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ABSTRACT

In Bangladesh, there is a rising public health issue around suicide. Targeted suicide control and
prevention efforts can be greatly aided by a thorough understanding and forecast of suicide
patterns. In this research, after initially analyzing suicide trends and geographical distribution of
suicides in Bangladesh, we developed a machine learning model for predicting suicide at the
county level for the seven-year period between 2015 and 2022 using publicly available data.
Suicide is the intentional act of harming oneself in an effort to end one's life. Suicides frequently
have a variety of causes, including despair, financial hardship, mental illness, legal issues,
encompassing situations, etc. People's propensity for self-destruction may be a severe problem that
is not unique to any one state or nation. Suicide may significantly affect the worldwide death rate,
according to data at the global level. Additionally, suicide is among the top twenty causes of death
in the globe. Suicide is a subject that has gained increasing cultural attention. Actually, it is one of
the major causes of death in the contemporary world. In order to counter this threat, it is crucial to
develop precise prediction algorithms based on available data. The research primarily examines
suicide data, finds significant risk variables, and forecasts future suicide attempts with a high
degree of accuracy. Three machine learning algorithms—Iogistic regression, random forest, and

Naive-Bayes—have been compared with the goal of predicting suicide.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Additionally to the 703 000 suicides per year, many more individuals attempt suicide. Every
suicide is a tragedy that profoundly affects the surviving, including the families, neighborhoods,
and whole countries. In 2022, the fourth leading cause of mortality globally for those ages 15 to
29 was suicide, which can happen to anybody. Suicide is a worldwide disease that affects all
nations, not just those with great incomes. In actuality, suicide rates in low- and middle-income
countries increased to above 77% in 2019. Despite being a serious public health concern, suicide
may be prevented using quick, reliable, and usually low-cost treatments. The efficacy of national
programs depends on a comprehensive multisectoral suicide prevention approach. Predicting and
calculating the likelihood of suicide conduct in mental patients is a significant and difficult
treatment topic. Suicide attempts have been evaluated and correlated with numerous clinical
parameters using a variety of techniques that have been developed and tested. Despite the fact that
earlier suicide attempts have long been believed to be a significant predictor of future suicide
attempts, just one third of people who attempt suicide have a history of doing so. Despite the
widespread use of clinical measures to evaluate suicidal ideation and behavior, these measures'
specificity for suicide attempt detection is often inadequate because they commonly mistake high-
risk attempters for low-risk individuals. Despite the fact that machine learning algorithms showed
great performance that could be evaluated in clinical settings, categorizing and predicting suicide
attempts is still challenging. The primary concerns appear to be self-reporting bias of suicide
attempts and the low accuracy of any measure used to predict suicide attempts. Inconsistency in
predictors is a significant hurdle in addition to these other considerations. When assessing suicide
attempts, it is usual to use one or two clinical measures, such as the scores for despondency and
suicidal intention. In some situations, this method can demonstrate dependability, but it is easily
susceptible to reporting biases on the part of the respondents [1]. When calculating suicide
attempts, using different clinical scales simultaneously may help to minimize biases and improve
classification accuracy. Life satisfaction, purpose in life, and emotion control are examples of

positive psychological qualities that are seldom utilized as factors in evaluating suicide attempts.
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Additionally, depressive, anxious, and hopeless psychological states have all been linked to an
increased risk of suicide attempt. The level of patients' positivity should be taken into account
because suicidality might be caused by a lack of satisfying feelings and emotions [2] the estimation
of suicide attempts might be required. Using a specific artificial neural network classifier, we
provide a model in this research for classifying suicide attempts in individuals with mental
ilinesses. In order to create and test this novel model, we assessed the classification power for real
suicide attempts of 31 self-report psychiatric and psychological measures, which are routinely used

in clinical settings.
1.2 Objective

Since there are many problems in the world that lead to depression, mental sickness, irritability,
etc. we have decided to prevent them. First, we'll use social media to identify anyone who has
experienced depression or has considered doing so, after which we'll give them some information
in the hopes that it will help them avoid it. Finally, we will use our system to call you for a brief

interview.
* The gathering of data from social media
* Extraction of data to identify those who have experienced suicidal thoughts.

* Following the prediction, we would work to stop them.

1.3 Motivation

Because psychiatric disorders are known to increase the risk of suicide in the general population
and are frequently found to be closely associated with one another, hierarchical clustering could
be used to determine the relationships among the potential illnesses that could be causing such a
suicidal-risk scenario (concept of syndrome).Additionally, rules might be created using the
information collected to validate the connections between the clusters. The ideation-to-action
framework's acceptance and the expansion of ideation-to-action theories of suicide are
encouraging developments that will significantly increase our understanding of and ability to

prevent suicide. However, there are still significant information gaps. These holes restrict our
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capacity to comprehend suicide and lessen its prevalence and need to be the subject of intense

study initiatives in the next years.
1.4 Rational of the Study

This work has a wide range of applications. In order to be more proactive in the support they
provide and to provide some unstated context useful to support during the time immediately
following a celebrity suicide report, community moderators may make plans for when famous
people commit suicide. By doing this, they and other interested/committed volunteers will be able
to do both. They will be able to pay particular attention to Redditors who display higher symptoms
of distress made worse by the suicide incident since moderators and volunteers will be aware of
this behavior on SW. Additionally, people with highly suicidal words and other language
constructions may be linked to neighbors who are willing to lend support and assistance. Social
support and having more social capital might help people battle such susceptible inclinations.

1.5 Expected Outcome

Suicide cannot be totally prevented, but with better analytical methods, prediction and prevention
should be improved. For conventional epidemiological research and medical professionals,
predicting the risk of suicide is still a difficult task. This is a result of the complexity of factors
that influence suicide and the difficulties in locating a small fraction of individuals who share risk
factors among a large population. Finally, our system will try to prevent who is going to spend the

worst time and thoroughly think suicide.

 ldentification of those who may be considering suicide

» The main objective of the current study was to review prior work and evaluate a novel
method for identifying suicide risk.

* This inquiry may vyield significant information new knowledge regarding temporal

variation in suicide attempt risk and a step toward scalable and effective risk identification.
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1.6 Research Questions

We found it really difficult to finish this assignment. To express the ideas and impacts of this issue
in order to have a realistic, useful, and accurate response, the researchers would like to offer the

following questions.

e Have decades-long studies been done to track the suicidal tendencies of a sample of
mentally ill and non-mentally ill patients?

e The functions of evidence-based risk variables in the context of a suicide scenario in a
psychiatric population have not yet been examined in research, is that right?

e Has Facebook ever been a platform for social suicide prediction?

1.7 Layout of the Report

The report's broad format is covered in Chapter 1, which also provides as an example of how the
project would be presented to the venture's stakeholders, along with its goal, motivation, research

questions, and anticipated outcomes.

Chapter two, discusses previous work that has been done in this field. The scope that resulted from
their field's constraint is then demonstrated in this second chapter's subsequent portion. Most

notably, the key challenges or problems encountered throughout this investigation are discussed.

The theoretical discussion around this research endeavor is described in Chapter 3. In order to
address the theoretical component of the research, this chapter elaborates on the statistical methods
utilized in the study. This chapter also illustrates the procedural approaches of the machine learning
classifier. Confusion matrix analysis is provided in the chapter's last section to approve the

presentation and make the precision name of the classifier visible.

The experimental results, performance analysis, and result discussion are all included in chapter 4.

This chapter includes a few experimental images to help the project come to life.

Chapter five, discussed along with a summary, recommendations, and conclusions. After the
suggestions, the entire project report is anticipated to appear in this chapter. The chapter is brought
to a close by pointing out the shortcomings of our efforts, which might ultimately have an impact

on other individuals who need to work in this industry.
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CHAPTER 2
BACKGROUND

2.1 Introduction

This paragraph will provide pertinent literature, a synopsis of the research, and issues with this
study. We will discuss the techniques, correctness, and conclusions of other research publications
as they relate to our work under the section on related studies. Under the section on research
summaries, we will list all of our related activities. In the difficulties section, we'll go through how

we increased accuracy.

2.2 Related Works

In their narrative review published in 2020, D'Hotman et al. [3] come to the conclusion that Al has
a significant potential in suicide risk prediction while having ethical reservations regarding the
usage of personal data. We did a thorough assessment of the literature, including clinical research
employing Al to evaluate suicide risk, to better understand the potential of this technology. This is
the first systematic review of the topic that we are aware of. The objective of this review is to
evaluate Al's potential for suicide risk prediction and identifying those who are at risk of trying to
commit suicide within a population. This technology may help physicians in clinical settings by
helping them more precisely identify individuals who are at risk of suicide with the goal of
improving suicide prediction skills. To validate this instrument and use it in clinical practice, more
research is necessary [4, 5]. Gradus et al. [6] used various Danish databases to analyze data from
a relatively large sample of patients in order to predict suicide risk according to gender. They
successfully predicted suicide risk using a random forest algorithm (AUC of 0.80 in males and
0.88 in women). Authors Choudhury at all. [7] made sure to include many mechanisms on suicidal
difficulties in blogs that discussed celebrity suicides and the progression from mental and
emotional problems to suicidal thoughts. Although pricey, questionnaires are a useful instrument
for gathering data [8-9]. Suicidal content is a key factor in classifier training. The current dataset
has fewer information about suicidal content. Suicidal prevention and identification will be

difficult with automated user tweet detection. With a larger dataset and more features, the
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suggested method looked at a solution that was superior to the earlier study. Compared to surveys
or questionnaires, automated programmed detection and identification provides, this can be applied
in the actual world. In order to find harmful informational influences in social networks,
Okhapkina et al. [10] modified information search techniques and produced a lexicon of
terminology for suicidal ideas and actions. Additionally, they created the singular vector
decomposition technique and the use of TF-IDF matrices for these matrices. Sawhney et al. [11]
enhanced the capability of a random forest classifier to recognize suicidal thoughts in tweets. The
logistic regression classification techniques of Aladag et al. [12] were used to identify suicidal
content with an accuracy of 80-92%. In order to detect suicidal thoughts utilizing sophisticated DL
architectures, neural network models in NLP can outperform conventional ML systems. Sequences
can make good use of recurrent neural networks (RNNs) [13]. Relevant data can be preserved
using LSTM without the need for external dependencies. According to Sawhney et al. [14],
CLSTM-based models are more effective at spotting suicidal ideation than other DL and ML
classifiers. Ji et al [15].'s comparison of the value of the different strategies was demonstrated
using an LSTM classifier with five ML models. One of the main standards for identifying suicide
ideation on social media sites like Twitter and Reddit Suicide Watch was supplied by their study.
Many of the risk indicators frequently linked to suicidality in general—as was already
mentioned— were not suggestive of any efforts among the ideators who were at high risk.
Although despair and depression are also significant predictors of suicidality according to Bolton
et al. (2008) [16] and described in Brezo et al. (2006) [17], neither of these factors predicted further
attempts after accounting for earlier attempts. According to one theory, these variables may play a
part in the development of suicidal thoughts, but less so in the choice of some individuals to act on
these ideas and attempt suicide while others choose not to. The degree of melancholy and
hopelessness may influence the impulse to commit suicide, but not the actual act of doing so, as
would be consistent with Joiner's interpersonal-psychological hypothesis.

©Daffodil International University 6



2.3 Research Summary

In this paper, an essential and effective method for preventing suicide is the early detection of
suicidal thinking. Psychologists used statistical analysis to carry out the great bulk of the study on
this subject. On the other hand, deep learning representation learning and feature engineering-

based machine learning have been used extensively in computer scientists' research.

If medical experts can see early suicide ideas on microblogging sites like Twitter, They will be
able to identify possibly suicidal individuals far more easily, saving countless lives. Deep learning
and machine learning techniques may help to enhance the early identification of suicidal ideation

and the subsequent early prevention of suicide.

2.4 Challenges

A glossary of phrases was initially created for this purpose by manually annotating anonymized
data that was scraped from well-known suicide Web forums. Using search terms that corresponded
to the produced lexicon, a dataset of tweets was gathered using the Twitter REST API. In order to
train the three machine learning-based baseline models and the three proposed deep learning
models, human annotators classified tweets as having suicidal intent or not. In order to detect
suicidal thoughts on Twitter as well as other Web forums and Social media, future research may

build on this work by studying other deep learning-based architectures.

©Daffodil International University 7



CHAPTER 3
RESEARCH METHODOLOGY

3.1 Introduction

In our study, we employed a range of methods, such as decision trees, logistic regression, random
forest, and linear regression. On the other side, those are algorithmic predictions based on which
we made our decisions. We obtained data from social media, separated it, and then divided the
test.

3.2 Research Subject and Instrumentation

Research area that was analyzed and investigated for idea clarification would be the topic of
inquiry. Not just for implementation, but also for model development, data gathering,
implementation, processing, and model training. In the technology and approach we employed are
mentioned in the section titled Instrumentation. We utilized the Windows platform and the python
programming language with a variety of packages, including numpy, pandas, skit learn, matplotlib,
and seaborn. Google Colab, a free and open-source Python and R programming language
distribution for use in information science and artificial intelligence applications, was utilized for

the whole training and testing process.

3.3 Workflow

Data gathering, data processing, data resizing and augmentation, model selection, and other

workflow phases are included in this study.

Data Collection: By analyzing the raw data we obtained from the website, we developed our own

data collection. Since gathering data was so difficult, no dataset in this field is currently accessible.

Data Processing: After being gathered from various sources, all information has been arranged
class by class. There are a lot of data with inaccuracies and noise. Prior to implementing the

selected dataset in the following phase, we manually process those data.
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Model Selection: We select a model in order to train it and validate it for improved accuracy. In
order to increase the accuracy of our machine setup, we tried a number of models, and one model

was finally picked for the final round of training and testing.

Performance Evaluation: Every result has been described with a graph in this section. We received
a few accuracy graphs with validation loss and accuracy after training and testing. Additionally,
the confusion matrix was produced, and a table displaying the accuracy, recall, and f1 score

measure was created.

Conclusion and Future Work: This section will conclude with a list of next tasks.

3.4 Data Collection Procedure

From Kaggle, we gathered data. These social media platforms—Twitter, Reachout, Weibo, and
Reddit—discover people who are depressed about anything, and this dataset is then made available
to the public for an experiment. This is how we obtained the 50,000+ above data for prediction
and learned which individuals were experiencing the hardest times and had suicidal thoughts. On
the other hand, we have gathered data at our university using complicated forms after receiving
their input.

3.5 Data Processing

There is information planning in the data handling system. The outcome of our negotiations with
push information often depends on the information that has been preprocessed. The information
will be pre-processed more efficiently if it is, and the outcome will be more accurate. It is, in a
single sentence, the opening obstacle for this type of inquiry-based activity.

3.5.1 Data Preparation

Following data collection, it was imported into Google Colab for organization and cleanup before

being scaled for more minimal weight, which resulted in a more minimal operating time so that is
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suitable further processing and analysis. After that machine learning (ML) algorithms are

exploring and visualizing the data.

e Loading the data

e Familiarizing with data

e Visualizing the data

e Data Preprocessing & EDA

e Splitting the data

e Training the data

e Model Performance Comparison

e Statistical Tests

3.6 Proposed Methodology

Many people's attention has been drawn to suicide detection. Researchers are concerned about the
recent rise in suicide years and has received significant research from numerous perspectives. The
investigational methods used. Suicide also encompasses various disciplines and approaches, such
as clinical procedures involving patient-clinician interaction automated detection using content
produced by users. There are numerous machine learning techniques used to trigger automatic
detection. On the expertise and direct contact of the clinician. Clinical interviews and suicide risk
assessment measures can provide useful hints for predicting suicide. did a survey and interview
study using Weibo, a Chinese version of Twitter, to find out how engaged suicide attempters are
with direct messaging intervention. Social media posts by users on websites disclose a wealth of
information, including their preferred languages. Using exploratory data analysis on user-
generated content, it is possible to gain insight into the linguistic habits and suicide attempters'
language use. The thorough study includes topic modeling inside posts on suicide, statistical
linguistic aspects, and lexicon-based filtering. The tweets gathered may have suicidal ideas,
however only tweets that use the word "suicide™ are regarded to have suicidal ideation. The tweets
are then manually gathered depending on rules for annotations. The total number of tweets

included in the collection, then, is 60,188, including both good and negative tweets.
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Fig 3.6.1: Total workflow

The provided train data is used to train the Random Forest, Naive Bayes, Linear Regression, and
Logistic Regression models. We conducted our testing processes once we had finished our

instruction.
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3.6.1: Random forests

To generate random forests, sometimes referred to as random decision forests, an ensemble
learning approach for classification, regression, and other problems, several decision trees are
formed during training. In a classification exercise, the class that the majority of the trees select as
their output is known as the random forest. Regression tasks are given with the mean or average
forecast of the several trees. Decision trees commonly overfit their training sets, therefore this
issue is addressed by using random decision forests. Random forests normally perform better than
decision trees, although random forests are less accurate than gradient enhanced trees. The

performance of the data, however, could be affected.

3.6.2: Naive bayes

A straightforward learning technique called Naive Bayes makes the strong assumption that the
characteristics are conditionally independent given the class and applies Bayes' rule. Despite the
fact that naive Bayes frequently produces competitive classification accuracy, this independence
assumption is frequently broken in reality. Naive Bayes is frequently used in practice as a result

of this, along with its computational efficiency and other other desirable properties.

3.6.3: Linear Regression

When we learn a linear regression model, we utilize the data that are currently available to estimate
the values of the coefficients that are used in the representation. Here, we'll quickly review four
methods for creating a linear regression model. This is enough knowledge to understand the
calculations and trade-offs but not enough to implement them from scratch. Given how well the
model has been explored, there are many more ways. Ordinary Least Squares should be noted
since it is the technique that is generally employed the most. Gradient Descent should also be noted
because it is the method that is most frequently taught in machine learning classrooms. We got the

prediction evaluation.
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Fig 3.6.3: Prediction evaluation by Linear Regression

3.6.4 Logistic Regression

In statistics, the logistic model, sometimes called the logit model, employs the log-odds of the
event as a linear combination of one or more independent variables to describe the likelihood that
the event will occur. In regression analysis, a logistic model's parameters are estimated using logit
or logistic regression (the coefficients in the linear combination). The independent variables can
each be either binary variables (two classes, denoted by an indicator variable) or continuous
variables. Formally, binary logistic regression has a single binary dependent variable with two
values denoted by the letters "0" and "1," whereas the independent variables can each be either
continuous variables or binary variables. Finally, we got the prediction evaluation using this
model.
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Fig 3.6.4: Prediction evaluation by Random Forest
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3.6.5 Decision Tree Regression

In the shape of a tree structure, decision trees construct regression or classification models. It
progressively develops a decision tree to go along with the breakdown of a dataset into smaller
and smaller subgroups. A tree containing decision nodes and leaf nodes is the end result. Two or
more branches, each indicating a value for the characteristic being checked, can be found on a
decision node. An assessment of the numerical target is represented by a leaf node. A decision
tree's root node is the topmost decision node and the best predictor. Numerical and categorical data

may both be handled by decision trees. Finally, we got the prediction evaluation using this model.
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Fig 3.6.5: Prediction evaluation by Decision Tree
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3.7 Training the Model

After collecting data we distributed the dataset and data processing involves many different
procedures and techniques then loading the data, Familiarizing with data, Visualizing the data,
Data Preprocessing & EDA, Splitting the data, Training the data, Model Performance Comparison,
and Statistical Tests.

3.8 Implementation Requirements

A list of prerequisites for such an image classification task has been created after a thorough study

of all relevant statistical or theoretical ideas and procedures.
The following are likely essential items:

» Hardware and Software Prerequisites
e Operating System (Windows 10 or above)
e Hard Disk (minimum 500-600 GB)
e Ram ( Minimum 4-6 GB)
» Developing Tools
e Python Environment

e Google Colab
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CHAPTER 4
EXPERIMENTAL RESULTS AND DISCUSSION

4.1 Introduction

We obtained the suicide rates from the prediction that we employed a variety of models, such as
Random Forest, Nave Bayes, Decision Tree, Linear Regression, and Logistic Regression, after
collecting the information. These models gave us the overall quantity of suicidal level, which we

then assessed for prevention. They also provided precision, recall, and accuracy.

4.2 Performance Evaluation

The outcomes of the proposed method's evaluation in terms of metrics are shown in [Table 4.3.1]
with an emphasis on the negative category as opposed to the positive and neutral categories. This
displays the data and results of the feature extraction. All classifiers employ the term frequency
value of each word to show the relevance of features, but the contribution of the features used has
given various outcomes. Following sentiment analysis, various classifiers are employed to predict
the suicidal level from the retrieved characteristics. NB and LR have equal precision and recall
metrics, whereas the various features in NB show less fluctuation in accuracy. While NB and RF
classifiers perform similarly in terms of precision and F1 scores, RF approach outperformed LR

in terms of accuracy by taking into account all available information.

Suicide rates according
to the GDP per capita
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Fig 4.2.1: Suicide rates according to the GDP per capita
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As a result, the suggested model's accuracy was 0.99% with 0.98% precision, 0.94% recall, and

0.99% score using features and classifier approaches on trained datasets.

Table 4.3.1: Accuracy

Model Category Precision Recall F- Accuracy
score
Positive 0.56 0.51 0.47
Random Forest
Negative 0.95 0.97 0.99 0.99
Positive 0.27 0.23 0.25
Naive Bayes

Negative 0.94 0.98 0.99 0.97
Positive 0.31 0.29 0.31

LinearRegression
Negative 0.92 0.94 0.98 0.91
Positive 0.29 0.31 0.29

Logistic Regression
Negative 0.98 0.93 0.95 0.85
Positive 0.35 0.37 0.29

DecisionTreeRegression
0.96
Negative 0.97 0.91 93
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CHAPTER 5

CONCLUSION, RECOMMENDATION AND FUTURE WORKS

5.1 Overview of the Study

Finally, we've already covered all the ways we obtained data from Twitter, Reddit, Weibo, and
Reachout in this essay. After gathering all of this data, we trained five different types of models to
determine their precision, recall, F score, and accuracy. Once the preventative measures have been
chosen by the prediction model.

5.2 Conclusion

In this essay, the topic of suicidal identification is investigated using tweets from Twitter, Reddit,
Weibo and Reachout. The tweets are acquired automatically and inexpensively. By obtaining and
analyzing the unexplored data from the Twitter API, it provides information that can enhance our
understanding of suicide behavior and ideation. Though the detection of suicidal ideation can
advance with the use of complicated models, other aspects or traits, such as historical data, can be
the future direction.

5.3 Future Works

Our main objectives are to prevent people from being depressed, mentally ill, or feeling depressed
in general.

* Forecasting the suicide rate.
« Protection against mental injury.
* We'll give them some information that might deter them.

* Suicide risk assessment tools and clinical interviews can offer helpful cues for suicide

prediction.

©Daffodil International University 18
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APPENDIX

Our society now has a desperate need to lower the suicide rate. Our contribution is intended to aid
the community in early detection of suicidal thoughts. In order to identify suicidal thoughts, we
have examined text using conventional machine learning. Later, we demonstrated how isolating
the top characteristics decreases complexity and boosts accuracy. By choosing features in the
future based on a better comprehension of the sequential link between phrases, deep learning
approaches can significantly enhance accuracy. We determine the suicide rate by gender and

calculate GDP per capita after applying machine learning.
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