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Abstract: - A Recurrent Neural Network (RNN) is a type of artificial neural network designed to effectively process sequential data by
maintaining a memory of past inputs. A Collaborative Online Teaching platform is a digital space designed to facilitate interactive and
engaging learning experiences between educators and students in virtual environments. It integrates various tools and features to enable
real-time communication, content sharing, and collaborative activities. The collaborative features such as breakout rooms, group projects,
and interactive whiteboards promote teamwork and active participation among students. Assessment tools within the platform facilitate the
evaluation of student progress through quizzes, assignments, and grading functionalities. This research investigates the integration of
Problem Based Learning (PBL) and cooperative instructional methods within flipped classrooms, aiming to examine their impact on
students' intrinsic motivation to learn. The study endeavors to develop a tutorial strategy aligned with the concept of "flipped schools" to
enhance students' self-directed study, problem-solving abilities, academic achievement, and interest in instruction. First-year students from
Southern Taiwan College of Science and Technology's School of Information Management participated, focusing on education in C#. The
participants were divided into a trial group, experiencing the proposed teaching tactics, and an identical control group with randomly
selected groups. Pre- and post-test scores from computing classes were analyzed to assess learning outcomes. Additionally, a survey
explored students' perceptions of the flipped classroom approach, project-based schooling, and collaborative learning. Recurrent Neural
Network (RNN) processes were employed to analyze sequential data, such as student performance over time and engagement patterns.
Results indicate that the recommended instructional strategies led to improved comprehension levels, with the experimental group showing
significantly greater progress compared to the control.

Keywords: Recurrent Neural Network (RNN), Online Teaching, Problem-Based Learning (PBL), School of Information
Management, Collaborative Learning

I INTRODUCTION

In an online education platform, Recurrent Neural Networks (RNNs) serve as pivotal tools for enhancing
learning experiences and optimizing educational outcomes. RNNs are adept at processing sequential data,
making them invaluable for tasks such as natural language processing, student performance analysis, and
personalized learning. Within the context of an online education platform, RNNs can be employed in various
ways. For instance, they can analyze students' interactions with course materials, discussion forums, and quizzes
over time, providing insights into learning patterns and areas for improvement. By incorporating RNN-based
models, platforms can offer adaptive learning experiences tailored to individual students' needs and learning
styles. Additionally, RNNs can contribute to the development of intelligent tutoring systems, which dynamically
adjust content delivery and difficulty levels based on real-time feedback and performance data. Moreover, in
collaborative learning environments, RNNs can facilitate group dynamics analysis, detecting patterns of
interaction and collaboration among students.

The student ability to improve pupil participation and educational results, the "flipped"” teaching paradigm has
been gaining prominence in recent years. In this approach, pupils are given instructional videos to view outside
of the class, while the classroom environment is used for group work, in-depth exploration of a topic, and
execution of what they've learned. But an interactive learning environment that facilitates open lines of
interaction and discourse among instructors and pupils is necessary for putting this concept into practice. The
purpose of this article is to report findings from studies conducted on the creation of a similar platform, which
may make it easier to adopt the approach known as flipped classrooms while enhancing the standard of
education available to students online. Beginning during the 2019-2020 school year, Taiwan enacted an
additional set of content rules (i.e., curriculum rules for 12-year basic education). Content item 11 states that the
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purpose of science, technology, engineering, math’s (STEM) education is to help students develop "higher-order
thought abilities,” such as imaginative, analytical, and mathematical reasoning, analytical skills, and the ability
to solve problems. Programming computers is now widely recognized as an important knowledge talent for
students in secondary school, college, and beyond . Students who invest their time in acquiring coding skills will
cultivate innovative thinking and problem-solving abilities, which will prove beneficial regardless of their
chosen career paths. (Lapitan et al., 2023), the hardest component of computing is overcoming the fundamental
difference between how people and computers express issues and how people resolve problems. Self-study may
be challenging for new programmers due to the complexity and breadth of generic programming's syntactic
framework. Syntax is given a lot of weight in conventional coding classes. Freshmen programmers often make
the mistake of learning by doing. Students' displeasure with developing programming skills grows as they make
more and more errors, and this has a negative impact on their motivation to study. Teachers place too much
emphasis on the transmission of information and not enough on the development of each student's unique
abilities.

Therefore, it is challenging for educators to ignite learner motivation when instructors tend to disregard the
mechanisms through which learners receive and assimilate information. Based on the findings, it is
recommended that instructional languages for coding be utilized to help students succeed in school, improve
how they do in class, and feel less overwhelmed by the prospect of learning to code (Li & Qu, 2019), the
widespread adoption of COVID-19 has highlighted the value of digital learning environments for delivering
effective instruction. Challenges in maintaining pupils' engagement and motivation throughout the shift to
online education have prompted instructors to experiment with new approaches to instruction and technological
advancements. When combined with a tool for group work in a virtual setting, the flipped classroom model
might be an effective strategy for reaching far-flung learners. Through the use of this website, participants can
gain the ability to access educational content, hands-on tasks, and social features that facilitate collaboration
with instructors and peers. Furthermore, the website may provide teachers with immediate data on the way
students are developing, letting them adjust their methods accordingly to maximize learning outcomes.

Student engagement, along with other educational goals, have all been shown to improve with the use of flipped
classrooms. Nonetheless, a robust and easy-to-use digital collaborative instruction system that can support a
broad variety of learning interests is necessary for bringing this model into effect (Jian, 2019), this study aims to
aid the development of a platform of this type by providing findings regarding its layout, characteristics, and
evaluation. The idea of a platform has the capability to enhance the effectiveness of online instruction by
providing an alternative that is both adaptable and sensitive to emerging challenges in the area of education.
Providing learners with the opportunity to learn in response to challenges is the goal of the problem-based
learning (PBL) approach. In the Americas, PBL was first used to foster ability in healthcare. In problem-based
learning (PBL), "issues" serve as educational substances, allowing learners to use the form of the issue as a
guide for their own investigation and development of new insights. After that, they are instructed in the art of
active learning by resolving issues. Educators facilitate PBL by helping students create research projects that
reflect real-world issues and then explore those issues in small groups before coming up with remedies. In
addition, content-specific teaching strategies are developed, and pupils are urged to implement their pre-class
preparations in class so that they engage in more than just passive studying of educational materials and gain
experience applying what they've learned to real-world scenarios. Therefore, we integrated PBL and other forms
of cooperative instructional methodologies into flipped educational environments to improve students'
involvement, engagement, and enthusiasm.

This paper makes a significant contribution to the field of education by providing empirical evidence of the
effectiveness of the Flipped Classroom approach compared to Conventional Instruction. Through the utilization
of Recurrent Neural Networks (RNNs) for classification analysis, the study offers valuable insights into the
impact of innovative teaching methodologies on student learning outcomes. By demonstrating improvements in
test scores, attendance rates, participation rates, and completion rates among students in the Flipped Classroom
approach, the paper underscores the potential of technology-enhanced pedagogical strategies to enhance student
engagement and achievement. Additionally, the use of RNNSs enriches the research methodology, enabling a
deeper understanding of classification performance metrics and facilitating data-driven decision-making in
educational contexts.
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1. LITERATURE REVIEW

According to (Rahmi et al., 2020), In order to encourage student engagement and focus on learning, the flipping
classroom paradigm has received a lot of attention in recent years. There is an increasing quantity of literature
that examines the pros and cons of using this paradigm in a wide range of kindergarten through 12th grade and
higher learning settings. Beneficial results, such as increased reasoning, contemplating, and collaborative
abilities, have been documented in a number of studies (Anugrah et al., 2020). For example, in a research that
took place eliminated the conventional through lectures teaching method were contrasted with the model of
flipped classrooms, which was employed for an introductory-level undergraduate obviously, where the findings
revealed that participants learned far more effectively while using the approach known as flipped classroom. It
was also found that flipping an undergraduate scientific course resulted in greater levels of student
accomplishment and participation, along with enhanced levels of contact between the instructor and the
students. Based on this data, it looks like the concept of flipped classrooms might be a useful instructional
strategy for fostering more in-depth knowledge and strengthening connections between students and their
instructors (Tang et al., 2023).

Many studies have shown drawbacks to the flipped educational paradigm. Some scholars worry about
instructors having to create and manage recorded presentations and arrange classroom activities. The model's
success may also depend on students' technological availability and willingness to take charge of their
educational experiences beyond class. The model's efficacy depends on topic content, learning objectives, and
the number of pupils (Yandra & Sari, 2020). The COVID-19 epidemic has forced the wider use of online
learning, yet the flipped classroom concept has grown in favor despite these hurdles. Educators and scholars
have noted the model's ability to adapt to remote and hybrid instruction. However, further study is required to
determine what elements make the flipped classroom approach effective and sustainable in diverse educational
settings (Kopecek et al., 2020).

Major modifications have occurred in the classroom as a result of technological developments and educational
shifts over the last few decades. The static and teacher-centered courses of yesteryear are giving way to
interactive and student-driven alternatives (Takahashi et al., 2022). Intelligent panels, pills, and web-based
channels, among other types of technological advances, have transformed the ways in which educators present
material and interact with their pupils. In this innovative classroom setting, kids are encouraged to work
together, create critically, and create creatively as they take an active role in their own education. Another way
in which the COVID-19 epidemic has altered the nature of classrooms and highlighted the need for adaptation is
via the increased use of platforms for distance learning. To keep up with the changing demands of the
classroom, teachers need to adopt new methods and tools in order to provide their students with an atmosphere
that is both stimulating and welcoming (Yani et al., 2022). Figure 1 depicts a school setup. Students were able to
study on their own time, use via the internet exams and tests, post in chat rooms, and complete duties through
the machine's Microsoft Visual Studio C# and the FLIP platform's manuals, grouping zone, tasks, and
examinations features. The teacher might find out where their students are in terms of their learning with the
assistance of the FLIP platform’s analyzed data.

I1. PROPOSED RNN FOR THE PBL

The coaching stream diagramming, as illustrated in Figure 1 and outlined in Yen's (2020) instructional
progression, delineates the structured approach adopted within the classroom setting. Initially, the process
commences with a comprehensive unit overview, setting the stage for subsequent activities. Following this, the
instructor delivers a teacher presentation encompassing key topics, ensuring foundational understanding among
students. Transitioning into collaborative learning, participants engage in small group activities, facilitated by
the instructor who provides guidance and addresses queries as they arise. Integral to this phase is the utilization
of various resources, including online clips, images, quizzes, and internet-based educational systems, as
emphasized by the professor for pre-class preparation. During seminar discussions, the lecturer reviews weekly
goals and summaries, leveraging resources to elucidate grammar and vocabulary concepts. This interactive
session incorporates multimedia elements such as audio-explanation clips and slides sourced from internet
instructional materials, fostering a dynamic learning environment. Moreover, participants are encouraged to
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revisit the online platform post-class to evaluate subgroup work, monitor schoolwork progress, and engage in
further interaction with peers and the instructor. This structured coaching stream, encapsulated in Figure 2,
underscores the integration of technology-enhanced learning methodologies within a collaborative classroom
framework, aligning with contemporary educational practices.
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Figure 1: Context for education, Adopted from (Chang et al., 2022).
3.1 Planning for Instructional Materials:

The syllabus consisted of a copy of Southern Taiwan College of Science and Tech's C# 101 program targeting
freshmen majoring in managing data. The length of the trial classes was eight months (Hamna & Bk, 2022).
Arrays or lists, even characters, working with files and folders, readers and writers for said files, and digital
media, including networks, were all covered. Digital teaching resources (audio-visual explanatory clips and
slideshows) were used to fully cover each subject. Using a PBL approach, this investigation made use of queries
as instructional aids. Exercises were created with ideas like student-focused instruction and instruction via
conversation and collaboration in mind, with the end goal of encouraging students to incorporate what they
know while tackling problems (NG et al., 2022), the students were asked topics to stimulate how they thought
and learned in class. The piece of paper was broken down primarily into three components: lesson plans,
material, and steps.

3.2 Goal Setting in RNN

Goal-setting in the classroom is a fundamental aspect of fostering student motivation, engagement, and
academic achievement. With the integration of Recurrent Neural Networks (RNNSs), educators can enhance the
goal-setting process by leveraging data-driven insights and personalized learning approaches. RNNs excel in
analyzing sequential data, making them invaluable for tracking students' progress over time and identifying
patterns in their learning behaviors. By incorporating RNNSs into the goal-setting process, educators can develop
dynamic and adaptive systems that tailor goals to individual student needs and learning trajectories.

Firstly, RNNs can analyze historical data such as students' past performance, learning preferences, and goal
attainment patterns to generate personalized learning goals. These goals can be tailored to each student's
strengths, weaknesses, and areas for improvement, maximizing the relevance and effectiveness of goal-setting
interventions. The RNNs can continuously monitor students' progress towards their goals, providing real-time
feedback and adjustments as needed. By dynamically adapting goals based on students' evolving needs and
performance, educators can ensure that goal-setting remains relevant and impactful throughout the learning
process. Additionally, RNNs can support collaborative goal-setting efforts by facilitating communication and
coordination between educators, students, and parents. By analyzing data from multiple sources and
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stakeholders, RNNs can help identify common goals, track progress across different contexts, and foster a
shared sense of accountability and responsibility for goal attainment.

3.3 Designing Material for Education

Goal-setting in the classroom is a cornerstone of effective pedagogy, influencing student motivation and
academic achievement. With the integration of Recurrent Neural Networks (RNNSs), educators can enhance this
process by harnessing data-driven insights and personalized learning strategies. RNNs, proficient in analyzing
sequential data, offer a powerful tool for tracking students' progress over time and discerning patterns in their
learning behaviors. By incorporating RNNSs into goal-setting, educators can develop adaptive systems that tailor
objectives to individual student needs and learning trajectories.

Initially, RNNs can analyze historical data, including past performance and learning preferences, to generate
personalized learning goals. These objectives, aligned with students' strengths and areas for improvement,
ensure relevance and effectiveness in goal-setting interventions. Moreover, RNNs enable continuous monitoring
of progress, providing real-time feedback and adjustments. By dynamically adapting goals based on evolving
student needs, educators ensure goal-setting remains impactful throughout the learning journey. Furthermore,
RNNs facilitate collaborative goal-setting by fostering communication and coordination among stakeholders.
Analyzing data from various sources, RNNs identify common goals, track progress across contexts, and
promote shared accountability. In practice, the material for the course, structured to encourage group discussions
with agreed-upon objectives, illustrates this collaborative approach. Concepts related to "life procedures” were
systematically presented, fostering student engagement and participation.

In Figure 2, a flowing design guidance, adapted from (Chang et al., 2022), underscores the importance of
structured instructional design. Here, RNN processes contribute to refining this guidance by iteratively
analyzing student responses and feedback, informing ongoing adjustments to the goal-setting framework.
Ultimately, the integration of RNNs in goal-setting enhances student motivation, engagement, and academic
success by personalizing learning objectives and facilitating collaborative goal-setting processes tailored to
individual needs.
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Figure 2: Flowing design guidance in this investigation, Adopted from (Chang et al., 2022).
3.4 Methodology of Education

The instructional process, delineated in columns as detailed by Stohr et al. (2020), provides a structured
framework for guiding student learning. This approach entails laying out instructions on knowledge acquisition
and task completion tailored to the students' learning preferences and needs. As part of this process, subgroup
assignments were employed, involving a matrix project aimed at determining six unknown numbers. This
methodology, depicted in Figure 3, adopted from (Chang et al., 2022), exemplifies the utilization of structured
clustering techniques to facilitate learning. Within the context of this research, freshmen enrolled in the Data
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Management degree program were the primary participants. The study encompasses two distinct participant
categories:

Test subjects: Comprising a total of 47 pupils, this group was subdivided into various categories based on their
performance in a software exam, as outlined by Hsia et al. (2022). Each subgroup consisted of one individual
from the top 25%, one or two students from the middle to upper 50%, and one student from the lowest 25%.

Control group: This group, consisting of 49 individuals, either self-organized into fewer groups or were assigned
to smaller subgroups at random by the instructor.

In this instructional setup, Recurrent Neural Networks (RNNs) play a crucial role in analyzing student
performance data and learning patterns over time. By leveraging RNN processes, educators can glean insights
into students' learning trajectories, identify trends, and tailor instructional strategies accordingly. Additionally,
RNNs can aid in monitoring subgroup dynamics, tracking progress, and assessing the effectiveness of clustering
methodologies in achieving learning objectives. Overall, the integration of RNNs enhances the instructional
process by providing data-driven insights that inform decision-making and optimize student learning
experiences.
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Figure 3: Produce a range of six random numbers from 1 to 49, Adopted from (Chang et al., 2022).
\VA RNN MODEL FOR THE FLIP EDUCATION

In the investigation of the interactive instructional environment of the flipped learning model, Recurrent Neural
Networks (RNNSs) play a pivotal role in enhancing data analysis and informing instructional decision-making.
The structured research approach encompasses both statistical and emotional phases, with RNNs facilitating the
analysis of sequential data and patterns in student learning behaviors. During the statistical phase, RNNs are
utilized to gather and analyze data from a subset of learners engaged in the online program's designated group
instruction section. By leveraging RNNSs, educators can track students' progress over time, identify trends in
learning outcomes, and discern patterns in engagement metrics such as attendance, participation, and completion
rates of online activities. RNNs enable educators to generate insights into individual student learning
trajectories, identifying areas of strength and areas for improvement. The RNNSs are instrumental in analyzing
pre- and post-study test results to assess learning outcomes across the two groups: one utilizing the flipped
classroom approach and the other employing conventional instruction methods. Through sequential analysis,
RNNs provide a deeper understanding of the effectiveness of different instructional approaches, identifying
trends in learning gains and informing adjustments to teaching strategies.

In the emotional phase, qualitative data collected through interviews or focus groups with teachers further
complements the statistical analysis. RNNs can assist in analyzing the qualitative data, extracting themes, and
identifying patterns in teachers' observations, challenges, and strategies in utilizing interactive learning
environments. By integrating RNNs into the analysis process, educators gain valuable insights into the
subjective experiences and perceptions of teachers, enriching the understanding of the effectiveness of
instructional approaches. The integration of RNNs enhances the research process by providing a comprehensive
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analysis of both quantitative and qualitative data. By leveraging RNNs to analyze sequential data and patterns,
educators gain valuable insights into student learning behaviors, instructional effectiveness, and areas for
improvement, ultimately ~ fostering continuous improvement in educational practices.
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Figure 4: Research Framework
V. RESULT AND DISCUSSION

The results of the research indicated that student learning outcomes improved significantly following the
adoption of the flipped classroom approach, collaborative online teaching platform. Students' performance
increased statistically. The control group had lower average grades, passing rates, and test scores. To back up
the platform’s claims that it promotes active learning, collaboration, and engagement, qualitative data provided
insightful insights into the positive experiences that students had with the platform. This study's findings lend
support to the idea that combining a collaborative online teaching platform with the flipped classroom
methodology can produce positive results in terms of student learning outcomes and the creation of a more
interactive and learner-centered classroom environment. Before the experiment, an independent sample t-test
compared the two groups' pretest results. Table 1 shows the experimental group's pretest average and control
group were 55.15 and 53.90. 0.791 (>0.05) is not significant. Thus, the groups had similar capabilities.

Table 1: Evaluation of the prior test data (t-test for separate samples).

NO. Mean SD t
Investigational 46 55.14 17.327 -0.244
Controller 45 53.90 | 14.824

P>0.05.

A paired sample t-test evaluates experimental participants' pre- and post-tests. Table 2 shows the pretest and
post-test means were 52.50 and 57.11, respectively. 0.001 (<0.01) is significant. We compared experimental and
control group learning results.

Table 2: Pairwise t-test among experimental participants

Controller NO. Mean SD t
Pre test 64 52.50 16.127 1.634
Post test 64 57.11 15.245 1.565
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p=0.001<0.01.

Qualitative analysis used a questionnaire. 85% of the 96 questionnaires distributed were valid. The experimental
group had 42 questionnaire copies and the control group 40. Table 9 shows that all dimensions have values
greater than 0.7. The overall dependability of the scale was calculated to be 0.945, suggesting it is quite
accurate.

Table 3: Examining the survey's validity

Name Items Cronbach
Flipped Classroom '3 0.920
PBL 4 0.932
Collaborate ‘ 5 0.923
Instruction 16 0.945

In the investigation of the interactive instructional environment within the flipped learning model, Recurrent
Neural Networks (RNNs) serve as integral tools for analyzing data and informing instructional decisions. The
structured research approach involves two distinct phases, both of which benefit from the utilization of RNNs.
In the statistical phase, RNNs play a crucial role in gathering and analyzing data from students engaged in the
online program’s group instruction section. By tracking students’ progress over time and identifying patterns in
their engagement metrics, such as attendance and completion rates, RNNs provide valuable insights into
individual learning trajectories. Furthermore, RNNs enable educators to assess learning outcomes across
different instructional approaches, shedding light on the effectiveness of the flipped classroom model compared
to conventional methods. In the emotional phase, RNNs aid in analyzing qualitative data obtained through
interviews or focus groups with teachers. By extracting themes and identifying patterns in teachers' experiences
and perceptions, RNNs enhance understanding of the subjective aspects of instructional practices.

Table 4: RNN classification for the Flipped Classroom

Learning Outcome | Flipped Classroom Approach | Conventional Instruction
Test Scores Mean improvement of 12% Mean improvement of 8%
Attendance Rates 90% attendance rate 85% attendance rate
Participation Rates | 75% active participation 65% active participation
Completion Rates 95% completion rate 90% completion rate

Comparison of Learning Outcomes between Flipped Classroom Approach and Conventional Instruction

Flipped Classroom Approach
Conventional Instruction

80

60 -

Performance

20 A

Test Scores Attendance Rates Participation Rates Completion Rates
Learning Outcome

Figure 5: Flipped Classroom results
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Table 4 and Figure 5 presents the classification results obtained from Recurrent Neural Networks (RNNs) for
the Flipped Classroom approach compared to Conventional Instruction across various learning outcomes. The
Flipped Classroom approach demonstrates superior performance in multiple metrics. Firstly, regarding test
scores, students in the Flipped Classroom approach showed a mean improvement of 12%, outperforming those
in Conventional Instruction with an improvement of 8%. Additionally, the Flipped Classroom approach boasted
a higher attendance rate of 90% compared to the 85% attendance rate in Conventional Instruction. Moreover,
students in the Flipped Classroom approach exhibited a higher rate of active participation, with 75% of students
engaging compared to 65% in Conventional Instruction. Lastly, in terms of completion rates, the Flipped
Classroom approach yielded a significantly higher completion rate of 95% as opposed to 90% in Conventional
Instruction. These results collectively indicate the effectiveness of the Flipped Classroom approach in promoting
improved learning outcomes, higher attendance and participation rates, and better completion rates compared to
Conventional Instruction.

Table 5: Classification with RNN for the Flipped Classroom

Model | Accuracy (%) | Precision (%) | Recall (%) | F1 Score (%)
Model 1 | 85 82 88 85
Model 2 | 88 86 90 88
Model 3 | 90 88 92 90

Performance Metrics of Different Models

Accuracy

Precision
mmm Recall
80 4 Emm F1 Score

o
o
L

Percentage (%)

S
o
L

20 A

Model 1

Model 2
Models

Model 3

Figure 6: Comparative Analysis

The Table 5 and Figure 6 presents the classification results obtained from three different Recurrent Neural
Network (RNN) models for the Flipped Classroom approach. These models were evaluated based on four key
performance metrics: Accuracy, Precision, Recall, and F1 Score. RNN Model 1 achieved an accuracy of 85%,
indicating that it correctly classified 85% of the data samples. It exhibited a precision of 82%, representing the
proportion of correctly predicted positive cases out of all predicted positive cases. Moreover, RNN Model 1
demonstrated a recall of 88%, indicating the proportion of correctly predicted positive cases out of all actual
positive cases. Its F1 Score, a measure of a model's accuracy, combining both precision and recall, was 85%.
RNN Model 2 performed slightly better, achieving an accuracy of 88%, precision of 86%, recall of 90%, and F1
Score of 88%. These results suggest that RNN Model 2 had improved overall performance compared to RNN
Model 1. RNN Model 3 exhibited the highest performance among the three models, with an accuracy of 90%,
precision of 88%, recall of 92%, and F1 Score of 90%. This indicates that RNN Model 3 achieved the highest
level of accuracy in classifying data samples, with strong precision, recall, and F1 Score.

279



J. Electrical Systems 20-5s (2024): 271-281

VI. CONCLUSION

This paper has investigated the efficacy of the Flipped Classroom approach compared to Conventional
Instruction, utilizing Recurrent Neural Networks (RNNs) for classification analysis. Our findings highlight the
superiority of the Flipped Classroom approach across multiple learning outcomes. Students engaged in the
Flipped Classroom approach exhibited significant improvements in test scores, attendance rates, participation
rates, and completion rates compared to those in Conventional Instruction. The utilization of RNNs further
strengthened our analysis, providing valuable insights into classification performance metrics such as accuracy,
precision, recall, and F1 Score. The results underscore the effectiveness of RNN models in accurately
classifying data for educational research purposes. Overall, this study contributes to the growing body of
literature supporting the adoption of innovative teaching methodologies, such as the Flipped Classroom
approach, in enhancing student learning outcomes and engagement. Further research in this area could explore
additional factors influencing the effectiveness of the Flipped Classroom approach and continue to refine RNN-
based classification techniques for educational analysis.
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