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Abstract— Insomnia is a form of sleep disorder. This study develops an expert system model that can help determine the tendency of
insomnia based on the Diagnostic and Statistical Manual for Mental Disorders (DSM-V) guidelines. The forward chaining design method was
used in this study because it is bottom-up by collecting facts from patients and concluded based on the DSM-V guidelines. The forward
chaining method was chosen to test the hypothesis of the classification of insomnia tendencies. The factual information then acts as a
knowledge base fed into computer programs that can generate system rules. In addition, tacit knowledge is used, as evidenced by O'Leary
validation, to strengthen the validation of psychologist practitioners. There are three validation criteria: the accuracy of the knowledge base,
completeness of the knowledge base, and condition-decision matches. The parameters used are based on complaints, dysfunction, time range,
and other factors. The results of modeling and analysis of the rule system using the forward chaining method classify insomnia tendencies into
three types based on time range: episodic, persistent, and recurring. The validation results carried out by practicing psychologists based on the

analysis showed that the three rule systems were following the DSM-V guidelines and practical experience.
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I. INTRODUCTION

Insomnia is a form of sleep disorder. The percentage of
insomnias in Indonesia is 10% of the total population of
Indonesia, which is 238 million, or it can be said that there are
around 23 million insomnias in Indonesia [1]. Among 23
million people with insomnia, in the adult category, 20% to
50% of people experience sleep disorders, and about 17%
have serious sleep disorders [2].

Insomnia is a sleep disorder with symptoms such as
difficulty falling asleep for a certain time or waking habits.
The impact of this insomnia can inhibit activity and damage
organs - organs of the body. This is because sleep is a state
where the body is rested from all forms of activity. When
people sleep, the work of the brain becomes passive and does
not respond to the outside world [3].

Several papers from previous research have created an
expert system for diagnosing sleep disorders, including
insomnia. The paper [4] uses an expert system for diagnosing
sleep disorders with the Certainty Factor method to analyze
the types of sleep disorders and find solutions. The researchers
[5] use an expert system to diagnose nine types of sleep
disorders, one of which is insomnia, which is focused on
people aged 50 years and over using the forward chaining
method, where the purpose of this study is to replace doctors
in diagnosing diseases. The paper [6] uses an expert system
for diagnosing four types of sleep disorders, one of which is
insomnia, with the Dempster Shafer method. The research [7]
uses an expert system with the Naive Bayes algorithm method
in diagnosing non-organic sleep disorders, one of which was
insomnia, by referring to the PPDGJ 11 guidelines.

However, in the previous reference paper, the study was
conducted to diagnose sleep disorders in general and not
specifically to diagnose insomnia.

This study uses the forward chaining method adopted in
previous research, namely the results of research [8] using the
Forward and Backward Chaining method for hydroponic
vegetable cultivation, and the study [9] uses the Naive Bayes
expert system method for the detection of digestive diseases

Therefore, this paper develops an expert system model to
help determine insomnia tendencies based on the DSM-V
guidelines currently used by psychology practitioners. In this
study, DSM-V was used as a knowledge base within the
framework of an expert system and validation from
psychology practitioners using the O'Leary method. The
O'Leary method refers to 3 criteria, including accuracy of the
knowledge base, completeness of the knowledge base, and
Condition-decision matches.

Insomnia parameters studied in this study were (1)
complaints factors, (2) dysfunction factors, (3) time range
factors, and (4) other factors.

Il. RESEARCH METHODOLOGY

This study uses a model design method with qualitative
data. The expert system used is the forward chaining type with
concept modeling based on DSM-V. Concept modeling is
done with workflow based on the flow in Figure 1.

Forward chaining is a strategy to find conclusions on a
problem by collecting data or facts with forwarding search
methods, where conclusions will be obtained from the premise
rules following the information in the knowledge base [10].
The discussion in this paper uses the forward chaining method
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because the diagnostic method for insomnia is bottom-up,
namely collecting some facts from patients, concluding based
on DSM-V guidelines and tacit knowledge from practitioners
trained in diagnosing insomnia.
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Figure 1. Research Workflow

A. Atrtificial Intelligence

'Intelligence’ is the ability to understand and perform an
activity, where the term can be said as a logical understanding
that is studied and planned to solve a problem. 'Artificial’ is a
form that is not real or just a simulation. Artificial Intelligence
(Al) is a simulation that can understand and perform an
activity to solve a problem [11]. Al is one of the computer
sciences in the form of intelligent machines that can simplify
human work and even exceed human capabilities [12]. In
another definition, Al is defined as a knowledge mechanism
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carried out for research, application, and instruction on
computer programming to be able to do something [13].

Al can perform analysis and decision-making more easily,
quickly, and accurately as in the system that has been created
[14]. In its application, Al uses symbols such as numbers,
letters, and variables in an interrelated formula to solve a
problem. Another feature is Al problem solving with
programming algorithms, where this program can provide
many possibilities according to the existing conditions [15].

The ultimate goal of Al is AGI (Artificial General
Intelligence). But in its development, AGI is a very broad
topic. Al is broken down into several sub-fields to achieve
AGI, including robotics, computer vision, artificial neural
system, natural language processing, speech recognition, and
expert systems [16].

B. Expert System

According to Professor Edward Feigenbaum, an expert
system is an intelligent computer program with knowledge
and inference procedures in solving a problem that requires
special expertise from an expert [17]. An expert has special
knowledge or expertise usually not owned by others. In other
words, an expert can solve a science that most people cannot
solve. The basic concept of an expert system can be seen in
Figure 2.
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Figure 2. The Basic Concept Of Expert System From (Tan, 2007) [18]
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As Figure 2 shows, the basic concept of an expert system
can be illustrated when the user provides facts or information
to the system. The system will then provide a response based
on the expert opinion of the user. The system will be
displayed on the user interface so that the user and the system
can interact. In short, if represented in the system, then there
are "IF" and "THEN" methods that represent every possibility
that occurs to get a conclusion [19]. The expert system has
three main components, as shown in Figure 2.

1) Knowledge Base: The knowledge base is a variety of
knowledge obtained from several experts and researchers in
their fields that can solve certain problems [20]. In this study,
DSM-V is used as a knowledge base on the expert system
created. The Diagnostic and Statistical Manual (DSM) of
Mental Disorders is a book that the American Psychiatric
Association has recognized as a standard since 1952. This
book is used as a guide by medical professionals, researchers,
psychiatric drug regulatory agencies, health insurance
companies, pharmaceutical companies, legal systems, and
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alternative health policymakers. It was first published in 1952,
and the Diagnostic and Statistical Manual of Mental Diseases
(DSM) provides a classification of mental disorders and a set
of standard criteria [21]. In addition to the DSM-V guidelines,
the results of interviews with practicing psychologists were
used for further interpretation and validation of the DSM-V
guidelines.

2) Inference Engine: The inference engine contains a series to
determine conclusions using a reasoning system with
information knowledge and working memory. This machine
inference is obtained from the fact-matching process from the
state statement stated in the premise [22]. In this study, the
inference engine is the model built. There are two main
techniques in developing an inference engine model: Forward
chaining and Backward Chaining. Forward chaining is a
search technique or forward search with a pre-existing
knowledge base that can be used as a solution that produces
conclusions based on facts [23]. The search using the forward
chaining method starts with data, producing an IF rule that
leads to a conclusion (THEN). Rules are generated from the
flow of reasoning from the data to produce goals, and then
goals produce facts, and the conclusion will be the final
destination [24]. This study uses the forward chaining method
to test the facts hypothesis on the diagnosis of insomnia. The
result of the method used presents a special condition of
insomnia.

3) User Interface: A user interface is a visual display created
on an application to display an inference engine derived from
a knowledge base. However, this study created no user
interface because it only designed the expert system model.

C. Insomnia

According to the DSM-V book, insomnia is a type of sleep
disorder with complaints related to dissatisfaction with the
quantity and quality of sleep [25]. Meanwhile, according to
Kaplan and Sadock [26] According to Kaplan and Sadock,
insomnia is a condition in which a person has complaints of
difficulty entering sleep, difficulty maintaining sleep, or not
getting enough sleep. According to Tyrer [27], Insomnia is the
result of a habit of staying up late for several nights that never
seem to end [28].

According to Ruth, it is estimated that 10-15% of
insomniacs are adults. It is estimated that 10% - 15% of the
adult population experience sleep disturbances during the day,
and another 6% - 10% have insomnia symptoms [29]. There
are several general criteria for the diagnosis of insomnia,
namely as follows [30]:

e Sleep complaints related to dissatisfaction with the
quantity or quality of sleep with symptoms, namely
difficulty initiating sleep, difficulty maintaining sleep,
and waking up early in the morning and then unable to
go bhack to sleep. This happens despite having the
opportunity to sleep.

o Significant life disturbances include work, education,
behavior, and others.

e Trouble sleeping occurs at least three nights per week.
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e Trouble sleeping suffered for three months.

e Trouble sleeping occurs despite adequate opportunity to
sleep.

e Have narcolepsy, sleep-related breathing disorder,
circadian rhythm sleep-wake disorder, and parasomnias,
which cannot be confirmed as a direct factor in insomnia.

e Not under the physiology of a substance such as drug
abuse or treatment for a mental disorder or other medical
condition.

e Certain psychological illnesses and physical ailments
also need medical attention (but not always a factor in
insomnia).

There are three classifications of insomnia based on the

time the patient experienced symptoms:

1) Episodic: A type of insomnia whose symptoms last for at
least one month but are less than three months that have an
impact on sleep schedules and are influenced by an
uncomfortable sleep environment.

2) Persistent: A type of insomnia whose symptoms last three
months or more. Patients with persistent insomnia have a
maladaptive sleep habits (e.g., spending excessive time in bed,
adhering to erratic sleep schedules and naps) and cognitions
(fear of sleeplessness, worry about daytime disturbances, and
monitoring hours) during the onset of the sleep difficulty.

3) Recurrent: A type of insomnia in which symptoms last two
months or more episodes within one year.

I1l. RESULT AND DISCUSSION

Based on the DSM-V clinical guidelines, the tendency of
insomnia is influenced by four factors, namely complaints,
dysfunction, duration of time, and other factors such as flow
in Figure 3.

problem in

" Dysfunction

Insomnia Tendency
Factors

difficulty maintaining | Complaints Other |
sleep o «_Factor

o ised by al disorders
trouble getting| not caused by mental disorder

o sleep and certain medical conditions

Figure 3. Insomnia Tendency Factors
The fact information will then be entered into a computer

program so that the information acts as a knowledge base that
can classify insomnia tendencies. Information data on the
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classification of 3 types of insomnia based on time range can

be seen in Table I.

TABLE |
CLASSIFICATION OF INSOMNIA BY TIME RANGE
Code Inioyrggla Description

11 episodic This type of insomnia occurs due to a
combination of various supporting factors,
namely Complaints (CF), Dysfunction (DF),
and Other Factors (OF), and with a Time
Range (TR) of 1 month to < 3 months.

12 persistent This type of insomnia occurs due to a
combination of various supporting factors,
namely Complaints (CF), Dysfunction (DF),
and Other Factors (OF) and with a Time
Range (TR) of 3 months or more.

13 recurrent This type of insomnia occurs due to a

combination of various supporting factors,
namely Complaints (CF), Dysfunction (DF),
Other Factors (OF), and with a Time Range
(TR) of 2 episodes in 1 year.

The three types can be characterized by four factors in Tables
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Range (TR) of 1 month to < 3 months. From these rules, it can
be concluded that patients can be categorized as episodic
insomnia if they experience a combination of the above-
mentioned insomnia tendencies.

* ano | imu } » AND >0

oF2 | anp 1 —

| oFs

Il to V.
TABLEII
COMPLAINTS FACTOR (CF)
Code Description
CF1 trouble getting to sleep
CF2 difficulty maintaining sleep
CF3 wake up in the morning and can't go back to sleep
TABLE I
DYSFUNCTION FACTOR (DF)
Code Description
DF1 social dysfunction
DF2 problems in education/learning
DF3 problems in carrying out work
DF4 problem in behavior
DF5 other problems in daily life
TABLE IV
TIME RANGE FACTOR (TR)
Code Description
TR1 trouble sleeping present for at least three nights per week and

lasting from 1 month to < 3 months

TR2  trouble sleeping at least three nights per week and lasts for three
months or more
TABLE V
OTHER FACTOR (OF)
Code Description
OF1 not caused by narcolepsy, breathing-related sleep disorders,
circadian rhythm sleep-wake disorders, and parasomnias
OF2  not due to the physiological effects of drugs (narcotics, drugs)
OF3  not caused by mental disorders and certain medical conditions
OF4  difficulty sleeping occurs despite the opportunity to get enough

sleep

From the data obtained in Tables I to V, expert system rules
can be formed using the forward chaining method, where rules
1, 2, and 3 are shown in Figures 4, 5, and 6.

a) Rule 1: There is a combination of Complaints (CF),
Dysfunction (DF), and Other Factors (OF) and with a Time

oF4

Figure 4. Rule 1: Episodic Insomnia Tendency

b) Rule 2: There is a combination of Complaints (CF),
Dysfunction (DF), and Other Factors (OF) and with a Time
Range (TR) of 3 months or more. From these rules, it can be
concluded that patients can be categorized as persistent
insomnia if they experience a combination of the above-
mentioned insomnia tendencies.

TAND F
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| oFs —
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Figure 5. Rule 2: Persistent Insomnia Tendency

c¢) Rule 3: There is a combination of Complaints (CF),
Dysfunction (DF), and Other Factors (OF) and with a Time
Range (TR) of 2 episodes in 1 year. From these rules, it can be
concluded that patients can be categorized as recurrent
insomnia if they experience a combination of the above-
mentioned insomnia tendencies.

Rule 1

2 Episodes in 1 year

Figure 6. Rule 3: Recurrent Insomnia Tendency

D. Validation

The validation process is carried out by experts against the
rules that have been made. Validation using the O'Leary
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method is specifically used for expert systems. There are three
validation criteria used, which can be seen in Table VI.

TABLE VI
O'LEARY VALIDATION CRITERIA [31]
Code Criteria Explanation
VF1  Accuracy of the Check the accuracy of the rules that
knowledge base have been created with the knowledge
base
VF2  Completeness of the Check the completeness of the rules and
knowledge base orders
VF3  Condition-decision Equation of decisions and conditions

matches contained in the system with experts

judgment.

Validation was carried out by three psychologists,
including one psychologist who had a license to practice as a
practicing psychologist for 18 years and two psychologists
who had a license to practice as a psychologist for two years.

The validation process is carried out by combining factual
information contained in the rules. Where in this case, the
binary number is used, namely 0 for facts that are not
mandatory for insomnia patients and 1 for facts that insomnia
patients must own. So, from the data obtained validation
results in Table VII.

TABLE VII
O'LEARY'S VALIDATION RESULT

Code Criteria Validation Result

VF1  Accuracy of the

knowledge base

Three experts assessed the knowledge bases
generated in Tables | to V according to
DSM-V and psychologists' expert judgment.
VF2 The classification of insomnia tendencies
for the time range generated in Rules 1, 2,
and 3 based on the DSM-V knowledge base
was complete with the presenting symptoms
and characteristics.

Completeness of
the knowledge base

VF3 Condition-decision

matches

According to the three experts, the
antecedent of the rule (IF clause) and its
consequent (THEN clause) is appropriate.

1\VV. CONCLUSION

Based on the author's analysis to answer the purpose of
writing described in the introduction, the writer can then draw
conclusions from the analysis that has been done. To classify
the tendency of insomnia based on complaints, dysfunction,
time range, and other factors, the author uses an expert system
to form a system of rules based on the DSM-V clinical
guidelines. The author successfully made modeling and expert
systems that can classify the tendency of insomnia.

The findings, which were gathered through the course of
this research, provide a model for the inference engine in the
form of three rules that have been outlined. The results of the
psychologist's validation stated that the three rules were
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appropriate for classifying episodic, persistent, and recurrent
insomnia tendencies.
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