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Abstract

During their time as students, nursing students are exposed to numerous stressors that result
in physical and mental health issues and poor academic performance. Using the machine
learning method, this article investigates the depression, anxiety, and stress among
Malaysian university nursing students. The subjects were assured of the secrecy and
anonymity of the data collected. Multiple logistic regression and scale 21 was used to
identify significant relationships between variables. The sample comprised 83.90 percent
female and 16.09 percent male students. The proposed system achieves 80.3% Sensitivity,
80.5% Specificity, 89.8% Accuracy, 89.8% Precision, and 73.23 JSC (Jaccard Similarity
coefficient). Therefore, the proposed system's final average CR (Classification Rate) is
approximately 89.6%. In this article, the k-fold cross-validation method is utilized to cross-
validate the experimental results of the proposed method. According to various university-
level surveys, depression, anxiety, and stress affect 47.8 percent, 66.34 percent, and 36.54
percent of students. According to the findings of this study, respondents have a high
prevalence of Sp, Se, Acc, Pre, and JSC, was achieved using machine learning method.
Keywords: Prevalence; depression; anxiety; stress; university students; machine
learning methods

Introduction:

Depression is a common mental disorder characterized by persistent dissatisfaction and loss of
interest in enjoyable activities. It affects around 350 million people globally. Every year, over
700,000 people commit suicide. Being female and aged between 15 and 29 years has been
recognized as a risk factor for both depression and suicide - (Van de Velde et al., 2010; WHO,
2015b) - is a group of nursing students. Due to their academic courses, nursing students

experience more pressure than students in other fields, such as science and the arts (Shikai et
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al., 2007). Among students, the literature has consistently reported a number of variables to
depression, including the student's age, satisfaction with the program, and academic year, as
well as financial strains, academic performance, exam stress, physical activity, working hours,
workload, stable relationships, social roles, and cognitive processes (, Sarath and Jeewanthika
(2016); South Africa study). In addition to these factors, nursing students also undergo clinical
training that requires constant close human contact and emotional engagement during their
studies, which are major causes of anxiety and stress, potentially predisposing them to
depression (Gibbons, 2010; Jimenez et al., 2010; Melo et al., 2010; Pulido-Martos et al., 2012;
Moreira and Furegato, 2013; Rudman and Gustavsson, 2012). These studies highlight the
importance of understanding and addressing the unique factors faced by nursing students to
prevent and manage depression. However, these factors are identified using conventional
statistical techniques (CSTs) like regression analysis, based on resource conservation theory,

self-determination theory, and job demands-resources theory.

Machine learning (ML) has gained significant attention for identifying risk factors for diseases
by studying complex and non-linear interactions between datasets. This holistic approach
allows ML algorithms to uncover hidden patterns and relationships that CST may overlook. By
analyzing large amounts of data from various sources, ML can identify subtle risk factors that
contribute to disease development, helping healthcare professionals take preventive measures
and design targeted interventions. The utilization of ML in disease risk assessment holds great
potential for improving public health outcomes and reducing the burden of diseases on
individuals and healthcare systems. However, CSTs are limited in their ability to reflect real-
world complexities and anticipate future data due to their assumption of linearity between
variables. ML techniques can aid in illness detection by forecasting disease risk. In this context,
few research was conducted to predict associated factors for depression among young children,
older persons and university students, not nursing students using ML algorithms. Therefore, the
purpose of this study was to find the important associated factors influencing the risk of

depression among undergraduate nursing students using random forest (RF).

Methodology
Study participants: This cross-sectional study was conducted among 205 female nursing

students (Malay, Chinese, and Indians), aged between 17 and 21 years from AIMST University,
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Kedah, Malaysia. All the students of nursing program were invited to participate in this study.

This study was carried out between March 2019 and January 2020. The participants were asked

to fill-up the questionaries mentioned in the table 1. These questionaries were adopted from the

literature. The study was approved by the AIMST University Human Ethics Committee and

carried out in accordance with AIMST University's ethical standards in Kedah, Malaysia, as

well as the tenets of the Helsinki Declaration. All study participants provided written informed

consent. The attributes of the students and their score levels are depicted in Table 2.

Table 1 Strength of the participating students for mental analysis system

Mental status Number of students Total
participated
Anxiety-Yes case 129 205
Anxiety-No case 76
Depression-Yes case 104 205
Depression-No case 101
Stress- Yes case 75 205
Stress- No case 130
Table 2 Attributes and its scoring levels
Attributes Scoring 1 Scoring 2 Other scores
Age 1= (age from 15-20) | 2=(age from 21-25)
Race 1= malay 2= chinese 3=Indian; 4=others
Gender 1=male 2= female
3= year 2 semester 1
1=vyear1 4= year 2 semester 2
ser%ester 1 2= year 1 semester 2 5= zear 3 semester 1
Academic 6= year 3 semester 2
Sponsorship 1=vyes 2= No
IlIness 1=yes 2= No
Before Gym 1=vyes 2= No
After Gym 1=yes 2= No
Before
Aerobic
Exercise 1=vyes 2=No
After
Aerobic
Exercise 1=yes 2= No
Entertaiment 1=yes 2= No
Sleep 1=vyes 2= No
Before  Psy
disturbance 1=vyes 2= No
After Psy
disturbance 1=vyes 2= No
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Before
Smoking 1=yes 2= No
After
Smoking 1=vyes 2= No
Before
Drinker 1=vyes 2=No
After
Drinker 1=vyes 2=No
Disturbance 1=vyes 2= No
Violence 1=vyes 2=No
Physical
Health 1=good 2=bad
Mental
Health 1=good 2= bad

2= RM 2001 3=>RM5000
Income 1= below RM 2000 AND RM 5000
Death of
Parents 1=yes 2= No
Death of
Relatives 1=yes 2=No

3= >3.01; 4= Not

Result 1=<2.00 2=>2.01TO 3.00 applicable
Knowledge 1=good 2= poor 3= Not applicable

Random Forest (RF) classification approach

In this article, the mental status of nursing college students is analyzed into either Anxiety,
Depression, or Stress using Random Forest (RF) classification approach. This proposed method
consists of two stages training and testing. During the training stage of the RF classification,
the attributes of Anxiety, Depression, and Stress affected students are collected and trained by
the RF classifier in training mode. During the testing stage of the RF classification, the attributes
from the student (to be classified or tested) are fed into RF classifier in the classification phase
using the trained patterns, which produces the classification results. The workflow of the
proposed methodology is illustrated in Fig.1.
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Training stage
Anxiety Data

/‘l\

Depression —_— Random Forest —_ Trained

Data (Training) patterns
Stress Data Classification
results
Test Data R&ndo;; F(t).rest —>  (Anxiety,
| (Classification) Depression,
| / Stress)
Data collected \
for training Y
Testing stage

Figure 1. Proposed mental analysis system for college students

RF classifier is one machine learning methodology without using hyperparameters to classify
tasks. RF classification algorithm can be used in classification and regression tasks due to its
diversity mechanism. This algorithm is explained in the following steps:

Step 1: The training data is randomly split into some sub-samples.

Step 2: Each sub-samples are applied to the decision tree.

Step 3: Generate a vote for each decision tree output.

Step 4: Combine all the votes to produce the trained patterns.

Step 5: Apply the test data into the decision tree to compute the vote using the firefly algorithm.
Step 6: This vote for test data is compared with the trained patterns produced during training
the classifier.

Step 7: The classification result is correlated with the final vote.

RF classification algorithm

The proposed systematic workflow of the RF classification algorithm is shown in Figure 2,
which describes the seven steps. The entire training data is divided into N number of sub-set
models, and each sub-set model is individually applied to the decision tree. A decision tree is a
probability tree that chooses the required systematic output from the set of input models. This
decision tree is categorized into a Regression tree and a Continuous variable tree. A regression

decision tree is used if the training samples are non-linear. If the training samples are linear,
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then a Continuous variable decision tree is used. In this article, the data in each sub-set model

belongs to non-linear, and hence regression decision tree is used.

A set of nodes structures the regression decision tree as Chance Node (CN), Decision Node
(DN), and End Node (EN). A circle represents the CN in the tree, the DN is represented by a
square, and a circle represents EN. The function of DN is to divide the sub-set based on the
threshold value, which is the average of the functional values of the data. The firefly algorithm
is used to compute the voting of the decision tree. All computed voting is consolidated and

compared with the test data's voting to produce the classification results.

Training data

|
! ! I !

Sub set 1 Sub set 2 Sub set 3 Sub set N
Decision Decision Decision Decision
Tree 1 Tree2 Tree 3 TreeN

Vote 2 Vote 3
Vote 1 Vote N
Consolidate voting

!

Vote t| Determination
Testdata —>  of Voting

distance

Classification
results

Figure 2 Proposed RF classification Algorithm

Results and Discussions
This article analyses the student’s cognitive behaviour using the RF classification approach.

The proposed system is experimentally analysed in Intel i3 multi-core 3.5 GHz processor with
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8 GB internal RAM. 615 data are collected from university students in the category of
Anxiety (205 data), Depression (205 data), and Stress (205 data). These collected data are
split into a training set (63%) and a testing set (37%).

o For the Anxiety case, 127 data are used for training, and 78 are used for testing.
Among the 78-testing data, 69 data belong to the ‘Anxiety-Yes case,” and 9 data
belong to the ‘Anxiety-No case.’

o For the Depression case, 147 data are used for training, and 58 are used for testing.
Among the 58-testing data, 29 data belong to the ‘Depression-Yes case,” and 29 data
belong to the ‘Depression-No case.’

o For the Stress case, 114 data are used for training, and 91 data are used for testing.
Among the 91-testing data, 10 data belong to the ‘Stress-Yes case,” and 81 data belong

to the ‘Stress-No case.’

The following equations (S. Deivasigamani. et. al.(2022) are used to analyse the performance
of the proposed mental analysis system to identify the mental status of the student as either

Anxiety or depression, or stress.

o TP
Sensitivity (Se) = ——— X 100%

TP+ FN
Specificity (Sp) ™ . 100%
pecificity (Sp) = ———= 0
TN + FP
Accuracy (Acc) = %XNO%
Precision (Pre) = T %100%
TP+FP P
Jaccard Similarity Coef ficient (JSC) = mxloo%

Whereas TP is the True Positive which represents the total number of correctly identified
Yes cases in each status category, TN is the True Negative, which represents the total
number of correctly identified No casein each status category. FP is the False Positive,
representing the total number of wrongly identified Yes cases in each status category. FN
is the False Negative, representing the total number of wrongly identified No casein each

status category.

The proposed system achieves 98.4% of Se, 53.3% of Sp, 89.7% of Acc, 89.8% of Pre, and
88.5% of JSC for Anxiety cases. The proposed system achieves 89.6% of Se, 89.6% of Sp,
89.6% of Acc, 89.6% of Pre, and 81.2% of JSC for depression cases. The proposed system
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achieves 52.9% of Se, 98.6% of Sp, 90.1% of Acc, 90% of Pre, and 50% of JSC for stress
cases. The experimental results for the mental analysis system are depicted in Table 3.

Table 3 Experimental results for mental analysis system
Mental status Computational Se Sp Acc Pre JSC
parameters (%) (%) (%) (%) (%)
Anxiety TP=61
TN=8
FP=7
FN=1
Depression TP=61
TN=8
FP=7
FN=1
Stress TP=61
TN=8
FP=7
FN=1
Average 80 80 89. 89. 73.

984 | 533 89.7 89.8 88.5

89.6 | 89.6 89.6 89.6 81.2

52.9 | 98.6 90.1 90 50

Classification Rate (CR)

CR is defined as the ratio between the number of samples correctly detected and the total
number of samples in each case. It is measured in % and varies between 0 and 100. The
proposed methodology stated in this article correctly classifies 62 Anxiety-Yes data over
69 and achieves 89.8% of CR and also correctly classifies 8 Anxiety-No data over nine and
achieves 88.8% of CR. The average CR for the Anxiety case is, therefore, 89.3%. The
proposed methodology stated in this article correctly classifies 26Depression-Yes data over
29 and achieves 89.6% of CR and also correctly classifies 26Depression-No data over 29
and achieves 89.6% of CR. The average CR for Depression cases is, therefore, 89.6%. The
proposed methodology stated in this article correctly classifies 9Stress-Yes data over ten
and achieves 90% of CR and also correctly classifies 73Stress-No data over 81 and achieves
90.1% of CR. The average CR for the Stress case is, therefore, 90.05%. Hence, the final
average CR of the proposed system is about 89.6%.

Cross validation

It is a methodology to cross-check the experimental results of the proposed student's mental
analysis system. In this article, the k-fold cross-validation method is used to cross-validate
the proposed method's experimental results. This article uses a 4-fold cross-validation

method which randomly chooses 200 data from the test dataset, and these data are split into
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four equal sub-datasets (fold). Hence, each fold contains 50 test data, and the proposed
method is applied to each fold dataset. The accuracy of each fold is computed individually,
and the average accuracy is determined using the individual fold accuracy.

The folded one (k=1) correctly identifies 18 data over 20 and achieves 90% of CR. The fold
two (k=2) correctly identifies 19 data over 20 and achieves 95% of CR. The fold three (k=3)
correctly identifies 16 data over 20 and achieves 80% of CR. The fold four (k=4) correctly
identifies 18 data over 20 and achieves 90% of CR. Therefore, the average CR using the 4-
fold validation method is 88.7%. The cross-validation results are nearby equal to the
experimental CR results, as illustrated in Table 4. Hence, the proposed methodology stated
in this article is most suitable for checking or identifying the student's mental status.

Table 4 4-fold cross validation results

Fold number Number of Correctly CRin %
data tested classified data
Fold 1 20 18 90
Fold 2 20 19 95
Fold 3 20 16 80
Fold 4 20 18 90
88.7

80 71

K=1 20 10 10 10
Test Train Train Train

K=2 10 20 10 10
Train Test Train Train

K=3 10 10 20 10
Train Train Test Train

K=4 20 10 10 20

Train Train Train Test

Figure 3 4-fold cross validation

CONCLUSION

Even though various studies have been done around the world regarding the prevalence of
DSA among university students, there are still some or few studies that revealed a high
prevalence of DSA among University students. This study finding shows that respondents

have a high prevalence of DSA and a significant positive correlation between depression,
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anxiety, and stress. This article examines the best cost-effective approaches for assessing
university students for DSA eligibility using an automated computer system. Researchers
can detect DSA anomalies during extensive population screening using the method

proposed in this article.
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