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Preeclampsia is a hypertensive disorder in pregnant women that significantly affects morbidity and one of the
causes of death in pregnant women and fetuses. According to WHO data, the prevalence of preeclampsia is
1.8-18% in developing countries, while in developed countries it is 1.3-6%. This value indicates that in
developing countries the case of pregnant women with preeclampsia is higher than in developed countries
because preventive treatment for pregnant women with preeclampsia is handled faster in developed countries
than in developing countries. In Indonesia alone, the Maternal Mortality Ratio (MMR) for the last 10 years
amounted to 459 maternal and fetal deaths from 100,000 births with the frequency of occurrence of
preeclampsia around 3% to 10% of the total number of pregnancies. The purpose of this study is the early
detection of preeclampsia in pregnant women through diagnosis carried out using the Expert system so that
pregnant women get preventive measures as an early prevention of preeclampsia disease that attacks and
reduces the MMR rate. Another goal is to provide recommendations for therapy that can be given to pregnant
women with preeclampsia. This research uses an optimized certainty factor method so as to provide a certainty
value about the Expert's statement through the Expert's confidence level which is symbolized by a number in
the range -1 to 1 in diagnosing preeclampsia. The output of this study is the result of expert diagnosis by
optimizing the certainty factor method which provides recommendations for preventive actions to be taken to

pregnant women with preeclampsia.

1 INTRODUCTION

Maternal Mortality Ratio (MMR) according to the
World Health Organization (WHO) is the incidence
of death in pregnant women during the period around
delivery, which is the period of 42 days after the end
of pregnancy, which is caused by all causes related to
pregnancy or incorrect handling and is not caused by
injury or accident. (Macedo et al., 2020). Maternal
Mortality Ratio (MMR) and Infant Mortality Ratio
(IMR) are benchmarks for the health and welfare of
the people in a country. WHO reports from various
sources that the direct cause of maternal death occurs
during and after childbirth caused by bleeding,
infection or high blood pressure during pregnancy by
75% (Wang et al., 2020). In Indonesia itself as a
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developing country, the MMR is still quite high, data
from the Inter-Census Population Survey (SUPAS)
recorded MMR as many as 305 cases during the
period 2011 to 2014, which means that there are 305
cases of maternal death caused by pregnancy until
delivery. 42 days after delivery per 100,000 live
births (Aini, Fajaria Nur; Widyawati, Melyana Nurul,
Santor, 2019). In Cilacap Regency, according to data
from the Cilacap Regency Health Office, it shows that
during the 2019 period of MMR there were 15 cases
while for IMR there were 155 cases. As for the
maximum target of the Cilacap District Medium-
Term Development Plan (RPJMD), MMR is 19 cases
and IMR is 139 cases (Tri Budiarti, Dhiah Dwi
Kusumawati., Nikmah Nuur Rochmah, 2019).
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Based on this target, the MMR in Cilacap Regency is
still quite high even though it is still below the
maximum standard set. This has become the concern
of relevant institutions in Cilacap Regency to
continue to suppress MMR and IMR so that the level
of community welfare increases.

MMR can be identified based on the general
condition of the mother during a gestation period
lasting 40 weeks (Qiao et al., 2020). One of the
identifications can be done through the health
examination of pregnant women in available health
facilities (Gustri et al., 2016). This identification
serves to reduce the risk of death of pregnant women
and fetuses that can be predicted based on the
symptoms experienced by pregnant women during
pregnancy through prompt and correct handling in the
most dangerous period, namely the period around
delivery (Saraswati & Mardina, 2016). An expert
system can be interpreted simply as a transfer of
knowledge from an expert to a computer through an
information system that can be utilized without the
time and place restrictions (Mathew et al., 2020). The
Expert System asks for facts that will later be used as
knowledge inference which is then processed to be
able to provide conclusions or decisions that are
conical to a result of these facts (Dai et al., 2019). The
conclusion is considered as the result of consultation
with the Expert, who provides non-expert advice, and
explains the possible solutions for the consequences
(Zieschang et al., 2019). In research conducted, the
Expert system is used to provide recommendations
for therapy that can be carried out by pregnant women
with preeclampsia during pregnancy as a decision or
conclusion based on the symptoms that are inputted
into the Expert system which is processed through a
knowledge base. The conclusions/decisions given are
non-experts, which can later be consulted with real
experts if there are doubts about the results given by
the Expert system. The therapy recommended by a
machine learning-based intelligent system is in the
form of an active solution for the decisions/
conclusions given to pregnant women with
preeclampsia.

Research on preeclampsia has been conducted by
Macedo et al who examined the prevalence of
preeclampsia and eclampsia in pregnancy on 291,247
adolescents worldwide since 1969. The results
showed 70 studies starting from 1969 to 2019 and
consisting of 30 countries with 291,247 adolescents
with prevalence rates the overall
preeclampsia/eclampsia  was  6.7%.  Subgroup
analysis revealed that the preeclampsia/eclampsia
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relationship was influenced by country income and
the highest prevalence was found in the low- and
middle-income countries group with prevalence
values of 11.5% and 10.6% (Macedo et al., 2020).

Furthermore, research conducted by Zain et al
analyzed the certainty factor method and
implemented it into an Expert system for early
detection of disease in beef cattle. In this study, the
certainty factor method was used to determine the
level of confidence in the disease found in beef cattle
and the forward chaining method was used to
determine the search on the knowledge base that
determined the conclusion of the disease in beef
cattle. The output of this study is a mobile-based
Expert system for early detection of disease in beef
cattle so that control measures can be taken quickly
and precisely in determining the quality of good beef
cattle (Zain & Astutik, 2015).

Further research by Khairina et al applied the
certainty factor to the Expert system for diagnosing
ENT diseases. The expert in this study is an ENT
specialist who provides complete and detailed
information about the causes and symptoms
experienced by patients who have problems with their
ears, nose and throat. The results of this study are a
website-based information system that can diagnose
ENT diseases by selecting the symptoms experienced
by patients and the system provides search results in
the form of information about ENT diseases suffered
based on the selected symptoms (Setyaputri et al.,
2018).

Furthermore, research conducted by Yudia et all
which examines the determinants of preeclampsia in
RSUP Dr. Moch. Husein Palembang. This research
used a case-control study design. The data used
secondary data from mothers medical record with
preeclampsia and without preeclampsia in the period
1 January 2015-31 December 2015. The number of
samples was 85 cases and controls. Analysis of data
used univariate, bivariate analysis used chi square
test, and multivariate used multiple logistic regression
prediction model. Multivariate analysis showed that
factors associated with preeclampsia were age> 35
years (OR: 4.120; 95% CI: 1.715 to 9.897) obesity
(OR: 2.134; 95% CI: 1.093 to 4.167) and a history of
hypertension (OR: 12.143; 95% CI: 1.368 to
107.792). The most dominant factor related to the
incidence of preeclampsia in pregnant women is a
history of hypertension. The advice can be given that
the relevant agencies to improve promotive and
preventive efforts by providing socialization of the
factors which may be a risk of preeclampsia so that
cases of preeclampsia can be prevented at an early
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stage (Gustri et al., 2016).

Further research by Retno et al which analyzed the
risk factors of severe preeclampsia in pregnant
women in RSUD Dr. Moewardi Surakarta. Causes of
maternal mortality include hemorrhage, eclampsia,
and infection. Pre-eclampsia is a unique disorder that
is only found in human pregnancy. Pre-eclampsia
usually occurs in the third trimester. Pre-eclampsia at
Dr. Moewardi hospital in 2010-2011 had increased.
The aim of this study was to determine the risk factors
of preeclampsia in pregnant women in Dr.Moewardi
hospital. This study was an observational study with
case-control design. Technique sampling used was
consecutive sampling. The data were analyzed
through Chi Square test. The results of this study
showed that there were correlations between
gestational age (p = 0.001; OR = 16.125, 95% CI =
1.993 to 130.459), occupational status (p =0.001; OR
=4.173,95% CI=1.709 to 10.188) and the incidence
of severe preeclampsia in pregnant women, and there
was not any relationship between history of diabetes
mel- litus (p = 1.000; OR =1.000, 95% CI = 0.061 to
16.508) and the incidence of severe preeclampsia in
pregnant women (Wulandari, 2012).

The novelty of the research carried out with
previous research is the optimization of the certainty
factor method adapted to provide a confidence value
to the results of the Expert system search provided by
the Expert. The search results are used to detect early
and diagnose symptoms of preeclampsia in pregnant
women by providing recommendations for therapy
that should be carried out by the family and pregnant
women in order to prevent unwanted things such as
the death of pregnant women and fetuses. The output
of this study is a conclusion of preeclampsia by
optimizing the certainty factor method which
describes the certainty value of an expert's conclusion
on the diagnosis of preeclampsia in pregnant women
with details of the stage of preeclampsia and
recommendations for therapy that can be taken as a
preventive measure to suppress the Maternal
Mortality Ratio so that the results of the
recommendations can prevent the death of pregnant
women as early as possible.

2 RESEARCH METHOD

2.1 Preeclampsia

Preeclampsia is a disease in pregnant women
characterized by hypertension, oedema, and

proteinuria that arise due to pregnancy (Bracken et
al., 2021). Preeclampsia is generally detected in the
third trimester of pregnancy or in pregnant women
who have a history of hypertension, so this disease
can occur in the previous trimester (Aguilar-Cordero
et al., 2020). The emergence of hypertension usually
precedes other symptoms and in cases of
preeclampsia, there are two types of hypertensive
disorders, namely systolic and diastolic (Qiao et al.,

2020). Excessive accumulation of body fluids in body

tissues that can be identified through swelling of

certain body parts such as fingers, curries and face
and weight gain is called oedema (Macedo et al.,

2020). Proteinuria is the level of protein

concentration in urine that reaches 0.3 g/liter of urine

within 24 hours and usually appears last compared to
the other two symptoms (Wang et al., 2020), (Gustri

etal., 2016).

For pregnant women with preeclampsia, mild
preeclampsia syndrome, and symptoms as above are
often missed and not monitored by the pregnant
woman and her family, which results in severe
preeclampsia and leads to the death of pregnant
women (Saraswati & Mardina, 2016). Therefore,
early detection of preeclampsia and appropriate
therapy as a preventive measure need to be
implemented immediately (Wulandari, 2012).
Preeclampsia is grouped into 2, namely mild and
severe preeclampsia, whigich is shown through the
following symptoms (Kurniasari et al., 2015):

a. For mild preeclampsia, an examination every 6
hours showed a systolic blood pressure of 140 mm
Hg or an increase of 30 mm Hg and a diastolic
blood pressure result of 90 mm Hg or an increase
of 15 mm Hg. The weight of pregnant women
increased significantly by 1 kg in a period of 1
week continuously and the protein concentration
0of 0.3 g or more in 1 litre of urine.

b. Severe preeclampsia blood pressure in pregnant
women of 160/110 mm Hg or more. The increase
in protein concentration reaches 3 g/ litre of urine
or more. Pregnant women experience pain in the
epigastrium,  decreased  visual  function,
headaches, decreased conscious function,
accumulation of fluid in the lungs and cyanosis.
After further examination, the results of the
examination showed increased liver enzyme
levels accompanied by an increase in bilirubin
levels, retinal bleeding occurred, and platelet
levels <100,000/mm.

In severe preeclampsia, if these symptoms continue
to increase, it will result in maternal death, namely
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Figure 1: Expert System Environment.

pregnant women and fetuses (Aini, Fajaria Nur;
Widyawati, Melyana Nurul, Santor, 2019).

2.2 Expert System

An expert system can be interpreted as a computer
program that functions as a problem solver whose use
can reach a performance level equivalent to a human
expert/expert in a special field to narrow the
discussion area and provide decision recommen-
dations/conclusions from the problems encountered
(Rada, 2008), (Wanti & Ramadan, 2020). Expert
systems require the input of facts that occur to be
processed in an inference engine and produce output
in the form of a special conclusion (Zieschang et al.,
2019). The structure of the Expert system is divided
into two groups of environments, namely the
development environment which is used for the
development of the Expert system from the
knowledge base and the needs of both functional and
non-functional systems and the consulting
environment used by a non-expert or end-user to
conduct consultations (Castelli et al., 2017), (Zasada
et al., 2017).

The Expert System

components, including:

a. Knowledge base and knowledge acquisition are
two different things. The knowledge base contains
a collection of knowledge and information from a
human expert on a particular skill, while
knowledge acquisition is a change in the expertise
of an Expert/expert from a knowledge base into a
computer system (Zhang et al., 2013).

b. The user interface is used to interact between the
intelligent system and the end-user. This
component is found in the consulting environment

consists of several
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where the inference machine on the system gets

input in the form of facts/symptoms from the user,

and the system produces output in the form of
information on the conclusion of a problem for the

user (Liao, 2005).

c. The inference machine is the control centre for a
machine learning-based intelligent system in
which there is a mechanism for the Expert
thinking function and the intelligent system
reasoning role used by the expert/Expert and can
draw conclusions and control the mechanism of
the intelligent system being built (Mathew et al.,
2020).

d. Workplace is located in the development
environment or can be called an area in computer
memory and serves as a database for the process
of recording the results of a temporary diagnosis
which  will later be used as a
decision/recommendation on a problem (Ooi &
Tan, 2016).

e. Explanation expert system serves to improve the
performance of intelligent systems by describing
the flow of reasoning carried out to end-users (Liu
et al., 2020).

f. Improved knowledge is used by Experts who have
the expertise to solve problems through analysis
of facts/symptoms that occur and improve the
performance of intelligent systems through
improving the performance of Expert system
performance (Wanti et al., 2019).

The advantage of expert systems compared to
conventional systems is that the algorithms in the
inference machine are not written in the program
source code, only stored as a knowledge base for the
intelligent system that was built (Dweiri et al., 2017),
(Dai et al., 2019).
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2.3 Certainty Factor Method

Certainty theory underlies the use of certainty factors
that cover the value of certainty in a problem based
on facts/symptoms that occur in the field based on the
perception of an expert (Aji et al., 2018). The range
of values to describe the level of confidence of an
expert is from a negative one (sure it doesn't happen)
to one (sure it happens) (Zain & Astutik, 2015). Here
is a table of confidence levels to provide a certainty
factor value for a fact/symptom:

Table 1: Certainty Factor Uncertain Term.

Uncertain Term Certainty Factor Value
Definitely Not 0.2
Almost Certainty Not 0.3
Probably Not 0.4
Maybe Not 0.5
Unknown 0.6
Maybe 0.7
Probably 0.8
Almost Certainty 0.9
Definitely 1.0

Users who do not experience symptoms are
indicated by a CF value of 0, while for users who
experience symptoms it can be predicted according to
the selected CF value which shows the percentage for
a symptom with a high confidence value experienced
by the user (Riadi, 2017). Determination of uncertain
terms is based on expert knowledge after consultation
to describe each symptom/actual fact that will be
given an uncertain term value (Setyaputri et al.,
2018). Certainty Factor (CF) accumulates the value
of the degree of confidence and the value of the
degree of distrust which is denoted by NP(P|E) to
describe the confidence value of hypothesis P,
evidence E and NK (P|E) to describe the value of
distrust of hypothesis P, evidence E, where the sum
of the two is not always 1 (Arifin et al., 2017).

The stages of the process on the certainty factor
method are as follows:

a. Determining the value of CF

CF[H,E] = MB [H,E]—MD [H,E] €))

Information :

CF [H,E] : a measure of the certainty of the
hypothesis H that affected by E
Ssymptoms

MB [H,E] : a measure of MB's confidence in H
affected by E

MD [H,E] : measure of distrust MD to H which
is affected by E

b. Determine the value of CF Combination
determined by one premise

CF [H,E] = CF [E] = CF [RULE] = CF [USER] *
CF [EXPERT) )

c. Determine the value of CF Combination
determined by more than one premise

CF [X AY] = Min (CF[x],CF[y]) * CF [RULE} (3)
CF[X VY] = Max (CFx],CF[y]) * CF [RULE} (4)

d. Determine the CF value for the same conclusion

CF Combined[CF1,CF2] = CF1 + CF2 x (1 —
CF1) (5)

The certainty factor method is widely adapted for a
machine learning-based intelligent system because
the measurement of a definite or uncertain
hypothesis, such as early detection of a disease based
on the symptoms shown and the calculation for the
certainty factor method is only one calculation
process and the minimum data that can be obtained
processed as much as two data to ensure the accuracy
of the results obtained (Aji et al., 2018).

3 RESULT AND ANALYSIS

The data used to diagnose preeclampsia in pregnant
women is data on factors that influence the cause of
the emergence of preeclampsia obtained from the
results of consultations with experts to determine the
value of MB (Measure of Believe) and MD (Measure
of Disbelieve) which were formulated with
developers to build a knowledge base system.
Experts. Determination of the classification class to
raise the chance of preeclampsia disease which is
classified into three categories, namely mild
preeclampsia, moderate preeclampsia and severe
preeclampsia that attacks pregnant women. The stage
begins with collecting data and starting to analyze all
the resources needed for the preeclampsia diagnosis
process. The parity variable data is shown in table 2
and the data will be used to classify preeclampsia into
three categories. The experts in this study were a
midwife and an obstetrician specialist.
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Table 2: Data on Preeclampsia Causing Factors.

Factor Information Factor
Code Description
FO1 [Age Ul,U2,U3
F02 |Parity P1,P2
F03 |Pregnancy Distance JK1, JK2
F04 |[Multiple Pregnancy KG1, KG2
FO5 | History of Preeclampsia RP1, RP2
F06 | History of Hypertension RHI1, RH2
FO07 | Descendants History RK1, RK2
F08 |History of DM RDI1, RD2
F09 |Nutritional status SG1, SG2
F10 |Antenatal Care ACI, AC2
F11 |Family Planning Acceptor History |RA1, RA2
F12 | Educational status SP1, SP2
F13 |Knowledge P1, P2, P3
F14 |Economic Status SE1, SE2
F15 [Work PK1, PK2
F16 |Health Service Distance J1,J2,J)3
Table 3: Expert Interpretation.
Factor .
Description Information CF CF
Code User | Expert
Ul <= 18 years 0.8 0.8
U2 18 - 38 years 0.6 0.6
U3 >= 38 years 0.8 0.9
Pl First 0.7 0.8
P2 Second/more 0.6 0.6
JK1 < 24 months 0.8 0.9
JK2 >/ 24 months 0.7 0.7
KG1 Double 0.8 0.9
KG2 Single 0.7 0.7
RP1 There is 0.8 0.9
RP2 No 0.7 0.6
RH1 There is 0.8 0.9
RH2 No 0.7 0.6
RK1 There is 0.8 0.9
RK2 No 0.7 0.6
RDI1 There is 0.8 0.9
RD2 No 0.7 0.6
SGl Obesity 0.8 0.9
SG2 No 0.7 0.6
ACl </= 3 times 0.8 0.9
AC2 > 3 times 0.7 0.6
RA1 There is 0.7 0.6
RA2 No 0.8 0.9
SP1 Elementary/junior high 0.8 0.8
school
SP2 Senior High School/ PT 0.7 0.7
Pl Not enough 0.8 0.9
P2 Currently 0.7 0.8
P3 Well 0.7 0.7
SE1L <500k 0.8 0.9
SE2 >/= 500k 0.7 0.6
PK1 Unemployment 0.9 0.9
PK2 Work 0.7 0.6
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0.8
0.6

0.9
0.6

J1 >1000 meters
12 </= 1000 meters

Table 4: Preeclampsia Category Data.

Category Code Information
P01 Mild Preeclampsia
P02 Moderate Preeclampsia
P03 Severe Preeclampsia

Table 5: Rule.

No Rule
1 If Ul and P1 and JK2
2 If U2 and RP1 and RH2
3 If U3 and RH1 and RD1
4 If U2 and SG1 and RH1
5 If U3 and SG2 and RD2

An example of the calculation process using the
certainty factor method by determining the CF value
using equation (1), namely for CF Users and CF
Experts is available in table 3. Then determining the
CF Combination value determined by one premise
using equation (2), is as follows:

Rule : If U3 and RH1 and RD1
CFS1  : CF User * CF Expert
:0.8%0.9

:0.72

: CF User * CF Expert
:0.8%0.9

:0.72

: CF User * CF Expert
:0.8%0.9

:0.72

CF S2

CF S3

The next step is to determine the CF for the same
conclusion. Because there is more than one symptom
experienced by patient A, we use equation (5), the
calculation is as follows:

CFCl : CF S1 + CF S2 * (1-CF 1)
:0.72+0.72 * (1-0.72)
£0.72+0.72 * 0.28
-0.72 +0.2019
£0.92

. CF C1 + CF S3 * (1-CF C1)
£0.92 +0.72 * (1-0.92)
£0.72 +0.72 * 0.08
£0.72 +0.0576
:0.9776

The CF C2 value of 0.9776 was obtained which is
the CF diagnosis of preeclampsia experienced by
patient A. Then to determine the percentage of
confidence in preeclampsia which is included in the
category of severe preeclampsia, using the equation:

CFC2
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Percentage : CF Disease * 100
:0.9776*100
:97.76%
Based on the calculation by taking a sample of patient
A, the information on the level of confidence based
on the final percentage is very possible.

For the second example, the calculation process
will be carried out using the certainty factor method
by determining the CF value in patient B using
equation (1). Values for CF User and CF Expert are
available in table 3. The first step is to determine the
CF Combination value determined by one premise
using equation (2), as follows:

Rule : If U2 and SG1 and RH1

CF S1  : CF User * CF Expert
:0.6*0.6

:0.36

: CF User * CF Expert
:0.8*%0.9

:0.72

: CF User * CF Expert
:0.8*%0.9

:0.72

The next step is to determine the CF for the same
conclusion. Because there is more than one symptom
experienced by patient B, we use equation (5). The
calculation is as follows:
CF C1 : CF S1 + CF S2 * (1-CF S1)

:0.36 +0.72 * (1-0.36)

:0.72+0.72 * 0.64

:0.72+0.461

:0.821
:CF C1 +CF S3 * (1-CF C1)

:0.821 +0.72 * (1-0.821)

:0.72+0.72 * 0.179

:0.72+0.13

:0.951

The CF C2 value of 0.9776 was obtained which is
the CF diagnosis of preeclampsia experienced by
patient B. Then to determine the percentage of
confidence in preeclampsia which is included in the
category of severe preeclampsia, using the equation:

CF S2

CF S3

CFC2

Percentage : CF Disease * 100
:0.951*100
:95.1%

Based on the calculation by taking a sample of
patient B, the information on the level of confidence
based on the final percentage is very possible.

Therapeutic recommendations that can be done to
patient A and patient B who are diagnosed with
severe preeclampsia are to periodically check the
general condition of the mother and the baby in her
womb and monitor the pregnancy process until the

birth process to obtain measures that prevent maternal
and infant mortality. This process can be carried out
by medical personnel either in integrated health
services such as Posyandu, Puskesmas or the nearest
hospital.

4 CONCLUSIONS

The optimization of the certainty factor method to
determine the value of expert certainty on the
condition of a patient who has the factors causing
preeclampsia has been proven. Based on the
calculation simulation using the certainty factor
method, the results showed that the percentage of
patient A was 97.76%, while patient B was 95.1% and
both patients were very likely to be included in the
category of severe preeclampsia with each of the
causative factors accompanying the two patients.
These results can be used by medical personnel and
families to determine the most likely preventive
action in the process of pregnancy to the birth of a
baby to prevent maternally and infant mortality.
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