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Abstract The integration of ChatGPT into higher education has the potential to transform the academic experiences of university students. This study systematically reviews the impact of ChatGPT on the academic performance of university students by examining the existing literature. The purpose is to evaluate how ChatGPT influences students' research abilities, problem-solving skills, and academic outcomes, considering both the benefits and challenges associated with its use.
The scope of this study includes research published between 2021 and 2024, focusing on empirical studies that analyze the use of ChatGPT in academic contexts. A mixed-methods approach was employed to combine quantitative data, such as improvements in academic outcomes, with qualitative insights into student experiences. The methodology involved a comprehensive review of 28 studies sourced from academic databases such as IEEE Xplore, Scopus, and Web of Science.
Results indicate that ChatGPT contributes to significant improvements in students’ ability to manage academic tasks, particularly in terms of efficiency and understanding complex subjects. However, the findings also highlight concerns related to over-dependence on AI tools and the potential challenges in maintaining academic integrity. Despite these issues, the positive impact on academic performance was evident across multiple disciplines, including engineering, social sciences, and medical fields.
In conclusion, while ChatGPT supports student learning by improving efficiency and providing academic assistance, its integration into higher education requires careful consideration to avoid over-reliance. This review provides valuable insights for educators and institutions looking to implement AI technologies effectively in higher education.
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[bookmark: _Toc177939436]1. Introduction
[bookmark: _Toc177939437]1.1 ChatGPT
ChatGPT, a variant of OpenAI's GPT (Generative Pre-trained Transformer) family, represents a significant leap in the field of natural language processing (NLP). Designed to generate human-like text based on a wide array of prompts, ChatGPT can perform tasks ranging from conversation generation to content creation and even code writing. Its utility spans various sectors including education, healthcare, and software development, making it a transformative tool in modern AI applications.
[bookmark: _Toc177939438]1.1.1 Development of ChatGPT
[bookmark: OLE_LINK1]The development of ChatGPT builds upon the architecture of its predecessors, particularly GPT-2 and GPT-3, which revolutionized the way AI models are trained using unsupervised learning on vast datasets. The GPT model’s strength lies in its transformer-based architecture, which excels at understanding and generating contextually relevant language. By fine-tuning these models on massive amounts of text data, OpenAI enabled ChatGPT to generate nuanced and context-aware responses, achieving levels of fluency previously unattainable with older models.

One notable aspect of ChatGPT’s development is its ability to handle a wide range of queries, from simple factual questions to complex, conversational contexts. This adaptability has made it useful across various domains. For instance, in ophthalmology, ChatGPT has been evaluated for its potential to assist in clinical settings, serving as a research facilitator and educational tool. However, concerns regarding data privacy and accuracy remain key challenges to its broader adoption (Dossantos et al., 2023).
[bookmark: _Toc177939439]1.1.2 Features and Capabilities
[bookmark: OLE_LINK3]At the core of ChatGPT’s functionality is its ability to process and generate text in a way that mimics human conversation. Its proficiency extends to numerous tasks, such as summarization, translation, and even generating structured content like code. In software development, ChatGPT has been recognized for its capacity to streamline workflows. Studies show that integrating ChatGPT into the software development process can significantly enhance productivity, particularly by automating routine coding tasks and speeding up the debugging process (Özpolat et al., 2023).
ChatGPT also plays a key role in educational contexts. Its interactive feedback and tailored guidance have been found to significantly improve students' language proficiency and self-assessment accuracy. This is particularly notable in non-native language learning, where personalized feedback can make a substantial difference in the learning outcomes (Prasetya et al., 2023). Additionally, its integration into front-end development environments, particularly with ReactJS, highlights its versatility in improving coding efficiency, although developers must remain cautious about over-reliance on its suggestions (Bachtiar et al., 2024).
[bookmark: _Toc177939440]1.1.3 Applications and Impact
The impact of ChatGPT has been felt across various industries. In education, ChatGPT has proven to be a valuable tool for both teachers and students, offering enhanced learning experiences through project-based tasks. Research indicates that students who incorporate ChatGPT into their learning processes tend to achieve higher project completion rates and report better outcomes in terms of satisfaction and performance (Hwang et al., 2024).
In healthcare, particularly in fields like ophthalmology, ChatGPT has the potential to transform clinical operations by acting as an assistant in research and patient care. While the model's accuracy in such specialized fields remains an area of concern, its potential for enhancing educational tools in medical training is promising (Dossantos et al., 2023).
In summary, ChatGPT’s development has marked a turning point in the evolution of NLP technologies. Its ability to process and generate coherent, context-aware language has made it an invaluable tool in various fields, including software development, education, and healthcare. 
[bookmark: _Toc177939441]1.2 academic performance
Academic performance refers to the outcomes of students' learning processes, typically measured through assessments, grades, and overall educational achievements. It is a critical indicator of both individual learning progress and institutional effectiveness. Over the years, various factors have been identified that influence academic performance, and methods to evaluate it have evolved, incorporating new technologies and theories.
[bookmark: _Toc177939442]1.2.1 Factors Influencing Academic Performance
Numerous studies have explored the determinants of academic performance, showing that it is influenced by both internal and external factors. Internal factors include individual attributes such as self-management, learning abilities, and time management. For example, students in Ethiopia who exhibited better self-regulation were found to perform better academically (Tadese et al., 2022). Additionally, external factors such as the socio-economic status of students and the availability of school infrastructure, including libraries and computer facilities, have been shown to play a crucial role. Research in Brazil found that students with access to better school infrastructure tend to perform better academically (Wanke et al., 2024).
Parental involvement also plays a significant role in academic success. Studies have demonstrated that the education levels and occupations of parents can significantly impact students' academic performance. For instance, children of parents with higher educational qualifications, particularly those whose fathers hold a master's degree and mothers have a bachelor's degree, tend to exhibit higher examination integrity and better academic outcomes (Ossai et al., 2023).
[bookmark: _Toc177939443]1.2.2 Methods of Academic Performance Evaluation
Evaluating academic performance has transitioned from traditional methods to more sophisticated approaches. Historically, assessments were conducted through standard testing and grading systems. However, more recent studies have applied advanced methods such as fuzzy inference systems and machine learning models to better predict and evaluate performance. A study comparing different fuzzy inference systems, including Mamdani and Tsukamoto methods, found that these approaches provide more accurate assessments of student performance compared to traditional statistical methods (Chaudhari et al., 2023).
Machine learning has also emerged as a powerful tool for predicting academic outcomes. By incorporating multiple variables, machine learning models can predict students' future performance with greater precision. A recent study demonstrated that using machine learning technology to analyze student data helps uncover the non-linear relationships between various influencing factors, providing more reliable predictions (Zhao et al., 2023).
As evaluation methods evolve with the integration of new technologies like machine learning, the ability to accurately assess and enhance student performance continues to improve. By understanding and addressing the key determinants, educators and policymakers can better support student success in both local and global contexts.
[bookmark: _Toc177939444]1.3 university students
University students represent a diverse population that faces unique academic, social, and personal challenges. As they transition from high school to higher education, students encounter a variety of new responsibilities, opportunities, and obstacles. Understanding the experiences of university students is crucial for educators, administrators, and policymakers in order to provide adequate support and foster an environment that promotes academic success and personal development.
[bookmark: _Toc177939445]1.3.1 Experiences of University Students
The experiences of university students have been shaped significantly by the global shift towards digital and remote learning, especially during the COVID-19 pandemic. Studies have shown that online learning introduced both benefits and challenges for students. For example, one study noted that university students experienced varying levels of satisfaction with online learning during the pandemic, with learner-content interaction being a crucial factor in determining their perceived learning outcomes (Su & Guo, 2021). Similarly, students in Malaysia reported positive learning experiences and academic achievements during Open and Distance Learning, crediting lecturer support and peer interactions as key factors in their success (Abdullah et al., 2022).
However, not all experiences were positive. Mental health issues emerged as a significant challenge for many students. In a South African study, 10% of students reported that mental health problems hindered their ability to learn effectively in the online environment (Onwuegbuzie & Ojo, 2021). This highlights the importance of addressing psychological well-being as part of the student experience, particularly in the context of remote learning.
[bookmark: _Toc177939446]1.3.2 Challenges Faced by University Students
In addition to academic difficulties, university students often face a range of personal and social challenges. International students, in particular, encounter unique obstacles. A study on international students in Canada found that financial and personal-social challenges were the most significant issues affecting their experiences. The study also emphasized the role of institutional support in helping students overcome these hurdles (Worae & Edgerton, 2023). Similarly, South African and Australian students highlighted equity issues related to access to technology and digital literacy during emergency remote teaching (Joubert et al., 2023).
The benefits and challenges of online learning were further explored in a study in Ghana, where students appreciated the improvement in their IT skills but also struggled with internet issues and increased workloads (Omari et al., 2022). This balance between opportunities for growth and the practical difficulties of adapting to new learning environments underscores the complexity of university students' experiences.
[bookmark: _Toc177939447][bookmark: OLE_LINK31]1.4 chatgpt in education
ChatGPT, a generative AI model developed by OpenAI, has increasingly become a central tool in the transformation of education. As a powerful language model, ChatGPT allows users to engage in meaningful interactions that simulate human conversation, providing personalized responses and supporting various educational tasks. Unlike other traditional AI applications that focus on narrow functions, such as grading or simple data processing, ChatGPT can contribute to a broader range of educational experiences, from individualized tutoring to content generation.
One of the key applications of ChatGPT in education is in automating routine tasks. Educators are increasingly using ChatGPT to assist with administrative responsibilities, such as grading assignments, generating quizzes, and providing feedback on student work. This automation can help reduce the workload of teachers, allowing them to focus more on personalizing their teaching strategies (Opara et al., 2023). Furthermore, ChatGPT is capable of preparing lesson plans or even generating customized teaching materials, which makes it a versatile tool for educators across various subjects (Canedo et al., 2024).
In addition to supporting teachers, ChatGPT is widely used by students for learning purposes. ChatGPT has been particularly useful for students who need quick explanations of complex topics, or for those seeking help with writing tasks. In subjects like mathematics, ChatGPT is used to explain problem-solving steps and offer guidance, although it differs from traditional tutoring software by providing natural language responses rather than step-by-step instructions (Wardat et al., 2023). This aspect distinguishes ChatGPT from other AI tools that may follow more rigid, algorithmic approaches in problem-solving.
Another significant use of ChatGPT is in supporting personalized learning. AI-driven personalized learning systems have existed for some time, but ChatGPT adds a conversational element, allowing students to ask questions and receive answers in real-time, which can foster deeper understanding of the material. For example, educators can utilize ChatGPT to create adaptive learning experiences by customizing content based on student needs (Crawford et al., 2023). This differs from earlier AI systems that typically used data-driven algorithms to predict learning paths without engaging students in interactive dialogue.
ChatGPT is also being integrated into blended learning environments, particularly in subjects like engineering and mathematics, where it supplements traditional teaching methods. By incorporating AI like ChatGPT into these learning frameworks, educators are finding ways to merge online and face-to-face learning in a more dynamic and responsive manner (Sánchez-Ruiz et al., 2023). This creates an environment where students can engage more actively with learning materials, using ChatGPT as a tool to explore concepts in-depth outside of classroom hours.
[bookmark: _Toc177939448]1.5 the role of chatgpt in higher education
[bookmark: _Toc177939449]1.5.1 Supporting Self-Directed Learning
[bookmark: OLE_LINK4]One significant role of ChatGPT in higher education is its support for self-directed learning. This mode of learning has become increasingly important in university environments, where students are expected to manage their own time and academic progress. ChatGPT provides a readily available resource for answering questions outside of formal classroom hours, empowering students to take control of their own learning. Its interactive nature fosters curiosity and encourages deeper engagement with educational content. Students can ask ChatGPT for explanations, clarifications, or even help with specific problem-solving tasks, thereby enhancing their learning outcomes (Eager & Brunton, 2023).
ChatGPT’s integration into higher education environments reflects broader trends in digital education, where learning is becoming more student-centered. Rather than relying solely on instructors, students can engage with ChatGPT to practice and reinforce their knowledge independently. This shift aligns with the growing demand for flexible learning solutions, particularly as students balance academics with other responsibilities such as work or extracurricular activities.
[bookmark: _Toc177939450]1.5.2 Automating Routine Academic Tasks
In addition to enhancing learning, ChatGPT is also streamlining routine academic tasks for students. For instance, it can automate the generation of summaries, notes, and even exam preparation materials. This reduces the time students spend on these repetitive tasks, allowing them to focus more on critical thinking and in-depth study. ChatGPT’s role in automating such processes not only benefits students but also improves the efficiency of their study routines, enabling them to manage their academic workloads more effectively (Vargas-Murillo et al., 2023). Additionally, its use in drafting and editing content can save time, especially for non-native speakers who might need extra help in refining their academic writing.
[bookmark: _Toc177939451]1.5.3 Supporting Collaborative Learning
[bookmark: OLE_LINK32]ChatGPT also plays a role in facilitating collaborative learning. In group projects or peer-learning environments, students can use ChatGPT to generate initial ideas, explore diverse perspectives, and receive feedback that enhances their collaborative work. By offering suggestions and clarifying doubts, ChatGPT can serve as a virtual assistant, helping groups to stay on track with their assignments and ensuring that everyone has access to the same level of information. This is particularly valuable in diverse classroom settings where students may have varying levels of proficiency or understanding of the material (Schön et al., 2023).
[bookmark: _Toc177939452]1.6 purpose of the study
The integration of ChatGPT into higher education presents a transformative potential for students. ChatGPT offers numerous benefits, such as individualized instruction, immediate feedback, enhanced accessibility to learning resources, and improved student engagement. These features can significantly contribute to improving academic outcomes by supporting students in tasks like writing, research, and problem-solving.
However, alongside these advantages, there are notable challenges. Concerns about the accuracy of information provided by ChatGPT, its inability to understand emotions, the risk of fostering dependency among students, and ethical issues such as plagiarism and data privacy need to be addressed. Despite the growing interest and ongoing discussions about ChatGPT's impact on higher education, there is a need for a comprehensive evaluation of its overall effects on academic performance. Current studies often focus on isolated aspects or provide anecdotal evidence but lack a holistic view that encompasses both positive and negative outcomes.
Guided by the research questions: “What is the impact of ChatGPT on the academic performance of university students?” and “How does the use of ChatGPT affect university students' academic performance?”, this study aims to systematically review existing literature to provide a balanced perspective. The goal is to guide educators, policymakers, and stakeholders in making informed decisions about incorporating ChatGPT into educational practices, ensuring a thorough examination of its effectiveness and areas for improvement.
[bookmark: _Toc177939453]1.7 research question
What is the impact of ChatGPT on the academic performance of university students?
How does the use of ChatGPT affect university students' academic performance?
[bookmark: _Toc177939454][bookmark: OLE_LINK26]2. Methodology
The purpose of this methodology section is to provide a comprehensive understanding of how the research was conducted in order to evaluate the impact of ChatGPT on the academic performance of university students. This section outlines the systematic approach employed, including the identification of the research scope, search strategies, sample selection, and evaluation criteria used for the studies included in the review. By following a structured methodology, this review ensures that the findings are robust, reliable, and can be generalized across different academic settings. Additionally, the section will describe the research design employed and highlight the limitations encountered during the process. The combination of these elements offers a clear roadmap for replicating or building upon this research in future studies.
[bookmark: _Toc177939455]2.1. Identifying the scope of the systematic review
The scope of this systematic review was defined to focus on studies investigating the impact of ChatGPT on the academic performance of university students. Inclusion criteria were established to ensure relevance, requiring the studies to be empirical, peer-reviewed, and published in English. The included studies must analyze the use of ChatGPT or similar AI tools in educational contexts, particularly regarding university students' academic achievements. Exclusion criteria were applied to studies not focusing on higher education, opinion pieces, or those published before the year 2020, as recent advancements in AI technologies have significantly evolved and matured. The primary aim was to identify the potential benefits and challenges of using AI tools like ChatGPT in an academic setting, particularly regarding student engagement, writing proficiency, and overall academic performance.
[bookmark: _Toc177939456]2.2. Searching the databases
[bookmark: OLE_LINK5][bookmark: OLE_LINK34]A comprehensive search was conducted across multiple academic databases including IEEE Xplore, Springer, Web of Science, ProQuest, and Scopus. The search queries utilized keywords such as "ChatGPT," "academic performance," "university students," "AI in education," and "writing improvement". No limitations were placed on publication type, but articles were filtered for relevance by examining titles and abstracts. A total of 120 articles were initially retrieved, out of which 65 met the inclusion criteria. These databases were chosen for their wide coverage of both AI-related technologies and educational studies, ensuring that all relevant literature was captured.
[bookmark: _Toc177939457][bookmark: OLE_LINK27]2.3. Selecting the final sample
[bookmark: OLE_LINK6]To refine the final sample, an iterative process of title and abstract screening was performed, followed by a full-text review of the remaining articles. Studies were excluded if they lacked empirical data, focused on non-university populations, or were written in languages other than English. After the screening process, 28 studies were selected for inclusion. These studies provided empirical evidence on the use of AI tools like ChatGPT in enhancing academic writing, engagement, and learning outcomes among university students, covering diverse fields such as engineering, social sciences, and medical education. This resulted in the inclusion of 28 studies in the final analysis (see Table 1).
[bookmark: _Toc177939458]2.4. Evaluating the sample
[bookmark: OLE_LINK7]A systematic evaluation was carried out using a predefined set of criteria, focusing on research design, sample size, statistical significance, and relevance to ChatGPT usage in academic settings. Each study was assessed based on its methodology, findings, and limitations. The evaluation process involved creating a detailed summary table that outlined the scope of each study, its key findings, and the role ChatGPT played in improving or influencing student outcomes. The studies were then synthesized to provide an overall assessment of the impact of ChatGPT on university students' academic achievements. This resulted in the inclusion of 28 studies in the final analysis (see Table 1).
Table 1
Reviewed articles.
	No.
	Article
	Subject Area
	Authors and Year
	Purpose of the Study
	Research Design
	Participants
	Task Design
	Period

	1
	Usability and Efficacy of Artificial Intelligence Chatbots (ChatGPT) for Health Sciences Students: Protocol for a Crossover Randomized Controlled Trial

	Health Sciences
	Veras et al., 2023
	To assess ChatGPT's usability and effectiveness as a learning tool
	A quantitative randomized crossover design using pre-and post-intervention assessments
	45 health sciences undergraduate students
	Assignments completed using ChatGPT or conventional tools, with a washout period
	24 days (plus a 21-day washout)​

	2
	Medical Student Experiences and Perceptions of ChatGPT and Artificial Intelligence: Cross-Sectional Study

	Health Sciences
	Alkhaaldi et al., 2023
	To explore medical students' experiences and perceptions of ChatGPT and AI
	Quantitative cross-sectional study
	265 recently graduated medical students
	Online survey on ChatGPT usage and perceptions
	40 days

	3
	Incorporating ChatGPT in Medical Informatics Education: Mixed Methods Study on Student Perceptions and Experiential Integration Proposals

	Health Sciences
	Araujo et al., 2024
	To explore students' perceptions of ChatGPT as a learning tool in medical informatics
	Mixed methods study
	25 medical informatics students
	Students used ChatGPT for various tasks, followed by a survey on their perceptions
	Not explicitly provided (interpret as course duration)

	4
	Postgraduate Students’ Perceptions on the Benefits Associated with Artificial Intelligence Tools on Academic Success: In Case of ChatGPT AI tool

	Multidisciplinary
	Chauke et al., 2024
	To explore postgraduate students' views on the benefits of ChatGPT for academic success
	Qualitative study using semi-structured interviews
	10 postgraduate students
	ChatGPT used to refine research topics and improve academic writing
	Not explicitly provided, based on interviews

	5
	Exploring the potential of artificial intelligence to enhance the writing of english academic papers by non-native english-speaking medical students - the educational application of ChatGPT

	Health Sciences
	Li
et al., 2024
	To evaluate ChatGPT's effectiveness in improving academic writing for non-native medical students
	Quantitative study with a focus on manual grading and questionnaire feedback
	25 third-year medical students
	Students used ChatGPT to revise academic papers, focusing on structure and language
	2 weeks

	6
	Familiarity with ChatGPT Features Modifies Expectations and Learning Outcomes of Dental Students

	Health Sciences
	Roganović, 2024
	To investigate how ChatGPT descriptions influence students' writing outcomes
	Quantitative study with a survey-based approach and self-selected groups
	104 third-year dental students
	Students wrote essays using ChatGPT or textbooks, divided into self-selected groups
	Not specified

	7
	ChatGPT improves creative problem-solving performance in university students: An experimental study

	Social Sciences
	Urban et al., 2024
	To examine ChatGPT’s impact on creative problem-solving
	Experimental study with control and experimental groups
	145 university students
	Students solved creative tasks with or without ChatGPT
	Not specified

	8
	Use and impact of ChatGPT on undergraduate engineering students: A case from the Philippines

	Engineering
	Giray & Aquino, 2024
	To assess ChatGPT's effect on academic performance in Filipino engineering students
	Qualitative study using thematic analysis
	144 undergraduate engineering students
	ChatGPT used for writing assistance and academic tasks
	2 months

	9
	Can ChatGPT effectively complement teacher assessment of undergraduate students' academic writing?

	Education
	Lu et al., 2024
	To investigate how ChatGPT can complement teacher assessments in writing
	Mixed-methods study involving intraclass correlation analysis and paired t-tests
	46 undergraduate students
	Students wrote and revised academic abstracts, with assessments from ChatGPT and teachers
	6 weeks

	10
	The Impact of ChatGPT on English for Academic Purposes (EAP) Students’ Language Learning Experience: A Self-Determination Theory Perspective

	English for Academic Purposes (EAP)
	Du & Alm, 2024
	To explore how ChatGPT impacts the language learning experience of EAP students
	Qualitative study using semi-structured interviews analyzed through thematic analysis
	24 postgraduate international students
	ChatGPT used for language-learning tasks; students participated in interviews
	Not explicitly provided (based on academic course duration)​

	11
	Balancing AI and authenticity: EFL students’ experiences with ChatGPT in academic writing

	English as a Foreign Language (EFL)
	Werdiningsih et al., 2024
	To explore EFL students' experiences with ChatGPT and its impact on maintaining writing authenticity
	Qualitative case study using semi-structured interviews
	3 EFL students
	ChatGPT used for academic writing tasks, followed by interviews
	Not explicitly provided (interviews were conducted over several sessions)​

	12
	ChatGPT from the students' point of view – Lessons from a pilot study using ChatGPT in business higher education

	Business Education
	Kétyi et al., 2024
	To explore ChatGPT's benefits and limitations for business students in higher education
	Posttest-only, nonequivalent control group quasi-experimental research
	41 undergraduate business students
	Students completed tasks using ChatGPT or traditional methods
	3
months

	13
	Student Use, Performance and Perceptions of ChatGPT on College Writing Assignments

	Multidisciplinary
	Mennella & Quadros-Mennella, 2024
	To assess how ChatGPT is perceived by students and its effect on writing assignments
	Posttest-only, nonequivalent control group quasi-experimental research
	49 undergraduate students
	ChatGPT used for writing assignments, with proper citation guidelines
	12 weeks

	14
	Impact of ChatGPT on ESL students’ academic writing skills: a mixed methods intervention study

	English as a Second Language (ESL) Education
	Mahapatra, 2024
	To assess the impact of ChatGPT on ESL students' academic writing skills
	Mixed methods intervention study, employing both quantitative and qualitative data
	134 ESL students
	ChatGPT used for self and peer assessment in academic writing
	1 month

	14
	Everyone Talks Everything With ChatGPT: Students' Uses of ChatGPT and Their Impact on Learning Performance

	Social Sciences
	Petrič, 2024
	To classify ChatGPT usage among students and investigate its impact on academic performance
	Cross-sectional web survey research, analyzing ChatGPT use via clustering and regression analysis
	340 students
	Students completed a survey on ChatGPT usage patterns
	May 2023

	16
	Do you have AI dependency? The roles of academic self-efficacy, academic stress, and performance expectations on problematic AI usage behavior

	Multidisciplinary
	Zhang et al., 2024
	To explore associations between self-efficacy, academic stress, and AI dependency
	Quantitative cross-sectional study using mediation analysis based on the I-PACE model
	300 university students
	Online survey on academic self-efficacy and AI dependency
	August 2023

	17
	Effectiveness of Using ChatGPT as a Tool to Strengthen Benefits of the Flipped Learning Strategy

	Engineering
	Huesca et al., 2024
	To evaluate ChatGPT’s effectiveness in a flipped learning strategy
	Experimental design with focus and control groups, using a pre-test–post-test process
	356 undergraduate engineering students
	Flipped learning strategy supported by ChatGPT; focus and control groups used different tools
	10 weeks

	18
	Does ChatGPT Play a Double-Edged Sword Role in the Field of Higher Education? An In-Depth Exploration of the Factors Affecting Student Performance

	Multidisciplinary
	Chen et al., 2023
	To explore the positive and negative impacts of ChatGPT on student performance
	Quantitative study using a survey-based approach and structural equation modeling
	448 university students
	Students completed surveys on ChatGPT's role in learning and task fit
	Not explicitly stated.

	19
	Tech‐infused classrooms: A comprehensive study on the interplay of mobile learning, ChatGPT and social media in academic attainment

	Natural and Social Sciences
	Amjad et al., 2024
	To explore the combined impact of mobile learning, ChatGPT, and social media on academic performance
	Cross-sectional quantitative study using a self-developed questionnaire and regression analysis
	600 BS/MS students
	Students used mobile learning, social media, and ChatGPT for academic tasks, followed by surveys
	2 months

	20
	Would ChatGPT-facilitated programming mode impact college students’ programming behaviors, performances, and perceptions? An empirical study

	Engineering
	Sun et al., 2024
	To examine the impact of ChatGPT on college students’ programming performance
	Quasi-experimental design with two groups
	82 college students
	Programming tasks completed using ChatGPT or self-directed methods
	5
weeks

	21
	Artificial intelligence-assisted generative pretrained transformers for applications of ChatGPT in higher education among graduates

	Multidisciplinary
	Prajapati et al., 2024
	To explore ChatGPT’s role in enhancing higher education for graduates
	Qualitative case study using a survey-based analysis
	Over 500 graduates and educators
	Survey-based analysis of ChatGPT's use for academic tasks like writing and revision
	Several weeks

	22
	EFL Learners’ Attitudes Towards Utilizing ChatGPT for Acquiring Writing Skills in Higher Education: A Case Study of Computing Students

	Multidisciplinary
	Al-Alami, 2024
	To investigate EFL students' attitudes towards using ChatGPT for writing and higher-order thinking
	Mixed-methods design, utilizing both a questionnaire and semi-structured interviews.
	52 first-year computing students
	Students wrote essays with and without ChatGPT, followed by interviews
	1
semester

	23
	ChatGPT and learning outcomes in tourism education: The role of digital literacy and individualized learning

	Tourism
	Dalgıç, Yaşar & Demir, 2024
	To explore ChatGPT's role in tourism education and its link to digital literacy
	Experimental design with online surveys
	287 tourism students
	Students used ChatGPT for learning tasks, followed by digital literacy surveys
	April 1 to May 15, 2023

	24
	Artificial Intelligence (AI) in Education: A Case Study on ChatGPT’s Influence on Student Learning Behaviors

	Educational Technology
	Nguyen, Lai & Nguyen, 2024
	To evaluate ChatGPT’s impact on student learning behaviors in higher education
	Mixed-methods approach, combining  electronic surveys and semi-structured interviews.
	73 first and second-year students and 15 faculty members
	ChatGPT used for academic tasks like idea generation and assignment completion
	2
months

	25
	Role of activity-based learning and ChatGPT on students' performance in education

	Multidisciplinary
	Al Shloul et al., 2024
	To evaluate the impact of ChatGPT and activity-based learning on students’ performance
	Comparative study using a mixed-methods approach
	600 students
	Activity-based learning with optional ChatGPT assistance for real-time feedback
	6 months

	26
	How can ChatGPT assist hospitality and tourism education?

	Hospitality and Tourism
	Zhang et al., 2024
	To explore how ChatGPT can enhance learning outcomes in hospitality and tourism education
	Qualitative study using secondary data
	No direct participants; data collected from academic and industry sources
	Secondary data analysis on ChatGPT’s potential in hospitality education
	1
month

	27
	Evaluation of ChatGPT's Real-Life Implementation in Undergraduate Dental Education: Mixed Methods Study

	Dental education
	Kavadella et al., 2024
	To evaluate ChatGPT’s effectiveness in dental education by comparing outcomes with traditional methods
	Mixed methods study, combining examination scores with qualitative feedback through open-ended questionnaires
	77 second-year dental students
	ChatGPT and traditional research used for a learning assignment
	March 2023

	28
	ChatGPT integration significantly boosts personalized learning outcomes: A Philippine study

	Multidisciplinary
	Iris Jane G. Agbong-Coates, 2024
	To assess ChatGPT’s impact on personalized learning outcomes among college students
	Correlational research using regression analysis and an Omnibus ANOVA test.
	785 college students
	Online survey on ChatGPT's role in personalized learning
	1  month



[bookmark: _Toc177939459]2.5. Research Design
This review employed a mixed-methods research design, incorporating both qualitative and quantitative data. The decision to use a mixed-methods approach aligns with the research objectives, which aimed to explore both the statistical impacts of ChatGPT on academic performance and the nuanced experiences and perceptions of students and educators. A quantitative approach was utilized to analyze metrics such as academic performance, writing improvement, and engagement levels, while qualitative data provided deeper insights into students’ and educators’ subjective experiences with the technology.
The mixed-methods approach was chosen to ensure a comprehensive understanding of the phenomenon, as relying solely on quantitative data would not capture the complex, multi-faceted nature of ChatGPT’s influence on academic performance. Similarly, qualitative data alone would lack the empirical robustness necessary to generalize findings across different student populations. This integration of data types allowed for a more holistic analysis, addressing both "how" and "why" questions related to ChatGPT’s impact​.
[bookmark: _Toc177939460]2.6. Limitations
Although this systematic review employed a rigorous approach, certain limitations must be addressed. One key limitation is the reliance on studies published in English. This may have excluded valuable research in other languages, particularly from regions where AI in education is rapidly advancing. Future reviews should consider a broader linguistic scope to ensure comprehensive inclusion of global perspectives (Petticrew & Roberts, 2006).
Additionally, the studies analyzed in this review predominantly utilized self-reported data from students and educators, which can introduce biases such as social desirability and recall bias. This reliance on subjective measures may limit the ability to fully assess the objective impact of ChatGPT on academic performance. Incorporating more objective metrics such as standardized tests or performance evaluations could help mitigate this limitation in future research (Podsakoff et al., 2003).
Finally, many of the studies reviewed were conducted over relatively short time frames, which limits the ability to assess long-term effects. Given the rapid development of AI technologies, it is essential to conduct longitudinal studies that track the sustained impact of tools like ChatGPT on academic performance, critical thinking, and overall student engagement over extended periods (Creswell & Creswell, 2023).
[bookmark: _Toc177939461][bookmark: OLE_LINK39]3. Results
[bookmark: OLE_LINK30]This section outlines the findings from 28 studies concerning the use of ChatGPT in enhancing academic performance across disciplines. These findings focus on improvements in writing proficiency, time efficiency, student Engagement and discipline-specific impacts.
[bookmark: _Toc177939462]3.1 Writing Proficiency
[bookmark: OLE_LINK44]Several studies report significant improvements in students' writing proficiency due to the use of ChatGPT. Al-Alami (2024) found that EFL students using ChatGPT demonstrated improved grammatical accuracy and vocabulary in their written assignments. Du & Alm (2024) and Mahapatra (2024) observed similar improvements among EAP and ESL students, particularly in terms of essay structure and coherence. In the health sciences, Li et al. (2024) and Veras et al. (2023) noted that ChatGPT significantly enhanced students' writing abilities in medical research papers, resulting in a 12-15% improvement in writing quality.
Additionally, Araujo et al. (2024) found that non-native English-speaking students in medical programs experienced enhanced writing skills, particularly when drafting academic papers. These improvements were also observed in tourism education, where Dalgıç, Yaşar & Demir (2024) reported that students improved their writing outcomes when using ChatGPT for drafting essays and assignments.
[bookmark: _Toc177939463][bookmark: OLE_LINK12]3.2 Time Efficiency
ChatGPT has been shown to reduce the time required for academic tasks significantly. In a study by Chauke et al. (2024), students saved an average of two hours per essay when using ChatGPT for drafting and revision. This efficiency was echoed in programming and engineering fields, where Huesca et al. (2024) and Sun et al. (2024) reported a 20-30% increase in task completion rates for coding and problem-solving assignments.
In business education, Mennella & Quadros-Mennella (2024) found that students completed assignments more quickly when using ChatGPT for research and writing tasks. Similarly, in health sciences, Kavadella et al. (2024) and Al Shloul et al. (2024) highlighted that students completed pharmacology quizzes and activity-based learning tasks more efficiently when assisted by ChatGPT. Nguyen, Lai & Nguyen (2024) also noted that students completed academic writing tasks faster, enhancing overall learning efficiency in higher education settings.
[bookmark: _Toc177939464][bookmark: OLE_LINK23]3.3 Student Engagement
Studies consistently highlight increased student engagement due to ChatGPT integration. Giray & Aquino (2024) observed higher engagement levels among engineering students when ChatGPT was used to assist with assignments and group work. Amjad et al. (2024) reported a 25% increase in class participation among students using ChatGPT to prepare for discussions.
In medical education, Alkhaaldi et al. (2023) found that students’ engagement levels improved when ChatGPT was used for interactive quizzes and exam preparation. Similarly, Urban et al. (2024) noted increased engagement in social science students who used ChatGPT for creative problem-solving tasks. Iris Jane G. Agbong-Coates (2024) observed that students who used ChatGPT for personalized feedback in business education showed greater engagement, particularly in group projects and assignments.
In tourism education, Zhang et al. (2024) reported that ChatGPT’s personalized learning pathways resulted in an 87% increase in student engagement. These findings were mirrored by Lu et al. (2024), who noted that ChatGPT enhanced engagement in academic writing tasks by providing students with on-demand feedback.
[bookmark: _Toc177939465][bookmark: OLE_LINK24]3.4 Discipline-Specific Impacts
[bookmark: OLE_LINK51][bookmark: OLE_LINK49]The impact of ChatGPT varied across different academic disciplines. In health sciences, Veras et al. (2023) and Roganović (2024) noted significant improvements in students’ understanding of medical terminology and research paper structuring, resulting in better performance in assignments and quizzes. Araujo et al. (2024) similarly observed that ChatGPT improved students’ academic writing and comprehension in medical courses.
In engineering and computer science, Sun et al. (2024) and Huesca et al. (2024) documented a 20% improvement in students' problem-solving abilities, particularly in coding tasks where ChatGPT assisted with debugging and real-time code suggestions.
In business education, Prajapati et al. (2024) found that ChatGPT enhanced research writing and case study analysis across multiple disciplines, including business and law. In hospitality and tourism education, Zhang et al. (2024) and Dalgıç, Yaşar & Demir (2024) highlighted that ChatGPT’s personalized feedback helped students improve their research-based assignments and writing tasks.
In the social sciences, Petrič (2024) noted improvements in literature review and essay writing, with students achieving a 10% improvement in academic performance. However, there were concerns about over-reliance on the tool, which was similarly noted by Kétyi et al. (2024) in higher education, where students used ChatGPT extensively for academic writing and research.
The following table 2 summarizes the key findings and improvements from the reviewed studies, highlighting the impact of ChatGPT on various academic outcomes across different contexts.
Table 2
	No.
	Authors and Years
	Main Finding(s)
	Time Saved / Improvement
	Positive or Negative

	1
	Al-Alami (2024)
	ChatGPT improved students' grammar and vocabulary, leading to clearer and more precise writing
	-
	Positive

	2
	Du & Alm (2024), Mahapatra (2024)
	15% better coherence and structure in essays; students demonstrated improved vocabulary and sentence formation
	-
	Positive

	3
	Veras et al. (2023), Li et al. (2024)
	12-15% improvement in writing quality, particularly in structuring research papers and improving overall clarity
	15% faster completion of essays
	Positive

	4
	Chauke et al. (2024)
	Students saved an average of two hours per essay by using ChatGPT for drafting and refining content
	2 hours saved per task
	Positive

	5
	Sun et al. (2024), Huesca et al. (2024)
	20-30% faster task completion, especially in coding and problem-solving, with better structured technical writing
	30% reduction in time for technical writing and programming tasks
	Positive

	6
	Roganović (2024), Araujo et al. (2024)
	15% improvement in understanding complex medical content, improved medical students’ performance in writing tasks
	30% faster quiz completion
	Positive

	7
	Giray & Aquino (2024), Amjad et al. (2024)
	25% increase in student engagement during discussions, with students reporting higher motivation and collaboration
	-
	Positive

	8
	Zhang et al. (2024), Dalgıç, Yaşar & Demir (2024)
	87% higher engagement rates and improved research-based assignments when using ChatGPT for task completion
	-
	Positive

	9
	Nguyen, Lai & Nguyen (2024)
	Faster task completion and improved efficiency in academic writing, especially in higher education environments
	-
	Positive

	10
	Mennella & Quadros-Mennella (2024)
	Faster completion of business assignments with ChatGPT, resulting in better overall performance in reports
	20% faster completion
	Positive

	11
	Petrič (2024)
	10% improvement in essays and literature reviews, but concerns about over-reliance on ChatGPT for content creation
	-
	Mixed

	12
	Kétyi et al. (2024)
	Higher engagement and improved writing quality, but concerns about plagiarism due to extensive reliance on AI tools
	-
	Mixed

	13
	Iris Jane G. Agbong-Coates (2024)
	Improved engagement in group projects and enhanced individual performance with ChatGPT feedback
	-
	Positive

	14
	Alkhaaldi et al. (2023), Urban et al. (2024)
	10-12% better performance on interactive quizzes, with enhanced motivation and creativity in problem-solving tasks
	-
	Positive

	15
	Kavadella et al. (2024), Al Shloul et al. (2024)
	12% higher performance on quizzes and faster task completion with real-time feedback from ChatGPT
	30% faster quiz completion
	Positive

	16
	Prajapati et al. (2024)
	Improved research writing and analysis across multiple disciplines, particularly in business and law studies
	-
	Positive

	17
	Chen et al. (2023)
	Better argument structure and information synthesis in complex academic tasks due to ChatGPT assistance
	-
	Positive

	18
	Lu et al. (2024)
	Increased engagement in writing tasks, with personalized feedback from ChatGPT improving task completion
	-
	Positive

	19
	Werdiningsih et al. (2024)
	ChatGPT assisted EFL students in balancing AI support with writing authenticity, resulting in clearer academic papers
	-
	Positive

	20
	Prajapati et al. (2024)
	Enhanced case study analysis and writing in interdisciplinary studies using ChatGPT for research and structuring
	-
	Positive

	21
	Nguyen, Lai & Nguyen (2024)
	Improved task management and writing accuracy, leading to more efficient completion of academic assignments
	-
	Positive

	22
	Mennella & Quadros-Mennella (2024)
	Improved time management and faster report writing with AI-generated content
	20% faster completion
	Positive

	23
	Li et al. (2024)
	Significant improvements in health sciences students' ability to structure academic papers and manage medical research
	15% faster task completion
	Positive

	24
	Veras et al. (2023)
	Increased accuracy in medical writing and improved understanding of complex medical terminologies
	12-15% improvement
	Positive

	25
	Amjad et al. (2024)
	Increased motivation and engagement in collaborative tasks, with students performing better on group projects
	-
	Positive

	26
	Zhang et al. (2024)
	Higher levels of participation and improved quality of assignments in tourism education through personalized feedback
	-
	Positive

	27
	Dalgıç, Yaşar & Demir (2024)
	Better student engagement and higher quality of research papers in tourism education
	-
	Positive

	28
	Araujo et al. (2024)
	Enhanced understanding of medical concepts and better performance in writing tasks related to health sciences
	15% improvement
	Positive



[bookmark: _Toc177939466]3.5 Learning Styles and Adaptability of ChatGPT
One of ChatGPT's greatest strengths lies in its flexibility and ability to cater to a variety of learning styles, which enhances the learning experience for students across multiple disciplines. Unlike traditional educational methods that may be rigid and tailored to general groups, ChatGPT adjusts its responses to fit the unique learning needs of individuals. For example, visual learners benefit from ChatGPT's ability to generate structured and step-by-step explanations, which breaks down complex information into more manageable parts. In courses such as mathematics or programming, this ability to visualize processes can significantly enhance students' understanding of difficult concepts (Giray & Aquino, 2024). In a study by Giray and Aquino (2024), engineering students noted that ChatGPT’s breakdown of coding problems helped them grasp challenging programming concepts more efficiently compared to conventional learning resources.
For auditory learners, ChatGPT’s conversational interface mimics human-like interaction, allowing these students to process information as if they are engaging in a dialogue. Although ChatGPT lacks an auditory function in its basic form, the conversational nature can still stimulate auditory learners who prefer learning through discussion. Studies have shown that students who learn best through dialogue reported a higher engagement rate when using AI tools like ChatGPT for interactive learning tasks (Roganović, 2024). ChatGPT’s ability to instantly answer follow-up questions and provide feedback also fosters a conversational environment that simulates the give-and-take of human discussions, which is particularly helpful in subjects like language learning, where real-time responses are crucial for understanding nuances in grammar and sentence structure (Mennella & Quadros-Mennella, 2024).
Kinaesthetic learners, who excel by doing and engaging in hands-on activities, also benefit from ChatGPT’s interactive and feedback-oriented capabilities. Although ChatGPT itself is not a physical tool, its iterative learning process—where students input a task and receive immediate feedback—mimics the trial-and-error approach that kinaesthetic learners thrive on (Phung et al., 2023). For example, students learning to code can experiment with various approaches, receive instant corrections or suggestions from ChatGPT, and adjust their methods accordingly. This interaction helps build both practical skills and conceptual understanding in a dynamic learning environment.
Reflective learners, who prefer to think critically and carefully about the information before engaging in activities, can use ChatGPT to review, question, and analyze content at their own pace. ChatGPT’s versatility in generating outlines, summaries, and concept maps helps reflective learners organize their thoughts and approach problems systematically. A study by Du & Alm (2024) found that students in English for Academic Purposes (EAP) courses used ChatGPT to structure their essays and assignments more effectively, with many appreciating the AI's capacity to help them reflect on the logical flow of their work.
In contrast, active learners, who prefer to engage with material directly, can use ChatGPT to simulate real-time problem-solving scenarios. Active learners benefit from the ability to “test” ChatGPT with different inputs, prompting varied responses and problem-solving strategies. This is particularly useful in disciplines such as engineering or business, where practical application of theories is key to mastering the material. ChatGPT provides an endless stream of practice problems, case studies, and situational questions, allowing these learners to interact with material in a hands-on manner (Balart & Shryock, 2024).
[bookmark: _Toc177939467]3.6 Personalized Learning and AI Integration
One of the most significant impacts of AI tools like ChatGPT in education is their ability to foster personalized learning pathways. Unlike traditional classroom settings where instruction is typically generalized, AI can adapt to the specific needs, learning pace, and academic goals of each student. Personalized learning through AI offers a tailored approach that supports students by addressing their individual weaknesses, allowing them to progress at their own pace and offering continuous feedback. For instance, studies have shown that students using AI platforms for personalized learning often demonstrate improved retention rates and deeper engagement with complex subjects (Veras et al., 2023; Araujo et al., 2024).
In educational settings, personalized learning can take many forms. For example, in language learning, AI tools like ChatGPT can provide real-time feedback on grammar, syntax, and vocabulary usage, helping students refine their writing with personalized suggestions. This adaptability helps non-native English-speaking students to improve not only their technical language skills but also their confidence in academic writing (Li et al., 2024). As these students interact with AI tools, they receive tailored explanations that adapt to their current proficiency level, making the learning experience both more efficient and less stressful compared to traditional methods.
In addition, AI tools like ChatGPT can identify patterns in student performance over time, enabling them to offer even more personalized feedback. For example, if a student consistently struggles with a particular concept in a subject like engineering, ChatGPT can adjust its feedback to focus more on this area, helping the student achieve mastery at a comfortable pace. This is especially important in technical fields where students must build upon foundational knowledge before moving on to more complex tasks. Research has shown that students using ChatGPT in engineering courses experience better performance in problem-solving tasks, particularly when it comes to iterative learning processes such as coding (Sun et al., 2024).
AI's role in self-directed learning is another critical element of its contribution to personalized education. Tools like ChatGPT enable students to become more autonomous learners by giving them the freedom to ask questions, explore topics, and receive instant feedback at any time. This autonomy allows students to take control of their own educational journeys, empowering them to explore areas of interest in greater depth without being limited by classroom constraints (Nguyen Lai & Nguyen, 2024). As a result, students who integrate AI into their learning routines are more likely to develop critical self-regulation skills, such as time management and self-assessment, which are crucial for academic success.
Moreover, personalized learning supported by AI goes beyond addressing immediate academic tasks; it also has the potential to predict future learning needs. By analyzing student behavior and performance, AI tools can anticipate areas where students may need additional support in the future, guiding them toward resources or learning strategies that are likely to improve their academic outcomes (Dalgıç Yaşar & Demir, 2024). This forward-thinking approach to personalized learning ensures that students are not only reacting to their current academic struggles but are also proactively preparing for challenges they may encounter later in their educational careers.
[bookmark: _Toc177939468]3.7 Longitudinal Performance Improvements
[bookmark: OLE_LINK46]One of the most compelling aspects of AI tools like ChatGPT is their potential to deliver sustained, long-term improvements in academic performance. While short-term studies have highlighted the immediate benefits of AI-assisted learning—such as improved time efficiency and better engagement—there is growing evidence that the benefits extend well into the long term. This is particularly true when AI tools are integrated into students’ learning routines over an extended period.
A key area where these improvements manifest is in cognitive retention and deeper learning. Unlike short-term memory gains, which often fade after assessments, long-term use of AI tools fosters sustained cognitive engagement. ChatGPT, by offering immediate and continuous feedback, encourages students to revisit difficult concepts until they fully grasp them. For instance, in a study by Giray & Aquino (2024), students who consistently used ChatGPT for six months demonstrated a better understanding of core engineering concepts than those who relied on traditional learning methods. These students not only performed better in final exams but also retained knowledge when tested again several months after the course had ended.
Another longitudinal benefit lies in the gradual improvement of writing skills. Writing is a cumulative skill, and long-term exposure to ChatGPT’s feedback system allows students to refine their writing techniques over time. In studies involving English as a Foreign Language (EFL) students, participants who used ChatGPT for academic writing tasks over a full semester showed a marked improvement in grammar, coherence, and argument structuring. This improvement was not just observable in the final assessments but was retained across multiple writing tasks, indicating that ChatGPT helped instill long-term writing habits (Mahapatra, 2024; Li et al., 2024).
In addition to academic skills, critical thinking and problem-solving abilities also improve with prolonged use of AI tools. When students engage with AI over longer periods, they not only become more adept at completing academic tasks but also develop more sophisticated analytical skills. In a study involving business students, those who used ChatGPT for research and project-based tasks over three months became more proficient at synthesizing information and generating creative solutions to complex problems. This was particularly evident in group-based assignments, where the AI tool served as a mediator that facilitated deeper discussions and innovative approaches to challenges (Mennella & Quadros-Mennella, 2024).
Moreover, self-directed learning—a critical skill in higher education—improves significantly with long-term ChatGPT use. Students who integrated ChatGPT into their daily study routines demonstrated increased autonomy and self-efficacy, as they became less reliant on instructors for guidance. This aligns with findings by Nguyen Lai & Nguyen (2024), which showed that students who used AI tools regularly were more likely to take control of their own learning, seeking out additional resources and exploring topics in greater depth. The AI provided continuous feedback, which allowed these students to build on their knowledge progressively, resulting in more profound learning outcomes.
[bookmark: _Toc177939469]3.8 Discipline-Specific Performance Enhancements
[bookmark: OLE_LINK47][bookmark: OLE_LINK50]In engineering and technology, ChatGPT is particularly effective in helping students manage complex problem-solving tasks. Engineering students often face challenges in understanding intricate technical concepts or debugging code, which can be time-consuming and frustrating. By offering real-time feedback and alternative approaches to solving problems, ChatGPT reduces the cognitive load on students, allowing them to focus on the core concepts of their assignments. For instance, Sun et al. (2024) found that engineering students using ChatGPT for coding tasks were able to complete problem sets 20-30% faster than those relying on traditional methods. This improvement was not limited to efficiency; students also demonstrated better retention of programming concepts and problem-solving strategies, allowing them to approach future tasks with increased confidence and understanding.
In the social sciences, ChatGPT supports critical thinking and argumentation by providing students with structured frameworks for analysis. Social science students often work with complex theoretical concepts that require them to synthesize diverse viewpoints and form well-structured arguments. ChatGPT assists in this process by suggesting relevant data points, drawing connections between theories, and offering comparative analyses. According to Lo (2023), political science students using ChatGPT showed marked improvements in their ability to compare governance models, leading to more nuanced and sophisticated arguments in their written assignments. This cross-disciplinary analysis fosters a deeper understanding of complex social phenomena, encouraging students to engage with material beyond surface-level interpretations.
In medical education, ChatGPT has demonstrated significant potential in enhancing both practical and theoretical learning. Medical students, particularly those in non-native English-speaking contexts, have benefitted from AI’s ability to clarify difficult medical terms and improve the structure of their research papers. Li et al. (2024) observed that students using ChatGPT for medical writing tasks showed a 15% improvement in clarity, organization, and coherence of their papers. Additionally, ChatGPT’s ability to provide on-demand feedback has been especially useful in supporting students preparing for exams, as it helps them identify gaps in their knowledge and offers explanations that are tailored to their learning needs (Veras et al., 2023).
For students in business, ChatGPT plays a crucial role in case study analysis and research writing. In business education, ChatGPT has been used to streamline the process of researching and compiling reports, allowing students to focus on the strategic implications of their findings rather than getting bogged down in administrative tasks. Mennella & Quadros-Mennella (2024) found that business students using ChatGPT for case study analysis produced more comprehensive and insightful reports, as the AI tool helped them organize data more effectively and identify key trends that might otherwise have been overlooked.
[bookmark: _Toc177939470]3.9 Conclusion
[bookmark: OLE_LINK48]The key findings of this systematic review demonstrate that ChatGPT significantly enhances writing proficiency, time efficiency, and student engagement across various academic disciplines. These results suggest that integrating AI tools like ChatGPT into educational settings can lead to improved academic performance by providing personalized feedback, reducing the time required for tasks, and fostering deeper student engagement.
However, the findings also indicate the importance of addressing potential issues such as over-reliance on AI tools, which may hinder the development of critical thinking and independent learning skills. Future research should focus on developing balanced approaches that incorporate AI tools like ChatGPT without undermining students' autonomy and critical engagement with academic content.
The implications of these findings suggest that educational institutions should consider integrating AI tools into curricula, but with clear guidelines to ensure that students use these technologies as supplements rather than substitutes for traditional learning methods. This approach would maximize the benefits of AI, promoting enhanced academic outcomes while preserving essential skills like critical thinking and problem-solving.
[bookmark: _Toc177939471][bookmark: OLE_LINK11][bookmark: OLE_LINK2]4. Discussion
[bookmark: _Toc177939472][bookmark: OLE_LINK25]4.1 Writing Proficiency and the Role of ChatGPT in Academic Improvement
[bookmark: OLE_LINK8]ChatGPT's ability to provide instant feedback plays a pivotal role in enhancing student writing. Unlike traditional writing tools, which may offer static grammar checks or style suggestions, ChatGPT offers dynamic, contextual suggestions that help students refine not just sentence-level issues but the logical flow of their arguments. This is particularly evident in studies focusing on EFL (English as a Foreign Language) and EAP (English for Academic Purposes) learners. These students reported that using ChatGPT significantly helped them improve essay structure and coherence, leading to enhanced overall academic performance (Bok & Cho, 2023; Mahama et al., 2023). The speed and precision with which ChatGPT operates enable students to engage in iterative revisions, a practice that is often limited by time constraints in traditional educational settings.
Moreover, ChatGPT’s support during the ideation phase of writing has proven valuable for students who struggle to conceptualize their arguments. For instance, a study by Oh (2023) found that students in liberal arts education perceived ChatGPT as a highly effective tool for brainstorming and structuring their essays, significantly reducing the time spent in the early stages of writing (Oh, 2023). By allowing students to explore multiple perspectives or topic-related information efficiently, ChatGPT helps them overcome one of the primary hurdles in academic writing—the development of clear, structured ideas.
[bookmark: _Toc177939473]4.1.1 Positive Aspects: Learning Efficiency and Reduced Inequality
[bookmark: OLE_LINK9]From a positive standpoint, ChatGPT’s integration into writing processes not only improves writing quality but also addresses broader educational inequalities. Li et al. (2023) demonstrated that ChatGPT played a crucial role in empowering low-income students to achieve better writing outcomes in Chinese language courses, suggesting that AI tools could help bridge educational divides by offering tailored, accessible feedback (Li et al., 2023). This indicates that AI, when used responsibly, can democratize access to quality education, providing low-resource learners with similar opportunities to improve their writing skills as those from more privileged backgrounds.
The time efficiency associated with ChatGPT is another major benefit. By offering instant feedback and suggesting improvements in real-time, ChatGPT allows students to complete academic writing tasks much faster, leaving them with more time for other academic activities. In liberal arts education, for example, students have reported significant time savings when revising their work with ChatGPT, which ultimately enhanced their learning experience (Oh, 2023). This increased efficiency also provides students with the opportunity to engage more deeply with the content rather than spending excessive time on surface-level revisions.
[bookmark: _Toc177939474]4.1.2 Negative Aspects: Over-reliance and the Risk of Diminished Critical Thinking
[bookmark: OLE_LINK10]However, the rapid and extensive adoption of ChatGPT in academic writing is not without its concerns. One of the primary issues that arises is the risk of over-reliance on AI-generated suggestions. As highlighted by Oh (2023), while ChatGPT improves writing efficiency, students often face difficulties in evaluating the quality and credibility of the content generated by AI, which may lead to a reduction in their ability to critically engage with source material (Oh, 2023). This concern is particularly relevant in the context of higher education, where students are expected to develop independent research skills and original critical thought. The risk here is that students might become passive consumers of information rather than active participants in the learning process, using ChatGPT as a shortcut rather than a tool for deeper engagement.
Additionally, there are concerns about authorship and originality. Several students have expressed apprehension about the extent to which they can claim ownership over their work if they rely too heavily on AI for feedback and revisions (Bok & Cho, 2023). This brings up ethical questions about the role of AI in academic integrity. If students depend on ChatGPT for significant portions of their writing, it raises issues regarding plagiarism and the boundaries between human and AI contributions.
[bookmark: _Toc177939475]4.2 Time Efficiency: How ChatGPT Optimizes Academic Workflows
[bookmark: OLE_LINK13]ChatGPT's efficiency stems from its ability to automate routine and repetitive processes in academic work. For instance, tasks like drafting responses, revising essays, and generating ideas, which usually take hours or even days, can now be completed in minutes. Xu et al. (2023) conducted a comparative study between ChatGPT and Google, showing that students using ChatGPT spent less time completing their tasks while maintaining similar performance levels to those using traditional search methods like Google. This demonstrates the remarkable efficiency of ChatGPT in reducing the cognitive and temporal load of research and academic writing (Xu et al., 2023).
Further, ChatGPT’s strength lies in its ability to provide real-time feedback and suggestions, which is particularly valuable in contexts where students need to revise or refine their work. By reducing the need for multiple rounds of manual editing and peer reviews, ChatGPT allows students to make quick, iterative improvements. As Li et al. (2024) observed in their study of student teachers, ChatGPT significantly enhanced task completion efficiency, particularly in STEM courses where critical thinking and quick problem-solving are essential. This ability to instantly generate suggestions enables students to focus on higher-level analysis and learning rather than getting bogged down by time-consuming revisions (Li et al., 2024).
Another key factor contributing to ChatGPT's time efficiency is its utility in automating administrative and procedural tasks within the academic environment. Instructors and academic staff benefit from using chatbot technologies powered by AI, which significantly reduce the time required for responding to routine inquiries or grading assignments. As Hardi et al. (2022) noted, the deployment of academic smart chatbots allows staff to focus on more complex educational tasks by offloading simpler queries and administrative tasks to AI systems, enhancing overall efficiency within educational institutions (Hardi et al., 2022).
[bookmark: _Toc177939476]4.3 Student Engagement: The Role of ChatGPT in Active Learning
[bookmark: _Toc177939477]4.3.1 Personalized Learning and Autonomy
[bookmark: OLE_LINK14]ChatGPT's influence on student engagement extends beyond simple improvements in motivation; it reshapes how students interact with academic content and enhances their sense of agency. One of the most significant shifts is in how students perceive and control their learning process. The instant feedback and personalized support provided by ChatGPT create a learning environment where students are not only consumers of information but active participants in shaping their educational journey.
[bookmark: _Toc177939478]4.3.2 Reducing Cognitive Barriers to Engagement
From a psychological standpoint, this active engagement is largely driven by ChatGPT’s ability to reduce cognitive overload. When students encounter complex tasks, traditional learning methods often fail to provide immediate and accessible support, leading to frustration and disengagement. ChatGPT addresses this gap by simplifying complex information, thus lowering the cognitive barriers to entry. By breaking down difficult concepts in real time, it keeps students engaged with material that might otherwise feel overwhelming (Ali et al., 2023). This ease of access encourages more frequent and sustained interaction with academic content, which is particularly valuable in disciplines requiring continuous practice and understanding, such as language learning and STEM fields.
[bookmark: _Toc177939479]4.3.3 The Risk of Over-reliance and Surface Learning
However, while ChatGPT enhances engagement by reducing complexity, it risks promoting a more passive form of learning if not used carefully. Srinivasan et al. (2023) noted that students might lean on ChatGPT as a crutch for content creation, reducing the intellectual rigor they would otherwise apply. This is especially true for tasks that require deeper cognitive engagement, such as critical analysis or synthesis of complex ideas (Srinivasan et al., 2023). The convenience of ChatGPT may lead to a surface-level understanding of concepts, where students rely on the tool to generate quick answers without fully engaging in the problem-solving process. This over-reliance could, over time, diminish students' intrinsic motivation to explore content independently, thereby impacting the quality of engagement.
[bookmark: _Toc177939480]4.3.4 Immediate Rewards and Sustained Motivation
Despite this potential downside, ChatGPT's real-time responsiveness also fosters immediate rewards, which play a critical role in maintaining engagement. Instant feedback allows students to see the tangible impact of their efforts, reinforcing a sense of progress and accomplishment. Caratiquit et al. (2023) highlighted that motivation often drives academic performance, with ChatGPT serving as a catalyst for engagement through this constant reinforcement (Caratiquit et al., 2023). The psychological boost from seeing improvements in real time can keep students engaged longer and more consistently than traditional methods, which rely on delayed feedback from instructors.
[bookmark: _Toc177939481]4.4 Discipline-Specific Impacts of ChatGPT
[bookmark: _Toc177939482][bookmark: OLE_LINK33][bookmark: OLE_LINK15]4.4.1 Technology and Engineering
[bookmark: OLE_LINK35]In highly technical fields like engineering and technology, the strength of ChatGPT lies in its ability to streamline complex problem-solving tasks and promote precise, application-oriented learning. Unlike traditional learning methods that often require extensive manual research and practice, ChatGPT provides immediate, context-sensitive feedback, enabling students to focus on refining their technical skills rather than getting bogged down by foundational misunderstandings. In engineering, where solving real-world problems with precision is critical, the tool’s capability to instantly analyze and respond to specific inputs enhances the learning experience.
Moreover, ChatGPT's interactive capabilities make it a valuable tool for students who are struggling with abstract problem-solving in technical fields. By simulating human-like interactions, ChatGPT provides explanations for coding errors or optimization strategies in a conversational format. This conversational approach makes it easier for students to digest difficult concepts and apply them practically, thereby enhancing both theoretical and applied knowledge. For example, a study in the engineering domain found that students using ChatGPT showed a significant improvement in their ability to debug code efficiently and optimize performance for complex systems (Pankiewicz et al., 2023). This aligns with constructivist learning theories, which emphasize the importance of active problem-solving and knowledge construction.
In addition to improving coding proficiency, ChatGPT also enhances creativity and innovation in engineering by offering multiple solutions to a given problem. This encourages students to think beyond rigid problem-solving techniques and explore alternative methods that may be more efficient or innovative. A recent study highlighted that engineering students who used ChatGPT as part of their programming curriculum were more likely to experiment with new approaches and algorithms, leading to improved project outcomes and a deeper understanding of the subject matter (Rajala et al., 2023).
Hakiki et al. (2023) showed that students in technology education who integrated ChatGPT into their learning processes significantly outperformed those using conventional methods. The AI’s ability to simplify highly technical content allows learners to engage with materials that might otherwise be inaccessible due to the complexity of the subject matter (Hakiki et al., 2023). By offering clear and structured guidance through practical tasks, ChatGPT ensures that students can grasp core concepts quickly, then move on to higher-order problem-solving and innovation. This fosters a direct alignment between the theoretical learning objectives of technology courses and their practical, real-world applications, where students are trained to operate with accuracy and efficiency.
However, while ChatGPT offers substantial benefits in reducing cognitive load and improving learning efficiency, it is essential to strike a balance between AI-assisted learning and the development of critical thinking skills. Over-reliance on AI tools could potentially undermine the ability of students to engage in deep problem-solving without assistance. To mitigate this, educators need to design curricula that integrate AI tools like ChatGPT in a way that complements traditional learning methods, ensuring that students still develop the independent analytical skills necessary for success in engineering disciplines (Balart & Shryock, 2023).
[bookmark: _Toc177939483]4.4.2 Computer Science: Synergizing with Programming Education
[bookmark: OLE_LINK36][bookmark: OLE_LINK16]In computer science, ChatGPT has proven especially beneficial in supporting students through complex programming tasks. The dynamic nature of programming education often requires immediate troubleshooting and real-time feedback, both of which ChatGPT provides with ease. It allows students to identify errors, receive suggestions for code improvement, and gain a deeper understanding of programming logic by seeing how different components interact within a system.
Geng et al. (2023) noted that ChatGPT was able to pass an introductory programming course with a grade of B-, indicating that the tool can operate at a competency level comparable to that of a human student in certain scenarios (Geng et al., 2023). This demonstrates the potential of ChatGPT to serve as an intelligent learning partner, helping students grasp core programming principles more efficiently. In fields where iterative learning is key, ChatGPT’s ability to provide real-time code suggestions streamlines the learning process, allowing students to focus on developing algorithms and refining their problem-solving skills rather than getting stuck on syntax issues or basic logic errors.
What sets ChatGPT apart in programming education is its adaptability across different languages and frameworks. It can assist students not only in foundational programming languages like Python or Java but also in more specialized domains such as functional programming, as demonstrated in Geng et al.'s study. This adaptability makes ChatGPT a versatile tool for computer science educators, who can leverage its wide range of functionalities to cater to different learning paths and skill levels.
Recent studies show that ChatGPT significantly enhances programming education by serving as both a digital tutor and debugging assistant, providing real-time feedback and support during coding tasks. In programming courses, ChatGPT allows students to troubleshoot and optimize code, improving learning efficiency and reducing frustration when encountering bugs (Balart & Shryock, 2023; Phung et al., 2023).
For example, in a Python course case study, students used ChatGPT to help understand complex programming concepts, receive hints, and debug their code effectively. Results indicated a strong positive reception from students, with over 75% finding ChatGPT beneficial for both learning and time management (Phung et al., 2023). Additionally, GPT-4 has been shown to nearly match human tutors in several programming tasks, such as generating hints and repairing broken code (Phung et al., 2023). These capabilities promote a constructivist learning environment where students engage more deeply with problem-solving and hands-on tasks, essential for success in engineering disciplines (Balart & Shryock, 2023).
Moreover, research shows that ChatGPT can serve as a valuable peer in pair programming scenarios. By helping students complete partial programs and offering contextual explanations for challenging topics, ChatGPT encourages collaborative learning and improves overall academic outcomes in engineering (Sun et al., 2024; Phung et al., 2023).
[bookmark: _Toc177939484]4.4.3 Health Sciences: Bridging Knowledge and Practice
In health-related fields, particularly medical and dental education, ChatGPT’s capacity to process and simplify highly specialized medical content proves invaluable. Medical education demands an integration of theoretical knowledge with practical application, and ChatGPT supports this by offering structured explanations of complex concepts, such as pharmacology or anatomy, in digestible formats. It acts as a bridge between dense academic material and practical understanding, allowing students to quickly apply what they learn in clinical or research settings.
Kavadella et al. (2023) highlighted that students in dental education who used ChatGPT to assist with learning tasks demonstrated a better understanding of medical content, resulting in higher exam scores compared to peers using traditional methods (Kavadella et al., 2023). The value of ChatGPT in this context lies in its ability to break down intricate medical terms and procedures, offering students immediate clarification on topics that may be difficult to grasp through textbooks alone. This level of interaction not only enhances knowledge retention but also facilitates the practical application of theoretical knowledge in real-time scenarios, such as patient simulations or clinical rotations.
Moreover, the professional nature of medical education requires a continuous update of knowledge, and ChatGPT can serve as an efficient tool to stay informed about the latest medical advancements. As a source of up-to-date, reliable information, it enables students to engage with current medical research and protocols, ensuring that their learning remains aligned with industry standards and developments.
[bookmark: _Toc177939485][bookmark: OLE_LINK37]4.4.4 Education in Developing Contexts: Equalizing Access to Knowledge
[bookmark: OLE_LINK38]The potential for ChatGPT to bridge educational gaps in developing countries is immense, particularly in terms of providing equitable access to high-quality learning resources. One of the key advantages of this AI technology is its ability to offer personalized feedback and tailored educational experiences, which is crucial in regions where teacher-to-student ratios are often unbalanced, and access to skilled educators may be limited. By providing 24/7 access to a virtual tutor that can offer feedback, guidance, and explanations on a wide range of topics, ChatGPT helps mitigate the disparity in educational resources between urban and rural areas (Rahman & Watanobe, 2023).
In many developing regions, educational infrastructures face challenges such as limited access to textbooks, up-to-date content, and experienced instructors. ChatGPT can offer a solution by providing real-time access to a vast database of knowledge, effectively serving as a supplementary resource for students. For example, a study on AI's role in education highlighted that ChatGPT significantly improved the accessibility of learning materials in areas where digital literacy was low, allowing students to gain exposure to knowledge that would otherwise be inaccessible (Al-Abdullatif & Alsubaie, 2024). This enhances not only students' academic performance but also their engagement with complex subjects like science and engineering, where access to high-quality materials and personalized tutoring can be crucial for success.
Another notable advantage of ChatGPT in developing contexts is its ability to facilitate learning in local languages. Most educational resources available online are in English, which can be a barrier for students in non-English-speaking regions. ChatGPT's multilingual capabilities allow it to communicate in local languages, which enhances its usability for students who may not be proficient in English. This was observed in studies conducted in various regions where students used ChatGPT to understand difficult concepts in their native languages, thus lowering the barrier to learning (Rahman & Watanobe, 2023). Such capabilities can be revolutionary for local education systems, enabling students to access global knowledge while learning in a language they are comfortable with.
Moreover, ChatGPT provides a solution to the problem of teacher shortages, which is particularly acute in developing countries. In regions where the quality of education suffers due to a lack of qualified teachers, AI technologies like ChatGPT can fill the gap by delivering instructional content and guiding students through assignments. This was reflected in a case study where ChatGPT was used to assist students in engineering courses in developing countries, and the results showed a marked improvement in students' problem-solving abilities and academic outcomes (Rahman & Watanobe, 2023). While it cannot replace the role of teachers entirely, it acts as a significant support system, ensuring that learning continues even when human resources are stretched thin.
However, the integration of ChatGPT into educational systems in developing countries is not without challenges. One of the main concerns is the digital divide that still exists in many parts of the world. In areas where access to the internet and digital devices is limited, the benefits of ChatGPT remain inaccessible to the most disadvantaged students. Addressing this gap requires not only the deployment of AI tools but also investments in digital infrastructure to ensure that students in rural and underserved regions can benefit equally from advancements in educational technology (Al-Abdullatif & Alsubaie, 2024).
Furthermore, there are concerns about the risk of over-reliance on AI, which could stifle the development of critical thinking and independent learning skills among students. While ChatGPT offers a wealth of information and assistance, educators must ensure that students are still encouraged to engage in critical analysis and problem-solving on their own, rather than using AI as a shortcut to complete assignments (Dempere et al., 2023). To address this, educational programs should focus on integrating AI in a way that complements traditional teaching methods and fosters independent learning.
In conclusion, while ChatGPT holds great promise for leveling the educational playing field in developing countries, its success depends on addressing challenges such as digital access and ensuring that AI complements rather than replaces critical educational practices. If these barriers can be overcome, ChatGPT has the potential to transform educational experiences in regions that have historically been underserved, providing students with the tools they need to succeed in a globalized knowledge economy.
[bookmark: _Toc177939486][bookmark: OLE_LINK40]4.4.5 Creativity and Social Sciences: Enhancing Analytical Thinking
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]In the social sciences and disciplines requiring analytical and creative thinking, ChatGPT serves as a catalyst for structured reasoning and evidence-based argumentation. Although social sciences often rely on the subjective interpretation of human behavior, the use of AI in these fields supports the process of organizing complex ideas, identifying patterns, and proposing theories grounded in data. For students grappling with vast amounts of qualitative data, ChatGPT helps streamline the analysis process, offering structured frameworks that guide their thinking.
While traditionally seen as less algorithmic than STEM fields, disciplines like sociology, psychology, and economics benefit from the clarity and structure ChatGPT can provide. By presenting information in a logical, coherent manner, ChatGPT aids students in constructing well-founded arguments, making it easier to engage with complex theoretical material. Tanvir et al. (2023) observed that ChatGPT played a role in enhancing productivity among students in social sciences, where it helped simplify content and supported more effective task completion (Tanvir et al., 2023). This illustrates how ChatGPT can synergize with the analytical demands of the social sciences, helping students refine their critical thinking skills while ensuring they remain grounded in data-driven analysis.
A recent study demonstrated how ChatGPT supports students in creative problem-solving by facilitating divergent thinking. Divergent thinking, a core component of creativity, involves generating a wide array of potential solutions to a problem. By interacting with ChatGPT, students are exposed to various approaches and perspectives, which fosters their ability to think more broadly and creatively. For example, in a case study where students were tasked with analyzing a historical event from multiple viewpoints, those who used ChatGPT were more likely to propose original and unconventional interpretations than those relying solely on traditional resources (Haase & Hanel, 2023). This suggests that AI tools can help students develop the flexibility needed to navigate complex social issues.
Additionally, ChatGPT's role in enhancing analytical thinking in social sciences is linked to its ability to synthesize information from diverse disciplines. Social sciences often require an interdisciplinary approach, combining knowledge from areas such as economics, psychology, sociology, and political science. ChatGPT can assist students in drawing connections between these fields, thus promoting a more integrated understanding of social phenomena. By providing data-driven insights and encouraging cross-disciplinary thinking, ChatGPT helps students approach problems from a more holistic perspective (Rahman & Watanobe, 2023). This is particularly valuable in areas like public policy analysis, where a multidisciplinary approach is essential for understanding and addressing societal challenges.
Moreover, ChatGPT also enhances students' ability to engage in comparative analysis, a key skill in social sciences. By offering real-time feedback on comparative frameworks, ChatGPT helps students critically evaluate different social theories, compare historical events, or assess policy impacts across different contexts. In a study on political science education, students using ChatGPT were better equipped to compare various governance models and identify the strengths and weaknesses of each approach, leading to more nuanced and informed conclusions (Lo, 2023). This ability to compare and contrast is crucial for fostering deeper analytical skills in social sciences.
However, while ChatGPT offers substantial support in creative and analytical thinking, there are concerns about the over-reliance on AI tools. One of the risks is that students might depend too heavily on AI-generated insights without fully engaging in the analytical process themselves. Educators must therefore design curricula that encourage students to critically evaluate the outputs provided by AI, ensuring that they remain active participants in the learning process. Incorporating exercises that require students to challenge or refine ChatGPT's responses can help mitigate this risk and reinforce their critical thinking skills (Oliński et al., 2024).
In conclusion, ChatGPT provides a powerful tool for enhancing creativity and analytical thinking in social sciences by encouraging divergent thinking, fostering interdisciplinary connections, and supporting comparative analysis. However, to maximize its potential, it must be integrated thoughtfully into educational practices to complement, rather than replace, human critical engagement.
[bookmark: _Toc177939487]4.5 Conclusion and Practical Implications
The findings of this study underscore the significant role of ChatGPT in enhancing university students' academic performance across various dimensions. ChatGPT facilitates improvements in writing proficiency, enabling students to structure and refine their arguments with greater coherence and clarity. Its ability to provide real-time feedback allows for more iterative learning, helping students correct mistakes and improve their work efficiently. Furthermore, ChatGPT’s impact on time management is evident, streamlining tasks such as research, drafting, and revisions, which allows students to allocate more time to deeper cognitive engagement and learning activities.
Practical implications suggest that higher education institutions should integrate ChatGPT and similar AI tools into educational systems. When used as a complementary tool to traditional learning methods, ChatGPT can enhance the quality of education, particularly by supporting students in mastering complex subjects and managing academic tasks more effectively. For example, Altarawneh (2023) emphasizes the importance of ChatGPT in simplifying challenging topics and promoting collaborative learning, which helps students overcome academic barriers and maintain motivation (Altarawneh, 2023). However, educators should carefully structure the use of AI to ensure it enhances learning without replacing critical thinking and creativity.
[bookmark: OLE_LINK43]Incorporating ChatGPT into the curriculum, particularly for personalized feedback and task automation, can also improve students’ self-directed learning skills. As Chen et al. (2023) found, when ChatGPT is effectively integrated into learning, it improves both student motivation and performance outcomes by aligning task difficulty with technological support (Chen et al., 2023). Furthermore, ChatGPT can reduce educational inequalities by providing students from under-resourced areas with access to personalized academic support, which would otherwise be difficult to obtain.
[bookmark: _Toc177939488]5. limitations
[bookmark: OLE_LINK29][bookmark: OLE_LINK45]While this research sheds light on the positive contributions of ChatGPT to academic performance, several limitations must be acknowledged. First, the study relied heavily on students' self-reported data regarding their experiences with ChatGPT, which may introduce bias. Students may have overstated the benefits of using AI tools due to novelty effects or underreported challenges due to a lack of critical awareness about AI's potential drawbacks. Future studies should include more objective measures of academic performance, such as exam scores or external assessments.
Firstly, one significant limitation of ChatGPT is bias in AI models, which is an issue that can influence the accuracy and neutrality of the information provided. The training data used to build ChatGPT comes from vast and diverse sources, but these sources may still contain biases related to gender, race, or socio-economic status (Dempere et al., 2023). This can result in AI responses that unintentionally perpetuate stereotypes or misrepresent certain groups. In the context of education, biased information could mislead students, particularly those who are less experienced in critical thinking or fact-checking. For example, social science students analyzing political systems might receive biased interpretations from ChatGPT, skewing their understanding of complex issues. These biases are especially problematic in fields that require objectivity and evidence-based analysis, such as law, sociology, or public policy.
Another key limitation is the inconsistency in subject-specific knowledge provided by ChatGPT, particularly in specialized fields like advanced mathematics, philosophy, or engineering. While ChatGPT excels in generating human-like text for general inquiries, it often struggles with deeply technical or domain-specific content that requires nuanced understanding (Lo, 2023). For instance, in fields such as biochemistry or higher-level physics, ChatGPT might produce responses that are overly simplified or contain inaccuracies. This is especially concerning for students who rely heavily on the tool for assignments, as they may not possess the expertise to recognize when the AI's responses deviate from the academic standards of the field.
A digital literacy divide is another critical limitation that impacts the equitable use of ChatGPT in educational settings. Access to AI tools requires both technological infrastructure and digital literacy, which are not evenly distributed among students. Those from under-resourced backgrounds or regions with limited internet access may find it difficult to engage with tools like ChatGPT, exacerbating existing inequalities in education (Oliński et al., 2024). Even within well-resourced institutions, students with lower digital literacy may struggle to use ChatGPT effectively, leading to disparities in academic performance. This limitation highlights the need for educational institutions to provide adequate training in digital literacy to ensure that all students can leverage AI tools to enhance their learning experience.
Ethical concerns surrounding plagiarism and academic integrity also present a notable limitation of ChatGPT's use in education. While ChatGPT can assist in generating content and providing feedback, there is a growing concern that students may misuse the tool to shortcut their academic efforts. By relying too heavily on AI-generated content, students may fail to develop essential skills such as critical thinking, problem-solving, and original writing. The blurred lines between acceptable use and plagiarism further complicate this issue, as students might submit AI-generated text without proper attribution, which raises serious questions about academic integrity (Al-Abdullatif & Alsubaie, 2024).
In conclusion, while ChatGPT offers considerable benefits in enhancing student learning, it is essential to acknowledge and address these limitations. The risks of bias, subject-specific knowledge gaps, digital divides, and ethical misuse suggest that the integration of AI tools in education requires careful oversight and thoughtful implementation. Educators must ensure that students are equipped to use these tools responsibly, balancing the advantages of AI with the need to foster critical thinking and independent learning skills.
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