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Abstract. This study investigates the application of machine learning (ML)
algorithms in predicting depression severity among university students in
Bangladesh using the Patient Health Questionnaire-9 (PHQ-9) dataset. A total of
577 students participated in the study, with data collected via an online survey
that included the PHQ-9 alongside other socio-demographic information. The
research evaluates the performance of six machine learning classifiers: Logistic
Regression, Random Forest, Gradient Boosting, Support Vector Classifier
(SVC), Multi-Layer Perceptron (MLP), and Voting Classifier. The findings
reveal that the Voting Classifier outperformed all other models, achieving an
accuracy of 98.70%, followed by Gradient Boosting and Random Forest. The
results highlight the potential of ML in early detection and intervention for mental
health issues, particularly depression, within the context of Bangladesh’s
university student population. The study underscores the importance of
addressing ethical considerations, such as privacy and informed consent, when
utilizing Al in sensitive health contexts. This research contributes to the growing
body of work advocating for the integration of predictive analytics in mental
health diagnostics, offering a promising pathway for future applications in mental
wellness strategies.

Keywords: Depression prediction, Mental health, Predictive analytics, Machine
learning, University students

© The Author(s) 2026

M. S. Arefin et al. (eds.), Proceedings of the International Conference on Intelligent Data Analysis and
Applications (IDAA 2025), Advances in Intelligent Systems Research 206,
https://doi.org/10.2991/978-94-6239-664-7_23


mailto:amin15-6197@s.diu.edu.bd
mailto:tanvir.chp07@gmail.com
mailto:zahinulhaquechowdhury@gmail.com
mailto:abdullah15-3842@diu.edu.bd
mailto:abdullah15-3842@diu.edu.bd
mailto:mahmoodtahmid006@gmail.com
mailto:jameee415@gmail.com
mailto:pervesh669@gmail.com
https://doi.org/10.2991/978-94-6239-664-7_23
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6239-664-7_23&domain=pdf
mailto:abdulkader.gen@gmail.com
mailto:tahmeedhameem1@gmail.com

332 MD. Alamin et al.
1 Introduction

In the realm of mental health, depression stands as a critical concern, particularly
among university students who face unique stressors and life transitions [9]. The prev-
alence of depression in this demographic has implications not just for individual well-
being, but also for academic performance and overall societal health [4]. In Bangladesh,
a country with its distinct socio-cultural dynamics, understanding and addressing de-
pression among university students is of paramount importance [8]. Recent advance-
ments in machine learning offer new frontiers in the identification and prediction of
mental health issues [6]. This study harnesses these advancements to explore the po-
tential of various machine learning algorithms in predicting depression levels among
university students in Bangladesh [5]. The deployment of these algorithms aims not
only to enhance the accuracy of depression detection but also to contribute to the pro-
active management of mental health resources in educational institutions [7]. The back-
bone of this study is the Patient Health Questionnaire-9 (PHQ-9) dataset, comprising
data from 577 students across diverse educational institutions in Bangladesh. The PHQ-
9, a validated instrument for assessing depression, provides a comprehensive frame-
work to capture the multifaceted nature of depressive symptoms [3]. This study em-
ploys a range of machine learning algorithms - Logistic Regression, Random Forest
Classifier, Gradient Boosting Classifier, Support Vector Classifier (SVC), and Multi-
layer Perceptron (MLP Classifier) - each offering unique strengths in handling the in-
tricacies of mental health data [1]. Through this research, we endeavour to bridge the
gap between machine learning technology and mental health applications in the context
of Bangladesh [2]. By doing so, we aim to contribute to the growing body of knowledge
in predictive analytics for mental health, offering insights that could be pivotal for early
intervention strategies and tailored support services for university students grappling
with depression [10].

1.1 Motivation

In Bangladesh, most family and friends have a traditional conviction that conceptual
illness concerns do not need any treatment. Students are the foundation upon which a
nation depends. By furthering the nation's knowledge and skills, students serve as its
ambassadors abroad. It is a concern for all countries that these young people may drop
out of school too soon. Teens in Bangladesh face a lot of challenges, including those at
home, at school, with their relationships, with substance abuse, as well as their families.
Our research aims to better understand the prevalence of depression among college stu-
dents, the variables that contribute to it, and how to alleviate it. Sadness may take sev-
eral forms for an individual, depending on their circumstances. Major depressive dis-
order is a common problem. However, the main problem is that very few people in our
country understand the significance of mental health. Being unable to understand one's
despair. A doctor or counsellor isn't on their agenda. We investigate the literature, as
there hasn't been a lot of research done in this sector. This region needs a lot more
exploration. Therefore, we are utilizing the common and extensively utilized machine
learning technique for carrying out the depressive diagnosis work. So, it must detect
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whether a person is unhappy or not based on their regular actions or lifestyle. In order
to identify an individual's mental wellness condition, we propose building a method or
structure in which machine learning may be highly useful.

2 Literature Review

Chen, L., Zhang, Y., & Liu, X. (2020) have demonstrated that machine learning algo-
rithms, especially ensemble methods, are highly effective in predicting depression,
thereby validating the potential of these technologies in mental health diagnostics.

The study has shown that machine learning algorithms, especially ensemble ap-
proaches, are very successful in predicting depression, proving the promise of these
technologies in mental health diagnostics. The study stresses the prospective signifi-
cance of sophisticated algorithms in increasing our knowledge and detection of de-
pressed states, adding to the expanding body of data supporting the value of machine
learning in mental health evaluations [1]. Aligning with this, Das, A., & Kumar, P.
(2022) discuss the deployment of technology for mental health, research examines the
specific problems and possibilities. The debate underlines the necessity of culturally
sensitive interventions, emphasizing the need for a nuanced approach to technology
adoption in varied cultural settings. This paper offers useful insights for academics,
practitioners, and policymakers attempting to incorporate technology into mental health
treatment while recognizing the socio-cultural subtleties [2]. Complementing this,
Gomez, S., & Turner, J. (2018). Establishing a particular instrument as a credible meas-
ure for depression severity evaluation, research supports its usage in varied groups. This
work bolsters the basis for standardized instruments in mental health evaluations, boost-
ing the reliability and comparability of tests across diverse demographic groups. The
study is a helpful resource for physicians and academics interested in detecting and
monitoring depression symptoms [3].

The impact of depression on the academic performance of university students has
been a focal point of research by Johnson, L., & Green, P. (2020). Their findings dig
into the influence of depression on the academic performance of university students,
demonstrating a clear association between mental health difficulties and academic re-
sults. By demonstrating the connection between mental health and academic perfor-
mance, the research underlines the necessity of treating mental health challenges to
enhance overall student well-being and accomplishment. The results give practical in-
sights for educators and policymakers concerned with boosting student performance
[4]. This is further supported by Khan, S., & Mirza, N. (2023), who contribute to the
knowledge of machine learning's function in mental health diagnostics, research that
stresses the predictive possibilities of machine learning algorithms. This focus adds to
the expanding body of research supporting the use of modern technology in recognizing
and managing mental health concerns. The study emphasizes the potential of machine
learning as a helpful tool in mental health evaluations, opening the path for novel diag-
nostic techniques [5]. Lee, C. (2022) extends this discussion by providing an assess-
ment of machine learning applications in mental health, giving a holistic perspective on
the rising relevance of these techniques. By combining current knowledge, the review
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helps to our understanding of the varied uses of machine learning in mental health sit-
uations. It serves as a significant resource for academics, clinicians, and policymakers
seeking a detailed grasp of the emerging landscape of machine learning in mental health
treatment [6].

Ethical considerations in employing machine learning for mental health care have
been critically examined by Patel, V., & Singh, M. (2021), who emphasize the need for
transparency and ethical responsibility in algorithm development. Their critical assess-
ment stresses the need for ethical concerns, stressing the possible ramifications of al-
gorithmic decision-making in sensitive healthcare circumstances [7]. This is crucial in
the context of Bangladesh, as explored by Rahman, M., & Aziz, R. (2019), who discuss
the mental health challenges and the importance of understanding local contexts in
mental health interventions. Their investigation sheds light on the cultural subtleties
that play a key role in resolving mental health concerns in this specific location [8]. The
stress and mental health of university students have been the subject of a comprehensive
review by Smith, A., et al. (2021), providing a backdrop for understanding the mental
health landscape in academic settings. This study provides a great background for com-
prehending the mental health environment in academic settings, bringing insights into
the numerous difficulties encountered by students. Their work adds to the burgeoning
area of employing machine learning for proactive mental health treatment [9]. In a sim-
ilar vein, Wang, F., & Zhao, Y. (2021) delve into the emerging trends in predictive
analytics for mental health, underscoring the potential of these models in early diagno-
sis and treatment personalization [10].

The role of machine learning in identifying mental health trends among college stu-
dents is further explored by Anderson, P., & Thompson, R. (2022), who find significant
potential in these tools for early detection and intervention. They examine the use of
machine learning in detecting mental health patterns among college students, indicating
tremendous possibilities for early diagnosis and intervention. Their results add to the
continuing conversation on utilizing technology for proactive mental health assistance
[11]. Banerjee, D. (2021) offers insights into the mental health challenges of South
Asian university students, emphasizing the cultural variability in mental health experi-
ences. This gives insights into the mental health difficulties uniquely experienced by
South Asian university students, stressing the cultural variety in mental health experi-
ences. This investigation underlines the need to incorporate varied cultural backgrounds
in mental health therapies [12]. Carter, K. L., & Smith, J. (2020) provide a systematic
review of machine learning applications in mental health, offering a broad perspective
on the methodologies used in this field. Their review serves as a valuable resource for
understanding the landscape of machine learning in mental health research. Their work
contributes to the ongoing discourse on responsible Al use in healthcare [13].

The ethical implications of Al in mental health care are critically examined by Davis,
R., & Patel, V. (2019), highlighting the importance of ethical considerations in studies
involving Al and sensitive health data. Their findings add to the knowledge of practical
concerns in deploying predictive analytics [14]. The methodological approach to im-
plementing predictive analytics in mental health is elaborated by Edwards, A., & Ku-
mar, S. (2023), who provide valuable case studies and lessons relevant to this study
[15]. The variability of mental health issues among university students is a focus of
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Fisher, J., & Green, T. (2021), offering insights into different institutional contexts [16].
Advanced machine learning techniques in mental health diagnosis are investigated by
Gupta, S., & Agarwal, M. (2019), particularly in complex diagnostic scenarios. They
research sophisticated machine learning approaches in mental health diagnosis, espe-
cially in complicated diagnostic settings. Their study leads to the development of so-
phisticated instruments for accurate and fast mental health evaluations [17]. The mental
health challenges of university students in emerging adulthood are discussed by Harris,
L. (2018), aligning with the demographic focus of the current research [18].

Igbal, M. Z., & Rahman, A. (2023) provide a perspective on machine learning in
healthcare in Bangladesh, relevant for understanding the technological landscape in the
region. Their study is especially significant for understanding the contextual variables
affecting the adoption of technology in mental health treatment [19]. Finally, James, S.
(2020) discusses the legal and clinical consequences of machine learning in healthcare,
stressing responsible Al usage. This study adds to the ethical conversation around the
integration of machine learning in healthcare, assuring responsible and patient-centered
applications [20].

3 Research Methodology

3.1 Dataset

For this study, data were collected from 577 students at Daffodil International Uni-
versity through a Google Form, which included questions on study preferences (home
vs. dormitory) and the PHQ-9 to assess depression symptoms. Ethical standards were
strictly followed, ensuring informed consent and participant privacy. The data was then
processed in several stages: preprocessing, organizing, leveling, and storing. Initially,
raw data was converted into an Excel format for easier analysis. We labeled depression
levels based on PHQ-9 scores, which were categorized into four severity levels: mini-
mal, mild, moderate, and severe. Missing data was handled using an imputer, and cat-
egorical values were converted into numerical data. Data normalization techniques like
Min-Max normalization were applied to ensure compatibility with machine learning
algorithms. The cleaned dataset was then used for statistical analysis and machine
learning to predict depression severity among university students.

3.2  Proposed Methodology

The process begins with raw data, which is cleaned and normalized in the data pre-
processing stage. The dataset is then split into training (80%) and testing (20%) sets.
The machine learning classifier is trained on the training set and tested on the testing
set to evaluate its performance [21]. Evaluation metrics such as accuracy, precision,
and recall are calculated to assess the model. The results from different classifiers are
compared, and the best-performing classifier is selected for final use. This method,
guided by the PHQ-9, meticulously transforms emotional responses into quantifiable
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data, which helps in predicting depression severity. The harmonized flow of data
through preprocessing, training, and evaluation culminates in the selection of the most
effective model for depression prediction [22].
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33 Results and Discussion

Voting Classifier, with an accuracy of 98.70%, stands out as the most proficient
model among those tested. This ensemble model's performance is indicative of the
strength that lies in aggregating the decisions of various algorithms to form a more
accurate prediction. The high level of precision and recall associated with the Voting
Classifier demonstrates its capability in effectively identifying the correct instances of
depression while minimizing false identifications.

Table 1. Comparison of Different Algorithms' Results

Algorithms Accuracy Precision | Recall (%) F1 Score (%)
(%) (%)
Voting Classifier 98.7095 98.6946 98.6985 98.6957
Gradient Boosting 98.4921 98.2815 98.2646 98.2653
Classifier
Random Forest 96.3182 96.0326 96.0954 95.9957
Classifier
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Support Vector 94.3617 94.4201 94.3601 94.2388
Classifier
Logistic 93.7095 93.6811 93.7093 93.6317
Regression
MLP Classifier 70.4949 71.2023 71.1497 70.4810

The adaptability of these models to complex data relationships is particularly rele-
vant in the context of mental health, where the manifestations of depression are multi-
faceted and nuanced. The Random Forest Classifier's 96.31% accuracy further under-
scores the value of ensemble tree-based methods. Models like Perceptron and SGD
Classifier showed lower accuracy, highlighting the difficulty of applying linear models
to complex mental health data. This suggests a misalignment between linear model as-
sumptions and the intricacies of mental health. While these predictive models could aid
early detection and intervention in clinical settings, they should complement, not re-
place, clinical judgment. Ethical considerations, such as privacy, consent, and the im-
pact of false predictions, are crucial when implementing Al in mental health. This study
contributes to the growing integration of machine learning in mental health care, but
careful attention to ethical issues and human behavior is essential for future develop-
ment and deployment.

Our voyage in mental health emerges from the classification ballet. The entire set of
classifiers—Logistic Regression, Gradient Boosting, Random Forest, SVM, MLP, and
the Voting Classifier—takes a bow, leaving behind a path of insights. Each classifier,
a protagonist in our prediction anxiety, demonstrates its brilliance. Logistic Regression,
with its pragmatic simplicity, whispers insights. Gradient Boosting, a master of intricate
patterns, creates a vibrant painting. Random Forest, the ensemble virtuoso, harmonizes
different voices into a coherent forecast. SVM, a master of support, orchestrates bound-
aries with delicacy. MLP, the neuronal virtuoso, navigates complicated emotional land-
scapes. The Voting Classifier, a democratic amalgamation, merges multiple perspec-
tives into a holistic forecast. As the curtain rises on the feature film tableau, the Random
Forest takes the lead, presenting the notes that resound most powerfully in forecasting
mental well-being. The dance of features—capturing the essence of the PHQ-9—
reveals interesting insights into the symphony of depression prediction. In the delicate
interplay between accuracy, recall, and F1-score, classifiers display their strengths. Lo-
gistic Regression, a trusted guide; Gradient Boosting, a lighthouse of sensitivity; Ran-
dom Forest, a paragon of balanced prediction; SVM, a sentinel of support; MLP, a neu-
ral confidant; and the Voting Classifier, a consensus builder. Our predictive orchestra
attests—each classifier, a maestro interpreting the emotional notes stored in the PHQ-
9. The debate digs deep into these harmonies, revealing the complexities, nuances, and
ramifications of our mental well-being orchestration.
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4 Conclusion

4.1  Summary of the Study

This research attempted a detailed inquiry of the mental health of university stu-
dents, concentrating on the incidence of depression and its consequences. Through the
application of the PHQ-9 questionnaire, data from 577 individuals were gathered and
analyzed. The study topic and equipment entailed rigorous mapping and modification
of responses, giving a detailed knowledge of depression levels. The six selected ma-
chine learning methods, including Logistic Regression, Gradient Boosting, Random
Forest, SVM, MLP, and Voting Classifier, were used to predict depression based on
the PHQ-9 data. The survey indicated that a disturbing 81.70% of university students
had at least a minimal degree of depression, signifying a substantial public health risk.
It further proved the potential of machine learning algorithms in identifying and com-
prehending mental health concerns among students.

4.2 Conclusion

This study on predicting depression among university students in Bangladesh
through machine learning has revealed the power of algorithms in identifying complex
depressive patterns. The Voting Classifier, with its near-perfect accuracy, alongside the
strong performances of Gradient Boosting and Random Forest, demonstrates the value
of combining diverse models for deeper insights. These advancements offer hope for
the early detection of depression, especially in resource-limited settings. However, eth-
ical considerations—such as privacy, consent, and the dignity of individuals—remain
crucial. This research, while groundbreaking, is just the beginning. Future studies
should expand the dataset, validate findings in clinical settings, and refine models for
personalized care. Ultimately, this work highlights the potential of machine learning to
transform mental health care while emphasizing the responsible use of technology in
sensitive health contexts.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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