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Abstract
Artificial intelligence (AI) in higher education has revolutionized the way learning and teaching currently take place, allowing for more personalized and adaptive feedback systems. This study explores the impact of AI-assisted feedback on student engagement and academic performance, mediated by student engagement. A quantitative, cross-sectional survey design was employed, and data were collected from 260 undergraduate students in the Faculty of Business and Management. The data was analyzed using SPSS and SmartPLS 4 for Structural Equation Modeling (SEM). The results reveal that AI-assisted feedback has a significant positive effect on student engagement, indicating that timely, personalized, and adaptive feedback enhances students’ participation and involvement in learning activities. In addition, AI-assisted feedback was found directly significant impacted academic performance. Student engagement also demonstrated a significant positive relationship with academic performance. The results of mediation analysis showed that academic outcomes were partially mediated by student engagement, suggesting that student engagement could be a pathway through which AI impacts academic outcomes.
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1. Introduction
Artificial Intelligence (AI) has emerged as a pivotal technological advancement in the field of education, especially for higher education. Educational institutions have used AI technologies like machine learning, NLP, and intelligent tutoring systems to improve traditional teaching and assessment methods. AI applications have been supportive of various areas of personalized learning, automated administration, assessment and adaptive learning. The applications are used to enhance the teaching effectiveness and the achievement of the students. UNESCO (2021) states that AI can enhance the education system by making it more accessible, personalized and efficient. Additionally, studies have shown that AI-driven systems can have a positive impact on students and educators by offering data-driven insights that can improve learning outcomes and educational performance (Holmes et al., 2019).
Higher education is regarded as the main pillar of learning and students receive feedback to know about their weaknesses and strengths and improve their subjects. Feedback improves understanding, promotes self-regulated learning and motivates and engages students in learning activities. Traditionally, university feedback depended on instructors’ manual grading and written comments. However, increasing class sizes and limited faculty time have made it difficult to provide timely and detailed feedback. Delayed or insufficient feedback can reduce students’ learning and motivation (Fakhri et al., 2024). Therefore, many educational institutions are adopting AI-powered feedback systems to provide real-time, personalized, and scalable feedback.
AI-assisted feedback refers to using intelligent systems and algorithms to automatically analyze student performance and provide real-time, personalized feedback, comments and assessments (Zhao, 2024). Systems are designed to improve the quality and timeliness of feedback and to allow for personal learning experiences. AI-driven feedback has previously proven effective in positively influencing students' learning satisfaction as well as motivation and academic outcomes, with the ability to continuously provide feedback to students throughout the learning process (Zawacki-Richter et al., 2019). Furthermore, AI-driven educational technology materials are particularly relevant for business and marketing subjects, as students must have analytical, communication, creativity and problem-solving skills to apply in real time to achieve the desired results. Conducting project-based learning, case analysis, presentations and strategic decision-making exercises are typical topics covered in marketing courses and are best achieved when all are based on timely and constructive feedback.
Student engagement has also become a major concern for educators and researchers because of  its ties to academic achievement and learning effectiveness. Student engagement is the extent to which a student shows participation in learning activities and learning environments, as evidenced by their behavior, emotion and thought (Fredricks et al., 2004). Active students will participate in class discussions, successfully complete assignments, have a great interaction with educational material and have a better learning outcome. The application of AI-based tools and systems has been proven to enhance students' engagement, thereby creating interactive learning and individualized experience (Bond et al., 2021). Therefore, it is essential to recognize the role AI-assisted feedback plays in student engagement to enhance educational practices in higher education institutions (HEI).
Incorporation of AI technologies into education is growing, but there exist concerns and challenges regarding the effectiveness of the technologies in improving student learning outcomes. Research on the relationship between AI-based feedback on learning outcomes and learning engagement in educational contexts is limited and lacks focus on investigating the outcomes of using AI-based feedback in educational contexts, specifically in the field of marketing education. Previous research has been more focused on the use of AI in the science, technology, engineering and mathematics (STEM) fields than in business and marketing education. Moreover, few studies have focused on the measurement of student engagement or academic achievement but not a glance has been paid to the mediation role between AI-assisted feedback and academic achievement. however, the mediating role of student engagement in the relationship between AI-assisted feedback and academic performance remains insufficiently explored in current literature.
Therefore, there is a need for a significant research opportunity in addressing this identified gap in the literature. Nowadays, education relies more and more on ideology-based marketing education, which requires student engagement and continuous improvement in academic performance. Furthermore, there is limited empirical evidence for the mediating role of student engagement in marketing courses, making it difficult to gain insights into the effect of AI-based education tools. Moreover, there is not enough empirical evidence to support the mediating effect of student engagement, limiting theoretical understanding of how AI-driven educational tools lead to positive learning outcomes. Addressing this gap is essential for both researchers and practitioners seeking to improve the effectiveness of AI integration in higher education.
Thus, this study is designed to examine the effect of AI assisted feedback on the students' engagement and academic performance in a marketing course for undergraduate students. The study is based on the impact of the use of artificial intelligence (AI) on feedback to students and if student engagement will have a positive impact on academic performance. This investigation also examines the mediation students' engagement in the relationship between AI-assisted feedback and academic performance. This study's emphasis on marketing education adds to the literature of AI-powered learning and advances the field's knowledge of the potential for intelligent educational technologies to improve student learning experiences and outcomes.
The significance of this study is reflected in both its theoretical and practical contributions. Theoretically, this study contributes to educational technology and AI research. It explains the relationship between AI-assisted feedback, student engagement, and academic performance through a unified conceptual framework. The study also contributes to furthering the field of mediation-based research about using AI-mediated feedback to improve academic outcomes. Practically, the results could have implications for universities and teachers/curriculum designers when developing an efficient strategy to apply an AI-based feedback system for marketing courses. The results could also assist in improving academic performance, learning efficiency and student motivation in schools with the use of assistive technologies (AT) in the teaching/learning processes. Moreover, the research offers insights for policymakers and higher education institutions looking to implement AI technologies in a responsible and effective manner in contemporary education systems.
Based on the study objectives and identified research gap, the following research questions are proposed:
1. Does AI-assisted feedback influence student engagement in marketing courses? 
2. Does AI-assisted feedback influence students’ academic performance in marketing courses? 
3. What is the relationship between student engagement and academic performance?
4. Does student engagement mediate the relationship between AI-assisted feedback and academic performance?

2. Literature Review and Hypothesis Development
AI-Assisted Feedback and Student Engagement
In the field of higher education, Artificial Intelligence (AI) has revolutionized their way of teaching and learning. It has definitely enhanced assessment and feedback procedures, particularly. AI-assisted feedback involves automatically assessing learners' work and providing real-time, individualized and adaptive feedback based on their performance (Adayilo et al., 2025). These systems use machine learning and natural language processing to identify errors and support improvement. According to UNESCO (2021), AI improves learning by making education more personalized, efficient, and student-centered.
Theoretically, student engagement is a complex construct that includes several behavioral, emotional and cognitive elements of learning that can be manifested in many activities (Fredricks et al., 2004). Engagement theory argues that students acquire content knowledge best when they are involved in relevant and meaningful learning activities instead of simply the passive mode of learning, receiving information (Kahu, 2013). The feedback in this context is important since it has a positive impact on the students' learning attitude and motivation, and it contributes to sustaining students in the learning process.
In higher education, traditional feedback systems tend to be delayed, are underused and cannot be personalized because teachers are overworked and large classes make it difficult to give individualized feedback. These restrictions diminish the effectiveness of feedback in promoting continuous engagement. On the other hand, feedback from AI will offer constant data stream monitoring, real-time feedback, and individualized suggestions, improving the feeling of progress and of taking ownership of learning. Hattie and Timperley (2007) highlight three important questions that should always be addressed with effective feedback: “Where am I going?" "How am I going?" and “Where to next?" can be more effectively answered with the help of AI-based systems.
Moreover, self-determination theory (Deci & Ryan, 2000) has highlighted that three psychological conditions—autonomy, competence and relatedness—are the needs that motivate and engage students. AI feedback helps students' perception of competence by providing real-time feedback on their competency/weaknesses, which helps to boost students' intrinsic motivation and engagement. Empirical studies also show that digital feedback systems lead to higher engagement with the learning task, interaction with the learning task, and persistence in the learning task (Zawacki-Richter et al., 2019).
From the above theoretical and empirical arguments, it is hypothesized that the use of AI tools for providing feedback will have a significant effect on student engagement in their academic learning.
H1: AI-assisted feedback has a positive and significant effect on student engagement.

AI-Assisted Feedback and Academic Performance
Academic performance is well recognized as an important measure of educational effectiveness and is generally reflected in grades, assignments or overall course achievement. Marketing education has a specific focus on academic achievement because students need to use the theories they learn in practical marketing situations where they must continuously reflect, think, analyse and improve.
Constructivist learning theory states that knowledge is not transmitted to the learner, but it is created by the interaction of the learner with the content, feedback and experience (Vygotsky, 1978). Feedback plays a crucial role in furthering students' learning development by assisting students to determine the discrepancy between their actual level of performance and the desired level of performance. However, traditional instructor-based feedback is often limited in frequency and generality, reducing its impact on academic improvement.
AI-powered feedback systems solve these problems by providing scalable, consistent, and data-driven assessments of student performance. These systems offer immediate corrective feedback, identify conceptual errors and offer focused suggestions for improvement, thus increasing the capacity of the students to continuously improve their academic work. Holmes et al. (2019) conclude that AI can have a great impact on learning outcomes as it helps to provide adaptive and personalized learning support.
Furthermore, in the cognitive load theory (Sweller, 1988), timely and structured feedback minimizes extraneous cognitive load by allowing the student to focus on learning tasks that are relevant for the task and not on interpreting vague and delayed feedback. This will enable students to free up more thinking space for higher-order thinking skills and in the end, their academic performance will improve.
The benefits of technology-enhanced feedback systems for achievement have also been found in the real world, especially in higher education contexts where self-directed learning is a key component of academic success (Luckin & Holmes, 2016). Therefore, AI-powered feedback is expected to make a direct impact on students' academic performance.
H2: AI-assisted feedback has a positive and significant effect on academic performance.

Student Engagement and Academic Performance
Student engagement has been a constant theme in education as one of the strongest indicators of academic achievement in any learning context. Engagement is a measure of how well pupils learn activities as well as their interest and motivation and their effort towards learning and understanding (Fredricks et al., 2004).
Theoretical foundations from Engagement-performance model indicate that engaged students will be more likely to persist in learning-related activities and be more likely to utilize deep learning strategies. Kahu (2013) suggests that engagement is a social and psychological process that has a direct effect on academic achievement through improving motivation and self-efficacy with learning.
Marketing education requires high student engagement. Students often work on complex case studies and group projects and apply theories to real market situations. Students who are actively engaged in class can learn the theory and apply it in real life, which will help them to perform well in their academics.
Empirical studies have consistently shown that there is a positive correlation between engagement and achievement in higher education settings. For example, Grades and retention are positively correlated with student engagement in learning activities and with cognitive engagement (Appleton et al., 2008).
Therefore, based on strong theoretical and empirical evidence, student engagement is expected to positively influence academic performance.
H3: Student engagement positively influences academic performance.

Mediating Role of Student Engagement
The impact of AI-driven feedback is likely to be indirect, as it will foster engagement with learning, and may also be direct, as it will directly improve academic outcomes. This implies a mediation process through which engagement constitutes a psychological and behavioral link between the feedback systems and the academic achievements.
The relationship can be well understood using the framework of SRL theory. Self-regulated learners actively monitor their learning, evaluate the feedback received and modify their learning strategies as necessary (Zimmerman, 2002). AI feedback can aid in this process by delivering ongoing, structured, and tailored performance data, motivating students to delve deeper into learning tasks.
Furthermore, engagement theory proposes that the learning outcomes will be more optimal when students are engaged in learning that has meaning. (Kahu, 2013). Using AI-powered feedback improves engagement, making learning more interactive, responsive, and personalized and ultimately boosting academic achievement.
Mediation effects between engagement and the educative technology context are also supported based on empirical studies. Computer-based learning tools have been shown to have a direct impact on improving student achievement by engaging students and motivating them to learn and not a direct impact on cognition (Masland et al., 2022).
Therefore, it is expected that student engagement mediates between AI-assisted feedback and academic performance.
H4: Student engagement mediates the relationship between AI-assisted feedback and academic performance.
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Figure (1): Conceptual Model

3. Methodology
Research Design and Approach
This study employed a quantitative research approach to examine the influence of AI-assisted feedback on student engagement and academic performance in marketing courses. A cross-sectional survey design was adopted to collect data from undergraduate students at a single point in time. The quantitative approach was considered appropriate because it allows the researcher to statistically examine relationships among variables and test the proposed hypotheses objectively.
Sampling Strategy and Participant Selection   
The target population of this study comprised undergraduate students enrolled in marketing courses within the Faculty of Business and Management at Universiti Sains Malaysia (USM). A total of 260 students participated in the study. The sample was selected using a convenience sampling technique due to the accessibility of respondents within the academic environment. Participants were required to have experience with AI-assisted feedback or digital learning systems used in marketing education.
Data Collection Method and Questionnaire Development
First, data were collected through an online questionnaire adapted from previously validated studies. The questionnaire consisted of two sections: demographic information and measurement items related to AI-assisted feedback, student engagement, and academic performance. Items of the questionnaire were adapted from the scales that have been previously validated in the literature. The measurement of AI-assisted feedback was done using four items adapted from Weizhi (2025). Eight items adapted from Oga-Baldwin and Nakata (2017) were used to measure student engagement, and four items adapted from Wut et al. (2023) were used for academic performance. The items were evaluated on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree).

Data Analysis  
Data analysis was conducted using IBM SPSS Statistics 25 and for Structural Equation Modeling (SEM), including confirmatory factor analysis, correlation analysis, and mediation testing, SmartPLS 4 software was used. Bootstrapping with 5,000 resamples was employed to assess the significance of path coefficients and mediation effects.

Demographic Profile 
The demographic profile of the respondents shows a fairly equal distribution across key characteristics. In terms of gender, the sample consists of 134 males (51.5%) and 126 females (48.5%), showing a nearly equal representation between both groups. Regarding age distribution, the majority of respondents fall within the 18–20 age group (39.6%), followed by those aged 21–23 (31.9%) and 24–26 (28.5%). Academic year-wise distribution of students shows that second-year students are the largest group (34.2%), followed by third year (25.8%), first year (22.3%) and fourth year (17.7%). This means that there is a good spread of students studying at the various levels of undergraduate study. Lastly, the frequency of the use of AI-assisted learning tools reveals that the majority of respondents used AI tools often, with )60.4%( reporting 'always, )23.1%( reporting occasionally, and )16.5%( reporting rarely. This highlights a high level of exposure to AI-assisted learning among participants overall.

Table 1. Demographic Profile of Respondents (N=260)
	Demographic variable
	Category
	Frequency
	Percentage

	Gender
	Female
	126
	48.50%

	
	Male
	134
	51.50%

	Age
	18–20
	103
	39.60%

	
	21–23
	83
	31.90%

	
	24–26
	74
	28.50%

	Academic Year
	First Year
	58
	22.30%

	
	Second Year
	89
	34.20%

	
	Third Year
	67
	25.80%

	
	Fourth Year
	46
	17.70%

	Frequency of using AI-assisted learning tools
	Always
	157
	60.40%

	
	Occasionally
	60
	23.10%

	
	Rarely
	43
	16.50%



The KMO value was 0.915, which is considered excellent sampling adequacy. Bartlett's Test of Sphericity was statistically significan (χ² = 1231, df = 120, p < 0.001), which indicated that the correlations between the variables were adequate for the purpose of factor analysis.

 Table 2. KMO and Bartlett’s Test Results.
	Kaiser-Meyer-Olkin (KMO) Measure
	0.915

	Bartlett’s Test of Sphericity 
	Chi-Square (χ²)
	1231

	
	Degrees of Freedom (df)
	120

	
	Significance (p-value)
	< 0.001



Confirmatory Factor Analysis
The results showed that all the loadings were significant at p < .001. Moderate to very strong relationships between the indicators and the latent variable were found for the AI-assisted feedback construct (loadings between 0.625 and 0.995). the loading levels of the student engagement items ranged from 0.867 to 0.938, which indicates high consistency among the indicators. Academic performance loadings were from 0.642 to 0.746 which are considered acceptable and indicate that the construct is being adequately represented.
Overall, the factor loadings exceeded the recommended threshold of 0.50, confirming convergent validity of the measurement model. Items with low factor loadings were removed from the final measurement model to improve construct validity. Specifically, SE1, SE5, SE7, SE3, SE8, and AP2 were excluded from further analysis.

Table 3: Confirmatory Factor Analysis Results
	Factor
	Indicator
	Factor Loadings
	SE
	Z
	p

	AI-Assisted Feedback
	AI1
	0.894
	0.0769
	11.63
	<.001

	
	AI2
	0.625
	0.0655
	9.53
	<.001

	
	AI3
	0.831
	0.0701
	11.86
	<.001

	
	AI4
	0.995
	0.0748
	13.30
	<.001

	Student Engagement
	SE2
	0.909
	0.0747
	12.16
	<.001

	
	SE4
	0.938
	0.0763
	12.29
	<.001

	
	SE6
	0.867
	0.0841
	10.30
	<.001

	Academic Performance
	AP1
	0.642
	0.0861
	7.45
	<.001

	
	AP3
	0.716
	0.0904
	7.92
	<.001

	
	AP4
	0.746
	0.0883
	8.44
	<.001



Model Fit Indices
The CFA model demonstrated an excellent fit to the data. The chi-square test was not significant (χ² = 32.9, df = 32, p = 0.425), indicating a good fit between the hypothesized model and the observed data. In addition, the model fit indices confirmed excellent fit: CFI = 0.999, TLI = 0.999, and RMSEA = 0.010, with a narrow confidence interval (0.00–0.047), indicating a very strong model fit.

Table 4: Model Fit Results
	Fit Index
	Value

	Chi-square (χ²)
	32.9

	df
	32

	p-value
	0.425

	CFI
	0.999

	TLI
	0.999

	RMSEA
	0.0102



Pearson correlation analysis revealed significant positive relationships among all study constructs. AI-assisted feedback was positively correlated with student engagement (r = 0.738) and academic performance (r = 0.684). In addition, student engagement was positively correlated with academic performance (r = 0.696). These results indicate that higher levels of AI-assisted feedback are associated with higher student engagement and better academic performance.

Table 5: Correlation Matrix
	 
	AI-Assisted Feedback
	Student Engagement
	Academic Performance

	AI-Assisted Feedback
	—
	 
	 

	Student Engagement
	0.738
	—
	 

	Academic Performance
	0.684
	0.696
	—


 
Mediation Results
The path analysis results indicate that all hypothesized relationships were statistically significant. AI-assisted feedback had a strong positive effect on student engagement (β = 1.130, p < .001), which in turn significantly influenced academic performance (β = 0.255, p < .001). In addition, AI-assisted feedback also had a significant direct effect on academic performance (β = 0.348, p < .001). Overall, the results indicate that student engagement partially mediates the relationship between AI-assisted feedback and academic performance.

Table 6: Path Estimates
	
	 
	 
	 
	Estimate
	SE
	Z
	p

	H1
	AI-Assisted Feedback
	→
	Student Engagement
	1.130
	0.0618
	18.29
	<.001

	H2
	AI-Assisted Feedback
	→
	Academic Performance
	0.348
	0.0550
	6.33
	<.001

	H3
	Student Engagement
	→
	Academic Performance
	0.255
	0.0402
	6.35
	<.001



The mediation analysis indicated that student engagement partially mediates the relationship between AI-assisted feedback and academic performance. The indirect effect was significant (β = 0.288, p < .001), indicating that AI-assisted feedback improves academic performance through its positive impact on student engagement. The direct effect remained significant (β = 0.348, p < .001), suggesting partial mediation. The total effect was also significant (β = 0.636, p < .001), confirming the overall strong influence of AI-assisted feedback on academic performance.

Table 7: Mediation Analysis Results
	Effect
	Estimate
	SE
	Z
	p

	Indirect
	0.288
	0.0485
	5.94
	<.001

	Direct
	0.348
	0.0550
	6.33
	<.001

	Total
	0.636
	0.0362
	17.58
	<.001



According to the path analysis findings, all path relationships between variables have been statistically significant (p < .001). AI-assisted feedback positively influenced student engagement (β = 1.130), while both AI-assisted feedback and student engagement significantly affected academic performance.
In addition, mediation analysis indicated that academic performance was indirectly affected by AI-assisted feedback through student engagement (β = 0.288, p < .001). Both indirect and direct effects proved to be important and resulted in part from mediation by student engagement between the effects of AI-assisted feedback and academic performance.

4. Discussion
This study confirms the importance of AI-assisted feedback for student engagement (SE) and academic performance (AP) in higher education. More significantly, it reveals the intermediate effect of student engagement, which is considered a pivotal psychological mechanism to explain how AI-based feedback can boost student performance. The significant path from AI-assisted feedback to student engagement (β = 1.130, p < .001) suggests that students who are provided immediate feedback, tailored to their individual needs, and adaptive based on AI systems are more likely to be engaged in learning activities. The findings are in line with previous studies that focused on the importance of providing feedback at the right time to provide the right feedback (Hattie & Timperley, 2007; Shute, 2008).
Besides, AI-driven feedback and academic performance are directly linked (β = 0.348, p < .001), suggesting that AI parts have a direct influence on learning outcomes besides engaging the learner. The advantage of AI-generated feedback is that learners have immediate feedback to discuss and correct their learning trajectory, thus reducing the processing load on the brain and improving learning understanding. This is consistent with the cognitive theory of multimedia learning, explaining that feedback is an effective stimulus to enhance the efficiency of learning (Mayer, 2009).
In addition, student engagement has a positive effect on academic performance (β = 0.255, p < .001) which indicates that being an engaged student is positively associated with academic success. This reinforces the strong consensus that engagement is a strong predictor of academic performance as it leads to persistence, attention and increased cognitive processing (Fredricks et a., 2004; Schaufeli et al., 2002).
The mediation analysis indicated that the direct association between AI-assisted feedback and academic performance was partially mediated by students' engagement. This suggests that AI-powered feedback may directly and indirectly influence the performance of their students by influencing student engagement. Hints of this partial mediation suggest that engagement has an important explanatory value, with the independent effect of AI systems on academic achievement. This aligns with the other studies, which emphasized the cognitive and motivational-learning dimensions of technologies for learning (Zawacki-Richter et al., 2019).
The results are related to the literature in two different aspects: first, the usage of AI for giving feedback can be a direct facilitator for studying and second, an indirect facilitator with the involvement of other academic processes of students. The study contributes to the growing body of research on AI in education by clarifying the psychological mechanisms through which AI improves learning outcomes.

5. Contribution and Practical Implications
Theoretical Contributions
This study has three significant theoretical contributions to the literature on the use of AI in education. First, it is an extension of the Technology Acceptance Model (TAM), Self-Determination Theory (SDT) and Student Engagement Theory, in which student engagement is an important mediator between AI-assisted feedback and academic performance. This study shows that it is not only the direct effect of AI feedback but also the indirect effect through psychological and behavioral engagement, which accentuates the integration of cognitive and motivational aspects in the models of learning by using technology. Second, the study contributes to AI driven learning research by focusing on AI-assisted feedback as a moving and personalized learning mechanism that could boost engagement and performance. Third, it validates the proposed model in the context of higher education and empirically supports the generalizability of engagement-based models in learning environments with the support of AI.

Practical Implications
The results have implications for educators, instructional designers and higher education institutions. AI-powered feedback should be used in conjunction with formative assessment strategies for educators to reduce the burden on teachers and improve student engagement and self-regulated learning. Implementing AI systems requires making them personal, timely and adaptive so that they induce engagement rather than just repeating tasks that have not worked before. Learning outcomes can be further enhanced through the use of interactive feedback loops, adaptive learning pathways, etc. In higher education, AI-driven feedback systems can help manage large class sizes and improve the efficiency of feedback processes. However, their use should be supported by faculty training and clear ethical policies, including data privacy, transparency, and responsible AI use.

6. Limitations and Future Research
Along with the valuable contributions of this study, several limitations should be acknowledged. Firstly, the cross-sectional research design impact the general ability to make causal inferences connecting AI-assisted feedback, student engagement and academic outcomes. Research findings serve as valuable evidence of some important relationships; future research should adoptlongitudinal or experimental to provide a clearer sense of causality and to explore change over time.
Secondly, the sample only covered one academic context, meaning that the results may be limited to generalization to other universities, disciplines or cultural contexts in other ways. Future studies are encouraged to test the model in various contexts in future research to increase external validity and to examine possible differences in context.
Thirdly, the cross-sectional design used in the study resulted in common method bias and social desirability response bias. Objective assessment data, such as academic performance or instructor ratings, or learning analytics, might be added to future research to increase data robustness and decrease any potential bias.
Finally, this study focused on student engagement as a mediating factor. However, other factors such as motivation, self-efficacy, and cognitive load may also influence the relationship between AI-assisted feedback and academic performance. Future research could explore these additional mediators or potential moderating variables to provide a more comprehensive understanding of AI’s impact on learning outcomes.


7. Conclusion
This study explored how AI-assisted feedback impacts academic performance in higher education and its mediation through student engagement. The findings indicate that providing feedback with AI support leads to a substantial improvement in student engagement and, consequently, in the academic achievement of students. In addition, the results indicated that the effect of using AI feedback also occurs directly with academic performance, which is partially mediated by students' engagement, as suggested by the proposed model.
The study emphasizes the potential of proper design of immediate, individualized, adaptive feedback systems provided by AI to help improve students' cognitive and behavioral engagement.  This heightening of engagement is key in the context of how AI-driven feedback is connected to real academic improvements. Therefore, student engagement can be viewed as one of the critical psychological processes for comprehending the impact of AI technologies on learning outcomes.
Theoretically, this studyit sheds light on the two-way street efect of the mode of action of AI-driven feedback (direct and indirect via engagement). From a practical perspective,  highlight the need for educators and institutions to incorporate AI-powered feedback mechanisms to enhance the learning experience and outcomes of students. The current study shows promising potential for the future development of an AI-supported learning environment to foster higher engagement and positive learning outcomes.













References
· Adayilo, D. M., Oyefolahan, I. O., Ndunagu, J. N., Otuya, C., Malcalm, E., & Twabu, K. (2025). AI-Powered Tutoring Systems for Personalised Learning Feedback in Developing Secondary Education Contexts. Journal of Future Artificial Intelligence and Technologies, 2(4), 549-564. https://faith.futuretechsci.org/index.php/FAITH/article/view/290
· Appleton, J. J., Christenson, S. L., & Furlong, M. J. (2008). Student engagement with school: Critical conceptual and methodological issues of the construct. Psychology in the Schools, 45(5), 369-386. https://doi.org/10.1002/pits.20303
· Bond, M., Bedenlier, S., Marín, V. I., & Händel, M. (2021). Emergency remote teaching in higher education: Mapping the first global online semester. International journal of educational technology in higher education, 18(1), 50. https://link.springer.com/article/10.1186/S41239-021-00282-X
· Deci, E. L., & Ryan, R. M. (2000). The" what" and" why" of goal pursuits: Human needs and the self-determination of behavior. Psychological inquiry, 11(4), 227-268. https://doi.org/10.1207/S15327965PLI1104_01
· Fakhri, M. M., Ahmar, A. S., Rosidah, R., Fadhilatunisa, D., & Tabash, M. (2024). Barriers to Effective Learning: Examining the Influence of Delayed Feedback on Student Engagement and Problem Solving Skills in Ubiquitous Learning Programming. Journal of Applied Science, Engineering, Technology, and Education, 6(1), 69-79. DOI: https://doi.org/10.35877/454RI.asci2825
· Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School engagement: Potential of the concept, state of the evidence. Review of educational research, 74(1), 59-109. 
https://doi.org/10.3102/0034654307400105
· Hattie, J., & Timperley, H. (2007). The power of feedback. Review of educational research, 77(1), 81-112. https://doi.org/10.3102/003465430298487
· Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education promises and implications for teaching and learning. Center for Curriculum Redesign. https://discovery.ucl.ac.uk/id/eprint/10139722/
· Kahu, E. R. (2013). Framing student engagement in higher education. Studies in higher education, 38(5), 758-773. https://doi.org/10.1080/03075079.2011.598505
· Luckin, R., & Holmes, W. (2016). Intelligence unleashed: An argument for AI in education. London: Pearson Education. https://discovery.ucl.ac.uk/id/eprint/1475756/
· Masland, L., Bergman, S., & Ellis, J. (2022). Psychometric Properties of the Student Course Engagement Questionnaire (SCEQ): Measuring Engagement or Missing the Mark?. International Journal of Teaching and Learning in Higher Education, 33(2), 119-134. https://files.eric.ed.gov/fulltext/EJ1345764.pdf
· Mayer, R. E. (2009). Multimedia Learning. Cambridge: Cambridge University Press. https://doi.org/10.1017/CBO9780511811678
· Oga-Baldwin, W. Q., & Nakata, Y. (2017). Engagement, gender, and motivation: A predictive model for Japanese young language learners. System, 65, 151-163. DOI: 10.1016/j.system.2017.01.011
· Schaufeli, W. B., Salanova, M., González-Romá, V., & Bakker, A. B. (2002). The measurement of engagement and burnout: A two sample confirmatory factor analytic approach. Journal of Happiness studies, 3(1), 71-92. https://link.springer.com/article/10.1023/A:1015630930326
· Shute, V. J. (2008). Focus on formative feedback. Review of educational research, 78(1), 153-189. https://doi.org/10.3102/0034654307313795
· Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive science, 12(2), 257-285. https://doi.org/10.1016/0364-0213(88)90023-7
· UNESCO. (2021). AI and education: Guidance for policy-makers. UNESCO Publishing. https://unesdoc.unesco.org/ark:/48223/pf0000376709
· Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes (Vol. 86). Harvard university press. https://www.scirp.org/reference/referencespapers?referenceid=803661
· Weizhi, w. (2025). A case study of the impact of artificial intelligence-assisted learning on student engagement at quanzhou college of technology (doctoral dissertation, siam university). https://e-research.siam.edu/wp-content/uploads/2025/09/MBA-2025 
· Wut, T. M., Ng, P. M., & Low, M. P. (2023). Engaging university students in online learning: A regional comparative study from the perspective of social presence theory. Journal of Computers in Education. https://doi.org/10.1007/s40692-023-00278-8
· Zawacki-Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review of research on artificial intelligence applications in higher education–where are the educators?. International journal of educational technology in higher education, 16(1), 39. https://doi.org/10.1186/s41239-019-0171-0
· Zhao, C. (2024). AI-assisted assessment in higher education: A systematic review. Journal of Educational Technology and Innovation, 6(4). https://media.sciltp.com/articles/2509001536/2509001536.pdf
· Zimmerman, B. J. (2002). Becoming a self-regulated learner: An overview. Theory into practice, 41(2), 64-70. https://doi.org/10.1207/s15430421tip4102_2



















Questionnaire
Section A: Demographic Information
1. Gender:
☐ Male    ☐ Female 
2. Age:
☐ 18–20    ☐ 21–23    ☐ 24–26 
3. Academic Year:
☐ First Year    ☐ Second Year    ☐ Third Year    ☐ Fourth Year 
4. Frequency of using AI-assisted learning tools (e.g., ChatGPT, AI feedback systems, learning platforms):
☐ Rarely    ☐ Occasionally    ☐ Always 
Section B: Variables Measurement
Please indicate your level of agreement with the following statements using the scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, and 5 = Strongly Agree.
	Statements
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	A. AI-Assisted Feedback

	1. AI-powered feedback provided me with immediate responses to my performance. 
	
	
	
	
	

	2. The feedback I received from AI was personalized and helped me identify my weaknesses. 
	
	
	
	
	

	3. AI-generated feedback was clear and easy to understand. 
	
	
	
	
	

	4. Receiving instant feedback from AI motivated me to improve my learning performance. 
	
	
	
	
	

	B. Student Engagement

	5. I participated in the activities. 
	
	
	
	
	

	6. I spoke a lot during the class activities. 
	
	
	
	
	

	7. I paid attention during learning sessions. 
	
	
	
	
	

	8. I continued working until the end of the class. 
	
	
	
	
	

	9. I enjoyed today’s class. 
	
	
	
	
	

	10. I felt good during the learning process. 
	
	
	
	
	

	11. I felt interested in the learning activities. 
	
	
	
	
	

	12. I enjoyed learning new things. 
	
	
	
	
	

	C. Academic Performance

	13. I am confident about the adequacy of my academic skills and abilities. 
	
	
	
	
	

	14. I feel competent in conducting my course assignments. 
	
	
	
	
	

	15. I have learned how to successfully perform my coursework in an efficient manner. 
	
	
	
	
	

	16. I have performed academically as well as I anticipated I would. 
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