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Abstract. Depression is one of most common mental illness, which influences human emotions and 
behavior. High proportion of students now are suffering from depression and predicting depression 
among students are becoming more and more significant in order to intervention treatment early. 
The student depression dataset is used to make a predictive model. Firstly, variables are selected 
by random forests. Next, the top four importance of variables are chosen to fit the logistic regression 
model. The four variables are having suicidal thoughts, academic pressure, financial stress and age. 
All of four variables contribute significantly to the model, which p-value are all less than 0.001. After 
that, the model is used in training data to evaluate performance and is compared with model with all 
variables. In this study, the AUC of model is good, at 0.905. However, the accuracy, sensitivity and 
specificity are 0.835, 0.780, 0.874, respectively, which are not high. Therefore, this model is not 
satisfying to predict depression among students. Multiplicate reasons could lead to low quality of 
model, such as variables selection. Further research could use other method to do variables 
selection or use other machine learning models to predict student depression. 
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1. Introduction 

Depression is one of the negative emotions, which is manifested as being in low spirits persistently, 

lack of interest and delight, decline of energy and low self-evaluation. Being depression in the long 

term even leads to psychological disorders. In extreme cases, people with depression have recurring 

thoughts of suicide or self-harm [1]. According to the World Health Organization, depression will 

become a great hazard to humanity in the 21st century and it is the leading factor causing worldwide 

disparity, affecting approximately 322 million individuals [2, 3]. Recent years, personal and social 

well-being have been influenced seriously by the prevalence of depression in terms of multiple 

aspects. Depression has a negative effect on academic performance, decision-making, interpersonal 

relationship and qualify of an individual’s life [4]. The lifetime prevalence of major depression is 

16.6% [5]. Currently, depression has aroused global concern. Young people, especially students, are 

more vulnerable to multiple mental health problems [6].  

Depression among college student is a common and serious problem in universities, which is 

mainly caused by unbalanced development of students’ self-consciousness. Yong individuals in 

university have become more focus on self and have become aware of their limited capacity, resulting 

in a strong desire to enrich and strengthen themselves. However, it is a complex and difficult process. 

Interpersonal relationships and pressure caused by academic program are also the reasons of 

depression among college students [2]. Precious study had demonstrated that a majority of graduate 

students, approximately 85%, spent more than 41 hours per week on academic program. Additionally, 

74% of these students could not finish school on time and 79% of those expressed uncertainty about 

career prospects and professional future [7]. Evans et al. revealed that the percentage of graduate 

students suffering depression and anxiety were six times higher than common people [8]. According 

to Nature in 2019, 36% of PhD students had asked for help resulting from depression and anxiety, 

which figure was three times higher than that in 2017 [7]. A study conducted by Brownlow et al. in 

Australia indicated higher degree research (HDR) students, such as those pursuing master degree or 

PhD, faced a higher risk of mental health issues comparing with others during the COVID-19 

lockdown. Approximately 25% of HDR students were at risk of developing mental health problems, 
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however, the figure of common community was 15.7% [9]. PhD students suffer from unique pressure, 

which is related with their study experience, academic environment, peer pressure, anxiety about age 

and gender. Some those mention that they experience periodic minor depression since in university 

[10]. The study showed that depression is related to quality of sleeping significantly and influence 

each other. Among patients with depression, approximately 90% of these have sleep disorder, such 

as insomnia and narcolepsy [11, 12]. Eating sugary drinks, meat and fast food has positive 

relationship with depression, while the healthy diet has negative relationship with depressive 

symptoms [13]. 

Students in universities suffer from the risk of severe depression. It is particularly vital to explore 

the relationship among depression, GPA, academic stress and satisfaction, educational background 

and sleep quality. Research demonstrates that depression is related to the changes of internal 

environmental hormone levels [14]. Teng et al. used random forest method to show that overwork, 

poor work life balance and teacher-student relationship are significantly correlated with depression 

[15]. However, there are limited research on age, financial stress, academic pressure or other factors 

with depression for higher degree students such as class 12 students, undergraduates and 

postgraduates., using logistic regression. Most studies used random forest model for prediction. This 

paper aims to use data from these types of students to predict depression with binary logistic 

regression. 

2. Methods 

2.1. Data Source 

The Student Depression dataset used in this study comes from the Kaggle platform, which is 

owned by Shodolamu Opeyemi. The original dataset is csv file and it contains 27901 cases and has 3 

missing values. The usability calculated by Kaggle is 10.0. These datasets are valuable for research 

in psychology, data science, and education to identify factors contributing to student depression and 

to design early intervention strategies. 

2.2. Data Introduction and Data Processing 

The dataset contains 18 variables. Because the cases are all students, the variables “Work Pressure” 

and “Job Satisfaction” are all 0 and the variables “Profession” are all Students. The variables “id” is 

unique identifier for each student and is not related to depression. Therefore, the variables “Work 

Pressure” “Job Satisfaction” “Profession” and “id” are excluded in analysis of this data. The 

remaining 14 variables are represented in Table 1. 

Table 1. Data Explanation 

Variables Type Range 

Gender Categorical 0-Male, 1-Female 

Age Numeric 18 to 59 

City Categorical 52 regions 

Academic Pressure Numeric 0 to 5 

CGPA Numeric 0 to 10 

Study Satisfaction Numeric 0 to 5 

Sleep Duration Categorical 
0-“5-6 hours”, 1-“7-8 hours”, 2-“Less than 5 hours”, 

3-“More than 8 hours”, 4-“Others” 

Dietary Habits Categorical 1-Healthy, 2-Moderate, 3-Unhealthy, 4-Others 

Degree Categorical 28 degrees 

Suicidal Thoughts Categorical 0-No, 1-Yes 

Study Hours Numeric 0 to 12 

Financial Stress Numeric 0 to 5 

Family History of Mental Illness Categorical 0-No, 1-Yes 

Depression Categorical 0-No, 1-Yes 
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This data has three observations with missing values. The missing values occupy little proportion 

of whole dataset. Therefore, this paper deletes the observations with missing value directly. There are 

27898 observations and 14 variables left in the dataset. 

2.3. Method Introduction 

The dataset has 13 variables and it is large number for fitting the model. If this paper uses all 

variables to build the model, the model will be complex. A model that is too complex may overfit the 

training data, performing well on the training set but poorly on the test set or new data and some 

variables have lower correlation with depression. Therefore, random forest is used in the paper to do 

model selection. Mean Decrease Accuracy is used as criterion and the top four variables with the 

highest this value is chosen to made the logistic regression model. Mean Decrease Accuracy can be 

represented as: 

𝑀𝑒𝑎𝑛𝐷𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
1

𝑁
∑ (𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 − 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑝𝑒𝑟𝑚𝑢𝑡𝑒𝑑)𝑁

𝑖=1        (1) 

Where 𝑁  is the number of decision trees, 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  is the original accuracy and 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦𝑝𝑒𝑟𝑚𝑢𝑡𝑒𝑑 is the accuracy after permuting the variable values. 

This paper converts categorical data into factors and uses 80% of the observations as training data. 

The remaining observations is testing data. Logistic regression is used on selected variables. The 

logistic regression model can be represented as: 

𝑃(𝑦 = 1) =
exp(𝛽0+𝛽1𝑥1+𝛽2𝑥2+⋯+𝛽𝑛𝑥𝑛)

1+exp(𝛽0+𝛽1𝑥1+𝛽2𝑥2+⋯+𝛽𝑛𝑥𝑛)
                     (2) 

Where 𝛽0 is the intercept, 𝛽1, 𝛽2, ⋯ , 𝛽𝑚 are the coefficients of the independent variables and 

𝑥1, 𝑥2, ⋯ , 𝑥𝑛 are the independent variables. The threshold is 0.5. If 𝑃(𝑦 = 1) ≥ 0.5, predict the y is 

1, which means having depression. If 𝑃(𝑦 = 1) < 0.5, predict the y is 0, which means having no 

depression. 

In this paper, the fitted model is used on testing data and confusion matrix and roc curve are used 

on model evaluation. 

3. Results and Discussion 

3.1. Descriptive Analysis 

Figure 1 is bar plot of suicidal thoughts. Students who have had suicidal thoughts are more tend to 

have depression and only minority of students who have thoughts of suicide are not depression 

patients. While for the students who do not have the thoughts of suicide, most of them do not suffer 

from depression, and only a small number of them suffer from this mental disease. 

 

Fig. 1 Suicidal Thoughts Distribution 
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Figure 2 is boxplot of academic pressure. The mean of academic pressure for depression student 

is 4, which is much higher than the mean for students having no depression, at 2. The academic 

pressure scores of depression student are more concentrated at 3-5. However, the scores of students 

without depression are more likely 1-3. Therefore, students with depression have higher academic 

pressure than those without depression. 

 

Fig. 2 Academic pressure distribution 

Figure 3 is smooth line plot of age. With the increase of age, the probability of suffering from 

depression also shows a downward trend. Hence, the students have higher age, the probability of 

depression is lower. 

 

Fig. 3 Smooth Line Plot of Age Distribution 

3.2. Variables Selection 

Mean Decrease Accuracy is a method to measure variable importance by permuting the values of 

a variable and observing the change in model accuracy. Figure 4 represents variables importance. 

This illustrates the importance of various variables in a random forest model based on the Mean 

Decrease Accuracy metric. The importance of top four variables is “have you ever had suicidal 

thoughts”, “academic pressure”, “financial stress” and “age”. These variables contribute the most to 

the model's predictive power, with importance values all exceeding 50. 
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Fig. 4 Variables Importance 

3.3. Logistic Regression Results 

The variables selected by random forest are used to fit the logistic regression. Table 2 shows the 

coefficient estimates of logistic regression. The p-values for these four variables are all less than 0.001, 

indicating that these variables are highly statistically significant in predicting depression. This means 

they have a notable impact on the occurrence of depression. If one has had suicidal thoughts, the log-

odds of having depression will increases by 2.530 compared to those without this thought. Academic 

pressure, with an estimated value of 0.848, suggests that for each unit increase in academic pressure, 

the log-odds of having depression will increases by 0.848. Financial stress, with an estimated value 

of 0.556, indicates that for each unit increase in financial stress, the log-odds of having depression 

will increases by 0.556. Age, with an estimated value of -0.106, means thar for each unit increase in 

age, the log-odds of having depression will decreases by 0.106. 

Table 2. Logistic Regression Coefficient 

Term Coefficient P-value 

Intercept -2.728 <0.001 

Having suicidal thoughts 2.530 <0.001 

Academic Pressure 0.848 <0.001 

Financial Stress 0.556 <0.001 

Age -0.106 <0.001 

3.4. Model Evaluation 

Confusion matrix and Receiver Operating Characteristic (ROC) curve are used to evaluate logistic 

regression. Figure 5 represents the confusion matrix heatmap, which displays the relationship 

between the predicted results and actual results of a classification model. The true negative (TN) is 

1816, the false positive (FP) is 409, the false negative (FN) is 512, the true positive (TP) is 2843. 

Figure 6 represents the ROC Curve. It shows that the Area Under Curve (AUC) value is 0.905 and 

is close to 1, which shows an excellent ability of the logistic regression model to distinguish between 

depression and not depression. This also suggests that the model has a relatively high performance in 

predicting depression. 
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Fig. 5 Confusion Matrix Heatmap 

 

Fig. 6 ROC Curve 

Table 3 shows the accuracy, AUC, sensitivity and specificity. The accuracy of the model is 0.835, 

indicating a good prediction performance. The sensitivity, at 0.780, meaning that the model correctly 

identifies 78% of the actual positive cases. Meanwhile, the specificity is 0.874, reflecting the model's 

capacity to correctly identify negative cases. 

Table 3. Model Evaluation Metrics 

Performance Measures Value 

Accuracy 0.835 

AUC 0.905 

Sensitivity 0.780 

Specificity 0.874 

3.5. Comparison with Full Model 

Some metrics of model are not perfect, such as sensitivity, which is lower than 0.8. This bad 

performance may account for variables selection. Therefore, the full model included all of variables 

was fitted to compare with original regression. And the performance of full model represents in Table 

4. 
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Table 4. Full Model Performance 

Performance Measures Value 

Accuracy 0.849 

AUC 0.921 

Sensitivity 0.799 

Specificity 0.885 

 

Although the accuracy, AUC and sensitivity of full model are higher than original one, the 

difference is slight and the specificity decreases. The performance of full model is not better than the 

model with variables selection. Therefore, there is no need to use all of variables to predict depression. 

4. Conclusion 

The variables of having suicidal thoughts, academic pressure, financial pressure and age ware 

selected by random forests method and are used to build the logistic regression model. Four variables 

used to fit the model are statistically significant, which p-value are all less than 0.001. For model 

evaluation, AUC is 0.905, which is really high, indicating that the logistic regression model predicts 

the testing data well. And accuracy, sensitivity and specificity are good, but not perfect. These three 

values are all lower than 0.9, especially for sensitivity, which is to evaluate the capability in detecting 

positive cases. Lower sensitivity indicated higher probability of misdiagnosing students with 

depression as not having the depression. In the real cases, misdiagnosing a patient as healthy can be 

extremely dangerous, as it may lead to patient not being identified and treated in time. Therefore, this 

logistic regression is not so satisfying to predict student depression. However, the performance of 

model is influenced by various reasons. This paper, only four variables are used in fitting the logistic 

regression, which may lead to lower accuracy sensitivity and specificity. Therefore, further research 

could add more variables to the logistic model or using other method to do variables selection such 

as lasso. Other algorithms could be used to optimize the model as well. 
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