Intelligent Knowledge Service System Based on
Depression Monitoring of College Students

https://doi.org/10.3991/ijet.v14i12.10702

Huina Yu, Guihong Zhang, Jiali Liu, Kai Li *
Zhejiang Chinese Medical University, Zhejiang, China
kaili@fudan.edu.cn

Abstract—The number of college students suffering from depression has
increased in recent years. In order to help the college student administration
departments understand students' psychological state of depression better and
keep college students mentally healthy through mental health services, this
paper studies an intelligent monitoring system for depression. Different from
previous researches, this study, based on the cloud services platform,
incorporates three indicators closely related to depression-sleeping, exercise and
heart rate-into the monitoring database subsystem and establishes a relatively
macroscopic intelligent knowledge service system for depression monitoring of
college students. It uses the Mobile Material Link Device (MMLD) to collect
data and information to monitor and analyze the changes in the depression
status of college students dynamically, which also provides timely warnings and
a chain of personalized intelligent knowledge services based on individuals’
depression status.
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1 Introduction

The college period is an important stage for the self-improvement and growth of
college students, where psychological problems often appear among them, including
depression. Not only does it have great impacts on the patients’ physical and mental
health, but also affects the living quality of the people around them [1]. At present,
about 6% of the college students are suffering from depression, and this percentage is
still on an obvious upward trend [2]. Therefore, it is of great importance to give early
warning on depression. Currently, it is an important task for college student adminis-
trators to establish and improve the monitoring and warning mechanism for the de-
pression status of college students. However, nowadays, the early warning about the
depression of college students mainly relies on experts’ experience-based judgment
and lacks objective data support. And the management of depression relies on the
individualized service of psychological experts, without a computerized and systemat-
ic management mode. The treatment and intervention of depression mainly focus on
relaxation activities such as sports as suggested by experts, and the students with
depression have no clear understanding of the causes and treatment principles of their
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depression. The traditional psychological treatment of depression lacks long-term and
dynamic monitoring mechanism, which makes it impossible to understand the chang-
es in the depression status of the students in real time. Therefore, it is very significant
to construct an intelligent knowledge service system for depression monitoring of
college students.

It has been found that the onset of depression is closely related to sleeping, exercise
and heart rate [3-8]. Thus, this study includes these three indicators in the scope of
depression monitoring and warning. Based on the knowledge base of the symptom
self-rating scale (SCL-90) and the depression self-rating scale (SDS) and that of the
monitoring indicators, this paper uses a cloud model to perform real-time data ex-
changes between the terminal and the cloud, and establishes an intelligent monitoring
service system for the depression of college students to better understand, monitor,
judge and warn about their depression status. The purpose is to eventually provide
college students and college administration departments with intelligent knowledge
services like depression monitoring and early warning through the system.

This paper advocates the use of an intelligent cloud model to improve the mental
health services for college students and designs a public service platform based on the
cloud model. This model performs real-time health data exchanges between the ter-
minal and the cloud, and ultimately pushes related health information through web-
sites or apps to users.

2 System Design

2.1 Investigation of the depression monitoring and management system in
college students

In order to investigate the current situation of the depression monitoring and man-
agement system for college students, semi-structured interviews were conducted with
system R&D Engineers, college students, student administration departments and
psychological experts. Table 1 shows the specific situation.

As can be seen, there are some deficiencies in the current depression monitoring
and management system for college students, and in the future, it is necessary to work
more on the system intelligence and the mental health services for depression. Cur-
rently, both college students and college administration departments are in need of an
intelligent knowledge service system that can detect and monitor the mental health of
college students dynamically for a long time, screen and warn students with depres-
sion tendencies and provide online psychological counseling services and communi-
cate knowledge on depression and mental health.
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Table 1. Depression monitoring and management system for college students

Object Researc'h Di- Situation Description
mension
The intelligent system generally takes the data acquisition layer as the
basis, the knowledge layer as the data knowledge base, and the intelli-
lgent processing layer as the core.
]S%:;rge}r{s&D System design  [The ultimate goal of system design is to realize system intelligence and

lprovide users with convenient and effective services.
Portable health data acquisition equipment is the development direction
for system data acquisition.

College Student

Mental health
services for
depression

College students are prone to depression, but it is difficult for them to
seek effective mental health intervention services.

It is difficult for college students to understand the changes in their
mental health as depression cannot be visually shown.

More and more college students begin to pay attention to their depres-
sion status, hoping to find mental health information about depression
on the Internet.

Online video course learning is one of the best ways for college stu-
dents to improve their mental health and ease depression.

Online counseling is the most recognized and accepted mental health
service for college students with depression and it is believed that it can
limprove student’s depression status in a timely and effective manner.

College Student
|Administration
Department

Mental health
management
system for
depression

College students are prone to depression, and it is difficult for the
student Administration Department to timely detect students with
depression tendency or depressed students.

|At present, the mental health management system for depression is not
intelligent enough to independently identify students with potential
problems and dynamically detect and monitor the changes in students'
depression.

The early warning and monitoring of depression play an important role
in the management of depression.

It is an important function of the system to precisely push mental health
services to users, so that students can get targeted services as soon as
Ipossible and their depression status can be controlled.

Psychological
Experts

Objective moni-
toring indicators
for depression

Sleeping, exercise and heart rate are three objective indicators for
depression detection, monitoring and early warning.

Students with poor sleep quality are more likely to suffer from depres-
sion [9-10].

Sudden increase or decrease of sleep for more than 2 hours, which lasts
for more than one week, can be used as an indicator of depression
tendency [11-12].

Physical activity of students was associated with the incidence of
depression [13].

Students who suddenly reduce physical activity over time are more
likely to be depressed [14].

The onset of depression will affect the change of the HRV index [15].
The decrease of HRV can be used as a reference to evaluate the severity

of depression [16].

2.2

Overall architecture design

Based on the above research, this paper establishes an intelligent depression moni-
toring system model for college students., which collects the mental health data of
college students, conducts monitoring and analysis of depression data, identify stu-
dents who have depression tendencies or suffer from depression and give them early
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warnings and feedbacks and further provide appropriate mental health intervention
services to users by using the big data and the cloud computing technology. Through
this system, the college student administration departments will be able to monitor the
mental health of students and effectively control and manage their mental status. The
overall system design is shown in Figure 1.
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Fig. 1. General design of intelligent depression monitoring system for college students
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The mental health data of college students were collected from three objective in-
dicators of the symptom self-rating scale (SCL-90), the self-rating scale (SDS) and
MMLD. The collected data are encrypted and uploaded to the cloud service platform
for storage, and then sent to the data processing center for analysis, calculation and
processing. In order to facilitate the operation of data, the data processing algorithm is
used to complete the data analysis and collation, forming special data results. The
results are displayed to the users in the browsing interface of the computer or mobile
phone, and then the users can choose relevant mental health services.

2.3  System architecture design

The system is divided into five layers: user layer, data acquisition layer, knowledge
layer, intelligent processing layer and service layer. The specific architecture diagram
is shown in Figure 2.
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Fig. 2. System architecture diagram

User layer: For the sake of meeting the needs of college administrators in man-
agement of the mental health of college students with depression, an intelligent
knowledge service system based on depression monitoring is developed for college
students, college administration departments and administrators.

Data acquisition layer: After review of extensive literatures related to the health
management of college students with depression, it is found that the three indicators-
sleeping, exercise and heart rate-are closely related to the depression of college stu-
dents. It is demonstrated by psychological experts in Table 1 that it is feasible to use
MMLD to collect data and information, dynamically monitor and analyze the changes
in the depression status of college students, give early warning in a timely manner and
provide individualized and chain-based mental health services for depression.
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On the ground of the assessment results of experts, the data acquisition layer uses
MMLD to collect three types of objective data, including heart rate, sleeping and
exercise. The mental health self-assessment data of college students were collected
based on the SCL-90 and SDS in the mental health assessment subsystem.

Knowledge layer: The knowledge layer is the database of the intelligent
knowledge service system for depression monitoring of college students, which is
stored in the cloud, also known as the cloud service platform. This layer consists of a
monitoring database composed of the data collected by the MMLD, a depression
diagnosis knowledge base which is the core content of the data layer, made up of the
health data of people with depression, mainly including sleeping, exercise, heart rate
and other objective data and basic information, such as age, gender, history of depres-
sion and the mental health intervention services received, so as to provide knowledge
basis for the intelligent depression detection system and mental health archives pri-
marily consisted of the multi-dimensional mental health information collected by
SCL-90 and SDS, as well as the screening reports and depression warning reports.

Intelligent processing layer: This layer is the core of system operation. On the
one hand, it receives information resources from the system resource layer, and car-
ries out preliminary screening and comprehensive analysis. On the other hand, it can
output the screening and warning results, generate screening reports and depression
warning reports automatically, and make updates in the mental health archives, to
complete the individual mental health archives of college students. Both administra-
tors and college students have access to the screening reports and depression warning
reports in the system.

Service layer: This layer chiefly provides users with intelligent knowledge ser-
vices for depression monitoring:

1. Intelligent depression screening knowledge sub-service for college students

2. Intelligent depression warning knowledge sub-service for college students

3. Intelligent online psychological counseling knowledge sub-service for college stu-
dents

4. Intelligent mental health communication knowledge sub-service for college stu-
dents.

3 Intelligent Cloud Services

With the rapid development of network technology, the application of cloud ser-
vice has become more important and common. Cloud computing [17-22] is a new
internet-based computing technology combining the distributed processing technolo-
gy, the parallel processing technology and the grid computing technology. Users do
not have to care about the internal structure of their services and the way the real
services are formed, and the services so formed are called as cloud services. The
cloud services architecture has been studied, including server clusters, DB clusters
(Cloud Storage) and template engines. Data transmitted from each analysis and pro-
cessing task will be done on server clusters. Its detailed architecture is presented in
Figure 3.
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Fig. 3. Cloud services architecture

With the social development, IT has become an important part of public service
work. In recent years, the innovation of internet technology has brought the develop-
ment of new service infrastructures. Information construction will eventually become
the next vital task for student administration in colleges.

Based on the previous research summary and interview survey, an intelligent
knowledge service system for monitoring depression of college students is developed
and designed. The system consists of four sub-services, including: intelligent depres-
sion screening knowledge sub-service for college students, intelligent depression
warning knowledge sub-service for college students, intelligent online psychological
counseling knowledge sub-service for college students and intelligent mental health
communication knowledge sub-service for college students.

3.1 Intelligent depression screening knowledge sub-service for college students

College students are the target users of the system, and college student administra-
tion departments are the administrators of the system. First, the system uses the de-
pression evaluation scale to preliminarily evaluate college students’ mental health
conditions and select the students with depression tendencies. These students are
systematically monitored for health conditions by wearing MMLD through activities
such as exercise, heart rate and sleeping Through intelligent knowledge calculation in
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the standardized medical record database, depressed patients can be identified. In this
system, those with one abnormal indicator are identified as Class I depression pa-
tients, and those with two abnormal indicators as Class II ones.

Student oriented service : Based on its analysis and processing functions, the
platform can provide the following services:

e Through completion of the SCL-90 and SDS in the system, the platform will auto-
matically push the assessment reports to college students

e The platform analyzes the information of the scale in a standardized way and sub-
mits it to the cloud. User data are stored in the cloud and delivered to the users’ in-
telligent terminal through the node server in two ways:

— If the results of the initial screening against the scale are normal, the data of the
student will be stored in the individual’s health file in the system for future
analysis of mental health conditions

— If the results of the initial screening against the scale are abnormal, the system
will automatically mark the student, and recommend the student wearing the
MMLD, and at the same time push the basic information and the preliminary
screening results of the depression tendency scale to the student’s administrator.
Administrators provide such students with health devices to collect information
about their information about exercise, sleeping and heart rate

e The system acquires data in a timely and accurate manner, and carries out real-time
and dynamic monitoring of college students’ mental health. If the monitoring re-
sults are abnormal, the system will push information to students, their administra-
tors, and the relevant administration departments, to provide relevant services

e Students with abnormal monitoring results will return to the system for further
monitoring and push relevant information to the student administrators and student
administration departments.

College student administration department-oriented service: The customers of
the cloud service platform are mainly the student administration departments of vari-
ous universities. The mental health data of college students are dynamically uploaded
to the platform. After the intelligent system summarizes and analyzes the data, the
platform will provide the following services. a) statistical analysis service for mental
health data of students which can reflect the overall changes in the mental health of
students, so that the student administration departments can formulate more reasona-
ble education programs for students based on the statistical analysis results. b) With
the help of real-time monitoring of mental health status, which is beneficial to under-
stand the situation of students, notifications of the monitoring results can be pushed to
different persons according to different evaluation levels

3.2  Intelligent depression warning knowledge sub-service of for college
students

Through the analysis of scale information, the system marks the students whose re-
sults exceed the threshold and for whom at least one of the three indicators-heart rate,
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sleeping and exercise-changes abnormally within a period of time. That is when the
intelligent depression warning knowledge service is triggered in the system, which
sends different types of early warning results of this group (depression assessment and
screening report and depression early warning report) to the students themselves, the
college student administration departments or the psychological counselors. For Class
I depression, the results will be sent to the students and the student administration
departments, and for Class II depression, in addition to above, the system will rec-
ommend the most suitable psychological counselors for the students through intelli-
gent computing.

Screening and early warning reports: Any college student who is marked with
Class I or II depression by the system will receive a personal depression screening
report, which will analyze the individual’s mental health according to the system data
so that college students will understand their own mental health status and choose
appropriate services actively. Meanwhile, the screening report is fed back to the col-
lege student administration departments, in order to grasp the mental health of each
college student in a timely manner and take effective intervention measures. When a
student selects a mental health counselor/psychiatrist, it is deemed that he or she
agrees to authorize all health information including personal mental health records to
the mental health counselor/psychiatrist. After counseling or treatment, each student
needs to update, supplement and improve the screening and warning report in the
mental health record in a timely manner.

Early warning statistics list: This function is open only to the college student ad-
ministration departments; in other words, only the administrator has access to the
early warning statistical list, which shows the name, gender, grade, class, major,
warning type, detection time and other information of the marked college students, as
shown in Table 2. The administrator can click on the specific case in the list to view
the detailed report. According to the information obtained by the current system, the
statistics are displayed by early warning types and levels.

Table 2. List of depression warning statistics for college students

Name Type Constraint Condition Explanation
TableA Index Int INo empty INumber
TableA Num Char(20) INo empty, No repeat Student Id, Primary Key.
TableA Name Char(20) INo empty IName
TableA Sex Char(2) INo empty Gender
TableA Grade Char(20) INo empty Grade
TableA Class Char(20) INo empty Class
TableA Major Char(50) INo empty Professional
TableA Type Char(100) INo empty Depression Type
TableA DTime DateTime INo empty Testing Time
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3.3 Intelligent online psychological counseling knowledge sub-service for
college students

The platform cooperates with experienced psychological counselors in colleges and
integrates high-quality mental health expert resources into a database of psychological
counselors, and provides online counseling services for users. Users of the system
can, on the one hand, independently select and make appointments with psychological
counselors through the system to receive online counseling services. On the other
hand, the system can, according to the specific situation of students, intelligently
match the most suitable psychological counselors for students to achieve the optimal
effect.

After counseling, the psychological counselor shall fill in the structured counseling
record with the counseling result, and transmit it to the student mental health file on
the cloud service platform through the system. The data should be updated constantly
so that the college student administrators can manage and monitor the depression
developments of the students. If it is found that the students are in serious psychologi-
cal condition and need to receive more professional psychological therapies, the coun-
selor shall submit relevant information in a timely manner to the students and also the
college student administration departments.

Meanwhile, the platform cooperates with the mental health departments of major
hospitals so that it can transfer patients there for further treatment. According to the
information uploaded by counselors, the platform can intelligently match psychiatrists
and provide offline appointment services. After the psychiatrist treats users, the feed-
backs of the treatment process will be added as updates to the student’s mental health
file on the cloud service platform in a timely and comprehensive manner. After the
treatment, the information of the student will be automatically uploaded to the mental
health file in the system, and the system will provide him or her with further intelli-
gent services as mentioned in 3.1, 3.2 and 3.4.

3.4 Intelligent mental health communication knowledge sub-service for
college students

The existing mental health education in colleges mainly focuses on teaching, and
the knowledge is limited in the region. Therefore, the platform needs to integrate
external high-quality expert teaching resources to establish a knowledge base for
mental health MOOCs. On the one hand, students can independently choose the
MOOC:s they are interested in in the system for learning. On the other hand, the plat-
form also intelligently identifies the most suitable type of MOOCs and accurately
push the learning content based on real-time monitoring of the students. At the same
time, the platform is in contact with psychological counselors in colleges and univer-
sities and psychological experts in hospitals to provide them with MOOC learning
opportunities, improve the knowledge structures and abilities of psychological ex-
perts, and realize the service ability of 3.3 better.
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This mode of building knowledge with external experts provides users of the sys-
tem with learning opportunities. This service is a dynamic process of knowledge
learning, which mainly includes:

e Professional growth and learning of psychological counselors

e Technical training of psychological experts

e Mental health knowledge base service for college students. In this system, users
can learn MOOC:s according to individual needs.

4 Function and Algorithm Implementation

4.1 Intelligent depression screening module

System screening is to evaluate the depression of students and give ratings based
on the scales completed by students against the depressive symptom knowledge base
and the clinical diagnostic rules. The students with the scores exceeding the thresholds
will be marked and considered as monitoring targets. They will need to wear MMLDs
for further monitoring and judgment on their mental health conditions.

4.2  Intelligent early depression warning module

There is subjectivity in the systematic scale screening of potential depressed pa-
tients. Therefore, this paper introduces objective indicators such as sleeping, exercise
and heart rate to analyze the mental health status of students comprehensively and
realize the intelligent early warning of students about depression, which is realized by
the text mining method.

In this paper, XML is selected as the representation of knowledge in this paper.
The text-based closeness between Kdx (sleeping, exercise and heart rate monitoring
indicators) and Kdy (knowledge base of depression diagnosis) is calculated through
the text mining method. Through the following formula, the similarity between Kdx
and Kdy is obtained:

Y Kdx;Kdy,
OscCiext (Kdx, Kdy) = cos(Kdx, Kdy) =

\/Zjl(dsz YiKdy?

According to the knowledge similarity, the system can automatically match one or
more of the indicators (sleeping, exercise and heart rate) with the depression warning
knowledge base, and send the warning signals to students.

4.3  Intelligent depression service module

Based on the intelligent early warning module, the system provides intelligent
knowledge push service, through the intelligent calculation of the closeness between
users and knowledge.
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Matrix design: The number of times, for which the knowledge is used by query in
the system, is recorded in detail. If two pieces of knowledge are often used by the
same user, the closeness of the two pieces of knowledge will be smaller. In this paper,
the following matrix is designed to record the information of knowledge used. In the
formula, num,, is an integer, used to represent the number of times for which the
knowledge kd; is used by user P; through query.

Py P, Py Py
kdy  pnumyger; NUMygerz MUMysers MUMyse1s

kd, [numygern nNUMygerr NMUMger3  NMUMgeos
kd; |MUMyse31 MUMyge3z  NMUMyge33  MUM Y534

kd, NUMygeq1 NMUMygesz MNUMyge43  NMUMyge44

Closeness intelligent computing: In this paper, knowledge push is realized by in-
telligent calculation of knowledge closeness. The closeness between user U and the
knowledge base for depression diagnosis is calculated from the user's point of view

using the following formula.
2t 0sCyse(kdg, kdy)

Nka

The system records students’ use and query of the depression diagnosis knowledge
base, and determines which piece of knowledge is more suitable for a certain scenario
according to the historical usage and users’ feedbacks, and also actively carries out
automatic matching between the monitoring indicators (sleeping, exercise, and heart
rate), the depression diagnostic knowledge base and the corresponding intervention
services (online psychological counseling, mental health communication and other
mental health intervention services) so that intervention services can be pushed ap-
propriately.

Oscuse(kd&u) (kda' Ud) =

5 Conclusion

This paper proposes an intelligent knowledge service system for depression moni-
toring of college students. In which a knowledge base for depression diagnosis, a
monitoring database and mental health archives are established. All data resources
and service information are stored in the cloud platform. College students fill in the
SCL-90 and SDS forms on this platform for initial screening of depression tendency.
Those who are initially screened out wear MMLDs for intelligent monitoring of sleep-
ing, exercise and heart rate. The platform feeds back the results in a timely manner,
and provides the intelligent depression screening sub-service, intelligent depression
warning sub-service, intelligent online psychological counseling sub-service and intel-
ligent psychological health communication sub-service for college students. In this
process, MMLDs continuously monitor the mental health of college students with
depression. This long-term, dynamic and two-way monitoring model will have a sig-
nificantly positive impact on the prevention, monitoring and management of mental
health in the future.
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