowing students to control the pace and
direction of their studies based on personal needs. This aligns with the use of ChatGPT in
educational settings, as the technology offers adaptable support tailored to students' varying
skill levels.

Overall, this research contributes to the literature by illustrating how ChatGPT can be
an effective tool for learning mathematics, particularly in mastering trigonometric identities.
It provides new insights into the application of Al-based technologies in education and
underscores their potential for broader implementation in diverse learning environments. The
findings of this study indicate that ChatGPT supports students in understanding trigonometric
identities more effectively. With Al's step-by-step guidance, students gain greater confidence
and independence in solving problems. For educators, the study offers valuable perspectives
on how Al can be utilized as a teaching tool, providing alternative explanations and
supplementary exercises to enhance student learning.

Conclusion

ChatGPT plays a significant role in supporting the learning of trigonometric identity proofs
through three distinct activities. In the first activity, ChatGPT acts as a valuable resource,
assisting novice students by providing solutions and clarifying their understanding of the
concepts. In the second activity, it functions as an interactive tutor, offering real-time
feedback that helps students refine their comprehension and problem-solving skills. In the
third activity, the experience gained from interacting with ChatGPT fosters student
independence, enabling them to solve problems autonomously without relying on
technological assistance.

Research has shown that ChatGPT can be an effective tool for enhancing students'
understanding of trigonometric identity proofs, particularly in navigating the proof process
and addressing complex multi-step problems. While its use significantly supports students in
grasping the necessary concepts, further practice is required for students to achieve full
mastery and independence. Despite these benefits, the study does not explore alternative
instructional methods that may offer additional benefits, such as group discussions, direct
teacher guidance, or the integration of interactive visual media. Furthermore, the study
primarily measures student comprehension following a relatively brief intervention period.

For future research, it is recommended to investigate the combination of ChatGPT with
group discussion-based learning strategies, teacher-led instruction, or the incorporation of
visual media such as graphics and animations. These methods could potentially enhance
students' understanding of trigonometric identity proofs. Additionally, the study highlights the
challenges encountered during the transition from traditional educational methods to those
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incorporating technological tools, underscoring the need for a balanced approach that
integrates both traditional and technological learning strategies.
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