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Abstract−Tuberculosis is an infection caused by acid-fast bacilli (AFB) and is an infectious disease that can attack anyone through the 

air. This disease is hazardous and chronic, with a high prevalence among individuals aged 15-35 years. The diagnosis of tuberculosis 
traditionally takes a long time because it involves an interview process by medical experts and testing sputum samples in the laboratory 

to determine whether the patient is positive or negative for this disease. This process is not only time-consuming but also requires 

significant resources. To overcome this problem and speed up the diagnosis process, a technology-based approach is needed, namely 

the Expert System with the certainty factor method. This method can handle uncertainty in medical diagnosis by providing a certainty 
value for each observed symptom. This article discusses in depth the application of the certainty factor method in an expert system to 

diagnose Tuberculosis. By using this method, the system can provide faster and more accurate diagnosis results in diagnosing 

tuberculosis with a confidence level of 94.6% and reduce the workload of medical personnel. The application of the certainty factor 

method allows the integration of various symptoms and relevant medical data to produce more precise and reliable diagnostic 
conclusions. 
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1. INTRODUCTION  

Tuberculosis (TB) is an infectious disease caused by the bacteria Mycobacterium tuberculosis, which generally attacks 

the lungs, although it can also attack other organs such as the kidneys, bones, and brain. This disease is still a significant 

public health problem both globally and nationally [1]. According to the Global Tuberculosis Report 2023 released by 

the World Health Organization (WHO), Indonesia ranks second in the number of TB cases globally, after India. Every 

year, it is estimated that there are more than 800,000 new cases of TB in Indonesia, with a mortality rate that is still quite 

high, mainly due to delays in detection and treatment [2]. The conventional TB diagnosis process involves several medical 

procedures such as sputum examination (microscopic or culture), radiology (chest X-ray), and tuberculin test [3]. 

Although this method is considered accurate, its application in the field often faces several obstacles, including limited 

professional medical personnel, high diagnostic costs, minimal laboratory facilities, and the geographical distribution of 

people living in remote areas. In addition, TB symptoms often resemble those of other respiratory diseases such as 

bronchitis or pneumonia, which can lead to misdiagnosis if only relying on subjective initial examinations [4]. 

Along with the development of information technology and artificial intelligence (AI), expert systems have 

become one of the promising solutions in helping the process of diagnosing diseases quickly, efficiently, and cost-

effectively [5]. Expert systems are designed to imitate the way a medical expert thinks in analyzing information, drawing 

conclusions, and providing advice based on the knowledge base that has been entered into the system [6]. One method 

that is often used in expert systems is the Certainty Factor (CF) method, which allows the system to handle data that is 

uncertain or ambiguous [7]. CF provides a weight of confidence in a conclusion based on the belief and disbelief values 

originating from experts so that the system not only conveys a diagnosis but also shows the level of certainty of the 

diagnosis [8]. 

Various previous studies have developed expert systems based on the Certainty Factor for TB diagnosis, including 

research by Malo et all (2023) [9] who designed a TB expert system based on the main symptoms such as coughing up 

phlegm, chest pain, and fever. The system does not accommodate secondary symptoms or cases with overlapping 

symptoms. Research by Prameswati et all (2024) [10] used CF for TB diagnosis but used a simple linear combination of 

CF values without considering conflicts between symptoms. Several other studies used interfaces that were technical or 

not user-friendly, and their validity had not been tested using real case data from patients or medical personnel. 

This study is here to overcome these limitations with a more comprehensive and applicable approach, namely 

developing a Certainty Factor-based TB diagnosis expert system with a knowledge base structure that includes main 

symptoms, secondary symptoms, risk factors, and patient medical history, so that the diagnosis can be closer to clinical 

reality [11]. Using a dynamic CF combination method, which considers conflicts between symptoms and adjustments to 

belief values based on complex real conditions, not just ordinary linear addition [12]. Building a user-friendly system 

interface that can be accessed offline, to reach users in areas with limited internet and technology. Involving medical 

experts (pulmonologists) in the system verification and validation process, and testing the accuracy of the system using 

real patient case scenarios as test data [13]. 

With this approach, the expert system developed is not only a diagnostic tool, but can also function as a public 

education tool and support for early medical decision-making. This research is expected to provide real contributions in 

the field of digital health (e-health), especially in order to support the TB elimination program initiated by the Indonesian 

government for 2030. 
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2. RESEARCH METHODOLOGY 

2.1 Research Stages 

This study uses an experimental software engineering approach to develop an expert system for diagnosing tuberculosis 

based on the Certainty Factor (CF) method. The study was conducted through several systematic stages. The process in 

this study is arranged through a framework first. The description of the framework in this research method is as follows: 

 

Figure 1. Research Stages 

The research flow process follows the Waterfall model with the SDLC (Systems Development Life Cycle) 

approach. In this method, each stage has a clear purpose, ensuring that the data is analyzed thoroughly and the system 

developed is able to provide accurate solutions in diagnosing Tuberculosis, as shown in Figure 1 [14]. 

a. Requirement 

The first stage is Requirement, where a comprehensive identification and analysis of system needs is carried out. At 

this stage, researchers or developers collect information from medical experts regarding the types of tuberculosis, the 

symptoms that appear, and the level of certainty of the relationship between symptoms and the disease. This 

information is then poured into a system requirements document and a use case scenario that describes user interaction 

with the system [15]. The main objective of this stage is to ensure that the system will be developed based on the real 

needs of users (doctors, patients, or health workers). 

b. Design 

At the design stage, technical system design is carried out. The design includes software architecture, database 

structure, and diagnostic process flow. One of the main focuses is to design a representation of expert knowledge in 

the form of rules (rule-based system), where each rule consists of a combination of certain symptoms associated with 

a certain type of tuberculosis disease, complete with a certainty factor (CF) value weight. In addition, at this stage, 

stakeholders who will interact with the system are also mapped, so that the system interface and functionality can be 

adjusted to the needs of each user [16]. 

c. Implementation 

The implementation stage is the process of coding or building a system based on the design that has been prepared. 

The expert system is developed by implementing an inference engine based on the certainty factor method, where the 

calculation of the CF value is carried out using formula (1). This method is used to combine the confidence values of 

various symptoms selected by the user to determine the possible type of tuberculosis disease [17]. In addition, a 

database system is also built to store data on symptoms, diseases, expert rules, and diagnosis results. The user interface 

components are designed to be easy to use by both lay users and medical personnel. 

d. Verification 

After the implementation is complete, the system enters the verification stage, namely, system testing. At this stage, 

the debugging process, functionality testing, and validation of diagnosis results are carried out. The system is tested 

with various combinations of symptom inputs to ensure that the inference process using the certainty factor method 

produces a diagnosis that is made by an expert decision. In addition, installation testing is carried out on various 

platforms to ensure that the system can be run properly in different environments [18]. This testing also includes 

usability testing to assess the extent to which the system is easy to use and understand by users. 

e. Maintenance 

The last stage is maintenance, which is the maintenance of the system after it is used by users. At this stage, monitoring 

of system performance, fixing bugs or errors found during use, and improving features to optimize system capabilities 

are carried out. For example, if there are new symptoms or new types of TB that are not yet covered in the system, the 

rules and CF values in the knowledge base must be updated. Maintenance also includes ongoing development, such 

as integration with electronic medical record systems or mobile health applications [19]. 
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2.2 Certainty Factor Method 

In dealing with problems, we are often faced with situations where the answers given are not absolute or certain. This 

uncertainty can be related to the probability or chance of the outcome of a particular event [20]. This kind of situation is 

very common in disease diagnosis systems, where medical experts cannot always determine with certainty the relationship 

between symptoms and the causes of the disease. As a result, various possible diagnoses can occur. Therefore, expert 

systems must be able to operate in this situation of uncertainty. To show the measure of certainty of a fact or rule, here is 

the definition of the certainty factor notation used for calculations [21]:  

Certainty Factor Notation: 

𝐶𝐹[ℎ, 𝑒] = 𝑀𝐵[ℎ, 𝑒] − 𝑀𝐷[ℎ, 𝑒]         (1) 

CF[h, e] = Certainty Factor  

MB[h, e] = Measure of Belief  

MD[h, e] = Measure of Disbelief  

E = Evidence  

H = Hypothesis  

Certainty Factor is a value that states the level of confidence (trust) in a fact or hypothesis based on the knowledge 

of an expert [22]. The CF value ranges from 1 (very confident that the fact/hypothesis is true), 0 (don't know/not sure), -

1 (very confident that the fact/hypothesis is false) [23]. However, in practice, the CF value is usually stated in the range 

[0, 1] for positive (confidence) and [-1, 0] for negative (distrust) as shown in table 1. No indication of symptoms; 

conditions are very unlikely to support the presence of disease. Possibly; symptoms may be present, but are not strong 

enough to support a diagnosis. Most likely; symptoms are strong enough to support the presence of disease. Almost 

certainly; symptoms are very strong, strongly supporting a diagnosis of disease. If two rules produce CF for the same 

hypothesis, the combination is calculated by:  

If both CFs are positive. 

𝐶𝐹 𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 = 𝐶𝐹1 − 𝐶𝐹2(1 − 𝐶𝐹1)  (2) 

If both CFs are negative Apabila kedua CF negatif 

𝐶𝐹 𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 = 𝐶𝐹1 − 𝐶𝐹2(1 + 𝐶𝐹1)  (3) 

If it has opposite sign, then 

𝐶𝐹 𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 =
𝐶𝐹1+𝐶𝐹2

(1−min (|𝐶𝐹1|,|𝐶𝐹2|)
  (4) 

Determine the final result of the CF value in percentage form. 

𝐶𝐹𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑠𝑒 = 𝐶𝐹𝑐𝑜𝑚𝑏𝑖𝑛𝑒 ∗ 100%  (5) 

Table 1. Certainty Factor Value Table [24] 

Description Weight Value 

None 0 - 0.2 

Possibly 0.3 – 0.4 

Most Likely 0.5 – 0.6 

Almost Certainly 0.7 – 0.8 

3. RESULT AND DISCUSSION 

3.1 Certainty Factor Method Analysis 

Calculation with the certainty factor method in diagnosing Tuberculosis (TB) in a system designed based on the certainty 

factor algorithm involves analyzing the symptoms experienced by a person. This system uses the certainty factor 

algorithm to determine the level of certainty that a person has TB based on the symptoms that appear [25]. In this system, 

each symptom is given a certainty factor value that reflects how strongly the symptom supports or opposes the diagnosis 

of TB [26]. Data analysis is the process of processing data to change it into understandable and useful information in 

solving problems, especially those related to research. In other words, data analysis is a series of activities carried out to 

change research data into valuable information [27]. This information can later be used to make accurate conclusions. 

This process includes various techniques and methods used to extract, interpret, and present data so that the results can 

help in decision-making and problem-solving [28]. Data analysis not only helps in understanding the characteristics of 

the data but also allows researchers and professionals to gain deeper insight into the problems being studied and design 

more effective solutions [29]. The results of the research that has been carried out obtained data on tuberculosis disease 

shown in Table 2, and tuberculosis symptomps shown in Table 3. The data as follow: 
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Table 2. List of Tuberculosis Diseases 

 

Code Disease Description Weight 

D1 Pulmonary TB Tuberculosis disease that attacks and infects the lungs. 0.3 

D2 Skin TB Tuberculosis disease that attacks the skin, usually like 

chronic scabs that do not heal. 
0.5 

D3 Glandular TB Tuberculosis disease that attacks the lymph nodes, usually 

causing enlargement of the lymph nodes in the neck. 
0.6 

D4 Bone TB Tuberculosis disease attacks the spine in the thoracic area 

(back of the chest). 
0.5 

D5 Brain TB Tuberculosis usually attacks children by attacking the 

membranes of the brain or commonly known as 

meningitis. 

0.4 

Table 3. Tuberculosis Symtomps List 

Code Description Weight 

S1 Continuous cough with phlegm for three weeks or more. 0.5 

S2 Blood-tinged phlegm 0.7 

S3 Shortness of breath and chest pain 0.4 

S4 Weak body, decreased appetite, and weight loss 0.6 

S5 Sweat at night, even without activity 0.2 

S6 Fever chills (mild fever) for more than a month 0.6 

S7 The appearance of lumps in the neck, armpits, and groin areas 0.6 

S8 Repeated diarrhea that does not heal with regular diarrhea medication 0.2 

S9 If there is a partial blockage of the bronchus (the channel leading to the lungs) due 

to pressure from enlarged lymph nodes, it will cause wheezing (weakened 

breathing sounds) accompanied by shortness of breath 

0.4 

S10 If there is fluid in the pleural cavity (the lining of the lungs), it can be accompanied 

by complaints of chest pain. 
0.4 

S11 If it affects the bones, symptoms such as bone infection will occur, which at some 

point can form a channel and flow into the skin above it. At this point pus will 

come out.  

0.8 

S12 In children, it can affect the brain (the layer covering the brain) and is called 

meningitis (inflammation of the brain membrane). The symptoms are high fever, 

decreased consciousness, and seizures. 

0.8 

S13 The presence of scrofuloderma or skin tuberculosis (like chronic scabs that do not 

heal). 
0.8 

S14 The presence of phlyctenular conjunctivitis (sometimes the eyes are red, then there 

are white spots).  
0.2 

S15 The presence of specific lymphadenopathy (enlarged lymph nodes in the neck).  0.8 

S16 In tuberculosis, usually the enlarged glands will be in a row or more than one.  0.4 

3.2 Expert System Rule 

In the certainty factor (CF) method, a rule is a rule used to associate symptoms with a particular diagnosis based on the 

certainty factor value [30]. This rule helps in formulating diagnostic decisions using the CF values assigned to each 

symptom. In general, the rule is represented in the following form [5]: 

IF E1 AND E2 .........AND En THEN H (CF Rule) 

Or 

IF E1 OR E2 ............OR En THEN H (CF Rule) 

Where: 

E1 ... En: Existing facts (evidence) 

H: Hypothesis or conclusion generated 

CF (Rule): Level of confidence in the occurrence of hypothesis H due to the facts E1 ... En 

The following are the rules of the expert system in diagnosing tuberculosis: 

Rule 1: IF Continuous cough with phlegm for three weeks or more is True 

      AND Blood-stained phlegm is True 

      AND Shortness of breath and chest pain are True 

      AND Weak body, decreased appetite, and weight loss are True 

      AND Sweating at night, even without activity, is True 

      AND Fever chills (mild fever) for more than a month is True 

      AND The appearance of lumps in the neck, armpits, and groin is True 
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      AND If there is partial obstruction of the bronchus (the channel leading to the lungs) due to pressure from         

      enlarged lymph nodes will cause wheezing (weakened breathing sounds) accompanied by shortness of breath  

      is True 

      AND If there is fluid in the pleural cavity (the lung covering), it can be accompanied by complaints of chest  

      pain is True 

      THEN Pulmonary TB 

Rule 2: IF Fever chills (mild fever) for more than a month chest is True 

       AND The presence of scrofula or skin TB (such as chronic scabs that do not heal) is True 

       THEN Skin TB 

Rule 3: IF Continuous cough with phlegm for three weeks or more is True 

     AND Fever chills (mild fever) for more than a month is True 

     AND The appearance of lumps in the neck, armpits, and groin areas is True 

     AND If there is partial obstruction of the bronchus (the channel leading to the lungs) due to pressure from  

enlarged lymph nodes will cause wheezing (weakened breathing sounds) accompanied by shortness of breath  

is True 

      AND The presence of specific lymphadenopathy (enlarged lymph nodes in the neck) is True 

      AND In TB, usually the enlarged glands will be in a row or more than one is True 

      THEN TB Gland 

Rule 4: IF Fever chills (mild fever) for more than a month are True 

       AND If it affects the bones, there will be symptoms like bone infection, which at some point can form a  

       channel and flow into the skin above it, at this outlet pus will come out. Is True 

       THEN TB Bone 

Rule 5: IF Fever chills (mild fever) for more than a month are True 

       AND In children, it can affect the brain (the layer covering the brain) and is called meningitis (inflammation  

       of the meninges), the symptoms are high fever, decreased consciousness, and seizures is True 

       AND Repeated diarrhea that does not heal with regular diarrhea medication is True 

       THEN TB Brain 

3.3 Case study 

Analysis of tuberculosis disease diagnosis using the certainty factor method can be loaded as in the following case. A 

case of tuberculosis, where the symptoms of the disease and the answers are as follows: 

a. Blood-stained phlegm = 0.7 

b. Continuous cough with phlegm for three weeks or more = 0.5 

c. Shortness of breath and chest pain = 0.4 

d. Fever (mild fever) for more than a month = 0.6 

To calculate the certainty factor (CF) value based on the symptoms given in the case of Tuberculosis, we will use the CF 

values that have been given in the previous symptom table. Here are the steps: 

a. Blood-tinged phlegm: CFG02 = 0.7 

b. Continuous cough with phlegm for three weeks or more: CFG01 = 0.5 

c. Shortness of breath and chest pain: CFG03 = 0.4 

d. Fever chills (mild fever) for more than a month: CFG06 = 0.6 

To combine CF values from several symptoms, we use the following CF combination formula: 

𝐶𝐹𝐶𝑜𝑚𝑏𝑖𝑛𝑒 = 𝐶𝐹1 + 𝐶𝐹2(1 − 𝐶𝐹1) 

Next is to calculate the combined CF in stages: 

a. Combining CF from the first and second symptoms: 

𝐶𝐹12 = 𝐶𝐹𝐺02 + 𝐶𝐹𝐺01(1 − 𝐶𝐹𝐺02) 

𝐶𝐹12 = 0.7 + 0.5(1 − 0.7) 

𝐶𝐹12 = 0.7 + 0.5 ∗ 0.3 

𝐶𝐹12 = 0.7 + 0.15 

𝐶𝐹12 = 0.85 

b. Combining the first combined CF with the third symptom: 

𝐶𝐹123 = 𝐶𝐹12 + 𝐶𝐹𝐺03(1 − 𝐶𝐹12) 

𝐶𝐹123 = 0.85 + 0.4(1 − 0.85) 

𝐶𝐹123 = 0.85 + 0.4 ∗ 0.15 

𝐶𝐹123 = 0.85 + 0.06 

𝐶𝐹123 = 0.91 

c. Combining the second combined CF with the fourth symptom: 

𝐶𝐹1234 = 𝐶𝐹123 + 𝐶𝐹𝐺06(1 − 𝐶𝐹123) 

𝐶𝐹1234 = 0.91 + 0.6(1 − 0.91) 

𝐶𝐹1234 = 0.91 + 0.6 ∗ 0.09 
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𝐶𝐹1234 = 0.91 + 0.054 

𝐶𝐹1234 = 0.964 

Based on this calculation, the combined certainty factor value of the given symptoms is 0.964. According to the 

certainty factor value table, the probability value of 0.964 is in the range of 0.9 – 1.0, which indicates “Certain”. So, based 

on the certainty factor method, with the given symptoms, the diagnosis of Tuberculosis can be said to be “Certain”. 

4. CONCLUSION 

The application of the certainty factor method in an expert system can provide a significant contribution to the process of 

diagnosing tuberculosis (TB). This method allows the system to handle uncertainty in medical decision making by 

measuring the level of confidence or certainty of each symptom inputted by the user. The expert system developed can 

process the entered symptom data and provide diagnostic results based on the calculation of certainty values that refer to 

the knowledge of medical experts. Thus, this system can provide an estimate of the level of possibility of someone 

suffering from tuberculosis more rationally and measurably. Based on the analysis using the certainty factor method on 

the symptoms experienced by the patient, namely phlegm mixed with blood (0.7), continuous cough with phlegm for 

three weeks or more (0.5), shortness of breath and chest pain (0.4), and fever for more than a month (0.6), the combined 

certainty factor value reached 0.964. This value is in the range of 0.9 - 1.0, which indicates the "Certain" category 

according to the Value Table. Therefore, the diagnosis of Tuberculosis in this patient can be confirmed with a very high 

level of confidence. The results of the system testing show that the level of diagnostic accuracy is quite high, provided 

that the knowledge base used is valid and obtained from competent sources. In addition, this system can be used as a tool 

by medical personnel and the general public to carry out early detection of TB, especially in areas with limited access to 

health services. Immediate treatment is highly recommended, accompanied by further examinations such as chest X-rays 

and sputum tests to confirm the diagnosis and determine the stage and type of TB. In addition, precautions must be taken 

to prevent transmission, including temporary isolation of patients and using masks. However, this system is not intended 

to replace the role of doctors, but rather as a support in the initial screening process. Future system development can be 

directed at expanding the types of diseases that can be diagnosed, increasing accuracy through updating the knowledge 

base, and integrating with digital medical record data to support a technology-based health service system. 

REFERENCES   

[1] L. Kaewwilai et al., “Development and evaluation of an artificial intelligence (AI) -assisted chest x-ray diagnostic system for 
detecting, diagnosing, and monitoring tuberculosis,” Glob. Transitions, vol. 7, pp. 87–93, 2025, doi: 10.1016/j.glt.2025.02.005. 

[2] N. D. Wirasbawa, C. T. Prasetya Widjaja, C. I. Wenji, and S. Hansun, “Expert API for Early Detection of TB Disease with 

Forward Chaining and Certainty Factor Algorithms,” Inform., vol. 46, no. 6, pp. 117–124, 2022, doi: 10.31449/inf.v46i6.3947. 

[3] H. Kumar, F. Teena, A. Bai, L. Kumar, and S. Gallego, “Bridging gaps in tuberculosis control: addressing cross-border challenges 
between India and Pakistan,” J. Clin. Tuberc. Other Mycobact. Dis., vol. 39, no. April, p. 100526, 2025, doi: 

10.1016/j.jctube.2025.100526. 

[4] A. Zheng et al., “Changes in incarceration and tuberculosis notifications from prisons during the COVID-19 pandemic in Europe 

and the Americas: a time-series analysis of national surveillance data,” Lancet Public Heal., vol. 10, no. 4, pp. e285–e294, 2025, 
doi: 10.1016/S2468-2667(24)00325-6. 

[5] O. Alhabashneh, “Fuzzy-based adaptive framework for module advising expert system,” Ann. Emerg. Technol. Comput., vol. 5, 

no. 1, pp. 13–27, 2021, doi: 10.33166/AETiC.2021.01.002. 

[6] L. P. Wanti, O. Somantri, N. W. A. Prasetya, and L. Puspitasari, “Fuzzy expert system design for detecting stunting,” Indones. 
J. Electr. Eng. Comput. Sci., vol. 34, no. 1, pp. 556–564, 2024, doi: 10.11591/ijeecs.v34.i1.pp556-564. 

[7] D. Krisbiantoro, L. P. Wanti, and N. W. A. Prasetya, “Combination certainty factor method and fuzzy expert system module to 

determine the dose of leukemia drugs,” Indones. J. Electr. Eng. Comput. Sci., vol. 35, no. 3, pp. 1915–1923, 2024, doi: 

10.11591/ijeecs.v35.i3.pp1915-1923. 
[8] L. Wanti, N. Prasetya, L. Sari, and L. Puspitasari, “Optimization of Certainty Factor Method to Detect Preeclampsia in Women 

Pregnant,” in Icast 2021, 2023, pp. 147–155. doi: 10.5220/0010941400003260. 

[9] I. Jakson Malo, C. Dai Payon Binti Gabriel, and T. Kurra, “Penerapan Metode Certainty Factor Untuk Mendiagnosa Penyakit 

Tbc Pada Puskesmas Billa Cenge,” J. Sains dan Sist. Teknol. Inf., vol. 5, no. 2, pp. 191–196, 2023, doi: 10.59811/sandi.v5i2.71. 
[10] A. A. Prameswaty and W. S. J. Swari, Made Hanindia Prami; Saputra, “Perancangan Sistem Pakar Diagnosis Penyakit TBC Paru 

dengan Metode Certainty factor dan Dempster Shafer,” vol. 8, no. 5, pp. 8658–8663, 2024. 

[11] D. Santra, S. K. Basu, J. K. Mandal, and S. Goswami, “Rough set based lattice structure for knowledge representation in medical 

expert systems: Low back pain management case study,” Expert Syst. Appl., vol. 145, p. 113084, 2020, doi: 
10.1016/j.eswa.2019.113084. 

[12] I. W. Sutoyo, A. P. Widodo, and A. F. Rochim, “Decision support system for handling intervention on toddlers stunting cases in 

Indonesia using the certainty factor method,” J. Phys. Conf. Ser., vol. 1943, no. 1, 2021, doi: 10.1088/1742-6596/1943/1/012110. 

[13] B. A. M. Al-Rami Al-Ghamdi, “Analyzing the impact of data visualization applications for diagnosing the health conditions 

through hesitant fuzzy-based hybrid medical expert system,” Ain Shams Eng. J., no. February, p. 102705, 2024, doi: 

10.1016/j.asej.2024.102705. 

[14] R. Subha and J. Zhang, “An optimal construction of smart aged homes based on SDLC using smart sensors and agent networks,” 
Int. J. Intell. Networks, vol. 3, no. September, pp. 138–142, 2022, doi: 10.1016/j.ijin.2022.09.003. 

[15] M. Ngongo and Y. Rada, “Sistem Pakar Untuk Mendiagnosa Penyakit Malaria Berbasis Website Menggunakan Metode Forward 

Chaining,” E-Link J. Tek. Elektro dan Inform., vol. 18, no. 2, p. 37, 2023, doi: 10.30587/e-link.v18i2.5996. 

https://hostjournals.com/bulletincsr
https://doi.org/10.47065/bulletincsr.v5i4.549
https://creativecommons.org/licenses/by/4.0/


BULLETIN OF COMPUTER SCIENCE RESEARCH 
ISSN 2774-3659 (Media Online) 

Vol 5, No 4, June 2025 | Hal 806-812 
https://hostjournals.com/bulletincsr 

DOI: 10.47065/bulletincsr.v5i4.549 

Copyright © 2025 The Author, Page 812  
This Journal is licensed under a Creative Commons Attribution 4.0 International License 

[16] N. W. A. Prasetya, L. P. Wanti, L. Sari, and L. Puspitasari, “Sistem Pakar Deteksi Dini Penyakit Preeklamsia pada Ibu Hamil 

Menggunakan Metode Certainty Factor,” Infotekmesin, vol. 13, no. 1, pp. 168–177, 2022, doi: 
10.35970/infotekmesin.v13i1.1050. 

[17] I. Bahroni, L. P. Wanti, N. W. Rahadi, A. A. Hartono, and R. Purwanto, “Implementation of Forward Chaining for Diagnosis of 

Dengue Hemorrhagic Fever,” J. Innov. Inf. Technol. Appl., vol. 4, no. 1, pp. 32–42, 2022, doi: 10.35970/jinita.v4i1.1204. 

[18] O. O. Olusanya, R. G. Jimoh, S. Misra, and J. B. Awotunde, “A neuro-fuzzy security risk assessment system for software 
development life cycle,” Heliyon, vol. 10, no. 13, p. e33495, 2024, doi: 10.1016/j.heliyon.2024.e33495. 

[19] S. Padmanabhan Poti and C. J. Stanton, “Enabling affordances for AI Governance,” J. Responsible Technol., vol. 18, no. May, 

p. 100086, 2024, doi: 10.1016/j.jrt.2024.100086. 

[20] J. Yuan, S. Zhang, S. Wang, F. Wang, and L. Zhao, “Process abnormity identification by fuzzy logic rules and expert estimated 
thresholds derived certainty factor,” Chemom. Intell. Lab. Syst., vol. 209, no. August 2020, p. 104232, 2021, doi: 

10.1016/j.chemolab.2020.104232. 

[21] P. F. Orun, Y. A. Pranoto, and A. Faisol, “Penerapan Metode Forward Chaining Dan Certainty Factor Pada Sistem Pakar Untuk 

Diagnosis Penyakit Malaria Di Kabupaten Mimika Berbasis Web,” JATI (Jurnal Mhs. Tek. Inform., vol. 6, no. 1, pp. 325–335, 
2022, doi: 10.36040/jati.v6i1.4618. 

[22] Z. Li, “Research on the action mechanism of certainty and uncertainty of experience in the consumption context,” Heliyon, vol. 

10, no. 11, p. e31700, 2024, doi: 10.1016/j.heliyon.2024.e31700. 

[23] C. Jiang, W. Fan, N. Yu, and E. Liu, “Spatial modeling of gully head erosion on the Loess Plateau using a certainty factor and 
random forest model,” Sci. Total Environ., vol. 783, p. 147040, 2021, doi: 10.1016/j.scitotenv.2021.147040. 

[24] D. D. S. Fatimah, Y. Septiana, and G. Ramadhan, “Rancang Bangun Aplikasi Sistem Pakar Diagnosa Penyakit Stunting Berbasis 

Web Menggunakan Metode Certainty Factor,” J. Algoritm., vol. 19, no. 2, pp. 547–557, 2022, doi: 10.33364/algoritma/v.19-

2.1144. 
[25] S. Wang, J. Ren, and R. Bai, “A semi-supervised adaptive discriminative discretization method improving discrimination power 

of regularized naive Bayes,” Expert Syst. Appl., vol. 225, no. November 2022, p. 120094, 2023, doi: 10.1016/j.eswa.2023.120094. 

[26] L. P. Wanti and Lina Puspitasari, “Optimization of the Fuzzy Logic Method for Autism Spectrum Disorder Diagnosis,” J. RESTI 

(Rekayasa Sist. dan Teknol. Informasi), vol. 6, no. 1, pp. 16–24, 2022, doi: 10.29207/resti.v6i1.3599. 
[27] F. Nugroho and A. U. Bani, “Penerapan Metode Dempster Shafer Pada Sistem Pakar Diagnosa Penyakit Usus Halus,” J. Media 

Inform. Budidarma, vol. 6, no. 1, p. 243, 2022, doi: 10.30865/mib.v6i1.3468. 

[28] L. P. Wanti, N. W. A. Prasetya, I. Awaludin, M. B. A. Saputra, S. N. Furi, and D. M. D. Kumara, “Application of data mining 

for diagnosis of ENT diseases using the Naïve Bayes method with genetic algorithm feature selection,” Indones. J. Electr. Eng. 
Comput. Sci., vol. 37, no. 1, pp. 398–405, 2025, doi: 10.11591/ijeecs.v37.i1.pp398-405. 

[29] A. Heiß, D. S. Paraforos, G. M. Sharipov, and H. W. Griepentrog, “Modeling and simulation of a multi-parametric fuzzy expert 

system for variable rate nitrogen application,” Comput. Electron. Agric., vol. 182, no. February, 2021, doi: 

10.1016/j.compag.2021.106008. 
[30] F. Otieno, S. R. N. V. Nalakurthi, M. Raji, A. Tiwari, I. Anton, and S. Gharbia, “Farmer’s attitudes towards GHG emissions and 

adoption to low-cost sensor-driven smart farming for mitigation: The case of Ireland tillage and horticultural farmers,” Smart 

Agric. Technol., vol. 9, no. October, 2024, doi: 10.1016/j.atech.2024.100622. 

 
 
 

https://hostjournals.com/bulletincsr
https://doi.org/10.47065/bulletincsr.v5i4.549
https://creativecommons.org/licenses/by/4.0/

