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Abstract

Study burnout has emerged as a significant challenge among students due to increasing academic pressure,
prolonged screen exposure, competitive learning environments, and inadequate work—life balance. Early
identification of burnout symptoms is essential to prevent adverse effects on students’ academic
performance, mental well-being, and overall productivity. This paper presents a Study Burnout Detection
System that leverages machine learning and intelligent recommendation techniques to identify students at
risk of burnout and provide personalized interventions. The proposed system employs a modern web-based
architecture using React.js/Next.js and Tailwind CSS for an interactive user interface, while MongoDB
serves as the backend database for secure storage and management of student data. The detection framework
integrates Random Forest and Logistic Regression algorithms to analyze behavioural, academic, and self-
reported psychological indicators associated with burnout. Furthermore, a rule-based recommendation
engine generates tailored suggestions, including study scheduling strategies, stress-management
techniques, and wellness activities based on individual risk levels. The system aims to improve prediction
accuracy, enhance user engagement, and support proactive mental health monitoring in educational
environments. Experimental evaluation demonstrates the effectiveness of the proposed approach in
identifying burnout patterns and delivering actionable recommendations, thereby contributing to healthier
learning experiences and improved academic outcomes among students.

Keywords: Study Burnout Detection, Random Forest, Logistic Regression, Rule-Based Recommendation
System, Student Mental Health.

1. INTRODUCTION competitive learning ecosystems, and the

extensive use of digital technologies in education.
Student well-being has become an increasingly While technology has enhanced accessibility to
important concern in  modern educational learning resources, it has also contributed to

environments due to growing academic demands,
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prolonged study hours, increased cognitive
workload, and heightened stress levels among
students. These factors often lead to study
burnout, a psychological condition characterized
by emotional exhaustion, reduced academic
motivation, and diminished learning
effectiveness. Study burnout not only affects
academic performance but also negatively
influences mental health, social interactions, and
overall quality of life [1].

Burnout among students has gained significant
attention from researchers and educational
institutions  because of its  long-term
consequences on learning outcomes and personal
development. Students experiencing burnout
frequently exhibit symptoms such as fatigue,
anxiety, decreased concentration,
procrastination, and loss of interest in academic
activities. Traditional methods of identifying
burnout often rely on manual assessments,
surveys, and counseling sessions, which may not
provide timely intervention or continuous
monitoring. Consequently, there is a growing
need for intelligent systems capable of
automatically detecting burnout symptoms and
assisting students before severe consequences
arise [2].

Recent advancements in machine learning and
data analytics have created new opportunities for
developing predictive systems that can analyze
behavioral and  psychological  patterns.
Educational data generated through student
interactions, study habits, academic performance,
attendance records, and self-reported assessments
can be leveraged to identify indicators of burnout.
Machine learning algorithms have demonstrated
considerable success in classification and
prediction tasks across healthcare, education, and
behavioral sciences, making them suitable for
burnout detection applications [3].
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Among the various machine learning techniques,
Logistic Regression and Random Forest have
emerged as reliable algorithms for predictive
analytics. Logistic Regression offers a simple yet
effective probabilistic approach for binary
classification problems, enabling the estimation
of burnout risk levels based on multiple
contributing factors. On the other hand, Random
Forest utilizes an ensemble of decision trees to
improve classification accuracy and robustness
while reducing the likelihood of overfitting. The
combination of these algorithms provides a
balanced framework capable of generating
accurate predictions and meaningful insights
regarding student burnout conditions [4].

The increasing adoption of web-based
educational  systems further enables the
implementation of intelligent  monitoring
platforms that can provide real-time analysis and
feedback. Modern frontend technologies such as
React.js and Next.js facilitate the development of
responsive and user-friendly interfaces, allowing
students to interact with the system efficiently.
Additionally, Tailwind CSS supports the creation
of visually appealing and adaptive designs that
enhance user engagement and accessibility across
different devices [5]. Such technologies are
particularly valuable in educational applications
where usability and accessibility play crucial
roles in user acceptance.

Data management is another critical component
of burnout detection systems. The collection and
storage of student-related information require
scalable and flexible database solutions capable
of handling diverse data formats. MongoDB, a
NoSQL database platform, provides an efficient
mechanism for storing structured and semi-
structured educational data while supporting
rapid retrieval and analysis. Its scalability and
flexibility make it suitable for applications
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involving large volumes of student behavioral
and academic information [6].

While burnout detection is essential, identifying
at-risk students alone is insufficient for
addressing the problem effectively. Personalized
intervention strategies are necessary to help
students manage stress, improve study habits, and
maintain a healthy academic balance. Rule-based
recommendation systems offer a practical
approach for delivering customized guidance
based on detected burnout levels. By analyzing
prediction outcomes, the recommendation engine
can provide targeted suggestions such as time-
management techniques, study-break schedules,
mindfulness  practices, physical activity
recommendations, and academic  support
resources. These interventions can contribute to
reducing stress and improving overall student
well-being [7].

To address these challenges, this research
proposes a Study Burnout Detection System that
integrates machine learning-based prediction
models with an intelligent recommendation
framework. The system utilizes Random Forest
and Logistic Regression algorithms to analyze
student-related indicators and classify burnout
risk levels. A rule-based recommendation engine
subsequently generates personalized suggestions
aimed at mitigating burnout symptoms and
enhancing learning effectiveness. The frontend is
developed using React.js/Next.js and Tailwind
CSS, while MongoDB serves as the backend
database for efficient data management. By
combining predictive analytics with personalized
support mechanisms, the proposed system seeks
to facilitate early burnout detection, improve
student mental health awareness, and promote
sustainable academic performance [8].

The remainder of this paper is organized as
follows. Section 1l reviews related work on
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burnout detection and machine learning
applications in educational environments.
Section Il presents the proposed system
architecture and methodology. Section IV
presents the results and discussion, while Section
V concludes the paper and outlines future
research directions.

1. LITERATURE REVIEW

The growing prevalence of academic stress and
mental health challenges among students has
encouraged researchers  to investigate
technological solutions for detecting and
managing study burnout. Recent studies have
focused on integrating machine learning
techniques, psychological assessment models,
and intelligent recommendation systems to
identify burnout symptoms at an early stage and
provide effective interventions.

A study conducted by researchers in the field of
educational data analytics examined the
relationship  between academic  workload,
emotional exhaustion, and student performance
using predictive modeling approaches. The
authors utilized machine learning algorithms to
analyze student behavioral patterns and reported
that predictive models could successfully identify
burnout risks before significant academic decline
occurred. Their findings highlighted the
importance of early detection systems in
educational environments and demonstrated the
effectiveness of data-driven approaches in
supporting student well-being [9].

Another research work explored the application
of Logistic Regression for mental health
prediction among university students. The study
analyzed factors such as stress levels, sleep
quality, study duration, and academic pressure.
Experimental results indicated that Logistic
Regression provided reliable classification
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performance for identifying students
experiencing psychological distress. The research
emphasized the suitability of probabilistic
classification methods for educational and
healthcare-related prediction tasks due to their
interpretability and computational efficiency
[10].

Researchers have also investigated ensemble
learning methods for detecting burnout and
emotional fatigue. One notable study employed
the Random Forest algorithm to classify student
stress conditions using survey-based and
behavioral datasets. The results demonstrated
higher prediction accuracy compared with
traditional classification techniques, primarily
because Random Forest effectively handled large
feature sets and reduced overfitting problems.
The study concluded that ensemble-based
approaches could significantly improve the
reliability of student burnout detection systems
[11].

With the increasing adoption of online learning
platforms, several studies have focused on
monitoring student engagement through digital
learning behaviors. A recent investigation
analyzed student interaction logs, attendance
records, assignment submissions, and online
activity patterns to predict burnout tendencies.
The authors reported that machine learning
models trained on educational behavioral data
achieved promising results in identifying
disengaged and stressed learners. Their findings
suggested that continuous monitoring systems
could support timely academic interventions and
improve learning outcomes [12].

In addition to prediction techniques, researchers
have emphasized the importance of personalized
support mechanisms for students experiencing
burnout. A study on intelligent recommendation
systems proposed a rule-based framework that
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generated customized suggestions according to
individual ~ stress levels and academic
performance indicators. The system provided
recommendations related to study scheduling,
relaxation activities, and wellness practices.
Experimental  evaluation  revealed  that
personalized recommendations improved student
motivation and reduced perceived academic
stress [13].

The development of web-based mental health
monitoring systems has also gained considerable
attention. Researchers designed interactive
platforms using modern frontend technologies to
enhance user engagement and accessibility.
These systems enabled students to complete self-
assessments, track emotional states, and receive
real-time feedback. The studies highlighted that
responsive user interfaces and effective data
visualization  significantly  improved user
participation and system usability, particularly
among younger student populations [14].

Furthermore, recent research has explored the
integration of machine learning prediction
models with cloud-based databases and scalable
web architectures. The combination of intelligent
analytics, efficient data storage, and personalized
recommendation mechanisms has been shown to
provide comprehensive solutions for educational
mental health management.  Researchers
concluded that such integrated systems can
contribute to proactive student support, improved
academic  performance, and  enhanced
psychological well-being. However, challenges
related to prediction accuracy, personalization,
and real-time monitoring still require further
investigation, motivating the development of
more advanced burnout detection frameworks
[15].

The reviewed literature demonstrates that
machine learning algorithms, particularly
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Logistic Regression and Random Forest, play a
crucial role in burnout prediction. Additionally,
rule-based recommendation systems have proven
effective in delivering personalized guidance for
stress management. Although existing studies
have achieved promising results, there remains a
need for an integrated platform that combines
accurate burnout detection, user-friendly web
technologies, scalable database management, and
intelligent recommendation capabilities.
Therefore, the proposed Study Burnout Detection
System aims to address these research gaps by
providing a comprehensive and efficient solution
for identifying and mitigating student burnout.

1. SYSTEM ARCHITECTURE AND
DESIGN METHODOLOGY

The proposed Study Burnout Detection System is
designed to identify burnout symptoms among
students by combining machine learning-based
prediction techniques with a personalized
recommendation framework. The system follows
a modular architecture that enables efficient data
collection, processing, classification, and
recommendation generation. The architecture
integrates a modern web interface developed
using React.js/Next.js and Tailwind CSS, a
MongoDB database for data storage, and
machine learning models including Logistic
Regression and Random Forest for burnout
prediction. The overall objective is to provide an
intelligent platform capable of continuously
monitoring student well-being and delivering
timely interventions.

The operational workflow begins with student
registration and authentication through the web
interface. After successful login, students provide
information related to academic workload, study
duration, sleep patterns, stress levels,
concentration ability, assignment completion
rates, and other burnout-related indicators. These
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inputs are securely transmitted to the backend and
stored in MongoDB for further analysis.

The collected data undergoes preprocessing
before being supplied to the prediction engine.
Data preprocessing includes cleaning missing
values, normalizing numerical attributes, and
transforming categorical variables into machine-
readable formats. This stage improves data
quality and enhances the performance of the
machine learning models. Once preprocessing is
completed, the prepared dataset is forwarded to
the classification module.

The classification module employs Logistic
Regression and Random Forest algorithms to
evaluate the likelihood of burnout occurrence.
Logistic Regression estimates the probability of
burnout using a linear relationship between input
features and the target class. Random Forest
improves predictive performance by aggregating
the outputs of multiple decision trees trained on
different subsets of the data. The predictions
generated by both algorithms are compared and
validated to determine the most reliable burnout
classification.

The probability of burnout is computed using the
Logistic Regression model as follows:

X T ;
PB=11X)= [P0

K
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=

After classification, the detected burnout level is
categorized into low, moderate, or high-risk
groups. The prediction results are forwarded to
the recommendation engine, which utilizes
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predefined rules to generate personalized
suggestions. Students identified as low-risk
receive recommendations for maintaining healthy
study habits, while moderate-risk students are
encouraged to improve time management and
take regular breaks. High-risk students receive
more comprehensive recommendations involving
stress reduction techniques, wellness activities,
and professional counseling support where
necessary.

The recommendation engine plays a significant
role in transforming prediction outcomes into
actionable guidance. Rather than merely
identifying burnout conditions, the system
actively assists students in reducing stress and
improving academic productivity. This approach
enhances the practical usefulness of the platform
and promotes preventive mental health
management.

MongoDB serves as the central repository for
storing user profiles, assessment records,
prediction results, and recommendation histories.
Its document-oriented structure supports flexible
storage of educational and behavioral data while
enabling efficient retrieval during model
execution. The database also facilitates future
scalability when larger student populations are
incorporated into the system.

The frontend layer developed  using
React.js/Next.js and Tailwind CSS provides a
responsive and interactive environment for
students and administrators. Students can submit
assessments, view burnout predictions, and
access recommendations through a user-friendly
dashboard. Administrators can monitor system
performance, manage records, and evaluate
burnout trends across different student groups.

Overall, the proposed architecture establishes a
complete  workflow that integrates data
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acquisition, preprocessing, machine learning-
based prediction, intelligent recommendation
generation, and result visualization. By
combining advanced analytics with personalized
interventions, the system supports early burnout
detection and contributes to improved student
well-being and academic success.

/ Logistic Regression
Student Input | —|Data Preprocessing > Bumnout Defection 9| Rule Based!
\ R

Random Forest

Figure 1. Proposed Study Burnout Detection
System Architecture

Figure 1 illustrates the overall workflow of
the proposed Study Burnout Detection
System.  Student-related academic and
behavioral data are collected through the
web interface and undergo preprocessing
before being analyzed using Logistic
Regression and Random Forest algorithms.
The prediction results are integrated within
the burnout detection module, which
determines the student's burnout risk level.
Based on the identified risk category, the
rule-based recommendation engine
generates personalized suggestions to
support student well-being and improve
academic performance.

V. RESULTS AND DISCUSSION

The proposed Study Burnout Detection System
was evaluated using a dataset consisting of
student academic, behavioral, and psychological
indicators, including study duration, sleep
quality, stress level, assignment completion rate,
and concentration ability. The experimental
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analysis was conducted to assess the Table 2
effectiveness of the employed machine learning
algorithms and the recommendation framework Burnout Risk Classification Results
in identifying burnout risk levels among students.
Burnout Number  of | Percentage
The performance of the prediction models was Level Students (%)
evaluated using standard classification metrics Low Risk 128 42.67
such as accuracy, precision, recall, and F1-score. Moderate 104 34.67
The results indicate that the Random Forest Risk
classifier achieved superior  performance High Risk | 68 22.66
compared to Logistic Regression due to its Total 300 100.00
ensemble learning capability and robustness in
handling complex relationships among input Description:
features.
Table 2 illustrates the distribution of students
Table 1 across different burnout risk categories. The
majority of students were classified as low risk
Performance ~ Comparison of  Machine (42.67%), indicating  healthy  academic
Learning Models engagement and manageable stress levels.
However, 34.67% of students were categorized as
Model | Accura | Precisi | Reca | F1- moderate risk, suggesting the need for preventive
cy (%) |on (%) || Scor interventions. Furthermore, 22.66% of students
(%) |e were identified as high risk, highlighting the
(%) importance of timely support and personalized
Logistic | 87.20 85.90 84.6 |85.2 recommendations to prevent severe academic and
Regressi 0 4 psychological consequences.
on
Random | 93.80 92.70 919 | 923 Table 3 Recommendation Acceptance and
Forest 0 0 User Satisfaction Analysis
Description: Recommendatio | Acceptanc | Satisfactio
n Category e Rate (%) | n Score (1-
Table 1 presents the comparative performance of 5)
the employed machine learning models. The Study Time | 89.50 452
Random Forest classifier achieved the highest Management
accuracy of 93.80%, outperforming Logistic Stress Reduction | 91.20 4.68
Regression, which achieved an accuracy of Activities
87.20%. Similar improvements can be observed Sleep 86.40 4.41
in precision, recall, and F1-score values. The Improvement
superior performance of Random Forest is Suggestions
attributed to its ability to aggregate multiple Physical 88.70 457
decision trees and effectively capture nonlinear Wellness
relationships among burnout-related attributes. Activities
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Academic 84.90 4.35
Support
Guidance

Description:

Table 3 summarizes student responses to the rule-
based recommendation system. Stress reduction
activities received the highest acceptance rate
(91.20%) and satisfaction score (4.68), indicating
strong user preference for wellness-oriented
interventions.  Study  time  management
recommendations also demonstrated high
acceptance among students. These findings
confirm that personalized recommendations can
effectively support students in managing
academic pressure and reducing burnout
symptoms.

Discussion

The experimental findings demonstrate that
machine learning techniques can effectively
identify burnout patterns among students. Among
the evaluated algorithms, Random Forest
consistently ~ produced  higher  predictive
performance due to its ensemble structure and
ability to handle heterogeneous educational
datasets. Logistic Regression also achieved
satisfactory results and provided interpretable
predictions, making it useful for understanding
the influence of individual burnout indicators.

The burnout distribution analysis revealed that a
considerable proportion of students belonged to
moderate and high-risk categories, emphasizing
the necessity of continuous monitoring systems in
academic  environments.  The  proposed
framework successfully identified these students
and delivered targeted recommendations based
on their burnout levels.
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The recommendation analysis further validated
the practical usefulness of the system. High
acceptance rates and satisfaction scores indicate
that  students perceived the generated
recommendations as relevant and beneficial. The
integration of predictive analytics with rule-based
guidance transformed the system from a simple
detection tool into a comprehensive student
support platform.

Overall, the results confirm that the proposed
Study Burnout Detection System can accurately
predict burnout risks and provide meaningful
interventions, thereby contributing to improved
student well-being and academic performance.

VI. CONCLUSION

This paper presented a Study Burnout Detection
System designed to identify students at risk of
academic burnout through the integration of
machine learning and intelligent recommendation
techniques. The proposed framework utilized
Logistic Regression and Random Forest
algorithms to analyze academic, behavioral, and
psychological indicators associated with burnout.
A rule-based recommendation engine was further
incorporated to provide personalized suggestions
aimed at reducing stress and improving student
well-being.

Experimental evaluation demonstrated that the
Random Forest classifier achieved superior
predictive performance, attaining an accuracy of
93.80%, while Logistic Regression also delivered
reliable classification results. The system
successfully categorized students into different
burnout risk levels and generated targeted
recommendations that received high acceptance
and satisfaction among users. These findings
highlight the effectiveness of combining
predictive  analytics  with  personalized
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intervention

strategies in educational

environments.

The proposed system offers a scalable and user-
friendly solution for early burnout detection,
enabling educational institutions to monitor
student well-being proactively and provide
timely support. Future work may focus on
integrating deep learning techniques, real-time
behavioral analytics, wearable sensor data, and
adaptive recommendation mechanisms to further
enhance prediction accuracy and intervention
effectiveness.
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