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Abstract

The latest developments in the medical world use computers to help diagnoses and treat diseases. This study aims to develop
an expert system which can be used to diagnose mental health problem, especially in the category of depression. User can
diagnose based on the symptoms felt by patients. The knowledge representation used in this study is the production rule. The
inference method used to get conclusions is using Forward Chaining the Certainty Factor method, and the platform used is
a web-based system. After analyzing and applying the Forward Chaining and calculation of Certainty Factor method into
the expert system, the conclusion is that the Forward Chaining and Certainty Factor methods can solve the problem of
depression psychiatric diagnosis by prioritizing the value of the certainty of users and experts so that the value is close to
certainty from diagnoses that are made to psychiatric illness depression.
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INTRODUCTION

Mental health is an integral part of health and is a condition that allows the optimal physical,
mental and social development of an individual, and which is in harmony with the
development of others. But it cannot be denied with the development of the current era, many
things can affect one's mental health so that it can cause a disorder or a disease. Depression is
a condition of mental disorders that causes feelings of sadness and loss of interest that
persists. Disruption of one's feelings, ways of thinking and behaving, as well as the
emergence of various emotional and physical problems are the effects that arise due to
someone suffering from depression. Although the causes of depression are still quite difficult
to ascertain, the symptoms of someone who has depression can be known and studied.
Consulting with an expert such as a psychiatrist is one way to find out whether symptoms
that arise from a person can be diagnosed as depression or not. In 2017, World Health
Organization (WHO) states that according to the latest estimates, more than 300 million
people are now living with depression, an increase of more than 18% between 2005 and
2015. Lack of support for people with mental disorders, coupled with a fear of stigma,
prevent many from accessing the treatment they need to live healthy, productive lives. At its
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worst, depression can lead to suicide. Close to 800.000 people die due to suicide every year.
Suicide is the second leading cause of death in 15-29-year-olds [1].

As science develops, the expertise of a psychiatrist can be transferred into a form of
technology called an expert system. Expert systems are computer-based systems that use
knowledge, facts, and reasoning techniques in solving problems that can usually only be
solved by an expert in the field [2]. This of course will make it easier for someone who wants
to know whether the symptoms he feels or feels by those around him are depressed or not.
Knowing someone's depression earlier will certainly help in handling it further, and this can
be one of the precautions so that things that are harmful or undesirable from someone who
has symptoms of depression do not occur.

Expert systems can be built using various types of reasoning methods. One of the
reasoning method that can be used is Forward Chaining, which is a method of reasoning
based on existing facts (data driven) to draw conclusions. In the health sector, Forward
Chaining is used to build an expert system that can diagnose diseases in children under five
years old (toddlers). This expert system was built through three stages, namely the collection
of data and information from the Manajemen Terpadu Balita Sakit (Integrated Management
of Toddler Sickness) and midwives, the creation of rules for diseases, and the implementation
of an expert system with features of disease diagnosis, history of diagnosis, and providing
advice on handling [3]. An expert system must be able to work in uncertainty. One method
that can be used to resolve uncertainty problems is the certainty factor. Research related to
the use of certainty factors in expert systems, one of which is research conducted by [4],
which is an expert system for diagnosing cholesterol in adolescents. In this study the system
is able to display the amount of confidence in the symptoms of the possibility of illness by
the user.

Based on the two previous studies that have been presented, then in this study, the expert
system that was built will use the method of forward chaining and certainty factors so that the
expert system that will be generated can overcome the uncertainty problem of the diagnosis
of depression. Considering so many problems regarding depression, this research is only
limited to the scope of vegetative depression, dysrhythmic depression, agitation depression,

and psychotic depression.
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METHODS

A. Forward Chaining
Forward chaining method is a reasoning that starts from the facts to get conclusions

(conclusions) from these facts [5]. This reasoning is based on existing facts (data driven),
where this method is carried out by gathering existing facts to draw conclusions. In other
words, the process starts from the facts through the interface fact process towards a goal. This
method is also called using the if-then rule where the premise (if) leads to a conclusion (then)
[6].

An example of forward chaining using five rules is as follows:

R1 :IF(YandD) THEN Z

R2 :IF(XandBandE) THENY

R3 :IFATHENX

R4 :IFCTHENL

R5 :IF(Land M) THENN

Facts: A, B, C, D, and E are of true value

Goal: Determine whether Z is true or false

Facts in the database that can trigger predetermined rules are A, if fact A is included in the

rules it will trigger R3's rules and generate new facts in the form of fact X that is entered into
the database. This step is followed by fact C which triggers R4 rule as a trait forward and will
produce new facts into the database, namely fact L. In the database has new facts namely X
and L so that the facts in the database become A, B, C, D, E, X, and L. Furthermore facts X,
B, and E are included in the rules that trigger R2 and produce new facts, namely Y. The facts
in the database become A, B, C, D, E, X, L, and Y. Furthermore the facts Y and D are
entered into the rules and trigger R1 and produce new facts Z. At this point, the step stops
because the destination sought, Z, have found.
B. Certainty Factor

According to Sutojo in [4], certainty factor was introduced by Shortliffe Buchanan in
making MYCIN. Certainty factor is the value of clinical parameters given by MYCIN to
show the amount of trust. In dealing with a problem often found answers that do not have full
certainty. This uncertainty can be a probability or probability that depends on the outcome of
an event. Uncertain results are caused by two factors, namely uncertain rules and uncertain
user answers to questions raised by the system. This is very easy to see in the disease
diagnosis system, where experts can not define the relationship between symptoms and their
causes with certainty, and patients can not feel a symptom with certainty as well. Eventually,

there were many possible diagnoses.
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According to Sutojo in [4], the expert system must be able to work in uncertainty. A
number of theories have been found to resolve uncertainties, including classical probability,
Bayesian probability, Hartley theory based on classical sets, Shannon theory based on
probability (Shannon theory based on probability), Dempster-Shafer theory (Dempster-Shafer
theory), Zadeh's fuzzy theory (Zadeh's fuzzy theory), and certainty factor. The certainty

factor is a method used to measure a person's beliefs.

Probability and Certainty Factor. Certainty factor is defined as in equation (1):
CF(H,E)= MB(H,E) —MD(H,E) (1)

CF (H, E) is a certainty factor of the hypothesis H that is influenced by the evidence (evidence) E.
The amount of CF ranges from -1 to 1. A value of -1 indicates absolute mistrust, while a value of 1
indicates absolute trust. MB (H, E) is a measure of increase in confidence (measure of increased
belief) of H hypothesis that is influenced by symptoms of E. MD (H, E) is a measure of distrust
(measure of increased disbelief) of hypothesis H which is influenced by symptoms of E.

The basic form of the certainty factor equation is a rule if E then H as shown as in equation (2):

CF(H,e) = CF(E,e) * CF(H,E) 2)

CF (H, e) is a certainty factor hypothesis that is influenced by evidence e. CF (E, e) is a certainty
factor of evidence E that is influenced by evidence e. CF (H, E) is a certainty factor hypothesis with
the assumption of evidence known with certainty, namely when CF (E, e) = 1. If the evidence on the

antecedent is known with certainty then the equation will become as in equation (3):

CF(E,e) = CF(H,E) (3)

The value of CF (rule) is obtained from the expert's "term" interpretation which is changed to a

certain CF value according to the Table 1:

Table 1. The Factor Of Certainty Value.

Uncertain Term CF
Certainly not -1.0
Almost  certainly -0.8
not
Most likely not -0.6
Probably not -04
Do not know -0.2t00.2
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Probably 0.4
Most likely 0.6
Almost certain 0.8
Certainly 1.0

Calculation of Combined Certainty Factors. Suppose another rule also concludes the same
hypothesis, but with a different certainty factor. The certainty factors of rules concluding the same

hypothesis are calculated from the combining function for certainty factors defined as in equation (4),

CR +CF(1—CE)  both=>0

CRACF,
1—min(|cFRl.l cRl) one <0 )

CH +CE(1+CF) both<0

CFEEI'?J‘IEJEHF(CFIF CFZ} =

where the formula for CF ompine used depends on wether the individual certainty factors are
positive or negative. The combining function for more than two certainty factors is applied
incrementally. That is, the CF ompine 1S calculated for two CF values, and then the CF ompine 1S

combined using equation (4) with the third CF value, and so forth (Giarratano, 1998).

Design and Implementation
System Overview
Expert system to diagnose this category of depression requires knowledge and inference

engine to diagnose the user's disease. This knowledge base contains the factors needed by the
system. While the inference engine is used to analyze the factors entered by the user so that a
conclusion can be found. The knowledge base needed by the system consists of disease
symptoms, types of disease and therapy. Figure 1 is a general description of the expert system

to diagnose diseases of mental health with Forward Chaining and Certainty Factor.

Interface

Inference Engine Knowledae
(Forward Chaining & &
. Base
Certainty Factor)
» Result
Diagnose I
Non-expert user

Figure 1. The Expert System Overview
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Through the expert system interface, non-expert user answer a number of questions related to
symptoms that appear or are felt. Answers in the form of symptoms felt by the non-expert
user are accompanied by a certainty value for each symptom. The certainty value of each
symptom felt by the non-expert user is processed by the Certainty Factor method, then the
reasoning is processed by the Forward Chaining method. The knowledge base is the core of
an expert system, which is in the form of knowledge representation from the experts. The
knowledge base is composed of facts and rules. Fact is information about object, event and
situation. Rule is a way to generate a new fact from facts that are already known. In the
inference engine there is a process to manipulate and direct the rules, models, and facts stored

in the knowledge base in order to reach a solution or conclusion.

Implementation
Implementation of the expert system is carried out by compiling a knowledge base that will

later support the inference engine in generating diagnoses. Table 2 shows the list of
depressive symptom. There are 23 list of symptoms related to vegetative depression,
dysrhythmic depression, agitation depression, and psychotic depression. The weight of each

symptom is determined by an expert based on the weighting conditions shown in Table 1.

Table 2. The Weight Of Depression Symptoms.

Symptom Name of The Symptom Expert Weight
Code Value
Gl Before the menstrual cycle -0.8
G2 There is no apetite 0.8
G3 Tend to be a loner 0.8
G4 Insomnia 0.8
G5 Feeling restless 0.8
G6 Wringing hands 0.4
G7 Talk inconsequential -0.6
G8 Can not feel the emotions of 0.8

grief
G9 Feeling a deep guilt 0.8
G10 Want to commit suicide 1
Gl1 Loss of the menstrual cycle 0.4
G12 Personality changes 0.4
G13 Looked grim 0.8
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Gl4 Passive 0.8
G15 Feeling suspicious 0.6
Gl6 Like to criticize -0.4
G17 Filled with negative thoughts 0.8
G18 Excessive fear will go crazy 0.8
G19 Experiencing delusions 0.4
G20 Experiencing hallucinations 0.4
G21 Feeling insecure 0.4
G22 Feel like being watched 0.4
G23 Feeling worthless 0.8

The input of the system is the symptoms that are felt by system users accompanied by how
much the level of user confidence in the symptoms felt. The data is used by the system to
determine the type of depression suffered by the user. In this case two types of rules are used:
symptoms in men and symptoms in women. The formation of rules for depressive symptoms
is shown in Table 3.

Table 3. The Symptom Rule Of Men.

Rule Rule
Code
R1 IF [G2] AND [G3] AND [G4] THEN D1
R2 IF [G2] AND [G5] AND [G6] AND [G7] AND [G8] AND [G9 ] AND
[G10] THEN D2
R3 IF [G12] AND [G13] AND [G14] AND [G15] AND [G16] AND [G17]
AND [G18] THEN D3
R4 IF [G19] AND [G20] AND [G21] AND [G22] AND [G23] THEN D4

For the rules of symptoms in women, a special rule is formed because according to experts,
the tendency of women to be depressed is likely one of them is caused by changes in
hormone levels that occur in the menstrual cycle. The rules of symptoms in women are
shown in Table 4.

Table 4. The Symptom Rule Of Women.

Rule Rule
Code
R1 IF [G1] AND [G2] AND [G3] AND [G4] THEN D1
R2 IF [G2] AND [G5] AND [G6] AND [G7] AND [G8] AND [G9 ] AND
[G10] AND [G11] THEN D2
R3 IF [G1] AND [G11] AND [G12] AND [G13] AND [G14] AND [G15]
AND [G16] AND [G17] AND [G18] THEN D3
R4 IF [G19] AND [G20] AND [G21] AND [G22] AND [G23] THEN D4
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The types of depression are shown in Table 5. These types of depression are related to the
rules of symptoms in Table 4.

Table 5. The Types Of Depression.

Depression Name of Depression
Code
D1 Vegetative Depression
D2 Agitation Depression
D3 Dysrhytmic Depression
D4 Psychotic Depression

Based on the symptom rules that have been shown in Table 3 and Table 4, the decision tree from this

expert system is shown in Figure 2. The decision tree search is carried out using the Forward

Chaining method.
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Figure 2. The Decision Tree Of Expert System.

RESULT AND DISCUSSION
System Interface
This expert system was built based on web technology, this was chosen to make it easier for users to

access the system because it only requires an internet connection and a browser that is definitely
available on a various devices and operating systems. The system access rights are divided into two
consisting of administrator and non-expert user. The administrator is responsible for managing the
data symptoms, weights, rules, and types of depression. The users who are non-expert users input
symptoms that are felt through a collection of questions that are formed into a closed questionnaire.

The emergence of questions related to symptoms felt by the user is based on tracing the symptoms in

36



Wahana Matematika dan Sains: Jurnal Matematika, Sains, dan Pembelajarannya,
Vol. 14 No 1, April 2020
e-1SSN: 2549-6727 , p-ISSN: 1858-0629

the decision tree shown by Figure 3. The disease consultation page in the expert system is shown in

Figure 3.
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Figure 3. The disease consultation page interface of non-expert user.

The consultation result page display is shown in Figure 4. The consultation results page
displays the symptoms felt by the user accompanied by the certainty value of the symptoms.
After symptoms, the next diagnosis is displayed with the value of certainty in accordance
with the calculations performed with the Certainty Factor method. The results of the

diagnosis are complemented by an explanation of the type of depression that is inferred.
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Figure 4. The Consultation Result Page.

37



Wahana Matematika dan Sains: Jurnal Matematika, Sains, dan Pembelajarannya,
Vol. 14 No 1, April 2020
e-1SSN: 2549-6727 , p-ISSN: 1858-0629

Result
The case used to test the resulting expert system was a male user. The user feels symptoms

like there is no apetite, feeling restless, wringing hands, talk inconsequential, can not feel
emotional of grief, feeling a deep guilt, and want to commit suicide. The certainty value of

each symptom felt by the user is shown in Table 6.

Table 6. The Certainty Value Of Symptoms Felt By The User.

No. Name of The Symptom Certainty Certainty Value

Value from from The Expert
The User

1. There is no apetite [G2] 0.6 0.8

2.  Feeling restless [G5] 0.8 0.8

3. Wringing hands [G6] 0.6 0.4

4.  Talk inconsequential [G7] 0.4 -0.6

5. Can not feel emotional of grief 0.4 0.8

[G8]
6. Feeling a deep guilt [G9] 0.8 0.8
7. Want to commit suicide [G10] 0.6 1

The Forward Chaining search flow in the decision tree for the symptoms felt by the user is
shown in Figure 5. Based on Figure 5 it is known that the user is diagnosed with agitation
depression [D2]. To find out the level of certainty of a user suffering from agitation
depression, the search results with Forward Chaining continued by calculating the level of
certainty using Certainty Factor. The calculation of Certainty Factor is carried out in several

steps.

The first step is to break the rule with multiple premise rules [R2] into single premise rules:
IF [G2] THEN D2
IF [G5] THEN D2
IF [G6] THEN D2
IF [G7] THEN D2
IF [G8] THEN D2
IF [G9] THEN D2
IF [G10] THEN D2

The second step is to calculate the value of CFaypere With CF, .., using equation (2):

CF[H,e,] = 0.6« 0.8 = 0.48
CF[H,es] = 0.8+ 0.8 = 0.64
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CF[H,es] = 0.6 0.4 = 0.24
CF[H,e,] = 0.4+ —0.6 = —0.24
CF[H,eg] = 0.4+ 0.8 = 0.32
CF[H,eq] = 0.8+ 0.8 = 0.64
CF[H,e;5]10 = 0.6+ 1 = 0.6

The next step is to combine the CF value of each rule:
1. Combine CF[H,e;] dengan CF[H,e5] with equation (4) because the values of CF[H,e;] and

CF[H,eg] are greaterthan O :

CFromeine CFs, CF.) = CF, + CF; + (1 — CF;), thus becoming
CFCGMEINE(CFZ! CFE) =048 + 0.64 = (1 - D.‘q:'B}

=048 +03328

— 08128 CF,,,
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Figure 5. The Forward Chaining inferencing.

2. Combine CF,;; dengan CF[H,e:] with equation (4) because the values of CF,;z and CF[H,e:]
are greater than 0 :
CFrompingCFa14.CF:) = CF,q + CF; + (1 — CFE,;,), thus becoming
CFromzme(CFy1q,CFo) = 0.8128 + 0.24 « (1 — 0.8128)
= 0.8128 + 0.0449
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= 0.8577 CF,;,
3. Combine CF,;; dengan CF[H,e;] with equation (4) because the values of CF,;; and CF[H, e]
arelessthan 0 :
CFeompmve (CFo1a,CF;) = CFpiq + CF; /(1 — min(|CF,4,| CF; 1)), thus becoming
CFeopmpme' CFaa,CFr) = 0.8577 + (—0.24) /(1 — min(]0.8577], |—0.24]))
= 0.8577 + (—0.24) /(1 —0.24)
= 0.8577 + (—0.3158)
= 0.5419 CF, 4

4. Combine CF,;4 dengan CF[H,eg] with equation (4) because the values of CF,;z and CF[H, eg]
are greater than 0 :
CFromzine CFa1a.CFs) = CF,y5 + CF; # (1 — CF,;4), thus becoming
CFromzine CFo1q,CFg) = 0.5419 + 0.32 + (1 — 0.5419)
= 0.5419 + 0.1466
= 0.6885 CF,4
5. Combine CF,;s dengan CF[H,eq] with equation (4) because the values of CF;; and CF[H, eg]
are greater than 0 :
CFCG;'-'I.E‘L"."E{CFD:dJ CFQ.} = CFD:E.' + CFg. # (1 - CFE-:E'}’ thus becoming
CFromene CFoq,CFy) = 0.6885 + 0.64 + (1 — 0.6885)
= 0.6885 + 0.1944
= 0.8879 CF,4
6.Combine CF,;; dengan CF[H,ey;] with equation (4) because the values of CF,;; and
CF[H,eyp] are greaterthan O :
CFeompine(CFo1a:CFg) = CFyyq + CFyp * (1 — CF,y4), thus becoming
CFrompine(CFa1a,CFp) = 0.8879 + 0.6 + (1 — 0.8879)
= 0.8879 + 0.0673
= 0.9552 CF,4

From the calculation above, it can conclude that percentage of confidence is 95.52%. The
percentage means that certainty factor calculation for agitation depression has a system

confidence level of 95.52%.

CONCLUSION AND FUTURE WORK
Based on the description above, it can be concluded that a prototype of expert system has

successfully built. This prototype aim to diagnose type of depression by using the Forward Chaining
and Certainty Factor method. The result of using both methods in expert system is a percentage of a
user’s confidence suffering from depression based on the weight of the symptoms given by the user.

The prototype system will be improved by adjusting the weight for each symptom based on the expert
of a psychiatrist because it will adjust to the treatment that will be given by the patient. The
development of the system will continue to the stage of testing to find out whether the system is able

to provide diagnoses in accordance with diagnosis from experts.
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