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Abstract: - In modern educational settings, effective decision-making plays a crucial role in ensuring student success and fostering
academic excellence. The decision tree algorithm is a valuable tool in teaching and learning management in colleges and universities,
offering insights that inform strategic decision-making processes. By analyzing student data, including academic performance, engagement
metrics, and demographic information, decision tree algorithms can identify patterns and trends that help optimize educational practices.
These algorithms aid in course planning, student advising, and resource allocation by predicting student outcomes, identifying at-risk
students, and recommending personalized interventions. This paper explores the application and impact of the Decision Tree Wrapper
Sampling Class Imbalance Knowledge Assimilation (DT-WSCIKA) method in enhancing educational decision-making processes. Through
a comprehensive analysis of teaching and learning aspects, classification performance metrics, and student performance outcomes across
various scenarios, we investigate the efficacy of DT-WSCIKA in addressing class imbalances, optimizing decision-making, and improving
educational outcomes. The findings reveal significant improvements in key metrics following the implementation of DT-WSCIKA. For
example, classification accuracy increased by an average of 8%, precision improved by 10%, recall by 6%, F1 Score by 7%, and ROC AUC
by 9% over multiple epochs. Additionally, student performance outcomes showed an average increase of 7.5% in Scenario 1, 6.2% in
Scenario 3, and 8.3% in Scenario 7 when DT-WSCIKA was employed.

Keywords: Decision Tree, Learning Management, Wrapper Sampling, Class Imbalance, Knowledge Assimilation,
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1. Introduction

Teaching and learning management encompasses a multifaceted approach to optimizing educational processes,
whether in traditional classrooms or virtual settings [1]. It involves the strategic planning, organization, and
execution of educational activities to foster effective learning outcomes. This entails curriculum development,
instructional design, assessment strategies, and the utilization of various teaching methodologies tailored to
diverse learner needs [2]. Moreover, learning management involves the implementation and administration of
technological tools and platforms to facilitate engagement, collaboration, and communication among educators
and students. It also encompasses the monitoring of student progress, providing timely feedback, and adjusting
instructional strategies to enhance learning efficacy [3]. Teaching and learning management in colleges and
universities is a comprehensive approach aimed at enhancing the quality of education and student outcomes
within higher education institutions. This involves the coordination of curriculum design, instructional delivery,
and assessment practices to meet the diverse needs of students and align with institutional goals and standards
[4]. Faculty members play a central role in this process, utilizing innovative teaching methods, incorporating
technology into instruction, and fostering active learning environments. Additionally, learning management
systems (LMS) are often employed to streamline course administration, facilitate communication, and provide
access to resources and materials [5]. Assessment strategies, including formative and summative evaluations, are
implemented to measure student progress and ensure the attainment of learning objectives. Moreover, teaching
and learning management in colleges and universities involves ongoing professional development initiatives for
faculty to stay abreast of best practices and pedagogical advancements [6]. By prioritizing effective teaching
strategies, leveraging technology, and promoting continuous improvement, colleges and universities can create
vibrant learning communities that empower students to succeed academically and beyond [7]. Teaching and
learning management in colleges and universities encompasses a multifaceted approach to academic excellence
and student success. At its core, it involves the strategic coordination and optimization of various educational
processes to create dynamic and effective learning environments.
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One critical aspect is curriculum design, where faculty work collaboratively to develop courses and programs
that align with institutional missions, accreditation standards, and the evolving needs of students and industries
[8]. This entails not only selecting relevant content but also integrating innovative pedagogical approaches and
experiential learning opportunities to enhance student engagement and mastery of subject matter [9].
Instructional delivery is another key component, where faculty employ diverse teaching methods, including
lectures, discussions, group activities, and experiential learning, to cater to different learning styles and foster
critical thinking and problem-solving skills [10]. Additionally, the integration of technology into instruction,
such as learning management systems (LMS), multimedia resources, and virtual labs, enhances accessibility,
flexibility, and interactivity in the learning process [11]. Assessment practices play a crucial role in teaching and
learning management, providing valuable feedback to both students and instructors. Formative assessments,
such as quizzes, assignments, and peer evaluations, help monitor student progress and inform instructional
adjustments, while summative assessments, including exams and projects, measure learning outcomes and
facilitate program evaluation and improvement [12]. Furthermore, ongoing professional development initiatives
support faculty in staying abreast of emerging trends, pedagogical innovations, and advancements in their
disciplines. Workshops, seminars, and peer collaborations provide opportunities for skill enhancement,
reflective practice, and the integration of evidence-based teaching strategies into classroom practice [13].

This paper makes significant contributions to the field of educational decision-making through the introduction
and exploration of the Decision Tree Wrapper Sampling Class Imbalance Knowledge Assimilation (DT-
WSCIKA) method. By addressing class imbalances and optimizing decision-making processes, DT-WSCIKA
enhances the effectiveness of educational interventions and strategies. Through a comprehensive analysis
encompassing teaching and learning aspects, classification performance metrics, and student performance
outcomes across various scenarios, this study offers a holistic understanding of DT-WSCIKA's impact on
educational decision-making. The findings underscore the method's efficacy in improving classification
performance metrics and student outcomes, providing tangible evidence of its utility in educational contexts.

2. Related Works

In exploring the landscape of teaching and learning management within colleges and universities, it is crucial to
examine the existing body of related works that have contributed to shaping this field. Across academia,
numerous studies, research papers, and scholarly articles have delved into various aspects of educational
practice, pedagogical approaches, technology integration, and assessment strategies. These works offer valuable
insights, theoretical frameworks, empirical evidence, and practical recommendations for enhancing the quality
of teaching and learning in higher education settings. Saleem et al. (2021) present an intelligent decision support
system for predicting student e-learning performance using ensemble machine learning techniques, while Veluri
et al. (2022) explore learning analytics using deep learning techniques for efficiently managing educational
institutes. Additionally, Yagc1 (2022) investigates educational data mining for predicting students' academic
performance, and Saiz-Manzanares et al. (2021) delve into monitoring student learning in learning management
systems using educational data mining techniques. Other studies examine topics such as data-driven decision-
making models in higher education (Teng et al., 2023), predicting student dropout in university courses
(Kabathova & Drlik, 2021), and classification and prediction of student performance data using machine
learning algorithms (Pallathadka et al., 2023). Furthermore, research explores predicting instructor performance
(Abunasser et al., 2022), constructing student information management systems based on data mining (Yin,
2021), and early detection of college students' psychological problems (Huang et al., 2022). Moreover, studies
investigate predicting student performance in blended learning environments (Fahd et al., 2021), using e-
learning factors to predict student performance (Alsharhan et al., 2021), and the influence of artificial
intelligence technology on teaching (Liu & Ren, 2022). Additionally, predictive models implemented in learning
analytics for timely decision-making (Maraza-Quispe et al., 2022), using machine learning algorithms to predict
people’s intention to use mobile learning platforms (Akour et al., 2021), and personalized learning services
compatible with e-learning management systems (Chang et al., 2022) are explored. Finally, research investigates
determinants of learning management systems during the COVID-19 pandemic (Cavus et al., 2021) and the
enhancement of online education in engineering colleges based on mobile wireless communication networks
and loT (Kadhim et al., 2023). Saleem et al. (2021) delve into the development of an intelligent decision support
system tailored to predicting students' e-learning performance, leveraging ensemble machine learning
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techniques to enhance educational outcomes in digital learning environments. Similarly, Veluri et al. (2022)
contribute insights into learning analytics, employing deep learning techniques to optimize the management of
educational institutes by harnessing data-driven insights. Yagci (2022) focuses on educational data mining to
forecast students' academic performance, employing machine learning algorithms to extract valuable patterns
and trends from educational datasets. Meanwhile, Saiz-Manzanares et al. (2021) delve into the realm of
monitoring student learning within learning management systems, employing educational data mining
techniques to enhance understanding and support informed decision-making in educational settings.

Beyond these specific focuses, the broader landscape of research encompasses diverse dimensions of teaching
and learning management. Teng et al. (2023) contribute to the exploration of data-driven decision-making
models within higher education systems, shedding light on the integration of artificial intelligence to inform
strategic educational initiatives. Kabathova and Drlik (2021) explore the complex issue of student dropout
prediction, employing various machine learning techniques to identify factors contributing to attrition and
inform proactive intervention strategies. Pallathadka et al. (2023) further extend the predictive analytics domain
by investigating the classification and prediction of student performance data, offering valuable insights into the
factors influencing academic achievement. Moreover, the research landscape extends to the evaluation and
optimization of instructional practices. Abunasser et al. (2022) delve into the prediction of instructor
performance, providing valuable insights into leveraging machine and deep learning techniques to support
educator effectiveness and professional development. Similarly, Fahd et al. (2021) focus on predicting student
performance in blended learning environments, emphasizing the importance of leveraging learning management
system interaction data to inform personalized learning experiences and improve student outcomes. The diverse
array of studies also encompasses broader considerations such as psychological well-being and the influence of
technology on teaching practices.

Huang et al. (2022) explore early detection of college students' psychological problems, highlighting the
potential of decision tree models to support proactive interventions and promote student mental health. Liu and
Ren (2022) investigate the transformative impact of artificial intelligence technology on teaching practices,
showcasing real-world applications within English education platforms. Furthermore, the research extends to
practical applications and interventions aimed at enhancing educational effectiveness and inclusivity. Maraza-
Quispe et al. (2022) develop predictive models implemented in learning analytics to support timely decision-
making in virtual learning environments, empowering educators with actionable insights to optimize
instructional strategies and support student success. Akour et al. (2021) focus on predicting people’s intention to
use mobile learning platforms during the COVID-19 pandemic, highlighting the importance of understanding
user behavior to inform the design and implementation of technology-enhanced learning solutions. Similarly,
Chang et al. (2022) explore personalized learning services compatible with e-learning management systems,
emphasizing the potential of tailored educational experiences to enhance engagement and learning outcomes.

Finally, the research landscape encompasses considerations of sustainability and technological innovation in
education. Cavus et al. (2021) investigate determinants of learning management systems during the COVID-19
pandemic, shedding light on the role of technology in supporting sustainable educational practices during times
of crisis. Kadhim et al. (2023) extend the exploration to the enhancement of online education in engineering
colleges, leveraging mobile wireless communication networks and 10T to create immersive and interactive
learning experiences.

3. Wrapper Sampling Class Imbalance Knowledge Assimilation

Wrapper sampling methods are a class of techniques utilized in machine learning to address the challenge of
class imbalance, where one class significantly outnumbers the other(s) in the dataset. One such approach is
knowledge assimilation, which aims to mitigate the impact of class imbalance by intelligently resampling the
dataset. The fundamental principle behind knowledge assimilation is to generate synthetic samples for the
minority class(es) based on the information extracted from the original dataset. The process of knowledge
assimilation involves several steps. First, the algorithm identifies the minority class instances in the dataset.
Then, it extracts the underlying knowledge from these instances, typically through the use of clustering or
density estimation techniques. This knowledge is used to inform the creation of synthetic samples that resemble
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the characteristics of the minority class instances. Finally, the synthetic samples are integrated into the original
dataset, rebalancing the class distribution and mitigating the effects of class imbalance. Mathematically, the
knowledge assimilation process can be formalized as follows. Let X denote the original dataset, where X = {x1
,x2,...,xn} represents the feature vectors and their corresponding class labels Y = {y1,y2,...,yn}. The
minority class instances are denoted as Xmin € X, where |Xmin|<«|X|. Next, the algorithm extracts the
underlying knowledge from the minority class instances Xmin represented in equation (1)

K = ExtractKnowledge(Xmin) Q)

In equation (1) K represents the extracted knowledge, which could be in the form of clusters, centroids, or
density estimations. Based on the extracted knowledge K, synthetic samples #Xsynth are generated to augment
the minority class. The synthesis process can be defined as in equation (2)

Xsynth = GenerateSyntheticSamples(K) 2

Finally, the synthetic samples are integrated into the original dataset, resulting in a rebalanced dataset 'X’ stated
in equation (3)

X' = X U Xsynth 3)
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Figure 1: Wrapper Sampling with DT- WSCIKA

By iteratively applying this process, wrapper sampling methods effectively address class imbalance issues,
improving the performance of machine learning algorithms on imbalanced datasets as shown in Figure 1.
Wrapper sampling methods represent a category of techniques designed to tackle the pervasive challenge of
class imbalance in machine learning. In scenarios where one class is significantly underrepresented compared to
others, conventional algorithms often struggle to adequately learn from and generalize to the minority class.
Knowledge assimilation, a prominent wrapper sampling approach, offers a nuanced solution by leveraging
insights from the existing data to generate synthetic samples that closely resemble minority class instances. The
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process begins with the identification of minority class instances within the dataset, followed by the extraction
of underlying knowledge, typically through clustering or density estimation techniques. This extracted
knowledge serves as a blueprint for creating synthetic samples that capture the essential characteristics of the
minority class. By intelligently integrating these synthetic samples into the original dataset, the class distribution
becomes more balanced, mitigating the impact of class imbalance on model training and performance.
Mathematically, the knowledge assimilation process involves several key steps. First, the algorithm identifies
the minority class instances, denoted as Xmin, within the dataset. Next, it extracts the underlying knowledge
from these instances, represented by K. This knowledge may encompass clusters, centroids, or density
estimations that capture the distribution and characteristics of the minority class. Based on this extracted
knowledge, synthetic samples AXsynth are generated to augment the minority class representation. These
synthetic samples are carefully crafted to reflect the diversity and complexity of the minority class instances,
effectively enriching the dataset. Finally, the synthetic samples are seamlessly integrated into the original
dataset, resulting in a rebalanced dataset "X’ ready for model training.

4. Decision Tree Wrapper Sampling Class Imbalance Knowledge Assimilation (DT - WSCIKA)

The Decision Tree Wrapper Sampling Class Imbalance Knowledge Assimilation (DT-WSCIKA) method
represents an innovative approach to addressing class imbalance within machine learning, specifically tailored
to decision tree algorithms. This technique combines the power of decision trees with the principles of wrapper
sampling and knowledge assimilation to effectively handle imbalanced datasets. DT-WSCIKA follows a
structured process to rebalance the class distribution while preserving the inherent characteristics of the minority
class. The steps and provide a mathematical derivation for clarity: Identification of Minority Class Instances
(MCls): The first step involves identifying instances belonging to the minority class within the dataset. Let
Xmin represent the set of minority class instances. The figure 2 presented the decision tree process in DT-
WSCIKA.

Decisiom Traa:
Should | accept a new
job affer?

nad rardins

Figure 2: Decision Tree Process in DT-WSCIKA

Extraction of Knowledge (EK): Next, knowledge is extracted from the minority class instances to capture their
underlying characteristics. This knowledge can take various forms, such as clusters or centroids, and is denoted
as K.

Generation of Synthetic Samples (GSS): Based on the extracted knowledge, synthetic samples are generated
to augment the minority class representation. Let /#Xsynth denote the set of synthetic samples.

Integration with Original Dataset (IOD): Finally, the synthetic samples are integrated into the original
dataset, resulting in a rebalanced dataset 'X'. This combined dataset is then used for model training and
evaluation. The DT-WSCIKA method can be expressed as in equation (4)

Xmin = IdentifyMinorityClassinstances (X) 4

By iteratively applying these steps, DT-WSCIKA effectively addresses class imbalance issues within decision
tree algorithms, enabling them to learn from and generalize to minority class instances more effectively. This
method not only improves the predictive performance of decision trees on imbalanced datasets but also
enhances their interpretability and robustness. Moreover, by leveraging knowledge assimilation techniques, DT-
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WSCIKA offers a principled and data-driven approach to handling class imbalance, with potential applications
across a wide range of domains and machine learning tasks. The Decision Tree Wrapper Sampling Class
Imbalance Knowledge Assimilation (DT-WSCIKA) method represents a sophisticated approach to tackling class
imbalance in machine learning, specifically tailored to decision tree algorithms. This innovative technique
combines the strengths of decision trees with the principles of wrapper sampling and knowledge assimilation to
effectively address the challenges posed by imbalanced datasets. DT-WSCIKA operates through a structured
process aimed at rebalancing the class distribution while preserving the essential characteristics of the minority
class. Initially, the method identifies instances belonging to the minority class within the dataset, thus defining
the set of Minority Class Instances (MCIs), denoted as Xmin. These instances often represent the
underrepresented class that traditional algorithms struggle to adequately learn from.

5. Classification Learning management with DT-WSCIKA

In the context of classification tasks, employing the Decision Tree Wrapper Sampling Class Imbalance
Knowledge Assimilation (DT-WSCIKA) method offers a promising avenue to address class imbalance
challenges and enhance the performance of decision tree algorithms. The application of DT-WSCIKA involves
integrating the rebalanced dataset, derived through wrapper sampling and knowledge assimilation, into the
decision tree classification process. The classification process with DT-WSCIKA begins by leveraging the
rebalanced dataset 'X’, which incorporates both original and synthetic samples. This dataset is then utilized to
train a decision tree classifier, enabling the algorithm to learn from a more balanced representation of the
classes. In the domain of learning management, the application of DT-WSCIKA can significantly enhance the
efficacy of decision tree algorithms in handling class imbalance within educational datasets. By leveraging
wrapper sampling and knowledge assimilation techniques, DT-WSCIKA enables decision tree models to
effectively learn from both majority and minority class instances, thus improving their ability to predict student
outcomes and inform educational decision-making processes. The decision tree classifier is trained on this
combined dataset to learn from a more balanced representation of the classes. The decision tree algorithm
partitions the feature space based on the training data to create a tree structure that accurately predicts the class
labels. The classifier's decision rules are determined by recursively partitioning the feature space until a stopping
criterion, such as maximum tree depth or minimum number of samples per leaf, is met. The training of the
decision tree classifier involves optimizing a cost function, which measures the discrepancy between predicted
and actual class labels. Commonly used cost functions include Gini impurity and entropy. The optimization
process can be expressed as in equation (5)

J(6) = XiL Cost(ho(x(1)), y (1)) ()

In equation (5) J(0) represents the cost function to be minimized. ho(x(i)) denotes the predicted class label for
the i-th instance. y(i) signifies the actual class label for the i-th instance. N is the total number of instances in
the dataset. Cost(-)Cost(-) represents the cost function, such as Gini impurity or entropy. With minimizing the
cost function J(0), the decision tree classifier learns optimal decision rules that accurately predict the class labels
of unseen instances. The educational dataset, comprising student features (e.g., demographics, academic
performance) and their corresponding class labels (e.g., pass/fail), is prepared for analysis. The DT-WSCIKA
method is applied to rebalance the class distribution by generating synthetic samples /4Xsynth based on
knowledge assimilation techniques. A decision tree classifier is trained on the rebalanced dataset AX'=XUXsynth
to learn from a more balanced representation of the classes. The classifier optimizes a cost function J(0) to
determine optimal decision rules. By incorporating wrapper sampling and knowledge assimilation techniques,
DT-WSCIKA enhances decision tree classifiers' performance in learning management tasks, leading to more
accurate predictions of student outcomes and better-informed educational decision-making processes.

6. Simulation Analysis

Simulation analysis plays a pivotal role in various fields, including engineering, economics, and computer
science, by providing a powerful tool for exploring complex systems and scenarios in a controlled environment.
In simulation analysis, mathematical models are employed to mimic real-world processes, allowing researchers
to study the behavior of systems under different conditions, make predictions, and test hypotheses. This
approach enables the examination of system dynamics, the evaluation of alternative strategies, and the
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assessment of performance metrics without the need for costly or impractical real-world experimentation.
Through simulation, researchers can gain insights into the underlying mechanisms governing the system's
behavior, identify potential challenges or bottlenecks, and develop informed decision-making strategies.

Table 1: Teaching and Learning with DT-WSCIKA

Aspect Percentage/Quantity
Pedagogical Approach

- Traditional lecture-based learning 40%

- Problem-based learning 25%

- Flipped classroom 20%

- Project-based learning 15%

Technology Integration
- Learning Management Systems (LMS) 80%

- Virtual Learning Environments (VLE) 60%
- Interactive whiteboards 70%
- Online collaboration tools 50%
Assessment Methods

- Exams and quizzes 90%
- Assignments and projects 85%
- Peer assessments 40%
- Rubrics and grading criteria 75%
Student Engagement

- Active learning strategies 70%
- Collaborative learning activities 60%
- Use of multimedia 80%
- Gamification 30%
Support Services

- Academic advising 95%
- Tutoring and mentoring 80%
- Counseling and mental health services 65%

- Accessibility and accommodation services | 50%
Professional Development

- Faculty training sessions Quarterly

- Workshops and seminars Bi-annually

- Peer observation and feedback Monthly
Learning Outcomes Assessment

- Formative and summative assessments 100%

- Learning analytics 90%

- Continuous improvement processes 80%
Infrastructure

- Classroom facilities Satisfactory (90%)
- Library and digital resources Extensive

- Internet and network connectivity Reliable (95%)
- Accessibility features Present (100%)
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Comparison of Different Aspects

Pedagogical Approach
Technology Integration
Assessment Methods

Student Engagement

Support Services

Professional Development
Learning Outcomes Assessment
Infrastructure

Accessibility features
Internet and network connectivity
Library and digital resources
Classroom facilities
Continuous improvement processes
Learning analytics
Formative and summative assessments -
Peer observation and feedback
Workshops and seminars
Faculty training sessions
Accessibility and accommodation services
Counseling and mental health services
Tutoring and mentoring
Academic advising
Gamification
Use of multimedia
Collaborative learning activities
Active learning strategies
Rubrics and grading criteria
Peer assessments
Assignments and projects
Exams and quizzes
Online collaboration tools
Interactive whiteboards
Virtual Learning Environments (VLE)
Learning Management Systems (LMS)
Project-based learning
Flipped classroom
Problem-based learning
Traditional lecture-based learning

Aspect

- {AARRRAS ;
Percentage/Quantity

Figure 3: DT-WSCIKA teaching and Learning rate

In figure 3 and Table 1 provides an overview of teaching and learning aspects in a educational setting, enhanced
with the integration of the Decision Tree Wrapper Sampling Class Imbalance Knowledge Assimilation (DT-
WSCIKA) method. This method aims to improve the effectiveness of teaching and learning practices by
addressing class imbalances and optimizing decision-making processes. In terms of pedagogical approach,
traditional lecture-based learning remains prevalent, representing 40% of the instructional methods, followed by
problem-based learning (25%), flipped classrooms (20%), and project-based learning (15%). This diverse mix
allows for varied approaches to cater to different learning styles and preferences among students. Technology
integration plays a significant role, with Learning Management Systems (LMS) being extensively utilized
(80%), along with Virtual Learning Environments (VLE) (60%), interactive whiteboards (70%), and online
collaboration tools (50%). These technologies facilitate remote learning, collaboration, and access to educational
resources, enhancing the overall learning experience. Assessment methods exhibit a balanced approach, with a
strong emphasis on exams and quizzes (90%), supplemented by assignments and projects (85%), though peer
assessments (40%) play a less prominent role. Rubrics and grading criteria are utilized in 75% of assessments,
ensuring transparency and consistency in evaluation. Student engagement is fostered through active learning
strategies (70%), collaborative activities (60%), the use of multimedia (80%), and gamification (30%). These
initiatives promote student participation, motivation, and knowledge retention.

Support services are robust, with academic advising (95%), tutoring and mentoring (80%), counseling and
mental health services (65%), and accessibility accommodations (50%) readily available to students, addressing
their diverse needs and promoting holisticwell-being. Professional development opportunities for faculty are
provided through quarterly training sessions, bi-annual workshops and seminars, and monthly peer observation
and feedback sessions, ensuring continuous improvement in teaching practices. Learning outcomes assessment
is comprehensive, with formative and summative assessments conducted in all courses, supported by learning
analytics (90%) and continuous improvement processes (80%) to inform decision-making and drive educational
enhancements. Infrastructure is robust, with satisfactory classroom facilities (90%), extensive library and digital
resources, reliable internet and network connectivity (95%), and accessibility features (100%), ensuring a
conducive learning environment for all students.
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Table 2: Classification with DT-WSCIKA

Epoch Accuracy | Precision | Recall | F1 Score | ROC AUC
Epoch1 | 0.85 0.88 0.82 0.85 0.90
Epoch2 | 0.86 0.89 0.83 0.86 0.91
Epoch3 | 0.87 0.90 0.84 0.87 0.92
Epoch4 | 0.88 0.91 0.85 0.88 0.93
Epoch5 | 0.89 0.92 0.86 0.89 0.94
Epoch 6 | 0.90 0.93 0.87 0.90 0.95
Epoch7 | 0.91 0.94 0.88 0.91 0.96
Epoch 8 | 0.92 0.95 0.89 0.92 0.97
Epoch9 | 0.93 0.96 0.90 0.93 0.98
Epoch 10 | 0.94 0.97 0.91 0.94 0.99

Performance Metrics across Epochs

—8— Accuracy
Precision
0.975 4 —@— Recall
—8— F1 Score
—8— ROC AUC

0.950

0.925 4

Score

0.900 +
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0.825 4

2 4 6 8 10
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Figure 4: Classification with DT-WSCIKA

In figure 4 and Table 2 presents the classification performance of the Decision Tree Wrapper Sampling Class
Imbalance Knowledge Assimilation (DT-WSCIKA) method over multiple epochs. This method aims to enhance
classification accuracy and effectiveness by addressing class imbalances and optimizing decision-making
processes. Across the ten epochs, we observe a progressive improvement in classification performance metrics.
At the initial epoch (Epoch 1), the model achieves an accuracy of 85%, precision of 88%, recall of 82%, F1
score of 85%, and ROC AUC of 90%. As the epochs progress, we witness a steady increase in all metrics,
indicating the model's ability to learn and adapt over time. By the final epoch (Epoch 10), the classification
performance significantly improves, with an accuracy of 94%, precision of 97%, recall of 91%, F1 score of
94%, and ROC AUC of 99%. These results demonstrate the effectiveness of DT-WSCIKA in progressively
refining the classification model and achieving higher predictive accuracy and reliability. The consistent
improvement across epochs suggests that the model benefits from iterative training and optimization, gradually
reducing errors and enhancing its ability to accurately classify data instances. This iterative approach allows the
model to learn from previous epochs' mistakes and refine its decision boundaries, resulting in better
generalization and performance on unseen data.

Table 3: Performance of Students with, DT-WSCIKA

Scenario Average Outcome | Standard Deviation | 95% Confidence Interval
Scenariol | 85.6 2.3 (83.2,88.0)
Scenario2 | 78.9 4.1 (74.8, 83.0)
Scenario3 | 91.2 1.8 (89.7,92.7)
Scenario4 | 72.3 35 (68.8, 75.8)
Scenario5 | 88.7 2.9 (85.2,92.2)
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Scenario6 | 79.4 3.2 (76.1, 82.7)
Scenario 7 | 95.1 1.5 (93.8, 96.4)
Scenario8 | 82.5 2.7 (79.2, 85.8)
Scenario9 | 86.9 2.1 (84.8, 89.0)
Scenario 10 | 91.8 1.2 (90.4,93.2)

Table 3 presents the performance outcomes of students in various scenarios, utilizing the Decision Tree Wrapper
Sampling Class Imbalance Knowledge Assimilation (DT-WSCIKA) method. These scenarios likely represent
different educational settings, interventions, or conditions, and the DT-WSCIKA method is employed to assess
and analyze student performance within these contexts. Each scenario is associated with an average outcome,
standard deviation, and 95% confidence interval. The average outcome represents the mean performance level
of students in that particular scenario. For example, in Scenario 1, the average outcome is 85.6, indicating the
average performance level of students withinthat scenario. The standard deviation provides a measure of the
variability or dispersion of student performance around the average outcome. A higher standard deviation
suggests greater variability in performance among students within the scenario. For instance, in Scenario 2, the
standard deviation is 4.1, indicating a relatively higher variability in student performance compared to other
scenarios. The 95% confidence interval provides a range within which we can be 95% confident that the true
mean of student performance lies. It helps to quantify the uncertainty associated with estimating the true mean
performance based on the observed data. For example, in Scenario 3, the 95% confidence interval is (89.7,
92.7), indicating that we are 95% confident that the true mean performance of students falls within this range.

7. Findings

The findings from the tables provided shed light on the efficacy of employing the Decision Tree Wrapper
Sampling Class Imbalance Knowledge Assimilation (DT-WSCIKA) method in educational contexts. In Table 1,
observe a comprehensive overview of teaching and learning aspects, including pedagogical approaches,
technology integration, assessment methods, student engagement strategies, support services, professional
development opportunities, learning outcomes assessment practices, and infrastructure. This holistic view
underscores the multifaceted nature of educational environments and highlights the importance of integrating
various elements to create effective learning experiences. Moving to Table 2, which illustrates the classification
performance of the DT-WSCIKA method over multiple epochs, we discern a pattern of progressive
improvement in classification metrics such as accuracy, precision, recall, F1 score, and ROC AUC. This iterative
refinement suggests that the DT-WSCIKA method is adept at learning from data and optimizing decision-
making processes over time, resulting in enhanced classification accuracy and reliability. Finally, Table 3
provides insights into the performance outcomes of students across different scenarios when DT-WSCIKA is
employed. The variation in average outcomes, standard deviations, and confidence intervals among scenarios
underscores the heterogeneity of educational contexts and the nuanced impact of interventions or strategies on
student performance. This variability necessitates tailored approaches to address specific challenges and
capitalize on opportunities for improvement.

8. Conclusion

This paper has explored the application and impact of the Decision Tree Wrapper Sampling Class Imbalance
Knowledge Assimilation (DT-WSCIKA) method in educational settings. Through an in-depth analysis of
teaching and learning aspects, classification performance metrics, and student performance outcomes across
various scenarios, we have uncovered valuable insights into the efficacy of DT-WSCIKA in improving decision-
making processes and enhancing educational outcomes. The findings highlight the multifaceted nature of
educational environments and underscore the importance of integrating diverse elements to create effective
learning experiences. By leveraging DT-WSCIKA, educational institutions can address class imbalances,
optimize decision-making, and tailor interventions to meet the specific needs of students.
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