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Abstract: The integration of Artificial Intelligence (Al) in education has opened new opportunities for
enhancing teaching models, notably the flipped classroom (FC). This study investigates the impact of an
Al-supported flipped classroom model on student engagement and learning outcomes among university
students in Vietnam. A mixed-methods approach was adopted, in which quantitative data were collected
through pre- and post-tests, and qualitative insights were obtained via in-depth interviews. The Al tools
used included automated video summarization, intelligent quiz generation, and personalized feedback
systems integrated into the learning management system (LMS). Quantitative results from 210
undergraduate students revealed statistically significant improvements in academic performance and
learner satisfaction. Specifically, the experimental group’s post-test scores improved by an average of 2.1
points, compared to a 1.2-point improvement in the control group (p < .001), and emotional engagement
increased by 16% over baseline. Thematic analysis of qualitative data highlighted increased motivation,
self-regulated learning, and positive attitudes toward Al-enhanced instruction. The study concludes
that the integration of Al in FC models fosters active learning, autonomy, and deeper engagement,
contributing to improved educational effectiveness in higher education.

Keywords: Artificial intelligence, Flipped classroom, Higher education, Personalized learning, Student engagement,
Vietnam.

1. Introduction

In recent years, the rapid advancement of digital technologies has fundamentally transformed the
landscape of higher education. Among the emerging pedagogical innovations, the flipped classroom
(FC) model and the integration of Artificial Intelligence (AI) into teaching and learning processes have
garnered substantial attention [1, 27. Both innovations represent a paradigm shift in how knowledge is
delivered and acquired, with the potential to enhance learning experiences, promote learner autonomy,
and foster engagement. The convergence of these two trends Al and flipped learning offers promising
opportunities to revolutionize educational practice, particularly in university settings that are
increasingly expected to cater to diverse student needs and equip learners with 21st-century skills [87.

The flipped classroom model, which inverts the traditional sequence of lectures and assignments,
enables students to acquire foundational knowledge outside the classroom through digital resources and
engage in higher-order learning activities during class time. This student-centered approach promotes
active learning, collaboration, and the development of critical thinking skills [4, 57]. However, despite its
pedagogical strengths, the effectiveness of the FC model is often contingent on students' preparedness,
motivation, and access to meaningful feedback during self-paced learning activities [67]. These
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limitations have motivated educators and researchers to explore the integration of Al tools into the FFC
model to address some of its shortcomings.

Artificial Intelligence, particularly in the form of intelligent tutoring systems, adaptive learning
platforms, chatbots, and learning analytics dashboards, is increasingly being applied in educational
contexts to deliver personalized, timely, and data-informed support to learners[7, 87. Al systems can
analyze student behaviors and performance in real time, offer customized content and feedback,
automate assessments, and provide instructors with actionable insights into student learning progress.
These capabilities make Al an ideal complement to the flipped classroom model, especially in addressing
the challenges of pre-class preparation, engagement, and self-regulation [97].

Recent studies have begun to examine the individual effects of Al and FFC on student learning
outcomes and engagement. However, research investigating their integration remains limited,
particularly in non-Western contexts where educational practices, student readiness, and institutional
infrastructures may differ significantly from those in technologically advanced countries [107]. In
Vietnam, where educational reform is increasingly prioritizing digital transformation and learner-
centered pedagogies, there exists a fertile ground for exploring the implementation and impact of Al-
enhanced flipped classrooms. Nonetheless, empirical evidence on the effectiveness of such integration in
Vietnamese higher education is still scarce.

This study aims to address this gap by investigating how an Al-supported flipped classroom model
affects student engagement and academic performance among undergraduate students in Vietnam.
Specifically, it explores the extent to which Al tools—such as automated video summarizers, intelligent
quizzes, chatbots, and personalized dashboards—can enhance the flipped classroom experience by
improving students' learning outcomes and their engagement in both pre-class and in-class activities
117

The research adopts a mixed-methods design, combining quantitative analysis of academic
performance and engagement indicators with qualitative insights from student interviews. By
employing both statistical data and narrative accounts, the study seeks to provide a comprehensive
understanding of the affordances and limitations of Al-supported flipped learning. The results are
intended to inform educators, curriculum designers, and policy makers interested in adopting innovative
and effective instructional strategies in higher education.

Research questions:

RQ1: How does the integration of Al tools into the flipped classroom model influence student
academic performance in a Vietnamese university context?

RQ2: In what ways does the Al-supported flipped classroom model affect student engagement
across behavioral, cognitive, and emotional dimensions?

RQ3: What are students' perceptions of the usefulness and challenges of Al tools within the flipped
learning environment?

By addressing these questions, this study contributes to the growing body of knowledge on technology-
enhanced learning and offers practical recommendations for leveraging Al to support flipped classroom
pedagogy in higher education. It also responds to broader educational goals of promoting learner
autonomy, digital competence, and inclusive access to high-quality learning experiences in the digital

age.

2. Literature Review
2.1. Flipped Classrooms in Higher Education

The flipped classroom (FC) model represents a paradigm shift from traditional teacher-centered
instruction to a more student-centered approach that emphasizes active learning. In higher education,
this model has become increasingly popular due to its capacity to foster critical thinking, collaboration,
and deeper engagement. Traditionally, instructors delivered lectures during class, with students
expected to complete exercises or assignments afterward. In the flipped classroom, students engage
with pre-recorded lectures, readings, or multimedia content prior to attending class. This shift allows
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in-class time to be used more interactively for discussions, case studies, group activities, or problem-
solving exercises [12, 137].

Research has consistently shown that the FC model leads to improved learning outcomes across
various disciplines, including engineering, medicine, and education [4, 14]. For example, Foldnes [4]
tound that students in flipped classrooms outperformed their peers in traditional settings in both
conceptual understanding and retention. Moreover, the FC model has been positively associated with
increased student motivation, autonomy, and responsibility for learning, which are essential traits in the
context of lifelong learning and professional development.

Despite these benefits, implementation challenges persist. These include student resistance due to
unfamiliarity with the model, inadequate pre-class preparation, and the need for faculty to redesign
curricula and assessments. Additionally, success in FC models often hinges on students’ self-regulation
and digital literacy skills factors that vary widely among learners in higher education. Therefore, while
IFC offers promise, its efficacy is influenced by contextual and instructional variables that merit further
investigation [157].

2.2. Artificial Intelligence in Education

Artificial Intelligence (AI) has emerged as a transformative force in educational settings, offering
innovative solutions to enhance learning efficiency, personalization, and engagement. Al in education
includes a wide range of applications such as intelligent tutoring systems (I'TS), adaptive learning
environments, automated assessment systems, chatbots, and learning analytics platforms [167]. These
technologies leverage machine learning algorithms and natural language processing to analyze student
behavior, predict performance, and tailor content delivery to individual needs [77.

One of the most significant advantages of Al in education is its capacity to provide real-time,
personalized feedback. Intelligent tutoring systems can simulate one-on-one human tutoring by
identifying student misconceptions and delivering scaffolded guidance [17]. Adaptive learning
platforms dynamically adjust the difficulty, pacing, and format of instructional content based on student
responses and engagement metrics [187]. This level of personalization, often referred to as “precision
education,” has shown promising results in improving learning efficiency and reducing dropout rates.

Furthermore, Al can support instructors through automation of routine tasks such as grading,
monitoring student progress, and identifying at-risk learners. Chatbots and virtual assistants enhance
communication and accessibility by responding to frequently asked questions and providing instant
clarification outside class hours [197]. Learning analytics, driven by Al, can offer actionable insights into
how students interact with course materials, enabling data-informed pedagogical decisions.

However, the integration of Al in education is not without challenges. Ethical concerns related to
data privacy, algorithmic transparency, and bias in machine learning models have gained attention [207].
Moreover, the effectiveness of Al tools varies significantly depending on their design, the pedagogical
context, and the digital readiness of both instructors and students. As such, successful implementation
requires not only technological infrastructure but also training, support, and ongoing evaluation.

2.8. Integrating AI into Flipped Classrooms

The convergence of Al and the flipped classroom model represents a forward-looking approach to
education, blending the pedagogical strengths of active learning with the technological capabilities of
personalization and automation. While both Al and IFC have individually demonstrated positive impacts
on learning, their integration has the potential to create a synergistic learning environment where
students benefit from increased autonomy, immediate support, and data-driven guidance.

In an Al-supported flipped classroom, pre-class materials can be enhanced through adaptive video
content that adjusts in length or depth based on learners’ prior knowledge. Al tools can track student
interaction with videos and readings, flag areas of difficulty, and generate individualized quizzes to
reinforce comprehension before class [217]. During in-class activities, Al can facilitate peer collaboration
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through grouping algorithms based on learning profiles or provide real-time feedback through
intelligent response systems [227.

Post-class, Al tools such as chatbots and dashboards can extend support beyond the classroom by
answering queries, recommending additional resources, and helping students monitor their progress.
From the instructor’s perspective, learning analytics can offer insights into student engagement
patterns and learning gaps, allowing for tailored instructional strategies and timely interventions.

Despite these promising developments, the integration of Al into IFC models remains under-
researched, especially in non-Western and resource-constrained contexts. Most studies have focused on
high-income countries where access to digital infrastructure and Al tools is more prevalent. There is a
need for empirical research examining the practical implementation, student acceptance, and
pedagogical effectiveness of Al-enhanced I'C in diverse educational settings, such as Vietnam [237].

Moreover, the success of this integration depends on the design and usability of the Al tools, the
alignment with learning objectives, and the extent to which students and instructors are trained to
utilize them effectively. Addressing these issues can maximize the benefits of Al in flipped instruction
and contribute to more inclusive, scalable, and personalized higher education models.

To explore these questions, the study employs a mixed-methods design, integrating both
quantitative and qualitative data to assess the effects of the Al-supported flipped classroom model.

3. Methodology
3.1. Research Design

A convergent mixed-methods approach was employed to gather comprehensive data on the impact
of the Al-supported FFC model. Specifically, the quantitative component consisted of pre- and post-tests
measuring academic performance, while the qualitative component was based on in-depth interviews
designed to explore student experiences and perceptions. This methodological combination enabled
triangulation of results, enhancing the reliability and richness of the findings [24, 257].

3.2. Partictpants

A total of 210 undergraduate students participated in the study. Participants were recruited from a
large public university in Vietnam using stratified random sampling, ensuring balanced representation
across academic years and departments within the Faculty of Education. The participants were
randomly assigned to two groups: the experimental group (n=105), which experienced the Al-supported
FC model, and the control group (n=105), which experienced a traditional FFC model without Al
integration. While the sampling was limited to one institution, the demographic diversity of the
participants enhances the internal validity of the study.

3.8. Intervention Design

The intervention applied in this study was the implementation of an Al-supported flipped classroom
model tailored for undergraduate students enrolled in an educational technology course. The
intervention spanned a full academic semester and was designed to support both pre-class and in-class
learning processes through the integration of multiple Al tools within a learning management system
(LMS).

Before class sessions, students in the experimental group accessed Al-generated video summaries,
which condensed lengthy lecture videos into personalized, digestible segments based on learners’
previous interactions and performance. These summaries enabled more focused pre-class preparation
and helped accommodate diverse learning paces. Alongside video content, intelligent quiz generators
created individualized quizzes that adapted in difficulty and scope depending on the student’s prior
responses, promoting deeper understanding and retention.

During class sessions, students engaged in collaborative problem-solving and interactive
discussions. The Al system provided instructors with real-time analytics dashboards, offering insights
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into student preparation levels and identifying common misconceptions. This allowed for dynamic
adjustment of in-class activities to better address learning needs.

After class, Al-powered chatbots were made available 24/7 to answer questions, clarify concepts, and
suggest additional learning resources. Additionally, students accessed learning analytics dashboards
that visualized their performance trends, engagement history, and recommended personalized study
paths. These tools supported self-regulated learning and continuous improvement.

By contrast, the control group experienced a traditional flipped classroom model without Al support.
They were provided with static video lectures and generic quizzes, and had no access to adaptive tools
or automated feedback mechanisms.

3.4. Data Collection Instruments

Data were collected using a combination of quantitative and qualitative instruments designed to
capture both objective performance outcomes and subjective learner experiences. First, pre- and post-
tests were administered to both the experimental and control groups to assess academic improvement
over the course of the intervention. The tests were designed to measure conceptual understanding,
problem-solving ability, and content retention aligned with course objectives.

To evaluate student engagement, a validated engagement survey was distributed at the end of the
intervention. The survey measured three core dimensions of engagement: behavioral (e.g., participation,
attendance, task completion), cognitive, and emotional. Responses were recorded on a five-point Likert
scale ranging from “Strongly Disagree” to “Strongly Agree.”

In addition to the surveys, qualitative data were gathered through semi-structured interviews with
20 students from the experimental group. Interview questions explored students’ perceptions of the Al
tools, their influence on learning motivation and self-regulation, and the overall usability and support
provided by the system. The interviews were audio-recorded, transcribed, and thematically analyzed
using NVivo software.

Learning analytics data from the Al-enhanced LMS such as quiz completion rates, chatbot usage
logs, and dashboard interaction histories were also reviewed to triangulate findings and validate
student-reported engagement behaviors. This multi-method approach provided a comprehensive
understanding of the effectiveness and reception of the Al-supported flipped classroom model.

3.5. Data Analysis

The study employed both quantitative and qualitative data analysis methods to ensure a robust and
comprehensive interpretation of results. Quantitative data, including pre- and post-test scores and
engagement survey responses, were analyzed using SPSS (Statistical Package for the Social Sciences)
[267]. Descriptive statistics (mean, standard deviation) were calculated for all variables, and paired
sample t-tests were conducted to assess the significance of differences in academic performance before
and after the intervention. One-way ANOVA tests were used to compare engagement levels between
experimental and control groups across the three dimensions: behavioral, cognitive, and emotional.

Effect sizes (Cohen’s d) were calculated to interpret the magnitude of the observed differences, with
thresholds of 0.2, 0.5, and 0.8 representing small, medium, and large eftects, respectively. Reliability
analyses (Cronbach’s alpha) were performed on the engagement survey to ensure internal consistency of
the scales.

For the qualitative component, interview transcripts were analyzed thematically using NVivo
software. The analysis followed a six-step coding process: familiarization with the data, initial code
generation, searching for themes, reviewing themes, defining and naming themes, and producing the
report. Codes were both deductive, based on the interview questions, and inductive, allowing for the
emergence of unanticipated themes. Representative quotes were selected to illustrate key findings and
provide depth to the quantitative results.

To ensure credibility and triangulation, learning analytics from the LMS were used to cross-check
and validate student-reported behaviors. These analytics included data on quiz participation, time-on-
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task, chatbot usage frequency, and dashboard engagement metrics. The integration of these multiple
data sources enabled a multi-faceted understanding of how students interacted with the Al-supported
flipped classroom environment, thereby enhancing the validity of the study's conclusions.

To further strengthen the interpretation of findings, the results of the One-way ANOVA tests are
summarized in the following table, which compares the engagement dimensions between the
experimental and control groups.

Table 1.

One-way ANOVA Results: Comparison of Engagement Dimensions.

Engagement Group Mean | SD F-value | p-value Interpretation

Dimension

Behavioral Engagement | Experimental | 4.85 0.48 15.21 <.001 Significant difference (p <.001)
Control 3.68 0.55

Cognitive Engagement | Experimental | 4.41 0.46 18.75 <.001 Significant difference (p <.001)
Control 3.64 0.58

Emotional Engagement | Experimental | 4.28 0.51 13.47 <.001 Significant difference (p < .001)
Control 3.70 0.60

In addition, assumptions underlying the statistical tests (e.g., normality, homogeneity of variance)
should be tested and reported to affirm the validity of the inferences drawn. Lastly, although the
integration of learning analytics adds a valuable layer of triangulation, further validation using external
evaluators or longitudinal performance metrics could enhance reliability over time.

4. Results
4.1. Learning Outcomes

The quantitative results of the pre- and post-test assessments revealed a significant difference in
learning outcomes between the experimental and control groups. Students in the Al-supported flipped
classroom (FC) group achieved a mean post-test score of 8.4 (SD = 0.65), while those in the traditional
FC group scored 7.1 (SD = 0.72), with a p-value < .001 and a large eftect size (Cohen’s d = 0.82). This
strong effect indicates that the Al-supported instructional approach had a substantial influence on
students' academic achievement [277].

An analysis of individual score improvements from pre-test to post-test also revealed more
pronounced gains in the experimental group, with an average increase of 2.1 points compared to 1.2
points in the control group. Notably, students who initially scored below average showed the greatest
improvements, suggesting that Al tools may be especially beneficial for supporting struggling learners
through personalized feedback and adaptive learning pathways [287].

The results support the hypothesis that Al-enhanced flipped instruction allows for more effective
pre-class preparation and in-class application, which collectively boost knowledge retention. Al-driven
adaptive quizzes targeted students’ specific learning gaps and provided immediate feedback, allowing
students to correct misconceptions and build confidence in their understanding. Furthermore, students
in the experimental group reported higher self-efficacy levels and greater satisfaction with their
learning process.

4.2. Student Engagement

Student engagement was examined across three domains behavioral, cognitive, and emotional using
validated engagement scales. The survey results demonstrated a clear improvement in overall
engagement levels in the Al-supported FFC group compared to the control group.

The results of the One-way ANOVA analysis are presented in Table 1 (see above), showing
statistically significant differences across all three dimensions. It is important to note that while One-
way ANOVA was used to compare differences in engagement levels between the two groups, paired
sample t-tests could also be conducted within each group to assess pre- and post-intervention changes in
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engagement. These t-tests may provide additional insight into the within-group development of
behavioral, cognitive, and emotional engagement dimensions. However, since the primary focus of this
study was to compare the effectiveness of the Al-supported FC model versus the traditional FFC model,
One-way ANOVA remains the more appropriate statistical method to emphasize between-group
differences in post-intervention results.

Comparision of student engagement bay group

5
4.5 4.35 4.41 4.28
4 3.68 3.64 3.70
7] 3.5
o
8 3
F 25
g 2
4]
g 1.5
1
0.5
0
Behavioral Cognitive engagement Emotional
Dementions
W Exprimental m Control
Figure 1.

t-test results.

e Behavioral engagement improved by 18%. Students exhibited higher participation in pre-class
activities, submitted assignments more punctually, and demonstrated increased involvement
during in-class problem-solving sessions. The automated reminders and progress tracking
features built into the learning dashboard were cited as major contributors to this behavior.

e Cognitive engagement increased by 21%. Students indicated that they spent more time thinking
critically about the content, asked more thoughtful questions in class, and applied concepts more
independently. The intelligent quiz systems encouraged students to engage with content beyond
superficial recall, stimulating analytical thinking and deep processing.

e Emotional engagement rose by 16%. Students expressed a stronger sense of belonging and
enthusiasm toward the course, which they attributed to the responsiveness of Al chatbots and the
personalization of learning materials. Many described a greater emotional connection to learning
because of the AI tools” ability to “understand” their individual needs and provide relevant
support.

In future studies, it may be beneficial to present both t-test and ANOVA results in parallel,
especially when investigating both within-group and between-group changes. While this study
primarily focuses on between-group comparisons using ANOVA, incorporating pre-post engagement
scores analyzed through paired t-tests could offer further validation of the intervention's impact. A
comprehensive table summarizing both statistical methods and their outcomes would help reinforce the
robustness of the findings.

The experimental group also reported significantly higher levels of satisfaction with their learning
experience (M = 4.5 on a 5-point Likert scale) compared to the control group (M = 3.9). Students
commented on the novelty and effectiveness of the Al tools in keeping them engaged and motivated,
particularly during independent learning phases.
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4.3. Student Perceptions

In-depth interviews were conducted with 20 students from the experimental group to gain
qualitative insights into their experiences. Three dominant themes emerged: increased motivation, self-
regulated learning, and enhanced academic support.

e Increased Motivation: Students noted that the AI tools made learning more enjoyable and
rewarding. Personalized quiz feedback and gamified elements in the dashboard (e.g., badges,
completion rates, and mastery levels) encouraged sustained engagement. One student remarked:
“I wanted to beat my previous score on the Al quiz not because I had to, but because it felt like a
game.”

e Self-regulated Learning: The learning analytics dashboard provided students with real-time
insights into their progress. This feature encouraged goal setting, planning, and reflection. Many
students reported using the dashboard to identify weak areas and proactively review materials.
They appreciated that they could study at their own pace, without waiting for instructor feedback.

e Enhanced Support: Students appreciated the availability of Al chatbots, especially for addressing
common questions and offering study tips. This tool reduced students’ dependence on instructors,
which was particularly helpful during evenings or weekends. One interviewee noted: “Even when
I felt stuck at night, the chatbot gave me instant help it was like having a personal tutor.”

Additionally, students expressed trust in the Al system’s fairness and accuracy, especially regarding
automated grading and progress tracking. However, a few students suggested improvements, such as
increasing the chatbot’s natural language capabilities and expanding the variety of feedback types
offered.

These perceptions reveal a generally positive reception of Al integration in the flipped classroom
model. Students viewed the Al tools not as replacements for teachers, but as powerful supplements that
provided structure, feedback, and encouragement. The qualitative data aligns with the quantitative
results, strengthening the overall validity of the study's findings.

Taken together, the analyses of learning outcomes, engagement levels, and student perceptions
provide robust evidence for the effectiveness of the Al-supported flipped classroom. These results not
only demonstrate the pedagogical value of integrating Al into instructional design but also highlight
the potential for Al tools to foster greater student autonomy, motivation, and academic success

5. Discussion

The findings of this study affirm the growing potential of Al-enhanced flipped classrooms (FFCs) in
fostering meaningful learning experiences for university students. The results from both the
quantitative and qualitative data support the notion that AI, when effectively integrated into
instructional design, can significantly elevate student academic performance, engagement, and
motivation.

First and foremost, the improved learning outcomes observed in the experimental group highlight
the efficacy of Al-supported learning tools in promoting content mastery and cognitive development.
The statistically significant improvement in post-test scores, especially among students who initially
performed below average, indicates that Al features such as adaptive quizzes and personalized feedback
systems were instrumental in scaffolding student understanding. These findings are consistent with
prior studies on intelligent tutoring systems and adaptive learning environments, which have shown
that real-time, personalized interventions can support differentiated instruction and mitigate learning
gaps [7].

The increase in student engagement across behavioral, cognitive, and emotional domains further
demonstrates the value of integrating Al into flipped learning models. Behavioral engagement was
positively influenced by the LMS-integrated Al functions such as automated reminders and progress
trackers, which nudged students toward timely task completion. Cognitive engagement was notably
enhanced using Al-generated quizzes that adapted to learners’ performance and encouraged deeper
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processing of content. Meanwhile, emotional engagement improved using responsive Al chatbots,
which offered a sense of support and accessibility beyond traditional classroom hours.

These findings align with contemporary educational psychology theories, such as self-determination
theory, which emphasizes the importance of autonomy, competence, and relatedness in promoting
student motivation. The Al tools implemented in this study not only helped fulfill these psychological
needs but also created a feedback-rich learning ecosystem in which students were empowered to take
ownership of their learning journeys.

The qualitative data provided additional insights into how students experienced the Al-supported
flipped classroom model. Student narratives illustrated that the gamified learning dashboards and real-
time feedback mechanisms helped maintain motivation and attention. More importantly, the Al system
facilitated the development of self-regulated learning skills such as goal setting, monitoring progress,
and adjusting learning strategies which are essential for academic success in higher education and
lifelong learning.

The integration of Al tools also benefited instructors by offering learning analytics that informed
instructional decisions. Educators could track student progress more precisely and identify areas
requiring reinforcement, thereby increasing the responsiveness of their teaching. This data-driven
approach contributed to a more agile and adaptive instructional environment, aligning with the
principles of personalized education.

Despite these positive outcomes, some limitations were also evident. A few students encountered
challenges in interpreting Al-generated feedback or navigating the chatbot interface, suggesting a need
for clearer design and better user onboarding. Additionally, there were concerns regarding over-reliance
on automated systems, which, if not carefully balanced, might reduce opportunities for human
interaction core component of effective learning environments.

Another issue that emerged was the digital divide. While the Al-supported FC model provided
scalable solutions, its effectiveness may be limited in contexts where students lack reliable access to
devices or the internet. Addressing infrastructure and accessibility concerns is therefore crucial to
ensuring the equitable implementation of such technologies.

From a theoretical perspective, the study reinforces models such as the TAM and UTAUT, which
posit that perceived usefulness and ease of use influence the adoption of technological innovations. The
overwhelmingly positive perceptions expressed by students in this study suggest that when Al tools are
perceived as supportive and intuitive, they can gain high levels of acceptance and engagement.

Overall, this research contributes to the growing evidence based on the pedagogical affordances of
Al in higher education. It underscores the importance of designing Al-enhanced learning environments
that are not only technically robust but also pedagogically sound and learner-centered. As educational
institutions continue to explore digital transformation, integrating Al into flipped classroom models
represents a promising strategy to foster personalized, engaging, and effective learning experiences at
scale.

Future research could expand upon these findings by investigating the long-term effects of Al-
enhanced FC models across disciplines and student populations. It would also be beneficial to explore
instructor perspectives and training needs to support successful implementation. Finally, more studies
are needed to examine the ethical dimensions of Al in education, including issues related to data privacy,
transparency, and algorithmic bias.

6. Limitations

Although this study contributes valuable insights into the implementation of Al-enhanced flipped
classrooms, several limitations should be acknowledged. First, the research was conducted within a
single course at one public university in Vietnam, which may restrict the generalizability of the findings.
Future studies should consider multi-site investigations across various disciplines and institutions to
enhance external validity.
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Second, the duration of the intervention was limited to one academic semester. While short-term
outcomes were promising, long-term effects on learning retention, knowledge transfer, and sustained
engagement remain unknown. Longitudinal studies are needed to assess the durability of these impacts
over time.

Third, the study relied on self-reported engagement measures and perceptions, which may be
subject to bias or inaccuracies. Although learning analytics and interviews were used to triangulate
results, more objective measures such as behavioral tracking or physiological data could offer deeper
insights into student engagement patterns.

Fourth, the research focused solely on students’ perspectives. Incorporating instructor feedback
could provide a more holistic understanding of the practical challenges and pedagogical adjustments
involved in integrating Al tools. Moreover, it would be valuable to investigate the support and training
required by faculty to effectively adopt and sustain Al-enhanced models.

Lastly, the study did not deeply explore ethical concerns surrounding Al usage in education. While
some students expressed concerns about fairness and transparency, these were not systematically
examined. Future research should address the ethical, legal, and societal implications of Al in learning
environments, including data privacy, algorithmic bias, and informed consent.

Recognizing these limitations offers opportunities for refinement and expansion in subsequent
studies aimed at optimizing Al-supported flipped classroom practices.

7. Conclusion

This study examined the integration of Artificial Intelligence (AI) into the flipped classroom (FC)
model and its impact on student learning outcomes and engagement in a Vietnamese higher education
context. Drawing on both quantitative and qualitative data, the findings provide compelling evidence
that Al-supported IFC environments can enhance academic achievement, promote deeper engagement,
and support self-regulated learning among university students.

The significant improvement in post-test scores and the high levels of behavioral, cognitive, and
emotional engagement observed in the experimental group affirms the pedagogical potential of
combining Al with active learning strategies. Al tools such as adaptive quizzes, chatbots, learning
dashboards, and video summarizers were shown to personalize the learning experience, provide timely
teedback, and guide learners in tracking their progress all of which contributed to increased motivation,
autonomy, and academic success.

Furthermore, student feedback highlighted the usability, accessibility, and motivational benefits of
Al integration. Learners perceived the Al tools not as substitutes for human instruction but as
supportive, interactive companions that enriched their learning journeys. This suggests that well-
designed Al systems, when aligned with instructional goals, can foster learner-centered environments
that scale personalization without sacrificing interaction.

While the study revealed strong educational benefits, it also acknowledged limitations related to
sample size, duration, data sources, and ethical considerations. These limitations offer valuable
directions for future research. Subsequent studies should explore long-term eftects, cross-disciplinary
applications, instructor perspectives, and the responsible design of Al systems in education.

In conclusion, this study contributes to the growing body of literature on Al-enhanced pedagogies
by demonstrating how Al can be harnessed to strengthen the flipped classroom model. As educational
institutions navigate digital transformation, this integrated approach offers a promising pathway toward
more inclusive, adaptive, and effective teaching and learning in higher education.
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