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Abstract 
This study aims to determine the effect of using ChatGPT as an aid in solving mathematics problems 
on the cognitive test results of eleventh-grade students on Trigonometry material at SMAN 7 Kediri 
City. The study used a quasi-experimental method with a static non-equivalent group design. The 
study sample consisted of two classes, namely the control class (using the open book method) and 
the test class (using ChatGPT). Data were obtained through cognitive tests, observations, and 
questionnaires. The results of the Mann-Whitney test showed a significant difference between the 
two classes (p < 0.05), with the average score of the test class being higher (98.57) than the control 
class (58.50). Effectiveness analysis using Cohen's d showed a large effect (d = 2.14). Qualitative 
results also supported this finding, where students showed positive perceptions of the use of 
ChatGPT. Thus, ChatGPT was proven to have a positive effect on students' cognitive mathematics 
learning outcomes. 
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1. Introduction  

The rapid development of the digital era has made artificial intelligence (AI) an integral 

part of various aspects of life, including education. One AI innovation that has attracted 

significant attention in recent years is ChatGPT, a machine learning-based language model 

developed by OpenAI. Designed to understand and generate text with a natural language 

structure resembling human conversation, the latest version, ChatGPT-4, shows significant 

improvements in speed, accuracy, and contextuality compared to previous (Islam & Moushi, 

2024). These findings are supported by research by (L. Halimah & jamilah, 2024), which shows 

that integrating AI into learning can improve learning outcomes and student engagement. 

The digital transformation in education has opened up significant opportunities to 

transform teaching and evaluation methods. Technologies like ChatGPT enable more adaptive, 

personalized, and immersive learning because students can interact directly with systems 

capable of providing instant feedback and diverse explanations (Nguyen et al., 2023). Thus, 

education is no longer tied to traditional face-to-face and memorization-based models, but 

rather is evolving toward exploration-based and problem-solving learning, where students 

play an active role in constructing their own knowledge. 

In the context of mathematics learning, the main challenges faced by students often 

relate to difficulties in understanding abstract concepts and applying formulas in problem-

solving. Mathematics, known as the "queen of sciences" (Afsari et al., 2021), plays a crucial role 

in developing logical, systematic, and critical thinking skills. However, according to the PISA 
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report (OECD, 2024), Indonesian students' mathematics learning outcomes are still below the 

global average. Research by (Woo et al., 2024) shows that students with better prompt 

engineering skills—namely, the ability to effectively ask questions to AI—tend to achieve more 

optimal learning outcomes. 

This emphasizes the importance of adopting a learning approach relevant to the 

characteristics of the 21st century. The use of ChatGPT in mathematics learning offers a 

potential solution to these problems. ChatGPT not only provides step-by-step solutions to 

mathematics problems but also comprehensively explains the underlying concepts. (Yuntaro 

& Yudhanegara, 2024) reported that the use of ChatGPT improved mathematics problem-

solving skills at SMA Negeri 2 Bantaeng. Meanwhile, (Masluha & Zainudin, 2024) showed that 

the flipped classroom model supported by ChatGPT significantly improved mathematics 

learning outcomes for students at MTs Darul Ulum. 

However, technology isn't the only component that determines learning effectiveness. 

Evaluation methods also play a crucial role in achieving learning outcomes. One increasingly 

used evaluation approach is the open-book method, which allows students to access the 

material during exams. (Lynd-Balta, 2020) found that this method can reduce anxiety and 

improve conceptual understanding, as students focus more on analyzing and synthesizing 

information rather than simply memorizing. This approach is particularly relevant in 

mathematics learning, which demands a deep understanding of complex concepts. 

Trigonometry is a mathematics topic often considered difficult by high school students. 

Concepts such as special angles, trigonometric identities, inverse functions, and their 

application in real-world contexts require a strong understanding and analytical thinking 

skills. According to (Harjono et al., 2020), more than 70% of students experience difficulty 

understanding trigonometry, particularly in applying formulas and solving word problems. 

This difficulty is exacerbated by students' poor ability to transfer knowledge from theory to 

practice. This is where technologies like ChatGPT have the potential to be of great benefit. (Lo, 

2023) states that ChatGPT can function as a virtual tutor, helping students think 

computationally and understand complex material gradually. 

However, concerns remain regarding the potential negative impacts of reliance on AI. 

(Auna & Hamzah, 2024) warn that excessive use of AI can diminish students' initiative and 

critical thinking skills. Therefore, a constructivist-based approach is crucial, in which students 

actively construct knowledge through their own experience (Fosnot, 2013). In this context, 

ChatGPT should function as a facilitator of intellectual exploration, not simply a tool for 

answering questions. Students can learn by analyzing AI responses, evaluating the logic of 

solutions, and developing follow-up questions—an approach consistent with active learning 

(Güner & Er, 2025) 

However, in practice, the implementation of learning technology still faces challenges. 

At SMAN 7 Kediri City, for example, interviews with mathematics teachers revealed that 

students' grades in the subject tend to be low, and none have achieved academic success in 

mathematics. Teachers are also unfamiliar with using AI in the learning process. This situation 

reflects a gap between the technology's potential and the readiness for implementation in 

schools. 
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(Bekdemir, 2024) emphasized that the success of AI integration in learning depends 

heavily on students' digital literacy and clear pedagogical guidance from teachers. Therefore, 

this study aims to empirically evaluate how different learning methods—namely the use of 

ChatGPT as an aid compared to the open-book method—affect students' cognitive test results. 

This aligns with the analysis of (Parmiti et al., 2021) who stated that the effectiveness of the 

open-book method is strongly influenced by students' ability to navigate and apply 

information, not simply access it. This study seeks to answer whether the use of AI technology 

such as ChatGPT can significantly impact students' cognitive achievement in Trigonometry. 

Unlike previous research that focused more on students' motivation or perceptions of ChatGPT, 

this study specifically examines the direct effect of its use on Mathematics cognitive test results, 

by comparing two approaches: the use of AI technology and the conventional open-book 

method. The focus on Trigonometry provides room for a more in-depth analysis of the 

effectiveness of each approach. 

2. Method   

This study employed a quantitative approach with a quasi-experimental design, 

specifically a static-group comparison design, which is particularly suitable for use in pre-

formed classrooms without randomization. This design allows researchers to compare two 

groups with different treatments—a test class using ChatGPT and a control class using the 

open-book method—to examine differences in students' cognitive learning outcomes after a 

single trigonometry practice session. A static-group comparison design is suitable when pure 

experimental conditions are not feasible and internal validity can be controlled through 

matching subject characteristics. 

This research was conducted at SMAN 7 Kediri City during April 2025, with the research 

subjects being grade XI students majoring in Mathematics and Natural Sciences who were 

divided into two classes, namely class XI-1 as a test class that used ChatGPT assistance in 

solving math problems, and class XI-2 as a control class that worked on problems using the 

open book method without the assistance of AI technology. The number of research samples 

consisted of 28 students in the test class and 30 students in the control class, so that the total 

sample was 58 students. The sampling technique was carried out by purposive sampling, with 

the consideration that both classes have equivalent characteristics in terms of curriculum, 

initial competencies, and learning facilities. This equivalence is assumed based on information 

from the teaching teacher and the homogeneity of the learning context applied in the school. 

The main instrument in this study was 30 multiple-choice questions related to 

trigonometry. After validity and reliability testing, 15 questions were selected for use in 

hypothesis testing. The question grid was systematically designed to cover aspects of 

conceptual understanding, application of basic trigonometric identities, real-life applications, 

function graphs, period and amplitude, inverse functions, additional identities, and contextual 

story problems. Expert validation showed that 92.3% of the questions met standards (Widarti 

et al., 2022) 
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Table 1. Mathematics Cognitive Test Question Grid 

No Aspect Indicator Sub-Indicators 
Number of 

Questions 

Question 

Number 

1 
Concept 

Understanding 

Understanding the 

definition of 

trigonometric functions 

Sin, cos, tan in 

triangles; special 

angles 

6 1–6 

2 
Application of 

Formula 

Using basic 

trigonometric identities 

Basic trigonometric 

identities 
4 7–10 

3 Life Application 
Solving contextual 

problems 

Angles of elevation 

and depression 
4 11–14 

4 Function Graph 

Understanding 

trigonometric function 

graphs 

y = sin x, cos x, tan x 4 15–18 

5 
Period & 

Amplitude 

Determining the period 

and amplitude 
y = a sin (bx) 4 19–22 

6 Inverse Function 
Understanding inverse 

trigonometric functions 
arcsin, arccos, arctan 3 23–25 

7 
Additional 

Identity 

Using double angle and 

half angle identities 
sin 2x, cos 2x, tan 2x 3 26–28 

This instrument was declared valid based on a validity test using Pearson correlation, 

with 26 of the 30 questions having a calculated r value > 0.2146 (r table at α = 0.05). Questions 

P10, P23, P29, and P30 were invalid, but P30 was still used because it represented an important 

indicator and was close to the validity limit. The reliability test using Cronbach's Alpha 

produced a value of α = 0.835, indicating high internal consistency (Arikunto, 2016; Cohen et 

al., 2018). 

In addition to the test instruments, the researchers also used different observation 

protocols for each class to observe student interactions while solving problems. Observations 

covered aspects of learning focus, collaboration, answering strategies, independence, and 

completion time. Observations were conducted by the researchers as direct observers, and the 

results were analyzed descriptively to complement the quantitative data. For the test class, 

observations focused on the use of ChatGPT, how students constructed prompts, understood 

answers, and evaluated AI solutions. Meanwhile, in the control class, observations covered how 

students searched for information from textbooks and interacted with their notes (Braun & 

Clarke, 2006). 

This study also used a student perception questionnaire consisting of 25 closed-ended 

statements based on a Likert scale (1–5), covering aspects of learning interest, motivation, 

effectiveness, attitudes toward technology, and learning outcomes. This questionnaire was 

only administered to the test class after the test was administered to determine the extent to 

which students assessed the use of ChatGPT in helping them understand and solve 

mathematics problems (Zein et al., 2024) 
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The research implementation process was divided into four main stages: (1) 

Preparation, including the preparation of questions in Google Form, instrument validation, and 

preparation of observation protocols and questionnaires; (2) Implementation of the posttest 

which was carried out simultaneously in two classes with different conditions according to 

each treatment; (3) Observation of students while working on the questions, and (4) filling out 

the questionnaire by the test class. The research was conducted in one meeting to ensure 

environmental control remained stable and free from external factors. 

To complement the quantitative analysis, qualitative data from observations and 

questionnaires were analyzed using thematic analysis according to (Braun & Clarke, 2006), 

which involves data familiarization, initial coding, theme identification, theme review, and final 

interpretation. This analysis aimed to gain a deeper understanding of how students interpreted 

the use of ChatGPT as a learning tool and how their experiences differed from those of the open-

book method. Throughout the research process, the researchers upheld research ethics by 

seeking permission from the school, explaining the purpose and benefits of the study to 

students, and maintaining the confidentiality of participants' identities. All data collected was 

used solely for academic purposes. 

3. Results and Discussion  

3.1 Result 

This study aims to analyze the differences in students' cognitive mathematics test 

results between the group using ChatGPT (experimental class) and the group using open book 

(control class) on trigonometry. Data were collected from test results given to both classes 

after practice sessions. The following is a quantitative description of the research results. 

Table 2. Results of the Test of Question Item Validity 

Question Item Status Number of Questions Question Number 

Valid 26 1–9, 11–28 

Invalid (Drop) 3 10, 23, 29 

Invalid (Used) 1 30 

Based on Table 2, it can be concluded that most of the questions developed are valid and 

can be used to measure students' cognitive abilities accurately. 

Furthermore, a reliability test using Cronbach's Alpha yielded a value of 0.835. This 

value is considered reliable because it is >0.70, indicating excellent internal consistency of the 

instrument. 
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Table 3. Results of the Reliability Test of Question Items 

Cronbach's Alpha N of Item 

.835 30 

Based on Table 3, the test instrument used is classified as very reliable so it is suitable 

for use in research. 

Test Results of Question Difficulty Level 

A difficulty level test was conducted to determine the extent to which the questions 

differentiated students' abilities. The analysis showed that there were 8 questions categorized 

as very easy, 15 questions as easy, 5 questions as medium, 1 question as difficult, and no 

questions as very difficult. Questions categorized as very easy were not used in the hypothesis 

test because they were deemed less representative in assessing students' overall abilities. 

Table 4. Distribution of Question Difficulty Levels 

Difficulty Category Number of Questions 

Very Easy 8 

Easy 15 

Currently 5 

Difficult 1 

Very Difficult 0 

Based on Table 4, it can be seen that the majority of questions fall into the easy and 

moderate categories. Questions in the very easy category were not used in the hypothesis test 

because they were deemed less representative in optimally measuring student ability. 

Descriptive Analysis Results 

Descriptive analysis was conducted to determine the average and distribution of 

posttest scores of students in both groups. The test class (using ChatGPT) obtained an average 

score of 98.57 with a standard deviation of 3.29. Meanwhile, the control class (using the open 

book method) obtained an average score of 58.50 with a standard deviation of 26.26. The high 

average score and low deviation in the test class indicate a better level of consistency in 

learning outcomes compared to the control class. 
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Table 5. Descriptive Statistics of Cognitive Test Results 

 N Minimum Maximum Mean Std. Deviation 

Test 28 85.00 100.00 98.5714 3.29341 

Control 30 10.00 100.00 58.5000 26.26621 

Valid N (listwise) 28     

Based on Table 5, the average value of the test class is much higher than the control 

class, while the low standard deviation indicates that the results of students in the test class 

are more even and consistent. 

Results of Normality and Homogeneity Tests 

Based on Table 6, the normality test was conducted using the Shapiro-Wilk test and 

showed that the data in both groups were not normally distributed (p-value < 0.05). Based on 

Table 7, the homogeneity of variance test was conducted using Levene's Test and showed that 

the data were not homogeneous (p-value < 0.05). 

Table 6. Normality Test Results 

Shapiro-Wilk 

Class Statistic df Say. 

Test .491 28 .000 

Control .929 30 .047 

 

Table 7. Results of Homogeneity Test 

Levene Statistic df1 df2 Say 

102.014 1 56 .000 

Before conducting the hypothesis test, the researchers conducted normality and 

homogeneity tests. The Shapiro-Wilk test for normality showed that the data were not 
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normally distributed (p < 0.05). Therefore, the non-parametric Mann-Whitney U test was used 

to compare scores between the two groups. 

Table 8. Mann-Whitney U Test Results 

 Results 

Mann-Whiteney-U 21.500 

Wilcoxon W 486.500 

WITH -6.409 

Aymp. Sig. (2-tailed) .000 

Based on Table 8, the results of the Mann-Whitney U test show a significance value of 

0.000 (p < 0.05) indicating that there is a significant difference between the learning outcomes 

of students who use ChatGPT and those who use the open book method.. 

Cohen's d Analysis Results 

To measure the strength of the treatment effect, an effect size calculation was performed 

using Cohen's d. The mean value for the test class was 98.57 and the mean for the control class 

was 58.50, with a combined standard deviation of 18.71. The calculation results showed that 

Cohen's d was 2.14, which is classified as a very large effect. 

 

Figure 1. Cohen’s D Analysis 

Based on the research results, the average score for the test class was 98.57 (SD = 3.29) 

and the control class was 58.50 (SD = 26.26). Based on these data, Cohen's d value was 2.14, 

which according to (Cohen et al., 2017) is categorized as a very large effect. These results 

indicate that the use of ChatGPT has a significant and practically meaningful impact on 

improving students' cognitive mathematics test results, particularly in trigonometry. 
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3.2 Discussion 

The findings of this study indicate that the use of ChatGPT significantly improved 

students' cognitive mathematics test results on trigonometry compared to the open-book 

method. The test class' average score of 98.57 with a low standard deviation indicated that 

almost all students successfully completed the problems well and consistently. In contrast, the 

control class showed lower performance with an uneven distribution of scores, reflecting 

significant variation in students' ability to understand problems based solely on conventional 

references. This is in line with research by (Yuntaro & Yudhanegara, 2024) and (Masluha & 

Zainudin, 2024) which stated that the use of AI technology such as ChatGPT can significantly 

strengthen students' understanding in solving mathematical problems. ChatGPT functions as a 

virtual tutor that provides systematic explanations, answers students' questions directly, and 

enriches their understanding of abstract concepts such as trigonometric functions, graphs, and 

amplitude calculations. These findings align with (Nugraha & Harsono, 2024) in JKTP, which 

shows that integrating AI-based technology in creating learning media can significantly 

improve students' understanding, especially in abstract and complex topics. 

Observations showed that students in the test class demonstrated more active and 

independent learning behavior, such as asking complex questions to ChatGPT, evaluating the 

answers, and comparing them with their own understanding. In contrast, students in the 

control class frequently relied on peer discussions and experienced confusion when searching 

for references in textbooks, particularly when faced with trigonometry application problems. 

A perception questionnaire distributed to the test class corroborated these findings. The 

majority of students considered ChatGPT an effective, fast, and engaging tool, especially when 

dealing with problems requiring in-depth understanding. This reinforces the notion that the 

use of AI technology not only supports academic performance but also increases student 

motivation and interest in learning (Ma’amor et al., 2024). (N. Halimah et al., 2024) also 

emphasized that digital technology-based learning systems, such as LMSs or interactive media, 

encourage students' self-regulation and active participation in learning. 

However, it is important to note that the effectiveness of ChatGPT usage depends on the 

context and teacher supervision. Some students observed appeared to rely too heavily on the 

system's answers without critically evaluating them. This demonstrates the importance of 

digital literacy and ethical technology use in learning, ensuring that students are not merely 

passive users but also develop critical and reflective thinking skills (Lo, 2023; Rahayu et al., 

2022; Subiyantoro et al., 2023) also emphasize the importance of a balanced pedagogical 

approach between technology and teacher involvement to ensure meaningful understanding 

for students. Methodologically, although the results show strong effects, this study has 

limitations because it did not use a pretest to measure initial abilities, so potential bias cannot 

be completely avoided. Therefore, further studies are recommended with a pretest-posttest 

design and a longer timescale to comprehensively measure knowledge retention and transfer..  

 

4. Conclusion  

Based on the research results and data analysis that have been conducted, it can be 

concluded that the use of ChatGPT as an aid in solving trigonometry problems significantly 

improves the results of the Mathematics cognitive test of grade XI students at SMAN 7 Kediri 
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City. This is indicated by the very striking difference in average scores between the test class 

and the control class, namely 98.57 compared to 58.50, as well as the results of the Mann-

Whitney U test which shows significance at p < 0.05. In addition, the Cohen's d value of 2.14 

indicates that the use of ChatGPT has a very large effect on student learning outcomes in 

practice. This finding is in line with the results of previous studies that confirm that the 

integration of AI technology in learning can support the understanding of complex concepts, 

increase learning motivation, and provide a more personalized and adaptive learning 

experience (Masluha & Zainudin, 2024; Wardat et al., 2023; Yuntaro & Yudhanegara, 2024). 

Through observations and questionnaires, it was found that students also had a positive 

perception of the use of ChatGPT, which was seen as a tool that could facilitate the process of 

thinking and solving mathematical problems. 

However, despite its significant benefits, ChatGPT cannot be used as a sole benchmark 

for assessing student abilities and competencies. Teacher mentoring, strengthening digital 

literacy, and developing critical and reflective thinking skills are necessary to prevent students 

from passively relying on technology. Furthermore, the limitations of the research design, 

which lacked a pretest and the short observation period, warrant further research. Overall, 

ChatGPT has proven to have significant potential as an innovative learning medium in 

mathematics, particularly in abstract topics like trigonometry. However, its use must be 

directed, ethical, and integrated with active learning strategies to create a holistic and 

meaningful learning process. 
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