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January 2026 complications, but limited medical personnel and the similarity of ARI
Accepted 30 January 2026 symptoms to other diseases are often obstacles. In this context, an
artificial intelligence-based expert system can be a solution to support
Keywords: medical decisions. This article presents a comparative analysis of two
Expert System inference methods commonly used in expert systems, namely Certainty
Certainty Factor Factor (CF) and Dempster-Shafer (DS). Through a Systematic
Dempster-Shafer Literature Review (SLR) approach, this study evaluates the performance
ISPA of both methods based on accuracy, complexity, flexibility, and ease of
Diagnosis implementation. The results of the study show that Certainty Factor

excels in simplicity and efficiency, while Dempster-Shafer is more
reliable in handling uncertainty and cases with many overlapping
symptoms. This article is expected to be a reference for the development
of more accurate and efficient medical expert systems in assisting the
diagnosis of ARI in children.

Introduction

Acute Respiratory Infections (ARI) remain one of the most common health problems
affecting children in Indonesia, contributing significantly to healthcare visits and
complications (Lutpiatina et al., 2022; Azrin et al., 2025; Zebua et al., 2023). Children's
vulnerability to ARI is heightened due to their developing immune system, making rapid and
accurate diagnosis essential. Advancements in information technology have encouraged the
use of expert systems as decision-support tools, particularly in situations where medical
professionals are limited or patient volume is high (Indriani et al., 2019; Surahman, 2019; Mz
& Rosana, 2020; Arnanda et al., 2024).

Expert systems operate by utilizing knowledge-based reasoning to replicate the decision-
making processes of experts (Bapu, 2019; Harliana, & Widayani, 2019). In diagnosing ARI,
the method used to address uncertainty plays a crucial role in ensuring reliable outcomes. Two
widely adopted techniques are the Certainty Factor (CF) and Dempster-Shafer (DS) methods
(Mirino et al., 2022; Wulandari et al., 2024; Yulianita et al., 2023; Akbar & Kurniawan, 2026).
CF represents expert confidence toward symptoms based on experience, whereas DS
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integrates multiple pieces of evidence to generate stronger belief values toward a hypothesis
(Kanggeraldo & Jansen, 2020; Setiyani & Prasetyaningrum, 2021; Anjasani et al., 2020).
Comparing these two approaches is essential to identify which offers better performance and
diagnostic reliability, as previous studies have reported notable differences in certainty levels
produced by each method (Azzahra et al., 2024; Okta et al., 2022). Therefore, this study aims
to analyze and evaluate the performance of CF and DS in handling uncertainty within expert
systems for diagnosing ARI in children (Kalimatullah et al., 2020; Markus et al., 2023; Rizky
et al., 2023; Salamah & Ramadhan, 2023).

Methods
Certainty Factor Method

The Certainty Factor (CF) method is one approach used to represent the degree of certainty
regarding a hypothesis based on available evidence. CF values range from 0 to 1, where 0
indicates no certainty and 1 indicates complete certainty that the hypothesis is true
(Smarandache, F., & Dezertb, J. (2023; Kelen, Y. P. K. (2025; Tiana et al., 2023; Li & Zhang,
2024; Moras et al., 2023; Dezerta & Dezertb, 2023). In the context of diagnosing acute
respiratory infections (ARI) in children, CF is used to combine expert knowledge and user
confidence regarding the appearance of certain symptoms. Several key components are used,
as follows:

a. Expert CF (CF rule), which is the expert's confidence value regarding the relationship
between a symptom G and disease P.

b. User CF (CF user), which is the user's or patient's confidence value regarding the
appearance of symptom G.

c. Evidence CF (CF e), which is the contribution of symptom G to disease P obtained from a
combination of CF_rule and CF_user.

CF _evidence is calculated using the following formula:
CF_e =CF user x CF_rule

If there is more than one symptom that supports the same disease, the CF_evidence value of
each symptom is combined gradually using the following positive CF combination formula:

CF_combination = CF_old + CF_new x (1 — CF_old)

In this equation, CF old represents the CF value from the previous combination, while
CF _new represents the CF_evidence value of the next symptom. This process is carried out
iteratively until all symptoms related to the disease are completed.

General Steps for Calculating the Certainty Factor

In general, the steps for calculating the CF in the ISPA expert system can be explained as
follows:

a. Determine the symptoms experienced by the patient along with the CF _user value for each
symptom.

b. Take the CF _rule value from the knowledge base for each symptom-disease pair.

c. Calculating CF_evidence for each symptom and disease using

CF _e=CF user x CF rule.

d. Combining the CF _evidence values for each disease gradually using the combination

formula
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CF_combination = CF_old + CF_new x (1 — CF_old).

e. Repeat the combination process until all symptoms associated with the disease have been
processed.

f. Determine the final CF value for each disease, then select the disease with the highest CF
value as the system's diagnosis result.

Dempster Shafer Method
Frame of Discernment and Power Set

In Dempster-Shafer theory, the set of all possible hypotheses is called the frame of
discernment and is denoted by ® (theta). Suppose there are N mutually exclusive and
exhaustive hypotheses, then the frame is defined as:

@=1{01,0,...,0 N}

From @, a power set is formed that contains all subsets of ®, including the empty set @ and ®
itself:

P(©) = {0, {61}, {02}, ..., O}
Mass Function (Basic Probability Assignment)

The mass function m is a function that maps each element in the power set to the interval
[0,1]. The mass function expresses the degree of belief (mass) given to each hypothesis set
(Zhou & Deng, 2022).

m : P(®) — [0,1]

The mass function m satisfies the following two properties:
1.m(@)=0

2. {AC O} mA)=1

In its application to expert systems, a symptom with a belief value b that supports a hypothesis
group H € © will be expressed as:

m(H)=b

m®)=1-b

If there is no evidence at all, all belief mass is placed on ignorance, namely:
m(®)=1.0

Belief and Plausibility Functions

The Belief Function (Bel) expresses the minimum degree of belief in a set X S ©. The value
Bel(X) is the sum of the masses of all subsets Y that are definitely contained in X:

Bel(X) = T{Y € X} m(Y)

The Plausibility function (Pls) expresses the maximum degree of possibility for X. The
plausibility of X is the sum of the masses of all subsets Y that intersect with X:

PIs(X) = £{Y N X # 0} m(Y)
The relationship between Belief and Plausibility can also be expressed as:
PIs(X) =1 — Bel(X")
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Dempster Combination Rule

If there are two independent pieces of evidence with mass functions m: and m: defined in the

same frame, then both can be combined using the Dempster combination rule (Shao et al.,
2025; Prieto et al., 2025; Wu, 2025; Dezert et al., 2023). The first step is to calculate the

degree of conflict K, which is the mass that falls on the empty intersection:

> mi(A) - mz(B), foral ANB=0

K=

mi @ m: for each set C # @ is calculated by:

Next, the combined mass function ms

zmy (X). ma(Y)
v=p Il (X). m2(Y)

=~XMY
- =—:X

-

1

m3(Z) =

Where:

Weight of belief in evidence X (first symptom of ISPA)

mi (X)
n’lz(Y)
ms(Z)

V4

Weight of belief in evidence Y (second symptom of ISPA)

Combined value of belief from mi(X) and m2(Y)
ISPA disease, which is the intersection of symptoms X and Y

@ (theta)

Empty intersection, which represents evidence conflict

Decision Tree
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Production Rules

Rule 1: If G1 and G2 and G3 and G4 and G5 and G6 and G7 and G12 and G13 and G14 and
G15 and G16 and G18 and G19 and G20 and G21 and G22 and G24 and G25 and G27 and
G29 and G30 and G31 then P1

Rule 2: If G4 and G5 and G6 and G7 and G12 and G14 and G16 and G19 and G20 and G21
and G22 and G23 and G24 and G31 then P2

Rule 3: If G1 and G4 and G5 and G6 and G7 and G16 and G19 and G20 and G23 and G31
then P3

Rule 4: If G1 and G3 and G4 and G7 and G8 and G10 and G14 and G18 and G21 and G25
then P4

Rule 5: If G1 and G2 and G4 and G5 and G6 and G7 and G8 and GY and G10 and G14 and
G15 and G17 and G28 then P5

Rule 6: If G5 and G6 and G7 and G16 and G19 and G20 and G22 and G23 and G30 and G31
then P6

Rule 7: If G1 and G4 and G7 and G8 and G10 and G11 and G21 and G22 and G26 and G28
then P7

Table of acute respiratory tract infections

Disease Code Name of Disease
Pl Common cold
P2 Pharyngitis (sore throat)
P3 Laryngitis (inflammation of the vocal cords)
P4 Sinusitis (inflammation of the sinuses)
P5 Pneumonia (inflammation of the lungs)
P6 Tonsillitis (inflammation of the tonsils)
P7 Bronchitis

Decision Table

Type
Type of Disease ISPA . of
Code Symptoms Disease
ISPA
Pl | P2 | P3| P4|P5|P6| P7
Gl Cough v v | V|V v
G2 Runny nose v v
G3 Sneezing v v
G4 Fever AR AR AR AR v
G5 Sore Throat YARAR v | v
G6 Fatigue and Body Aches | v | vV | V v |V
G7 Loss of Appetite ViV I VIV V|V |V
G8 Shortness of breath v |V v
G9 Blue lips and nails v
G10 Wheezing v | Vv v
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Gl1 Chest or lung pain v
G12 Stuffy nose v |V
GI3 Eye pain, watery eyes, v
and redness
Gl4 Headache v |V v |V
G15 Muscle pain v v
Glo6 Pain when swallowing vV iV |V v
G17 Digestive problems v
G18 Decreased sense of smell | v v
G19 Hoarse voice v |V |V v
G20 Itchy throat ViV |V v
G21 Dizziness/Headache v |V v v
G22 Feeling weak v |V v | v
G23 Nausea and vomiting v | v v
G24 Cough with Phlegm v |V v
G25 Stuffy/Congested Nose | v v
G26 Chest Pain/Discomfort v
Thick Yellow Mucus
G27 from the Nose v
G28 Rapid breathing v v
G29 Ear pressure v
G30 Bad breath v v
G31 Occasional loss of voice | v | v | V v

Results and Discussion
Example of Certainty Factor Calculation for Patient 1

This section presents a complete example of the CF calculation steps for one patient. The
symptom data and CF user values are taken from the patient 1 test data table, while the
CF _rule values are obtained from the expert knowledge base. The detailed calculation focuses
on disease P1 (common cold).

Patient Symptom Data 1
Table 1. Patient Symptom Data 1

No | Disease Code Symptoms CF _user
| G2 Runny Nose 0.80
2 G3 Sneezing 0.60
3 G4 Fever 0.80
4 G6 Fatigue and Body Aches 0.40
5 Gl14 Headache 0.60
6 G21 Dizziness/Headache 0.80
7 G22 Feeling Weak 0.40
8 G31 Occasional Loss of Voice 0.40

The table above shows the sequence of symptoms experienced by patient 1 along with the
CF user value for each symptom.
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Expert CF Values for Disease P1 (Common Cold)
Table 2. Expert CF Values for Disease P1 (Common Cold)

No | Disease Code Symptoms CF rule (P1)
1 G2 Runny Nose 1.00
2 G3 Sneezing 0.40
3 G4 Fever 0.40
4 G6 Fatigue and Body Aches 0.40
5 Gl4 Headache 0.80
6 G21 Dizziness/Headache 0.60
7 G22 Feeling Weak 0.60
8 G31 Occasional Loss of Voice 0.40

The table shows the expert CF rule values for each symptom of disease P1. These values
reflect the strength of the relationship between the symptom and the disease according to the
experts.

Calculation of CF_evidence and Combination for P1

The calculation begins by calculating the CF_evidence for each symptom, then these values
are combined gradually. The following shows the detailed calculation steps for each symptom
experienced by patient 1.

The narrative description of each calculation step is as follows.
Step 1. Symptom G2 (Runny nose).

In this step, the patient reports a runny nose symptom with a CF_user value of 0.80. Based on
the knowledge base, the CF_rule expert value for this symptom for disease P1 is 1.00.

The CF_evidence value is calculated by multiplying CF_user and CF_rule:
CF_e =CF user x CF_rule = 0.80 x 1.00 = 0.8000.

Since this is the first symptom processed, the CF_evidence value is directly used as the initial
CF_combination value for P1, namely CF_1(P1) = 0.8000.

Step 2. Symptom G3 (Sneezing).

In this step, the patient reports the symptom of sneezing with a CF_user value of 0.60. Based
on the knowledge base, the expert CF_rule value for this symptom for disease P1 is 0.40.

The CF_evidence value is calculated by multiplying CF_user and CF_rule:
CF_e =CF _user x CF_rule =0.60 x 0.40 = 0.2400.

Before this symptom was considered, the CF _old value for P1 was 0.8000. The new
CF _evidence value is then combined with CF_old using the CF combination formula:

CF_combination = CF_old + CF_new x (1 — CF_old)

=0.8000 + 0.2400 x (1 — 0.8000)

=0.8480.

Thus, the CF_combination value after considering this symptom becomes 0.8480.
Step 3. Symptom G4 (Fever).

In this step, the patient reports symptoms of fever with a CF user value of 0.80. Based on the
knowledge base, the expert CF_rule value for this symptom for disease P1 is 0.40.

144
ISSN: 2716-3865 (Print), 2721-1290 (Online)
Copyright © 2026, Journal La Multiapp, Under the license CC BY-SA 4.0



The CF_evidence value is calculated by multiplying CF_user and CF _rule:
CF_e = CF _user x CF_rule =0.80 x 0.40 = 0.3200.

Before this symptom was considered, the CF old value for P1 was 0.8480. The new
CF_evidence value is then combined with CF_old using the CF combination formula:

CF_combination = CF_old + CF_new x (1 — CF_old)

=0.8480 + 0.3200 x (1 — 0.8480)

=0.8966.

Thus, the CF_combination value after considering this symptom becomes 0.8966.
Step 4. Symptom G6 (Fatigue and Body Pain).

In this step, the patient reports symptoms of Fatigue and Body Pain with a CF _user value of
0.40. Based on the knowledge base, the CF_rule expert value for this symptom for disease P1
is 0.40.

The CF_evidence value is calculated by multiplying CF_user and CF_rule:
CF_e =CF user x CF_rule =0.40 x 0.40 = 0.1600.

Before this symptom was considered, the CF old value for P1 was 0.8966. The new
CF_evidence value was then combined with CF_old using the CF combination formula:

CF_combination = CF_old + CF_new X (1 — CF_old)

=10.8966 + 0.1600 % (1 — 0.8966)

=0.9132.

Thus, the CF_combination value after considering this symptom becomes 0.9132.
Step 5. Symptom G14 (Headache).

In this step, the patient reports a Headache symptom with a CF_user value of 0.60. Based on
the knowledge base, the expert CF rule value for this symptom for disease P1 is 0.80.

The CF_evidence value is calculated by multiplying CF_user and CF_rule:
CF e = CF user x CF _rule =10.60 x 0.80 = 0.4800.

Before this symptom was considered, the CF _old value for Pl was 0.9132. The new
CF_evidence value is then combined with CF_old using the CF combination formula:

CF_combination = CF_old + CF_new x (1 — CF_old)

=0.9132 +0.4800 x (1 —0.9132)

=0.9549.

Thus, the CF_combination value after considering this symptom becomes 0.9549.
Step 6. Symptom G21 (Dizziness/Headache).

In this step, the patient reports the symptom Dizziness/Headache with a CF_user value of
0.80. Based on the knowledge base, the expert CF_rule value for this symptom for disease P1
is 0.60.

The CF_evidence value is calculated by multiplying CF_user and CF_rule:
CF_e =CF _user x CF_rule = 0.80 x 0.60 = 0.4800.
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Before this symptom was considered, the CF _old value for Pl was 0.9549. The new
CF_evidence value is then combined with CF_old using the CF combination formula:

CF_combination = CF_old + CF_new X (1 — CF_old)

=10.9549 + 0.4800 x (1 — 0.9549)

=0.9765.

Thus, the CF_combination value after considering this symptom becomes 0.9765.
Step 7. Symptom G22 (Feeling Weak).

In this step, the patient reports the symptom Feeling Weak with a CF_user value of 0.40.
Based on the knowledge base, the expert CF rule value for this symptom for disease P1 is
0.60.

The CF_evidence value is calculated by multiplying CF_user and CF _rule:
CF _e = CF user x CF_rule = 0.40 x 0.60 = 0.2400.

Before this symptom was considered, the CF old value for P1 was 0.9765. The new
CF_evidence value is then combined with CF_old using the CF combination formula:

CF_combination = CF_old + CF _new X (1 — CF_old)

=0.9765 + 0.2400 x (1 — 0.9765)

=0.9822.

Thus, the CF_combination value after considering this symptom becomes 0.9822.
Step 8. Symptom G31 (Voice Sometimes Disappears).

In this step, the patient reports the symptom Voice Sometimes Disappears with a CF_user
value of 0.40. Based on the knowledge base, the expert CF rule value for this symptom for
disease P1 is 0.40.

The CF_evidence value is calculated by multiplying CF user and CF_rule:
CF_e =CF user x CF_rule =0.40 x 0.40 = 0.1600.

Before this symptom was considered, the CF old value for P1 was 0.9822. The new
CF _evidence value is then combined with CF_old using the CF combination formula:

CF_combination = CF_old + CF_new x (1 — CF_old)

=0.9822 + 0.1600 x (1 — 0.9822)

=0.9850.

Thus, the CF_combination value after considering this symptom becomes 0.9850.

After all relevant symptoms were entered into the combination process, the final Certainty
Factor value for disease P1 in patient 1 was obtained as CF(P1) = 0.9850.

Table 3. The CF_combination Value

No | Kode Symptoms CF _user CI(?I—,;‘)I]e CF_usCei;z;_rule CF _old | CF_kombinasi
QG2 Runny Nose 0.80 1.00 0.8000 0.0000 0.8000
G3 Sneezing 0.60 0.40 0.2400 0.8000 0.8480
3 G4 Fever 0.80 0.40 0.3200 0.8480 0.8966
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4| a6 Fatigue and Body 0.40 0.40 0.1600 0.8966 0.9132
Aches

5 | Gl4 Headache 0.60 0.80 0.4800 0.9132 0.9549

G21 | Dizziness/Headache 0.80 0.60 0.4800 0.9549 0.9765

7 | G2 Feeling Weak 0.40 0.60 0.2400 0.9765 0.9822

§ | G31 | Occasional Loss of 0.40 0.40 0.1600 0.9822 0.9850
Voice

Summary of Certainty Factor Values for All Diseases

The same calculation procedure was applied to other diseases (P2 to P7), where each CF_rule
value for the disease was used in the CF_evidence calculation and combined using the same
formula. A summary of the final CF values for all diseases in patient 1 is presented in the
following table.

Table 4. Summary of Certainty Factor Values for All Diseases

Disease Code Disease Name CF(P) End
Pl Common cold 0.9850
P2 Pharyngitis (sore throat) 0.8407

Laryngitis (inflammation
P3 of the vocal cords) 0.6116
P4 Sinusitis (1nﬂammat10n of 0.8603
the sinuses)
P5 Pneumonia (inflammation 0.8437
of the lungs)
Tonsillitis (inflammation
P6 of the tonsils) 0.5148
P7 Bronchitis 0.7945

The table shows that one of the diseases has the highest CF value. The disease with the highest
CF value is selected as the system's diagnosis result for patient 1 using the Certainty Factor
method.

Conclusion of Certainty Factor Calculations for Patients 1-20

The following table summarizes the results of the Certainty Factor calculations for patients 1
to 20. The conclusion is based on the highest CF value for each disease P1 to P7 in each
patient.

Table 5. Conclusion of Certainty Factor Calculations for Patients 1-20

No Patient Disease Code Disease Name CF(P) Value
1 Patient 1 P1 Common cold 0.9850
2 Patient 2 P1 Common cold 0.9529
3 Patient 3 P1 Common cold 0.9944
4 Patient 4 P1 Common cold 0.9006
5 Patient 5 P6 Tonsillitis 0.9737
6 Patient 6 P2 Pharyngitis 0.7313
7 Patient 7 P3 Laryngitis 0.8480
8 Patient 8 P3 Laryngitis 1.0000
9 Patient 9 P3 Laryngitis 1.0000
10 Patient 10 P4 Sinusitis 0.9600
11 Patient 11 P4 Sinusitis 1.0000
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12 Patient 12 P2 Pharyngitis 0.9466
13 Patient 13 P5 Pneumonia 0.8640
14 Patient 14 P5 Pneumonia 0.9562
15 Patient 15 P5 Pneumonia 0.9056
16 Patient 16 P6 Tonsilitis 0.5610
17 Patient 17 P6 Tonsilitis 0.9424
18 Patient 18 P6 Tonsilitis 0.9027
19 Patient 19 P7 Bronchitis 0.8723
20 Patient 20 P4 Sinusitis 1.0000
Example of Dempster-Shafer Calculation for Patient 1
Patient 1 Symptom Data
Table 6. Patient 1 Symptom Data

No. Dés:;l:e Symptoms D%il?lzl;ef Hypothesis Group (DS)

1 G2 Runny Nose 1 {P1,P5}

2 G3 Sneezing 0,4 {P1,P4}

3 G4 Fever 0,8 {P1,P2,P3,P4,P5,P7}

4 G6 Fatigue and Body Aches 0,6 {P1,P2,P3,P5,P6}

5 Gl14 Headache 0,8 {P1,P2,P4,P5}

6 G21 Dizziness/Headache 0,6 {P1,P2,P4,P7}

7 G22 Feeling Weak 0,6 {P1,P2,P6,P7}

8 G31 Occasional Loss of Voice 0,8 {P1,P2,P3,P6}

Factor-1: Runny Nose (G2)

The initial mass function for the Runny Nose symptom is:
*ml{P1,P5} =1
*ml{0)=0

Factor-2: Sneezing (G3)

The mass function for this symptom is:
m2{P1,P4} =0.4

m2{0) = 0.6
| m2
m (P1,P4} 0,4 (0} 0,6
(P1,P5} I (P1} 0,4 (P1,P5} 0,6
{0} 0 {P1,P4} 0 0 0

Mass distribution formula after combination (using Dempster's rule):
Conflict value K =0
m3{P1} =(0,4)/(1-0)=0,4
m3{P1,P4} =(0)/(1-0)=0
m3{P1,P5} =(0,6)/ (1 —-0)=0,6
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m3{0)=(0)/(1-0)=0
Factor-3: Fever (G4)

Mass function for this symptom:
m3{{P1,P2,P3,P4,P5,P7} =0.8
m3{0)=0.2

Table of combination matrices of mass functions before and after this factor (copied from the
worksheet):

m4
m3
{P1,P2,P3,P4,P5,P7} 0,8 {0} 0,2
m3{P1} 0,4 {P1} 0,32 {P1} 0,08
m3{P1,P4} 0 {P1,P4} 0 {P1,P4} 0
m3{P1,P5} 0,6 {P1,P5} 0,48 | {P1,P5} 0,12
M3{6} 0 {P1,P2,P3,P4,P5,P7} 0 0 0

Mass distribution formula after combination (using Dempster's rule):
Conflict value K=0

m5{P1} =(0,32+0,08)/(1-0)=0,4
m5{P1,P4} =(0)/(1-0)=0

m5{P1,P5} =(0,48 +0,12) /(1 —0)=0,6
m5{P1,P2,P3,P4,P5,P7} =(0)/(1—-0)=0
m5{0)=(0)/(1-0)=0

Factor-4: Fatigue and Body Pain (G6)
Mass function for this symptom:

* m4{P1,P2,P3,P5,P6} =0.6

*m4{0) =04

Combination matrix table of mass functions before and after this factor (copied from the
worksheet):

mo6
m> {P1,P2,P3,P5,P6} | 0,6 {6} 0,4
m5{P1} 0,4 {P1} 0,24 {P1} 0,16
m5{P1,P4} 0 {P1} 0 {P1,P4} 0
m5{P1,P5} 0,6 {P1,P5} 0,36 {P1,P5} 0,24
m5{P1,P2,P3,P4,P5,P7} | 0 {P1,P2,P3,P5} 0 {P1,P2,P3,P4,P5,P7} 0
m5{0} 0 | {P1,P2,P3,P5,P6} | O 0 0

Mass distribution formula after combination (using Dempster's rule):
Conflict value K=0

m7{P1} =(0,24+0,16)/ (1 —-0)=0,4
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m7{P1,P4} = (0)/ (1 —0)=0

m7{P1,P5} = (0,36 + 0,24) / (1 — 0) = 0,6

m7{P1,P2,P3,P5} = (0)/ (1 — 0) =

0

m7{P1,P2,P3,P4,P5.P7} = (0)/ (1 - 0)=0
m7{P1,P2,P3,P5,P6} = (0) /(1 — 0)=0

m7{0)=(0)/(1-0)=0
Factor-5: Headache (G14)
Mass function for this symptom:
m5{P1,P2,P4,P5} =0.8

m5{0)=0.2
Combination matrix table of mass functions before and after this factor (copied from the
worksheet):
m8
m7 {P1,P2,P4P5} | 0.8 {0} 0.2
m7{P1} 0.4 (P1} s P1} oéo
m7{P1,P4} 0 {P1,p4} 0 {P1,P4} 0
m7{P1,P5} 0,6 {P1,P5} 0é4 {P1,P5} Oél
m7{P1,P2,P3,P5} 0 {P1,P2,P5} 0 {P1,P2,P3,P5} 0
m7{P1,P2,1;3,P4,P5,P7 0 {P1,P2,P4,P5} 0 {P1,P2,P3,P4,P5,P7} 0
m7{P1,P2,P3,P5,P6} 0 {P1,P2,P5} 0 {P1,P2,P3,P5,P6}
m7{0} 0 {P1,P2,P4,P5} 0 0
Mass distribution formula after combination (using Dempster's rule):
Conflict value K=0
m9{P1} =(0,32+0,08)/(1 —0)=0,4
m9{P1,P4} =(0)/(1-0)=0
m9{P1,P5} =(0,48 +0,12) /(1 -0)=0,6
m9{P1,P2,P5} =(0)/(1-0)=0
m9{P1,P2,P4,P5} =(0)/(1-0)=0
m9{P1,P2,P3,P5} =(0)/ (1 -0)=0
m9{P1,P2,P3,P4,P5,P7} =(0)/(1—0)=0
m9{P1,P2,P3,P5,P6} =(0)/(1-0)=0
m9{0)=(0)/(1-0)=0
Factor-6: Dizziness/Headache (G21)
Mass function for this symptom:
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m6{P1,P2,P4,P7} = 0.6
m6{0) = 0.4

Combination matrix table of mass functions before and after this factor (copied from the
worksheet):

ml0

m9 (P1,P2,P4,P7} | 0,6 (0} 0,4

m9{P1} 0,4 (P1} 0,24 (P1} 0,16
m9{P1,P4} 0 (P1,P4} 0 (P1,P4} 0

m9{P1,P5} 0,6 (P1} 0,36 (P1,P5} 0,24
m9{P1,P2,P5} 0 (P1,P2} 0 (P1,P2,P5} 0
m9 {P1,P2,P4,P5} 0 | {(PLP2,P4} | 0 (P1,P2,P4,P5) 0
(P1,P2,P3,P5} 0 (P1,P2} 0 (P1,P2,P3,P5} 0
m9{P1,P2,P3,P4.P5,P7} | 0 | {PLLP2,P4P7} | O | {P1,P2,P3,P4,P5P7} 0
m9{P1,P2,P3,P5.P6} | 0 | {PLP2,P4} | 0 (P1,P2,P3,P5,P6} 0
m9 {0} 0 | {PLP2,P4P7} | 0 0 0

Mass distribution formula after combination (using Dempster's rule):
Conflict value K =0

ml1{P1} =(0,24+ 0,16 +0,36)/ (1 —0)=10,76
ml1{P1,P4} =(0)/(1-0)=0

ml11{P1,P5} =(0,24)/ (1 —0)=0,24
ml1{P1,P2} =(0)/(1-0)=0

ml1{P1,P2,P4} =(0)/(1-0)=0
ml11{P1,P2,P4,P7} =(0)/(1-0)=0
ml1{P1,P2,P5} =(0)/(1-0)=0
ml11{P1,P2,P4,P5} =(0)/(1-0)=0
ml11{P1,P2,P3,P5} =(0)/(1-0)=0
ml11{P1,P2,P3,P4,P5,P7} =(0)/(1-0)=0
ml11{P1,P2,P3,P5,P6} =(0)/(1-0)=0
mll1{8)=(0)/(1-0)=0

Factor-7: Body Feels Weak (G22)

Mass function for this symptom:

m7{{P1,P2,P6,P7} = 0.6

m7{0)=0.4

Table of mass function combination matrices before and after this factor (copied from the

worksheet):
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ml2
mll {Pl,P2},P6,P7 0.6 (0} 04
ml1{P1} 0,76 (P1} 0,456 P1} O’jo
ml1{P1,P4} 0 {P1} 0 {P1,P4} 0
ml11{P1,P5} 0,24 {P1} 0,144 {P1,P5} 0’29
ml11{P1,P2} 0 {P1,P2} 0 {P1,P2} 0
ml1{P1,P2,P4} 0 {P1,P2} 0 {P1,P2,P4} 0
ml11{P1,P2,P4,P7} 0 {P1,P2,P7} 0 {P1,P2,P4,P7} 0
ml11{P1,P2,P5} 0 {P1,P2} 0 {P1,P2,P5} 0
ml11{P1,P2,P4,P5} 0 {P1,P2} 0 {P1,P2,P4,P5} 0
ml11{P1,P2,P3,P5} 0 {P1,P2} 0 {P1,P2,P3,P5} 0
mll {PI,P2,}P3,P4,P5,P7 0 (P1.P2.P7} 0 {Pl,P2,P?;,P4,P5,P7 0
ml11{P1,P2,P3,P5,P6} 0 {P1,P2,P6} 0 {P1,P2,P3,P5,P6} 0
m11{6} 0 {PI’PZ}’P@W 0 0 0
Mass distribution formula after combination (using Dempster's rule):
Conflict value K=0
e ml3{P1}=(0,456+ 0,304 +0,144) /(1 —0)=0,904
e ml3{P1,P4} =(0)/(1-0)=0
e ml3{P1,P5} =(0,096)/(1 —0)=0,096
e mlI3{P1,P2} =(0)/(1-0)=0
e mlI3{P1,P2,P4} =(0)/(1-0)=0
e ml3{P1,P2,P7} =(0)/(1-0)=0
e ml3{P1,P2,P6} =(0)/(1-0)=0
e mlI3{P1,P2,P6,P7} =(0)/(1-0)=0
e ml3{P1,P2,P4,P7}=(0)/(1—-0)=0
e mlI3{P1,P2,P5}=(0)/(1-0)=0
e ml3{P1,P2,P4,P5}=(0)/(1-0)=0
e ml3{P1,P2,P3,P5}=(0)/(1—-0)=0
e ml3{P1,P2,P3,P4,P5,P7} =(0)/(1-0)=0
e ml3{P1,P2,P3,P5,P6}=(0)/(1—-0)=0
e ml3{0)=(0)/(1-0)=0
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Factor-8: Occasional Sound Loss (G31)
Mass function for this symptom:
m8{{P1,P2,P3,P6} = 0.8

m8{0) =0.2

Combination matrix table of mass functions before and after this factor (copied from the
worksheet):

ml4
mi3 {Pl,P2},P3,P6 08 o 02

mi3{P1} 0,904 P1} 0’7223 P1} 0’280
m13{P1,P4} 0 Pl 0 (P1,p4} 0

m13{P1,P5} 0,096 1 0976 (P1,P5} o1
m13{P1.P2} 0 {P1.p2} 0 P1.P2} 0
m13{P1,P2,P4} 0 (P1,P2} 0 (P1,P2,P4} 0
m13{P1,P2,P7} 0 (P1,P2} 0 (P1,P2,P7} 0
m13{P1,P2.P6} 0 | {PLP2P6! | 0 {P1,P2.P6! 0
m13{P1,P2,P6,P7} 0 | (PLP2P6} | 0 (P1,P2.P6,P7} 0
m13{P1.P2.P4.P7} 0 (P1.P2} 0 (P1.P2,P4.P7} 0
mI13{P1,P2.P5} 0 (P1,P2} 0 {PLP2.P5} 0
m13{P1,P2,P4.P5} 0 (P1,P2} 0 (P1,P2,P4,P5} 0
m13{P1.P2,P3,P5! 0 (P1.p2} 0 (P1.P2.P3.P5} 0
m13{P1,P2,}P3,P4,P5,P7 o | eirzps | o {Pl,PZ,P3},P4,P5,P7 .
mI13{P1,P2,P3.P5P6} | 0 {Pl’Pz}’P"”% 0 | {PLP2.P3P5P6L | O
m13{0} 0 {PI’PZ}’P3’P6 0 0 0

Mass distribution formula after combination (using Dempster's rule):
Conflict value K =0
e ml5{P1}=(0,7232 +0,1808 + 0,0768) / (1 — 0) = 0,9808
e ml5{P1,P4} =(0)/(1-0)=0
e ml5{P1,P5}=(0,0192)/(1—-0)=0,0192
e mlIS{{PL,P2} =(0)/(1-0)=0
e ml5{P1,P2,P4} =(0)/(1-0)=0
e ml5{P1,P2,P7} =(0)/(1-0)=0
e ml5{P1,P2,P6}=(0)/(1-0)=0
e ml5{P1,P2,P3} =(0)/(1-0)=0
e ml5{P1,P2,P3,P6}=(0)/(1—-0)=0
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e ml5{P1,P2,P6,P7} =(0)/(1 - 0)=0

e ml5{P1,P2,P4P7} =(0)/(1 -0)=0

e ml5{P1,P2,P5} =(0)/(1-0)=0

e ml5{P1,P2,P4P5} =(0)/(1-0)=0

e ml5{P1,P2,P3,P5} =(0)/(1 —0)=0

e ml5{P1,P2,P3,P4,P5,P7} =(0)/(1 —0)=0
e ml5{P1,P2,P3,P5,P6} =(0)/(1—0)=0

e ml5{0)=(0)/(1-0)=0

Based on the results of the Dempster—Shafer method calculation for Patient 1, the highest
belief mass value was obtained in P1 (common cold) with m(P1) = 0.9808 (98.08%), while
other disease hypotheses had very small/almost zero mass values. In conclusion, Patient 1 is
most likely to have the common cold (P1) according to the expert system calculations.

Conclusion of DS Calculations for 20 Patients (in Percentages)

The following table shows the final results of the Dempster-Shafer method calculations for
20 patients, complete with confidence values in percentage form.

Table 7. Conclusion of DS Calculations for 20 Patients (in Percentages)

ISSN: 2716-3865 (Print), 2721-1290 (Online)

Copyright © 2026, Journal La Multiapp, Under the license CC BY-SA 4.0

. Disease . m(P)

No. | Patient Code Name of Disease Value Percentage
1 Patient 1 P1 Common Flu 0,9808 98,08 %
2 | Patient 2 P1 Common Flu 0,9568 95,68 %
3 | Patient 3 P1 Common Flu 0,9920 99,20 %
4 | Patient4 P1 Common Flu 0,4000 40,00 %
5 | Patient 5 P3 Laryngitis (inflammation of | 354y | 35 990,

the vocal cords)
6 | Patient 6 P1 Common Flu 0,4000 40,00 %
7 | Patient 7 P1 Common Flu 1,0000 100,00 %
8 | Patient 8 Pl Common Flu 0,4000 40,00 %
9 | Patient 9 Pl Common Flu 0,4000 40,00 %
10 Patient P4 SlﬂuSltls (S}nus 0.7059 70,59 %
10 inflammation)
11 | Paten P7 Bronchitis 02308 | 23,08%
12 Patient P Laryngitis (inflammation of 0.3149 31,49 %
12 the vocal cords)
13| Fanent Pl Common Flu 07722 |  77.22%
14 Patient P5 Pneumonia (inflammation 0.7600 76,00 %
14 of the lungs)
15 Patient Ps Pneumonia (inflammation 0.9317 93.17 %
15 of the lungs)
16 | Favent P1 Common Flu 03454 | 34,54%
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17 Pa{‘;m Pl Common Flu 0,5280 52.80 %

18 Pailgent P Common Flu 0,8665 86.65 %

19 Patient P5 Pneumonia (inflammation 0,6400 64,00 %
19 of the lungs)

20 Pa;‘gm P7 Bronchitis 0,8000 80,00 %

Table 8. Comparison Table of Accuracy Between the Certainty Factor Method and the

Dempster-Shafer Method

Method Amount of Correct Incorrect Accuracy
Data Diagnosis Diagnosis (%)
Certainty Factor 20 14 6 70%
Dempster-Shafer 20 8 12 40%

The Certainty Factor method is superior to the Dempster-Shafer method in producing ISPA
diagnoses that are consistent with expert opinions.

Conclusion

Based on the analysis of 20 data points from pediatric patients with acute respiratory
infections, it can be concluded that the Certainty Factor method is superior to the Dempster-
Shafer method, with accuracy rates of 70% and 40%, respectively. The Certainty Factor
method is able to provide diagnostic results that are more in line with expert diagnoses
because it is more effective in representing the level of expert confidence in the relationship
between symptoms and disease. Therefore, the Certainty Factor method is recommended for
use in the analysis and development of expert systems for the diagnosis of ARI in children.
For further research, it is recommended to use a larger amount of data and combine other
inference methods to improve the accuracy of diagnosis.
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