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This study has explored the effects of ChatGPT on the academic performance, attitudes, and perceptions of students studying thermodynamics at the Federal College of Education (Special), Oyo. The researchers used a quasi-experimental design with pre-test and post-test control-group measurements. Forty-two (42) students in the NCE3 course were selected using purposive sampling, with half assigned to the experimental group and the rest to the control group. The experimental group was taught using ChatGPT, and the control group was taught using traditional pedagogical methods. Three data collection tools were used: The Thermodynamics Achievement Test (TAT), the Attitude Towards ChatGPT Usage Questionnaire (ATCUQ), and the Perceived Effectiveness of ChatGPT Questionnaire (PECQ). Then the data were analysed using both descriptive and inferential statistical analysis. Results showed that students maintained a positive attitude toward using ChatGPT, as they felt it was an entertaining, confidence-boosting, and efficient learning tool. The perception metrics also showed that most participants considered ChatGPT a supportive, interactive, and interesting platform that supplements learning and academic achievement in thermodynamics. The hypothesis was proved out, assuming that there was no statistically significant difference in the pre-test scores between the experimental and control groups (p = 0.836), which proved equivalence at baseline. On the other hand, a statistically significant difference was observed in the post-test gain score (p = 0.000), with the experimental group (15.48) scoring higher than the control group (7.71). The article found that integrating ChatGPT into chemistry education has a significant positive effect on students' understanding and achievement in thermodynamics. It was suggested to promote the integration of AI applications like ChatGPT into the science curriculum, provide specific teacher training, redesign curricula to include AI materials, ensure adequate digital infrastructure, and conduct additional research on the use of AI in educational activities.
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Introduction
Technology and science are inseparable tools necessary to resolve global problems and achieve sustainable development. The world is socially and economically evolving through scientific and technological innovations, especially toward green growth (Luo, 2021). These trends have a significant impact on the international relations that shape the political, economic, and sociocultural aspects of global interactions (Isinkaye, 2023). The manufacture of biofertilizers, biodiesel, and bioplastics is an example of the progressive scientific approaches developed to address the dire environmental challenges, including pollution and climate change (Ganesan et al., 2022). However, these solutions are effective only for international cooperation and community participation in research. It is necessary to increase the scientific literacy of the population and policymakers to limit the spread of misinformation and enable the effective use of scientific findings (Luo, 2021). The new technologies promise viable options to reduce the development gap between countries and states, as well as to mitigate the effects of environmental systems as environmental issues intensify (Duchaeva & Magomadov, 2023; Bradford & Hamer, 2022).
The quality of science education has a significant effect on the pedagogy and understanding of chemistry. The empirical studies of the possibilities of ChatGPT can bring meaningful results that can be used to supplement the professional growth of secondary chemistry teachers internationally. The effectiveness of teaching about chemicals is significantly reduced when students show less interest in science, such as thermodynamics. Harackiewicz, Smith, and Priniski (2016) assume that interest is a powerful motivational tool that provokes learning and predetermines academic course and professional orientation, both of which are crucial to academic success. Development of interest will make the students more inclined to approach thermodynamics in a voluntary manner and an intellectual one, which can result in improved performance in chemistry. The difference in the instructional preferences of learners, the abstract nature of chemistry, and a didactic-focused, textbook-centered paradigm of learning without much focus on innovative modalities like ChatGPT, among other factors, lead to a loss of student interest in the subject (Boesdorfer, 2019; Babalola, Ahmad, & Tafida, 2024).
ChatGPT can be discussed as a pioneer in the fast-developing sphere of artificial intelligence. It is a state-of-the-art language model created by the OpenAI company and has gained significant research and professional interest. Improved speed of development of artificial intelligence technologies has had a significant impact on the educational sector in the whole world (Bettayeb et al., 2024). ChatGPT is an artificial intelligence learning tool that facilitates teaching various courses, including chemistry, by providing answers in a human-like manner and offering specific pedagogical support. It aids understanding of complex ideas, such as chemical equilibrium and thermodynamics, which learners otherwise struggle to master through conventional instructional methods. The use of ChatGPT in chemistry education offers benefits, including increased student engagement, improved learning opportunities, and personalized assistance, and aims to enhance conceptual learning and academic achievement (Rojas, 2024; Kodkin & Artem'eva, 2024).
ChatGPT shows significant ability to read and understand chemical terminology as well as cope with conceptual problems, and this feature is beneficial in the development of examinations and question items (Araaujo & Saude, 2024; Kodkin & Artemeva, 2024). However, there are still ethical issues and scientific-pedagogical constraints (Aaraujo & Saude, 2024; Bettayeb et al., 2024). Whereas ChatGPT works well in questions that rely on knowledge, it is shown to have difficulty when the task involves application and interpretive tasks. As such, it is seen as a facilitator of conversations about academic honesty and test construction, rather than a significant threat to academic honesty (Fergus et al., 2023). This paper examines the transformative power of ChatGPT, specifically its impact on the academic performance of students in Thermodynamics at the Federal College of Education (Special), Oyo.
Statement of the Problem
Student performance in thermodynamics remains significantly poor, despite the inalienable role of chemistry in the sciences and technology fields. Such courses feature complex mathematical equations and advanced theoretical models that are often difficult for students to grasp. Old-fashioned lecture-based pedagogies have failed to sufficiently alleviate these barriers to instruction. The impact of artificial intelligence applications like ChatGPT, which provide contextualized and interactive support, on the academic performance of chemistry students warrants empirical study. This study aims to bridge the performance gap by comparing the impact of ChatGPT on the academic success of a group of chemistry students at the Federal College of Education (Special), Oyo.
Aim and Objectives of the Study
The main aim of the study is to investigate the impact of ChatGPT on the academic achievement of chemistry students in the thermodynamics area. 
These specific objectives are to:
1. Compare the academic results of students who learned thermodynamics using ChatGPT and those who learned the subject using traditional pedagogical tools.
2. Explore the attitude of the students toward the use of ChatGPT in a chemistry classroom.
3. Test the perceived effectiveness of ChatGPT as a teaching tool in chemistry students.
Research Questions
1. How do students feel about the application of ChatGPT to learn chemistry?
2. What do chemistry students think about the effectiveness of ChatGPT as a thermodynamics learning tool?
Research Hypotheses
H01: There was no statistically significant difference in the academic performance of the control and the experimental group before the intervention.  
H02: No statistically significant difference was found in the academic performance of students taught thermodynamics using ChatGPT and those taught using traditional teaching methods.
Significance of the Study
There are many important things about this study. It gives real-world proof that AI-based tools can help Chemistry students do better in school, which can help teachers figure out how to use technology in science classes. It will also help curriculum developers and policymakers choose new ways to teach. The results may also encourage students to look into AI tools as extra learning tools, which would help them learn on their own and think critically.
Scope of the Study
This research is limited to Chemistry students at the Federal College of Education (Special), Oyo, with a particular emphasis on thermodynamics. The study assesses the academic performance, attitudes, and perceptions of students concerning the utilisation of ChatGPT in this context.
Research Design
The research employed a quasi-experimental framework featuring pre- and post-test evaluations for control groups. This method makes it easier to compare the academic performance of students who learned through ChatGPT with those who learned through traditional lectures.
Population of the Study
The population for the study was all NCE 3 Chemistry students enrolled in the 2022/2023 academic session at the Federal College of Education (Special), Oyo.
Sample and Sampling Techniques.  
A purposive sampling method was used to select two intact groups of Chemistry students, which were further separated into two groups. One of the cohorts was the experimental one, which was instructed through the assistance of ChatGPT, and the other one was the control group, which was instructed through traditional pedagogical teaching.  
Research Instruments  
The tools to be used in data collection included:  
1. Chemistry Achievement Test (CAT), which focuses on issues of chemical equilibrium and thermodynamics.  
2. The Attitude Towards ChatGPT Usage Questionnaire (ATCUQ).  
3. Perceived Effectiveness of ChatGPT Questionnaire (PECQ).  
Validity of the Instruments  
Both face and content validation procedures were conducted on the instruments by three experts in chemistry education and educational technology, thereby ensuring their appropriateness, comprehensiveness, and alignment with the research goals.  
Instruments Reliability.  
Twenty students of Chemistry of a similar institution, but with a lower NCE level (NCE 2), were the pilot group. Cronbach's Alpha was used to test internal consistency; a coefficient of 0.76 and above was considered acceptable.  
Data Collection Procedure.  
The data collection methods included obtaining the permission of the Dean and Head of the Chemistry Department and course lecturers on behalf of Thermodynamics students. Purposive sampling was used to identify two classes of forty-two NCE 3 Chemistry students; the classes were classified into an experimental group and a control group with twenty-one students each. The groups of individuals had similar educational backgrounds. The purpose of the research was communicated during an introductory session, and confidentiality was assured. There was a baseline knowledge test that was done using a validated Thermodynamics Achievement Test (TAT). The experimental cohort was engaged in guided instructional sessions based on ChatGPT, and the control group was engaged in traditional lectures. After a duration of four weeks, the TAT was again administered to assess the changes in performance that could be credited to ChatGPT, but it was further complemented by a feedback questionnaire, which captured the students' experiences and the problems that came with the AI tool.  
Method of Data Analysis  
The methods of analysis included descriptive and inferential statistics. Descriptive statistics, mean and standard deviation, were used to summarise and describe the attitude of the students towards ChatGPT in Chemistry learning and their perception about the use of ChatGPT. To determine the effectiveness of the instructional method, inferential statistics using a paired 1- sample t -test was used to determine whether there were significant differences between pre-test and post-test scores in each group (experimental and control).
Discussion of Results  
Research Question 1: What are the attitudes of students concerning the use of ChatGPT in learning Chemistry?
Table 1: Frequency, Mean, and Standard Deviation Describing the Attitude of Chemistry Students to the Use of ChatGPT in Learning Thermodynamics
	Perceptions
	Strongly Agree

	Agree
	Disagree
	Strongly Disagree
	M
	SD

	
	Frequency (%)
	Frequency (%)
	Frequency
(%)
	Frequency (%)
	
	

	Using ChatGPT as a learning tool for studying thermodynamics
is enjoyable
	11
(26.2%)
	13
(31.0%)
	10
(23.8%)
	8
(19.0%)
	2.64
	1.078

	ChatGPT makes learning thermodynamics topics easier and more interesting.
	15
(35.7%)
	10
(23.8%)
	10
(23.8%)
	7
(16.7%)
	2.79
	1.116

	ChatGPT helps me feel more confident when solving
thermodynamics problems.

	13
(31.0%)
	15
(35.7%)
	11
(26.2%)
	3
(7.1%)
	2.90
	0.932

	Using ChatGPT has
Improved my understanding of difficult concepts in
thermodynamics.
	16
(38.1%)
	13
(31.0%)
	7
(16.7%)
	6
(14.3%)
	2.93
	1.068


Source: Researcher’s Field Survey 2025)
Note: M= Mean; SD = Standard Deviation; Standard Reference Mean = 2.50; Mean Response Rating Classification: High = 3.00 - 4.00; Moderate = 2.00 – 2.99; Low = 1 – 1.99.

As can be seen in Table 1, 11 students studying chemistry 26.2% out of the respondents strongly agreed, and 13 students (31%) agreed that learning thermodynamics using ChatGPT is enjoyable. In comparison, 10 chemistry students, who took 23.8% of the responses, found that using ChatGPT as a learning tool for studying thermodynamics was not enjoyable, with 8 (19%) finding it strongly not enjoyable. Furthermore, the weighted mean (M = 2.64), which is larger than the decision mean = 2.50, shows that the statement saying that it is a pleasant experience studying thermodynamics using ChatGPT as a learning tool was accepted.
Table 1 also shows that 15 chemistry students, or 35.7% of the respondents, strongly agreed, and 10 (23.8%) agreed that ChatGPT makes it easier and more interesting to study topics in thermodynamics. Conversely, 10 chemistry students, or 23.8% of the respondents, did not agree, and 7 (16.7%) strongly disagreed that ChatGPT eases studying topics of thermodynamics and makes them interesting. Also, the weighted mean (M = 2.79) is bigger than the decision mean of 2.50, which means that the statement that ChatGPT helped make learning physics topics about thermodynamics easier and more engaging has been accepted.
Table 1 also shows that 13 chemistry students, who constituted 31% of the respondents, strongly agreed, and 15 (35.7%), strongly agreed that ChatGPT raises their level of confidence when solving thermodynamics problems, while 11 chemistry students, accounting for 26.2% of the respondents disagreed, and 3(7.1%) strongly disagreed that ChatGPT helps me feel more confident when solving thermodynamics problems. Also, the weighted mean (M= 2.90) higher than the decision mean of 2.50 suggests that the statement ChatGPT makes me feel more confident when I solve thermodynamics problems was accepted.
As one can see in Table 1, 16 students of chemistry, or 38.1% of the respondents, strongly agreed and 13 (31.0%) agreed that use of ChatGPT has enhanced their understanding of complicated concepts in thermodynamics, whereas 7 chemistry students, or 16.7%, disagreed and 6 (14.3%) strongly disagreed. Furthermore, the weighted mean (M = 2.93) is greater than the decision mean of 2.50, indicating that the response on the given question was accepted, whether the statement Using ChatGPT has enhanced my knowledge of challenging concepts in thermodynamics.
Research Question 2: How effective do Chemistry students perceive ChatGPT as a learning tool for thermodynamics?
Frequency, Mean, and Standard Deviation Describing the Perception of Chemistry Students on the Use of ChatGPT in Learning Thermodynamics
	Perceptions
	Strongly Agree

	Agree
	Disagree
	Strongly Disagree
	M
	SD

	
	Frequency (%)
	Frequency (%)
	Frequency
(%)
	Frequency (%)
	
	

	ChatGPT is a helpful tool for supporting my learning in
thermodynamics,
	18
(42.9%)
	16
(38.1%)
	3
(7.1%)
	5
(11.9%)
	3.12
	0.993

	ChatGPT provides clear and understandable explanations for thermodynamics concepts.
	10
(23.8%)
	19
(45.2%)
	8
(19.0%)
	5
(11.9%)
	2.81
	0.943

	Using ChatGPT in learning thermodynamics can enhance
students’ academic
performance

	10
(23.8%)
	21
(50.0%)
	8
(19.0%)
	3
(7.1%)
	2.90
	0.850

	ChatGPT is an engaging and interactive platform for
learning Chemistry topics.
	14
(33.3%)
	13
(31.0%)
	10
(23.8%)
	5
(11.9%)
	2.86
	1.026


Source: Researcher’s Field Survey 2025
Note: M= Mean; SD = Standard Deviation; Standard Reference Mean = 2.50; Mean Response Rating Classification: High = 3.00 - 4.00; Moderate = 2.00 – 2.99; Low = 1 – 1.99.

Table 2 shows that 18 chemistry students (42.9% of the participants) strongly responded, and 16 (38.1%) agreed that the use of ChatGPT is an effective resource in aiding them in their learning in the thermodynamics domain. Conversely, 3 students (7.1%) did not agree, and 5 students (11.9%) did not strongly agree that ChatGPT is a useful resource in aiding their study of thermodynamics. The acceptance of the statement ChatGPT is a useful tool to support my learning in thermodynamics is proved by the weighted mean (M = 3.12) which is much higher than the decision mean (2.50).  
Table 2 also reveals that 10 chemistry students (23.8% of the respondents) strongly agreed, and 19 (45.2%) have agreed that ChatGPT can offer clear and understandable explanations of the concepts of thermodynamics. On the other hand, 8 students (19%), and 5 students (11.9%), strongly disagree and disagree, respectively, that ChatGPT has clear and understandable statements regarding the concepts of thermodynamics. Moreover, the weighted mean (M = 2.81) is bigger than the mean of decisions 2.50, which indicates that the statement ChatGPT gives clear and understandable explanations of the concepts of thermodynamics was accepted.  
Table 2 further indicates that 10 students of chemistry (23.8% of the respondents) strongly agreed, and 21 students (50%) agreed that application of ChatGPT in learning thermodynamics can improve the academic performance of students. Conversely, 8 students (19%) out of 28 students (100%) were not in agreement, and 3 students (7.1) of 28 students (100) were strongly against the idea that the application of ChatGPT can improve the performance of students when learning thermodynamics. Additionally, the weighted mean (M= 2.90) is greater than the decision mean of 2.50 and thus the statement that using ChatGPT in learning thermodynamics can improve the academic performance of students was accepted.  
As it may be seen in Table 2, the respondents who strongly agreed with the statement that ChatGPT can be an engaging and interactive tool to learn about chemistry topics (33.3% of the total number of respondents) and then, 13 students (31% of the respondents) agreed. On the other hand, 10 students (23.8%) disagreed, and 5 students (11.9%) strongly disagreed that ChatGPT is an engaging and interactive learning platform on chemistry topics. Moreover, the weighted mean (M=2.86) is greater than the decision mean (2.50), which means that the statement according to which ChatGPT is an interesting and interactive tool to study chemistry subjects was accepted.
Test of Hypotheses
H01: There is no significant difference in academic performance between the two groups before intervention 
Table 3: Showing the independent sample T-test for pre-test scores between the two groups (Control and Experimental)
	
	Levene’s Test for Equality of Variances
	T-test for Equality of Means

	
	F
	Sig
	T
	df
	Sig. (2-tailed
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference


	
	
	
	
	
	
	
	
	Lower
	Upper

	Pre-test
	Equal Variance Assumed

Equal Variance Not Assumed
	3.690
	0.062
	-0.208




-0.208
	40




37.397
	0.836




0.836
	-0.143




-0.143
	0.687




0.687
	-1.531




-1.534
	1.245




1.249


Source: Researcher’s Field Survey 2025
Based on the information in Table 3, the Levene Test (F = 3.690, p = 0.062) shows that the variances of the two groups are not statistically equal as p = 0.062 is greater than the traditional alpha of 0.05. As a result, the null hypothesis of the same variances cannot be rejected.  When it comes to the Independent Samples t -test (t = -0.208, p = 0.836), the received p -value (0.836) is significantly larger than 0.05, which means that there is no statistically significant difference in pre-test scores on academic performance in the Control and Experimental groups before the intervention. This observation confirms the fact that both groups began at statistically similar levels, which means that the overall differences observed at the end of the post-test may be linked to the intervention, but not to the existing differences. The difference of -0.143 is a mean which indicates that the difference in scores on the average between the two groups is insignificant and does not hold any practical value.
H02: There is no significant difference in academic performance between students taught thermodynamics using ChatGPT and those taught through conventional methods.
Table 4: Showing the independent sample T-test for in academic performance between students taught thermodynamics using ChatGPT and those taught through conventional methods. 
	
	Levene’s Test for Equality of Variances
	T-test for Equality of Means

	
	F
	Sig
	T
	df
	Sig. (2-tailed
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference


	
	
	
	
	
	
	
	
	Lower
	Upper

	Pre-test
	Equal Variance Assumed

Equal Variance Not Assumed
	0.001
	0.973
	-6.310




-6.310
	40




39.983
	0.000




0.000
	-7.76190




-7.76190
	1.23010




1.23010
	-10.24803




-10.24807
	-5.27578




-5.27574


Source: Researcher’s Field Survey 2025
The statistics reported in Table 4 show that the p-value (F = 0.001, p = 0.973) of the Levene Test shows that the variances of the two groups are equal, as the p-value is much higher than the traditional level of alpha = 0.05. The null hypothesis that the variances are equal can therefore not be rejected. Additionally, the Independent Samples t -test (t = -6.310, p = 0.000) has a p-value which is significantly lower than 0.05; therefore, it can be concluded that there is a statistically significant difference between the academic performance benefits of students taught with ChatGPT and those taught using traditional methodologies. This result supports the fact that academic performance in thermodynamics when taught through ChatGPT and conventional methods significantly differ, and the ChatGPT-based method gives a significantly greater positive change in the scores of students. The average difference of -7.7619 points is an indication that, on average, students in the ChatGPT group performed at a higher level than their colleagues, with an average difference of 7.76 points. The confidence interval (−10.24803 to -5.27578) has a 95% value which is all negative, and does not include the 0 meaning.
Table 5: Group Statistics
	
	Groups
	N
	Mean
	Std. Deviation
	Std. Error Mean

	GainScore
	Control Group
	21
	7.7143
	4.02670
	0.87870

	
	Experimental Group
	21
	15.4762
	3.94486
	0.86084



Table 5 above shows the group means, which shows the approach that has given a larger mean gain. Based on the findings, the Experimental Group (ChatGPT) had a better mean gain score (15.48) than the Control Group (7.71). This shows that the use of ChatGPT greatly improved the academic performance of the students in Thermodynamics when compared to the traditional method of teaching.


Discussion of Findings  
This experiment explored the effect of ChatGPT on the attitude, perception, and academic achievement of Chemistry students when learning Thermodynamics. The findings in research question 1 indicated that among the Chemistry students, there was an overall positive attitude toward the use of ChatGPT in learning Thermodynamics. Maybe the most interesting fact revealed in the analysis is that students found ChatGPT to be an enjoyable, confidence-building, and useful tool to understand hard concepts. The mean items of the attitude were weighted to above 2.50, and the mean of all attitude items was between 2.64 and 2.93, which is above the reference mean of 2.50. It means that most students perceived ChatGPT as an encouraging and interesting study tool. This is in line with other studies, like those of Zhang et al. (2023) and Adebayo and Yusuf (2024), which found that students have a positive attitude towards AI-based learning systems, which is explained by interactive and personal feedback on AI platforms.  
The effectiveness of ChatGPT as a learning tool was also a positive opinion in the research question. The mean values (ranged between 2.81 and 3.12) were above the reference value of 2.50. A significant proportion of 81% of those who were asked agreed and strongly agreed that ChatGPT is useful in their learning in Thermodynamics. Moreover, a considerable percentage admitted that it was able to give understandable explanations and improve academic success. This is supported by the results of Hassan et al. (2023), who stated that AI-created tools contribute to improved conceptual clarity and learning in science courses.  
In hypothesis 1, the outcome of the independent samples t -test indicated that there were no significantly different pre-test scores between the experimental and control groups (p = 0.836). This implies that the two groups were similar in academic abilities before the intervention, and, therefore, the validity of the interventions was maintained. In hypothesis 2, the results showed that the post-test gains were statistically significant (p = 0.000) in the experimental group (ChatGPT users) compared to the control group. The experimental group had a significantly higher gain score (15.48) than the control group (7.71). The t -test value (t = -6.310, p = 0.05) was used to confirm the significance of ChatGPT-based teaching in improving academic performance among students in Thermodynamics. This is a great enhancement in line with the findings of the research conducted by Ayeni and Fashina (2022) and Kolade et al. (2023), who indicated that incorporating AI-based instructional approaches has a beneficial effect on student learning outcomes in science disciplines.
Taken together, these results indicate that the implementation of ChatGPT as an auxiliary educational resource can have a beneficial effect on the attitude, perception, and academic performance of students when taught Chemistry, especially in a more problematic area, Thermodynamics.
Conclusions
According to the results of the research, it can be concluded that the attitude of Chemistry students towards using ChatGPT in learning Thermodynamics is positive. Students find ChatGPT useful, entertaining, and helpful as the tool that enhances the conceptual knowledge and academic achievement. Moreover, the use of ChatGPT as an auxiliary learning tool has demonstrated a considerable improvement of academic outcomes of the students in comparison to traditional approaches. These results show the possibility of AI-based educational technologies to be used to supplement traditional classroom teaching, especially in advanced science subjects.
Recommendations
Based on the results of the study, it is possible to suggest the following recommendations:
1. Schools and higher-education institutions are advised to introduce AI tools, including ChatGPT, to science education to enhance students in their better understanding of complicated subjects and improve their academic outcomes.
2. To ensure the optimal educational effects on learners, chemistry instructors need to be trained on how to use AI-based applications such as ChatGPT in their teaching.
3. The policymakers in education should reform the science curriculum and include AI tools since they have the potential to promote personalised and interactive learning.
4. It is recommended to conduct further studies at various levels of education and in different classes to assess the effectiveness and difficulties of AI-based products like ChatGPT in the classroom.
5. To deploy AI technologies in education, school authorities need to ensure that there is proper digital infrastructure and resources such as good internet connection and computing equipment.
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