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Mental health concerns have become a pressing issue in today’s healthcare landscape, largely due
to a widespread lack of awareness. This research seeks to leverage machine learning (ML)
techniques to help individuals identify potential mental health challenges such as depression,
anxiety, and insomnia, focusing on symptom recognition. We gathered data from over 1,600
participants through surveys and direct interviews, particularly including those experiencing mental
stress, to develop a comprehensive dataset. Additionally, we conducted a systematic review of
various ML approaches to predict mental health issues, highlighting their challenges, limitations,
and paths forward. Our study employed several ML algorithms such as support vector machines,
random forests, and decision trees to assess their efficacy in predicting mental health conditions.
By utilizing these algorithms, we aim to pinpoint potential mental health issues based on individual
symptoms and behaviours, thereby fostering greater awareness and encouraging individuals to seek
the support they may need. Notably, research indicates that decision trees can achieve high accuracy
rates, especially when employed alongside other algorithms.

1. Introduction

Mental health has emerged as a crucial concern in modern society, affecting millions of
individuals worldwide. The increasing prevalence of mental health issues such as depression,
anxiety, and stress underscores the urgent need for effective interventions and support systems.
In recent years, the significance of mental well-being has gained recognition, prompting public
discussions and initiatives aimed at reducing stigma and encouraging open dialogue about
mental health. However, despite these advances, many individuals remain unaware of the
symptoms and signs of mental illness, which can lead to delayed diagnoses and inadequate
treatment. Awareness plays a pivotal role in addressing mental health challenges increased
awareness can facilitate early intervention, which is often critical in preventing the escalation
of mental health issues.

In this context, machine learning stands out as a powerful tool that can significantly enhance
early detection and intervention strategies in mental health care. By analysing vast amounts of
data collected from individuals through surveys and other means, machine learning algorithms
can identify patterns and correlations that may not be immediately apparent to healthcare
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professionals. These algorithms can predict potential mental health problems, enabling timely
recommendations for individuals to seek professional help. The integration of machine
learning into mental health awareness initiatives has the potential to revolutionize how we
approach mental health care, ultimately leading to better outcomes for individuals and
communities alike.

PROBLEM DEFINITION

The primary objective of this project is to predict mental health issues utilizing machine
learning techniques. By systematically analysing data collected from individuals, we aim to
identify potential mental health concerns such as depression, anxiety, and insomnia. This
prediction system is not only designed to deliver insights into an individual's mental state but
also to foster awareness of the symptoms associated with various mental health conditions.

To develop an effective prediction system, several key components must be considered. First
and foremost, data pre-processing is essential. This involves cleaning and organizing the raw
data collected through surveys, ensuring that it is in a usable format for machine learning
algorithms. The pre-processing stage may include handling missing values, normalizing data,
and removing irrelevant attributes that do not contribute to the predictive model's accuracy.
This step is crucial as the quality of the data directly impacts the performance of the prediction
algorithms. Next, algorithm development is a vital aspect of the prediction system. Various
machine learning algorithms, such as decision trees, random forests, and support vector
machines, will be evaluated for their effectiveness in predicting mental health issues. The
selection of an appropriate algorithm will depend on its ability to accurately classify and
predict outcomes based on the processed data. Additionally, training and tuning these
algorithms will involve a rigorous evaluation process to ensure they perform well on unseen
data. Finally, the importance of user-friendly outputs cannot be overstated.

2. LITERATURE REVIEW

A literature review on predicting mental health outcomes using machine learning highlights
recent approaches across various mental health conditions, such as depression, anxiety,
schizophrenia, and bipolar disorder Recent studies reveal that machine learning models can
outperform traditional statistical methods in predictive accuracy, especially when
incorporating multimodal data like text, audio, and physiological signals. However, ethical
concerns, data privacy, and the need for explainable Al remain significant challenges.
Researchers are also working on improving model generalizability across diverse populations
to ensure equity in mental health care.Predicting mental health conditions has become
increasingly viable with the advent of machine learning (ML), allowing early intervention and
potentially better outcomes for individuals. Various studies have employed diverse data
sources and ML techniques to address this challenge. Below are key insights from recent
research in this domain.

Sentiment Analysis and Natural Language Processing (NLP): Studies like Tsakalidis et al.
(2020) highlight the effectiveness of NLP in analyzing social media data, such as Twitter and
Reddit posts, to predict signs of depression and anxiety. Sentiment analysis within these
platforms can reveal patterns of negative language use, which correlates with mental health
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issues[3].ML Models for Risk Prediction: A study by Bi et al. (2019) implemented Random
Forest and Support Vector Machine models to classify individuals at risk of depression based
on demographic and survey data[4]. They found that ML can identify high-risk individuals
with greater accuracy than traditional methods, especially when integrating diverse datasets.

Sensor Data and Smartphone Usage: Mohr et al. (2021) explored using sensor data from
smartphones, such as location and app usage patterns, to predict depressive symptoms. This
study showed that changes in activity patterns correlate with mood and can be used in
predictive models to monitor mental health passively[5].

EEG-based Prediction Models:Rakshit and Soni (2020) used electroencephalogram (EEG)
data to classify mental health conditions like anxiety and schizophrenia. With convolutional
neural networks (CNNs) applied to EEG signals, they achieved promising results, suggesting
that biosignal analysis can provide insights into neural changes associated with mental
health[6].Predicting Suicide Risk: Tran et al. (2019) focused on identifying suicide risk in
individuals using machine learning algorithms applied to electronic health records (EHRS). By
analyzing clinical notes, they demonstrated that ML models could flag individuals at elevated
suicide risk with a high degree of accuracy, aiding healthcare professionals in early
intervention efforts[7].Data Integration from Multiple Sources: De Choudhury and Counts
(2018) investigated how combining data from multiple sources, such as wearable devices,
social media, and self-reports, enhances the accuracy of ML models in predicting depression.
This integrative approach reflects the complexity of mental health, where various behavioral
and biological factors interplay[8].

3. PROPOSED METHOD

To develop the proposed system, we first established a dataset for data processing. We
gathered this dataset through a combination of questionnaires and interviews. The
questionnaire comprises 58 questions that explore various factors significantly impacting
mental health. Participants were asked about their experiences with questions such as:

- Do you often feel anxious?

- Have you experienced mood swings frequently?

- Do you find it difficult to concentrate?

- Have you ever been diagnosed with a mental illness?
- How often do you engage in physical exercise?

- Are you satisfied with your current life situation?

Our target group included individuals experiencing mental stress, as well as those who have
been prescribed medication for mental health issues. Once all the data was collected, we
compiled a dataset consisting of 1,600 entries.The survey engaged a wide range of participants
representing various ages, genders, professions, and lifestyles. This diversity was crucial in
making sure the dataset accurately reflected the larger population, facilitating more reliable
predictions regarding mental health conditions.
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After gathering nearly 1600 responses, we moved on to the crucial step of data pre-processing.
This phase is vital as it converts raw data into a clean format suitable for analysis. The pre-
processing tasks included: Initially, we focused on identifying and eliminating any incomplete
or inconsistent entries within the dataset. We carefully addressed null values and outliers to
improve data quality. For example, when a participant left a question unanswered or provided
an unrealistic answer, we either made the necessary corrections or removed those entries
entirely.

Once the data was cleaned, we transitioned to determining which features (or attributes) were
most relevant to our mental health predictions. During the feature selection process, we
analysed which questions showed significant correlations with the mental health conditions in
guestion. We employed techniques like correlation analysis and recursive feature elimination
to retain only the most valuable variables.Next, we standardized numerical responses to ensure
that all features contributed equally to the analysis. Normalization was especially important
for algorithms sensitive to data scale, allowing us to achieve more accurate model training.

Through careful data collection and pre-processing, we established a solid foundation for
developing machine learning models that can effectively predict mental health issues. This
thorough approach not only boosts the reliability of our predictions but also ensures that the
insights we derive can be actionable and helpful for individuals seeking assistance with their
mental health challenges.The use of machine learning (ML) in diagnosing mental health issues
has recently gained considerable traction, showcasing its ability to transform the identification
and treatment of these conditions. Numerous algorithms, particularly decision trees and
ensemble methods like Random Forest and Gradient Boosting, have proven effective in
predicting mental health challenges.Decision trees offer a clear visual framework of the
decision-making journey, which helps healthcare providers interpret outcomes more easily.
These trees classify data according to different feature values, crafting branches that guide
users to decisions, making it simpler to spot mental health disorders based on a range of
symptoms. Studies reveal that decision trees achieve commendable accuracy, especially when
combined with other algorithms. For instance, they have been effective in diagnosing disorders
such as depression and anxiety, permitting timely intervention.

Ensemble methods have also demonstrated significant success by merging various algorithms
to boost predictive accuracy. Random Forest enhances precision by averaging predictions from
numerous decision trees, which minimizes the risk of overfitting. Gradient Boosting, on the
other hand, constructs trees sequentially, concentrating on correcting errors made by earlier
models. These techniques often yield superior accuracy rates compared to standalone
algorithms.However, several challenges still face these methodologies. A notable issue is the
quality and representativeness of the training data for machine learning models. Many studies
utilize small or biased datasets, which can distort outcomes and limit the applicability of
results. Moreover, the complexity of models like deep learning can hinder their
interpretability, posing challenges for clinicians who may find it difficult to grasp the rationale
behind certain decisions.Another concern is the risk of overfitting, where models excel on
training data yet struggle with new, unseen data. This highlights the necessity for meticulous
validation techniques and thoughtful feature selection to ensure dependable model
performance. Ultimately, while machine learning offers significant potential for enhancing
mental health diagnosis, overcoming these limitations is essential to its effective application
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in clinical practice.These findings illustrate the promising role of machine learning in
predicting mental health outcomes through varied data sources and innovative modeling. They
indicate that ML can improve early detection and tailored interventions, though ethical issues
and data privacy remain critical areas for ongoing investigation.

4. RESULT AND DISCUSSION

The survey targeted a diverse demographic, encompassing individuals of different ages,
genders, professions, and lifestyles. This diversity was essential to ensure that the dataset
would be representative of the broader population, allowing for more accurate predictions of
mental health conditions.
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Fig 1 Correlation matrix

The correlation matrix is a tool used to quantify the linear relationships between two variables.
To create this matrix, we calculate the correlation coefficient for every combination of variable
pairs and fill in the respective cells .The correlation matrix calculates the linear relationship
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between two variables. The matrix is constructed by computing the correlation coefficient for
each pair of variables and inserting it into the relevant cell of the matrix.

The following formula is used to compute the correlation coefficient between two variables:
r=MnEXY — ZXXY) / sqrt(nZX"2 — (EX)"2)(nZY"2 — (ZY)"2))

Where:

r = correlation coefficient

n = number of observations

2XY = sum of the product of each pair of corresponding observations of the two variables
> X = sum of the observations of the first variable

XY = sum of the observations of the second variable

2X”2 = sum of the squares of the observations of the first variable

XY”2 = sum of the squares of the observations of the second variable

The resulting correlation coefficient varies from -1 to +1, with -1 being a perfect negative
correlation, +1 representing a perfect positive correlation, and 0 representing no correlation
between the variables.

Confusion Matrix
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Fig 2 Confusion matrix

A confusion matrix is a tool used in machine learning and statistics to evaluate the performance
of a classification model. It organizes predictions into four categories: True Positives (TP),
where the model correctly identifies a positive instance; True Negatives (TN), where it
correctly identifies a negative instance; False Positives (FP), where it incorrectly predicts a
positive result; and False Negatives (FN), where it misses a positive instance. By displaying
these outcomes, the confusion matrix provides a detailed breakdown of a model’s
Nanotechnology Perceptions Vol. 20 No. S15 (2024)
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performance, highlighting both its strengths and weaknesses. It serves as the foundation for
calculating key metrics such as accuracy, precision, recall, and F1-score, helping practitioners
assess how well the model performs and identify areas for improvement.

Accuracy =TP+TN/= TP+TN+FP+FN
Precision= TP/ TP+FP
Recall=TP/TP+FN
Specificity=TN/FP+TN

The KNeighborsClassifier produce an accuracy of 92.12 and random forest classifier produce
an accuracy of 94.3 and decision tree produce 95.2 accuracy

Decision Trees provide a clear model structure that is easy to interpret. They classify data by
splitting it based on feature values, creating a tree-like structure that leads to decisions. Their
transparency allows healthcare professionals to understand the reasoning behind predictions,
which is particularly valuable in mental health contexts. However, they can be prone to over
fitting if not pruned correctly, necessitating careful implementation.

5. CONCLUSION AND FUTURE SCOPE

Mental health prediction using advanced technologies, such as machine learning and data
analytics, has shown significant promise in identifying individuals at risk, enabling early
interventions, and tailoring treatments to specific needs. Current models have demonstrated
effectiveness in analyzing diverse data sources, including social media activity, physiological
signals, and clinical records, to predict mental health conditions such as depression, anxiety,
and stress. However, challenges such as data privacy, ethical concerns, and the need for robust,
interpretable models remain critical areas for attention.In the future, integrating multimodal
data—such as combining wearable sensor data with genetic, behavioral, and environmental
factors—can enhance the accuracy and reliability of predictions. Developing personalized
prediction models that adapt to individual differences over time holds potential for more
effective interventions. Additionally, addressing biases in datasets and ensuring models are
culturally sensitive can improve their applicability across diverse populations. Collaboration
among mental health professionals, data scientists, and policymakers will be crucial in
translating these technological advancements into real-world solutions that are both effective
and ethical.
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