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education, this research investigates the impact of using artificial intelligence (Al) systems on
students’ academic performance in chemistry. The primary goal is to determine the
effectiveness of these tools in enhancing students’ learning and engagement with chemistry
concepts. Methods: This applied research was conducted using a quasi-experimental design
with pre-test and post-test, and a control group. The statistical population included all twelfth-
grade science students in Bonab County during the academic year 2024-2025. The sample
size, determined using Bartlett’s table, was a minimum of 87 participants, selected through
convenience sampling. Participants were randomly assigned to either an experimental or a
control group. Data collection tools included ChatGPT chatbots with Wolfram Alpha and
ChemDraw plugins, and two researcher-made academic achievement tests on chemistry (pre-

test and post-test). Findings: The results indicated that the experimental group had a
How to Cite: Taghipour, A., Eghbali, A., & significant improvement in their academic performance compared to the control group. This
Dadashzadeh, M. (2026). Investigating the  improvement was evident in the post-test scores compared to the pre-test scores in the
experimental group and was significantly different from the control group. Conclusion: These
findings suggest that the use of chatbots and Al systems can be used as an effective tool in
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Education, 8(1), 146-161. promoting learning, student engagement with chemistry concepts, and providing personalized
feedback.
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Extended Abstract

Introduction

In today’s fast-paced world, where science and technology are advancing at an ever-increasing rate, learning fundamental
sciences, especially chemistry, plays a vital role in shaping a brighter future (Mahaffy, 2004). However, evidence and statistics
indicate that over 60% of students worldwide consider chemistry to be one of the most challenging scientific subjects (Huang,
2020). This situation not only reflects the inherent complexity of chemical concepts but also suggests that traditional teaching
approaches alone are inadequate to meet the diverse learning needs of students (Oda-Abunamas et al., 2022). This alarming
statistic serves as a wake-up call for educational systems, teachers, and learning specialists to seek innovative and effective
solutions for facilitating the chemistry learning process.

In recent years, significant breakthroughs have been achieved in the field of artificial intelligence and its related
technologies. From self-driving cars to smart voice assistants, artificial intelligence is rapidly infiltrating various aspects of life
(Kosasi et al., 2023), and the field of education has not been exempted from these changes, with the popularity of technology
continuously on the rise (Ahmadi et al., 2024). Chatbots and Al-based systems, leveraging advanced algorithms and natural
language processing capabilities, have emerged as powerful educational tools (Liu & Li, 2024). These tools can enhance the
learning process by providing personalized feedback, facilitating students’ interactions with educational content, and
responding to their questions in real-time. For example, chatbots can assist students in solving stoichiometry problems or
explain concepts related to chemical equilibrium (Liu et al., 2024). Indeed, artificial intelligence has the potential to become a
virtual private tutor, guiding students along their learning journey (Ma & Li, 2024). Additionally, the use of artificial
intelligence technology can assist in delivering educational content to students and enhancing their learning processes while
also providing support for teachers. Teaching methods improved by this technology can lead to increased motivation,
collaboration, engagement, and learning outcomes (Bahrami Madah & Sa'adati, 2024). Specifically, the use of intelligent
chatbots and artificial intelligence in chemistry education can yield significant benefits. These tools can explain complex and
abstract chemistry concepts in simpler and more understandable language, guide students in solving chemistry problems, and
provide varied exercises to reinforce learning (Ibnozaman et al., 2024).

The traditional educational system, which often relies on one-sided lectures and rote memorization, cannot adequately
address the diverse learning needs of students. Some students may require more personalized and detailed explanations, while
others may benefit more from interactive and hands-on learning. In such instances, utilizing intelligent educational tools can
help teachers more effectively respond to students’ learning needs and create a more active and engaging learning environment
(Aquino & Bushel, 2020). In fact, chatbots and Al systems are not intended to replace teachers; rather, they are powerful tools
that can support educators in delivering higher-quality instruction. However, today, with the increasing accessibility and
ongoing development of artificial intelligence in various aspects of human life, chemistry educators are, like other professionals
in diverse fields, keen to explore and implement these tools in their practice (Ahmadabadi & Masrournia, 2024). Therefore, the
main question of this research is: What impact do chatbots and Al-based systems have on students’ understanding of
fundamental chemistry concepts?

Methodology

This study employed a quasi-experimental design utilizing a pre-test and post-test with comparison groups. The statistical
population comprised all 12th-grade science students in the city of Bonab during the 1404-1403 academic years, totaling 357

students. The sample size was determined using Bartlett’s table at a significance level of 0.05, resulting in a minimum of 87
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participants (43 female students and 44 male students). Due to the constraints of the study regarding specific control conditions
for influential variables, administrative issues, participant consent, and available resources, the sample was selected through
purposive and accessible sampling methods. Participants were randomly assigned to either an experimental group (21 females
and 22 males) or a control group (20 females and 24 males).

In this research, the independent variable was the use of chatbots and artificial intelligence alongside traditional teaching
methods, while the dependent variable was the students’ academic performance in chemistry (both percentage and standard
score). In the intervention group, in addition to traditional teaching conducted in face-to-face classes, ChatGPT chatbots with
the Wolfram Alpha plugin, as well as the ChemDraw chatbot, were utilized as supplementary educational tools.

Pre-test data were gathered using the first term scores of students from the academic year of 2024-2025 To collect post-test
scores reflecting academic progress, a 19-item test based on the taught concepts was administered to both the control and
experimental groups. The content validity of these tests was confirmed based on the opinions of five chemistry teachers, and
their reliability was evaluated based on the Livingston coefficient, which was reported as 0.79. The data collected from the pre-
test and post-test were analyzed using SPSS software version 23.

Results and Discussion

For the data analysis in this study, univariate analysis of variance (ANOVA) was employed. Participants’ scores in the
chemistry academic achievement pre-test were considered as the covariate, and participants' scores in the chemistry academic
achievement post-test were treated as the dependent variable.

Table 1- Central Tendency Indices for the Variable of Academic Achievement in Chemistry by Group and Gender

of Subjects
Pre-test Post-test
Variables Frequency  of Mean criterion  Frequency of Mean criterion
mean mean
subjects error subjects error
Control 44 11.01 2.44 44 11.25 2.15
Academic Experimental 43 12.38 1.81 43 14.87 2.13
achievement of Girls 44 11.75 2.20 44 13.15 2.74
chemistry Boys 43 11.61 1.99 43 12.84 2.83
The whole 87 11.68 2.09 87 12.99 2.77

Table 1 presents the measures of central tendency for the chemistry academic achievement variable, based on the
participants' group and gender. As can be observed, the mean chemistry academic achievement differs between the
experimental and control groups. To examine the statistical significance of this difference, a univariate analysis of covariance
was used.

Table 2- Results of Levene's Test to Examine the Homogeneity of Variances of Research Variables

Variables Number Statistic Significance Level

Academic achievement of chemistry 87 1.97 0.081

Table 2 presents the results of Levene's test to examine the homogeneity of variance of errors for the chemistry academic
achievement variable. As can be observed, the value of Levene's test statistic for the chemistry academic achievement variable
is not statistically significant at the 0.01 level (P > 0.01). Therefore, it can be concluded that the assumption of homogeneity of

variance of errors for the variables in this study has been met.
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Table 3- Results of the Univariate Analysis of Covariance Test to Examine the Effect of Using Chatbots and Artificial

Intelligence on Academic Achievement in Chemistry

Degree of
Variables Sources of Changes Sum of fabrications Status F Significant level ~ Effect size
freedom
Academic Control & Experimental 130.87 1 45.71 0.001 0.358
achievement of Gender 0.08 1 0.03 0.868 0.001
chemistry Gender: Group 0.08 1 0.03 0.868 0.001

Table 3 presents the results of the univariate analysis of covariance (ANCOVA) to examine the effect of using chatbots and
artificial intelligence on students’ chemistry academic achievement. As can be observed, the F statistic for examining the
difference in chemistry academic achievement scores between the experimental and control groups is 45.71, which is
statistically significant (P < 0.01). This means that the average chemistry academic achievement score in the experimental
group after using chatbots and artificial intelligence is higher than in the control group. Furthermore, the F statistic for
examining the difference in the average chemistry academic achievement score between girls and boys is 0.08, which is not
statistically significant (P > 0.01). Therefore, there is no difference between girls and boys in terms of the average chemistry
academic achievement score. Additionally, the F statistic for examining the interaction between group (average chemistry
academic achievement score) and gender, i.e., the simultaneous effect of these two independent variables on the average
chemistry academic achievement score, is 0.08, which is not statistically significant (P > 0.01). In other words, the average
chemistry academic achievement score of female students in both the experimental and control groups, and the chemistry
academic achievement score of male students in both the experimental and control groups, are equal.

Conclusions

The results indicated that the use of these tools has a positive and significant impact on students' academic performance.
These findings are consistent with previous research in the field of educational technology, which points to the positive impact
of chatbots and artificial intelligence on learning. For example, Sugiarso et al. (2024), in a study titled "The Impact of Artificial
Intelligence in Improving the Learning Achievement of High School Students," showed that Al can help teachers create
students who excel in learning, especially at the high school level, and that students can improve their academic achievement
in the learning process. Additionally, Azmatova et al. (2023), in a study titled ‘The Impact of Using Artificial Intelligence and
Digital Learning Tools Based on a Project-Based Learning Approach in Foreign Language Education on Student Success and
Motivation,” concluded that the use of digital tools and Al not only helps students' academic progress and motivation but also
reinforces learning. Fan et al. (2023), in a study titled ‘Integrating Artificial Intelligence and Learning Analytics to Improve
Student Learning in an Online Engineering Course,” addressed the integration of Al with learning analytics approaches. The
main goal of this research was to improve the learning effects of students in a collaborative learning context. The findings of
this study suggest that using an integrated approach of AI models and learning analytics feedback can be significantly effective
in improving the learning process.

This alignment demonstrates that the current research is progressing in line with previous studies on artificial intelligence
in education, and not only aligns with existing research but also emphasizes the importance and necessity of using innovative
technologies in the teaching and learning process. However, this study, focusing on chatbots as interactive and personalized
feedback tools, highlights new aspects of applying this technology in chemistry education.

In this theoretical framework, the research is grounded in cognitive, constructivist, and self-regulated learning theories.

Cognitive theories emphasize the importance of learner's actively processing information (Stetson-Tiligadas, 2018). Chatbots,
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by providing immediate and interactive feedback, can assist students in actively processing challenging concepts and
developing a deeper understanding. Constructivist learning theory, central to this study, posits that learning is an active and
constructive process shaped through interaction with the environment and others (Susyanah & Fajar, 2024). Chabot, by creating
an interactive environment and encouraging active student participation in the learning process, support this principle.
However, this research faced certain limitations that must be considered when interpreting the results. First, this study was
conducted only in a specific grade and educational level, so its findings may not be generalizable to other educational stages.
Second, the selection of participant groups was not random, which may introduce bias into the results. Third, this research only
examined the short-term effects of Chabot usage; it is necessary to investigate the long-term impacts of these tools in future
studies. These limitations indicate that the results of this research should not be interpreted definitively or without considering

specific conditions, and they highlight the need for further studies in this area.
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