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Abstract: This research focuses on the application of predictive analytics in digital classrooms to track
and predict student performance. The study aims to address the limitations of traditional teacher
judgment, which often relies on limited data points and subjective assessments. The research proposes
a machine learning-driven approach that utilizes data from Learning Management Systems (LMS),
including student engagement, academic performance, and attendance, to predict student success or
failure with greater accuracy. Various machine learning techniques, such as Support Vector Machine
(SVM) and Random Forest (RF), are applied to develop a predictive model that can identify at-risk
students early. The findings show that the model achieves an accuracy rate of over 85%, with key
predictors including past academic performance and student engagement. This model outperforms
traditional assessment methods by providing real-time, data-driven insights that enable timely
interventions. The study concludes that predictive analytics has significant potential to enhance
educational outcomes by offering personalized support and improving curriculum design. However,
challenges such as data integration, fairness, and privacy concerns must be addressed for broader
implementation.

Keywords: Digital classrooms; Learning Management Systems; Machine learning; Predictive analytics;
Student performance.

1. Introduction

The digital transformation in education has profoundly reshaped how students engage
with their learning environments, particularly through the integration of online platforms and
digital tools. One of the most significant changes has been the increased accessibility to
students' academic and behavioral data. Digital learning platforms and performance tracking
systems generate vast amounts of data, which can be crucial for various educational outcomes.
As such, learning data is increasingly seen as a valuable resource for personalized learning,
real-time feedback, and data-driven decision-making. Personalized learning, for instance,
allows educators to understand students' strengths and weaknesses and tailor instructional
methods accordingly, potentially leading to better academic performance. Additionally, real-
time feedback provided by digital platforms helps students stay aware of their progress and
areas needing improvement, fostering an environment of continuous learning.

Data-driven decision-making has also become a pivotal aspect of modern education. By
leveraging learning data, educators can make more informed decisions regarding instructional
strategies and interventions, which can lead to improved academic success. Furthermore,
predictive analytics powered by machine learning algorithms hold the potential to forecast
academic outcomes based on historical data. These predictive models can identify at-risk
students early, enabling timely interventions that can improve learning outcomes and reduce
failure rates. However, despite these advancements, tracking student performance and
predicting academic success in digital classrooms remain challenging due to several factors.

One of the primary challenges is ensuring data quality and availability. Predictive models
rely heavily on the quality and completeness of data, and inconsistent or incomplete data can
lead to inaccurate predictions. Additionally, the complexity of human behavior makes it
difficult to develop models that accurately forecast student performance. Human learning
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patterns are multifaceted and influenced by various external and internal factors, complicating
the prediction process. The integration of diverse data sources, such as online activities,
academic records, and social media interactions, further complicates the task of obtaining a
holistic view of a student’s learning journey. Moreover, ensuring that predictive models are
scalable and adaptable to different educational settings and diverse student populations is
critical for the widespread application of these tools.

Ethical concerns regarding student privacy and data security also present significant
challenges. The collection and analysis of vast amounts of student data raise concerns about
surveillance and the potential misuse of personal information, making it crucial to address
privacy and ethical issues in the use of educational technology . Despite these challenges, the
potential for predictive analytics to enhance student performance tracking and academic
success prediction in digital classrooms is vast, necessitating ongoing research and
development in this field.

The use of adaptive learning analytics in education has revolutionized the way student
performance is tracked and academic success is predicted. By leveraging data-driven
techniques and machine learning models, adaptive learning analytics allows educators to
analyze student data, offering valuable insights that can be used to identify at-risk students
early. This enables timely interventions aimed at improving educational outcomes and
reducing dropout rates. As digital classrooms and Learning Management Systems (LMS)
continue to evolve, the amount of data collected, including engagement metrics and
performance data, has drastically increased, making predictive analytics an essential tool in
modern education .

The primary goal of this article is to explore how adaptive learning analytics can predict
student performance and identify at-risk students by utilizing predictive models, machine
learning techniques, and real-time data analysis. Early identification of students at risk allows
for personalized interventions tailored to individual needs, which is vital for improving
retention and academic success. Predictive models, such as probabilistic machine learning and
adaptive decision trees, have been particularly effective in achieving high accuracy rates. For
instance, probabilistic models, like the one developed by Nimy et al., predict at-risk students
based on early academic performance, achieving an accuracy rate of over 92% . Adaptive
decision trees, which adjust to changing learning patterns, also show considerable promise by
dynamically refining predictions .

Understanding the significance of learning analytics is crucial for both educators and
administrators aiming to enhance student success. Predictive analytics can lead to more
informed decision-making, helping institutions provide better-targeted support, resulting in
improved educational outcomes. With tools such as dashboards and early warning systems,
educators are better equipped to intervene promptly when students show signs of struggling,
ensuring that support is provided before it is too late. Early warning systems based on
predictive models can identify students at risk of underperformance, reducing the likelihood
of academic failure and promoting resilience among students .

The data used for adaptive learning analytics includes engagement data from LMS
platforms, such as login frequency, assignment submissions, and interaction patterns, which
are crucial for assessing how actively students participate in their courses. Demographic data,
including previous academic records, attendance, and socio-demographic factors, are also
vital in building accurate predictive models . Machine learning techniques like decision trees,
neural networks, and support vector machines (SVM) are commonly used for their high
predictive accuracy. The optimization of these techniques, such as through Teaching-
Learning-Based Optimization (TLBO), has shown to further improve the predictive power
of these models . Additionally, personalized course-specific models can be tailored to address
the unique challenges of different courses, enhancing the ability to provide targeted
interventions based on historical performance data .

While the benefits of adaptive learning analytics are clear, challenges such as data
imbalance and ethical concerns remain. Data imbalance occurs when grading policies or
assessment types are inconsistent, which can lead to skewed predictions. To ensure the
reliability and fairness of predictive models, addressing these issues is critical . Moreover,
privacy concerns and the potential for bias in the use of student data must be managed
carefully to ensure that predictive analytics is applied in an equitable and ethical manner.
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2. Literature Review

2.1. Overview of Learning Analytics

Learning analytics (LA) is a field that focuses on measuring, collecting, analyzing, and
reporting data related to learners and their contexts to understand and optimize the learning
process. In digital education, LA plays a very important role by analyzing the digital footprint
left by students in computer-aided and online learning environments. This process allows for
improved student learning experience by providing a better understanding of their
interactions with learning materials, as well as supporting more effective curriculum
development, improving student retention, and evaluating teacher performance more
appropriately ,.

The applications of learning analytics are broad, including providing real-time feedback
to students, as well as providing recommendations or interventions needed to improve the
digital learning environment. In addition, LA supports the development of more collaborative
and self-managed learning, which contributes to the development of a more personalized and
immersive learning experience for students . The use of learning analytics in universities has
also provided significant benetfits, such as improved student learning outcomes, identification
of at-risk students, and improved teaching practices by teachers.

2.2. Predictive Power of Analytics

Predictive analytics (PA) refers to the use of historical data to predict future academic
outcomes. Machine learning and data mining techniques are used to create predictive models
that can project the likelihood of student success or failure, thus allowing for more
appropriate early interventions. PA is essential in education because by predicting learning
outcomes, educators can design more appropriate interventions to improve student
performance ,.

Some of the predictive modeling techniques commonly used in education are
classification algorithms such as K-Nearest Neighbor (KINN), Naive Bayes, Decision Tree,
and Logistic Regression, all of which have the ability to predict student performance with a
high degree of accuracy ,,,,. In addition, regression models such as AdaBoost, Support Vector
Regressor, and Random Forest are also often used to compare the accuracy of their
predictions in an educational context . In some cases, ensemble classifiers, which combine
results from multiple predictive models, often provide higher accuracy compared to individual
models, making them a better choice for applications in education .

Factors that influence predictions of academic success include previous academic
achievement, demographic profiles, and grades of specific courses. Combining various data
sources, such as institutional data and data from Learning Management Systems (LMS), can
improve prediction accuracy and provide a more holistic picture of student performance.
However, although predictive analytics offer great potential for improving education, there
are still major challenges in ensuring that such predictions are not biased, especially against
students from disadvantaged subpopulations .

2.3. Challenges and Considerations

While the benefits of predictive analytics in education are obvious, there are some key
challenges that must be addressed. One is the biases that may exist in predictive models,
which can exacerbate inequities against students from disadvantaged backgrounds. Ensuring
fairness and accuracy in predictions is essential to ensure that all students, regardless of their
background, receive appropriate interventions . In addition, data privacy and ethical
considerations in using this technology in education are becoming increasingly important
issues, especially with the large amount of personal data used for predictive analysis .
Therefore, it is important for educational institutions to handle this issue carefully, ensuring
that the predictions generated are not only accurate but also fair and in accordance with ethical
principles.
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2.4. Existing Models and Techniques
2.4.1. Statistical Models

Traditional statistical models are widely used to analyze students' academic, behavioral,
and demographic data. One technique that is often applied is Structural Equation Modeling
(SEM), which has been used in predictive analysis for specific subjects, such as mathematics.
SEM allows for a deeper understanding of the relationships between different factors that
affect student learning outcomes, providing useful insights in designing better educational
interventions .

2.4.2. Machine Learning (ML) Models

Several machine learning (ML) models have been shown to be effective in predicting
students' academic performance. Random Forest (RF) is the most widely used model due to
its accuracy and efficiency. RF often outperforms other models in many studies that address
the prediction of students' academic performance ,,. In addition to RF, the Support Vector
Machine (SVM) model is also highly effective in classifying student performance data and is
often selected for educational applications . Meanwhile, K-Nearest Neighbors (KNN) is well-
known for its computational efficiency as well as high accuracy, making it a popular choice in
educational analytics .

2.4.3. Deep Learning (DL) Models

In deep learning (DL) applications, some types of artificial neural networks such as
Artificial Neural Networks (ANN) show better performance compared to Random Forest
(RF) in some cases, with a very high level of accuracy. In addition, models such as
Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), and Long
Short-Term Memory (LSTM) networks are used to predict educational performance,
especially in predicting academic outcomes in vocational education and other fields with
impressive accuracy.

2.4.4. Ensemble Models

The ensemble model, which combines multiple algorithms such as Multilayer
Perceptron, Decision Tree, Logistic Regression, Naive Bayes, RF, KINN, and SVM, has been
shown to be highly effective in improving accuracy, precision, recall, and F-score. The use of
ensemble models allows for the combined power of several techniques to provide better
results compared to individual predictive models . This allows for more accurate and more
reliable predictions in an educational context.

2.4.5. Exploratory Data Analysis (EDA)

Exploratory Data Analysis (EDA) has a very important role in understanding the
distribution of data and the correlation between existing variables. EDA helps in the pre-
processing stage of data as well as the selection of relevant features to improve the accuracy
of predictive models. Using EDA, researchers were able to identify patterns that may not be
immediately visible, which in turn could improve the performance and effectiveness of
predictive models .

2.5. Challenges and Gaps
2.5.1. Data Accessibility and Integration

One of the big challenges in using predictive models is the issue of accessibility and data
integration. Traditional models often rely only on previous academic performance data, which
doesn't include many other factors that affect student success. In the digital environment,
there is a lot of additional data, such as online interaction and socio-economic status, that can
be used, but properly combining and processing this data remains a major challenge.

2.5.2. Model Interpretability and Explainability

Although machine learning and deep learning models can provide accurate predictions,
the complexity of these models often makes them less comprehensible than traditional
methods. It is important for stakeholders in education to be able to understand and trust the
results provided by these models. Otherwise, the application of this model in education may
be hampered .
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2.5.3. Fairness and Bias

The issue of fairness or fairness in academic predictions is also a big concern. The biases
that exist in predictive models, which can be detrimental to certain groups of students, should
be avoided. Therefore, it is crucial to design a fair model, which provides an unbiased
outcome against students from disadvantaged backgrounds .

2.5.4. Scalability and Context-Specific Adaptation

Another issue is the issue of scalability and context-specific adaptation. Predictive
models that are effective in one educational context may not be directly applicable in another.
Therefore, it is important that these models can be adapted to a variety of settings and
different student populations to ensure the effectiveness of the application of these models
in different educational settings .

2.5.5. Data Privacy

With more and more students' personal data being used for predictive analysis in
education, the protection of personal data has become very important. Techniques such as
federated learning are being studied to address student data privacy issues while maintaining
predictive accuracy, which is important to ensure the sustainability and acceptance of this
technology in the world of education .

3. Materials and Method

This study employs a combination of data collection, data mining techniques, analytics
tools, and predictive modeling to analyze student performance. Data is gathered from digital
learning platforms, such as Learning Management Systems (LMS) like Moodle and
Blackboard, which track student interactions with learning materials, assighments, and
assessments. Machine learning techniques, particularly classification models like K-Nearest
Neighbor (KNN), Decision Tree, and Support Vector Machine (SVM), are used to predict
student outcomes based on factors like attendance and prior performance. Additionally,
clustering helps identify student groups requiring targeted interventions. To process and
analyze this data, Python and R are used alongside tools like Scikit-learn and TensorFlow for
model building, and Tableau and Power BI for data visualization. The predictive models,
including logistic regression and random forests, are trained on historical performance data
and behavior patterns to forecast future academic success, with ensemble methods improving
the accuracy of predictions.

Data
Collection

Data Mining
Techniques

Analytics
Tools

Predictive
Model

Figur 1. Research Methodology Flowchart.
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3.1. Data Collection

Data collection in this study was carried out using various digital learning platforms used
by students, such as Learning Management Systems (LMS) and online assessments. LMS
systems like Moodle and Blackboard were used to collect data on student interactions with
learning materials, such as login frequency, assignment submissions, and participation in
discussion forums. Additionally, online assessment data, including exam and quiz results, were
used to gather insights into students' academic performance. This data provides valuable
information regarding student engagement in online learning and serves as the foundation for
further analysis.

3.2. Data Mining Techniques

To analyze the collected data, this study employs various data mining techniques.
Classification techniques are used to predict students' learning outcomes based on input
variables such as attendance, participation, and previous performance. The classification
models applied include algorithms such as K-Nearest Neighbor (KNN), Decision Tree, and
Support Vector Machine (SVM), which are known to be effective in predicting students'
academic performance. Additionally, clustering is used to group students based on their
learning patterns, allowing for the identification of student groups that may require specific
interventions.

3.3. Analytics Tools

For processing and analyzing the data, this study uses various analytic tools and
technologies. Python and R are the primary programming languages used for data analysis
and building predictive models. Tools like Scikit-learn and TensorFlow are employed to build
and train machine learning models, while Tableau and Power BI are used for data
visualization, enabling data-driven decision-making by educators. The use of these
technologies helps facilitate the analysis of large and complex data sets.

3.4. Predictive Model

The framework for predicting student performance based on historical data involves
using predictive models built with the collected data. These models use logistic regression,
random forest, and neural networks to project the likelihood of student success or failure in
upcoming exams or quizzes, based on their previous results and behaviors. Historical data
regarding student performance, such as past grades and participation patterns, are used to
train these models. By utilizing ensemble techniques that combine various predictive
algorithms, the model can provide more accurate predictions regarding students' future
performance.

4. Results and Discussion

4.1. Results

The analytics model demonstrated strong predictive power in forecasting student
success and failure, achieving an accuracy rate of over 85%. Utilizing machine learning
algorithms such as Support Vector Machine (SVM) and Random Forest (RF), the model
identified key performance indicators (KPIs) like prior academic performance, attendance,
and student engagement within the Learning Management System (LMS). These KPIs were
essential in accurately predicting academic outcomes. The model successfully flagged students
who were at risk of failure, offering an early indication of those needing additional support.

Additionally, the model’s ability to capture the impact of student engagement on
academic performance was noteworthy. Data points such as frequency of login, assignment
submissions, and interaction in online discussions proved to be significant predictors. These
findings reinforce the value of continuous tracking of student behavior in digital learning
environments. By focusing on a combination of historical academic data and real-time
interaction metrics, the model provided a comprehensive view of students’ likelihood to
succeed or fail, enhancing the accuracy of predictions.

4.2. Discussion

The results of this study confirm that predictive analytics, when applied to digital
classrooms, can effectively forecast student outcomes. Previous academic performance
emerged as the most significant factor in predicting future success, which aligns with
conventional expectations that past achievements often correlate with future performance.



International Journal of Educational Technology and Society 2024 (September), vol. 1, no. 3, Suharti, et al. 40 of 43

However, the study also highlighted the crucial role of engagement metrics. Active
participation in online discussions and timely submission of assignments not only indicated
better student outcomes but also suggested that more engaged students were more likely to
succeed, underlining the importance of fostering engagement in digital learning
environments.

Moreover, socio-demographic factors like age and socio-economic status were found to
have a smaller, yet significant impact on predictions. This finding suggests that while
predictive models can effectively analyze academic behaviors, external factors still play a role
in student performance. Future studies should aim to better integrate these socio-
demographic aspects into predictive models, as they could provide deeper insights into at-
risk groups and help develop more targeted interventions.

The potential for predictive analytics to enable early intervention is significant. By
identifying at-risk students early, educators can tailor their support strategies, such as offering
tutoring or additional learning resources, to improve student outcomes. This proactive
approach could reduce dropout rates and enhance the overall academic success of students.
Additionally, the insights gained from this model open the door to more personalized learning
strategies, allowing educators to adjust content and assessments based on predicted
performance, further improving student engagement and achievement.

Table 1. Model Accuracy Table.

No Model Accuracy
1 Random Forest 86.00%
2 Support Vector Machine 82.00%
3 K-Nearest Neighbor (KNN) 78.00%
4 Logistic Regression 75.00%
This table presents the accuracy of each prediction model used for student performance
forecasting.
1.0 ' ’
86.00%
82.00%
osl 78.00% %
R 06f
>
g
Soar
0.2r
0.0

Random Forest Support Vector Machin&-Nearest Neighbor Logistic Regression
Prediction Models

Figur 2. Comparison of Prediction Model Accuracy.

Here is the bar chart comparing the accuracy of various prediction models, along with a
table showing the accuracy values for each model. The data highlights the accuracy rates of
models such as Random Forest, Support Vector Machine, K-Nearest Neighbor, and Logistic
Regression, providing a visual representation of their performance in predicting student
success.

5. Comparison

In traditional classrooms, teacher assessments are often based on limited data such as
exam scores and class participation, which can be subjective and narrow in scope. In contrast,
predictive analytics models leverage a wider range of data, including academic performance,
attendance, and online interactions, providing a more accurate and comprehensive
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assessment of student success or failure. These models can predict outcomes with greater
precision and offer early identification of at-risk students, allowing for targeted interventions.

The performance of predictive models is evaluated using metrics like precision, recall,
and Fl-score, which measure the accuracy and ability to identify at-risk students. High
precision and recall ensure that the model successtully identifies students who need support
while maintaining strong overall accuracy. In digital classrooms, where continuous data from
online platforms is available, predictive analytics can outperform traditional methods by
enabling real-time, data-driven interventions, improving student outcomes more effectively
than conventional classroom assessments.

6. Conclusion

The study demonstrated that predictive analytics models, utilizing machine learning
techniques like Support Vector Machine (SVM) and Random Forest (RF), can accurately
forecast student success and failure with over 85% accuracy. Key factors such as previous
academic performance, attendance, and engagement on digital platforms were identified as
significant predictors. The model proved effective in identifying at-risk students eatly,
enabling timely interventions and personalized support.

Educators and institutions can integrate these analytics into their practices by leveraging
data from digital platforms to monitor student engagement and performance, providing
targeted interventions to improve outcomes. However, challenges remain in integrating
diverse data sources and ensuring fairness in predictions. Future research should focus on
refining model accuracy, addressing data biases, and exploring methods to incorporate more
diverse student data. Enhancing data collection and improving model sophistication will
further strengthen the application of adaptive learning analytics in digital classrooms.
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