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Indonesia has become one of the countries having the biggest single-payer national insurance 
with a population-based membership. The insurance had helped up to 217 million patients 
since its inception in 2014. Capturing insights from a large-scale electronic health record has 
the potential to give a valuable improvement to the health care processes quality. Process 
mining is an emerging approach to “bridge” between the domain of data science and process 
science. It has also been recognized to contribute to the domain of health care where complex 
and multi-discipline processes are happening. The BPJS Kesehatan data containing routinely 
collected medical records becomes a valuable source of knowledge to improve the quality of 
health care. In contrast to its benefits, exploiting and managing population-based health care 
data for research brings challenges and potential. This paper presents the challenges of 
conducting process mining projects in the perspective of diversity, data quality, ethics, and 
security. Process mining in health care also brings potentials in care process comparisons, 
precision medicine, audit and compliance, and the opportunities of using virtual research 
environment to conduct research using a population-based data set based on unique 
characteristics of human biology. 
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1. Introduction 

Indonesia health care strategy is switching from a multi-payer health insurance 
to a single-payer national health insurance [1]. As the fourth   most populous 
country in the world, Indonesia is expected to be the biggest single-payer national 
health insurance in the world. The consequence of being the ‘biggest’ is that the 
initiative requires a substantial resource and an immense size of data. It is also 
recognised that the biggest spending is happening at the hospital-based care where 
strengthening the care processes in the hospitals is recommended [2]. 

Indonesia is facing a tremendous demand in managing a large amount of 
electronic health records (EHR) since the number of populations keeps growing. 
This routinely collected medical record could play an important role in supporting 
the care process. Insights from medical records can be used to support precision 
intervention, promoting better care through procedures given based on unique 
characteristics of human biology. The EHR may contain evidence of care and have 
the potential in promoting research to improve care [3][4].  

Process mining is a relatively new method to identify processes from a 
generated event log, check the agreement of the factual event to the pre-defined 
guideline. It has been mostly implemented in the business domain [5] and relatively 
recent for implementation in the health care domain. We provide, for the first time, 
a critical review of process mining implementation in Indonesia health care to 
improve the quality-of-care processes. We reviewed three areas in relation with 
process-oriented health care improvement: 

 

1. What data resource exists for process mining studies in Indonesia? 
2. What are the challenges to conduct process mining studies in Indonesia’s 

health care? 
3. What are the potentials of such study that can be implemented? 

 
This paper is in a position to inspire and encourage the contribution of future 

researchers who have interest in this domain. 

1.1. Indonesia Initiatives of Improving Health Care Services 

The vision of the Ministry of Health Republic of Indonesia is to create a healthy, 
independent, and fair society. This “grand vision” can be achieved through 
initiatives to improve public health status, assure healthcare availability, and ensure 
good health governance. The initiatives are written as legislation products, 
including the Minister of Health Regulation Number 97/ 2015 on Health 
Information System (HIS) Roadmap [6], Government Regulation Number 39/ 2019 
on One Data Indonesia [7], Regulation of the President of Indonesia Number 72/ 
2012 on the National Health System (SKN) [8], and the Minister of Health 
Regulation Number 21/ 2020 on the Strategic Plan of the Ministry of Health for 
2020-2024 [9]. 

The regulations have potential to improve Indonesia's health services if all 
participating stakeholders are willing to comply and implement them to achieve the 
grand vision. One important implementation of those regulations is through 
research projects. Research projects on health data were mostly limited by the 
number of available data to work with because of the confidentiality nature of the 
health data [10][11]. Research projects may incorporate simulated or artificial data, 
but a significant impact may be achieved through the incorporation of the actual 
data, which Indonesia has an abundant resource of data. 
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1.2. Health Data Resource in Indonesia 

Indonesian healthcare data are fragmented and decentralized [12][13]. Each 
healthcare provider has its own patient records. Some of the records are available 
in non-digital forms, and the sharing among them is very limited. This situation is 
a result of the decentralization reform in 1999 where the governance of the health 
care system is separated under each government system: central, provincial, and 
district/ municipality governments. In the central government, health care is 
managed by the Ministry of Health as the center of policies, regulations, and 
standards for the country. The ministry has subordinate representatives under the 
provincial and district governments. Together with the respective governments, 
they serve technical guidelines of the regulations and the standards, manage the 
hospitals and other healthcare facilities under their jurisdiction, to serve 
coordination to health issues, and provide reports to their superior government or 
the Ministry of Health. Following the decentralization reform, regional autonomy 
has been given to the provincial and district governments. This autonomy allows 
each region to develop itself without necessarily asking permission from the central 
government. The HIS development was done arbitrarily depending on the 
capability of each regional government including the HIS development of private 
health care providers. The lack of orchestration at the beginning of the HIS 
development produces fragmented and decentralized health data. More information 
on Indonesia’s health system can be found in [14]. 

The national healthcare insurance program suggests all healthcare providers use 
a similar system to claim reimbursement although the current regulation suggests 
that healthcare providers are not obliged to provide reports to the central 
government [15]. The national health care insurance program gradually shifts the 
fragmented data storage into centralized data under the BPJS. The number of 
variables for reports is limited, but as the system evolves, the number of variables 
will be increased to reach the optimal numbers. The potential of using the BPJS 
health data samples for clinical pathway analysis has also been explored in previous 
research [16]. 

The primary care and secondary care providers are suggested to use 
the Pcare system [17] and the Vclaim system [18] respectively. Using those 
systems, the BPJS can collect data from providers even though the number of 
variables is limited. Additionally, the Center of Data and Information (Pusat data 
dan informasi/ Pusdatin) of the Ministry of Health of the Republic of Indonesia 
also collects data from other previously developed systems such as the tuberculosis 
information system (Sistem Informasi Tuberkulosis/ SITB) [19], the HIV 
information system, the regional health information system (Sistem Informasi 
Kesehatan Daerah/ SIKDA), etc. Periodic surveys are also conducted by the 
research and development department of the Ministry of Health. Those include the 
following but not limited to the basic health research (Riset kesehatan dasar/ 
Riskesdas), the health care facility research (Riset fasilitas kesehatan/ Risfaskes), 
and the national health survey (Survei kesehatan nasional/ Surkesnas). The various 
kinds of information systems and research data collection under the Ministry of 
Health suggest that the ministry has abundant health care records. These data are 
decentralized even if they are under the same ministry. 

There are 3,099 hospitals in Indonesia [20] which are categorised based on class 
and ownership status. According to [21], four classes (A, B, C, and D) are used to 
identify a hospital based on the number of specialist services. Specialist service 
includes primary (e.g., internist, pediatric, surgeon, and obstetrics and 
gynaecology), other specialists (e.g., ophthalmology, neurology, cardiology, etc.), 
and supporting specialists (e.g., anaesthesia, radiology, microbiology, pathology, 
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etc.). Class-A hospitals provide all primary specialist services and have more other 
and supporting specialist services than those in other classes. Indonesia has 69 
hospitals in class-A, 431 hospitals in class-B, 1,649 hospitals in class-C, and 925 
hospitals in class-D. The other 25 hospitals are yet to be determined by the time 
this article is written. Based on the ownership status, the hospitals are categorized 
into private hospitals (836 hospitals), company-owned (514 hospitals), social 
organizations (323 hospitals), Islamic organizations (118 hospitals), individuals 
(75 hospitals), Catholic organizations (45 hospitals), Protestant organizations (28 
hospitals), Hindu organizations (3 hospitals), and the rest are public-owned. All 
hospitals share their bed availability through Online Hospital Information System 
(SIRS Online) managed by the Directorate General of Health and Safety of the 
Ministry of Health [20]. The SIRS Online also has an integrated referral 
information system. In addition, BPJS Kesehatan also collects data related to 
hospitals through the process of credentialing and contracts every year at hospitals, 
including hospital services data of the claim process, limited to JKN patients. 

Twelve secondary health data are available in Indonesia and published by 
several institutions. The data comes from four different sources, six datasets from 
the National Institute of Health Research and Development, the Indonesian 
Ministry of Health (Litbangkes Kemenkes), and three datasets from the BPS-
Statistics Indonesia (Badan Pusat Statistik). The rest of the datasets are from the 
BPJS Kesehatan, Gadjah Mada University, and one dataset is a collaboration 
between the Ministry of Health, Badan Pusat Statistik, the National Population and 
Family Planning Board Due, and the United States Agency for International 
Development (USAID). The list of these secondary data is provided in Table 1. 

 
 Table 1 Secondary Health Data in Indonesia. 

# Dataset Name Institution 

1. 
BPJS Kesehatan sample data (2015-2018 [22], 2015-2020 [23], 
2015-2021 [24]) 

BPJS Kesehatan 

2. Basic Health Research (Riset Kesehatan Dasar) [25] Litbangkes Kemenkes 

3. Health Facility Research (Riset Fasilitas Kesehatan) [26] Litbangkes Kemenkes 

4. 
Health Funding Research (Riset Pembiayaan Kesehatan) [27], 
[28] 

Litbangkes Kemenkes 

5. 
Non-communicable disease cohort study (Studi kohort penyakit 
tidak menular) [29] 

Litbangkes Kemenkes 

6. National health survey (Survei kesehatan nasional) [30] Litbangkes Kemenkes 

7. 
Utilisation of health operational funds 2010 (Pemanfaatan dana 
bantuan operasional kesehatan 2010) [31] 

Litbangkes Kemenkes 

8. 
Indonesia Demographic and Health Survey (Survei demografi dan 
kesehatan Indonesia) [32] 

Badan Kependudukan dan Keluarga 
Berencana nasional; Badan Pusat 
Statistik; Kementerian Kesehatan; USAID 

9. 
National Social and Economy Survey (Survei sosial ekonomi 
nasional) [33] 

Badan Pusat Statistik 

10. Village potential data collection (Pendataan potensi desa) [34] Badan Pusat Statistik 
11. Basic health indicator (Indikator dasar kesehatan) [35] Badan pusat statistik 

12. 
Health and Demographic Surveillance System/HDSS 
(Surveilans Demografi dan Kesehatan) [36] 

Universitas Gadjah Mada 

 
Besides the above datasets, other sources of data are from outside Indonesia, 

such as the World Health Organization (WHO) providing Indonesia Data 
Completeness Index (Index Kelengkapan Data Indonesia) and the Research and 
Development (RAND) Corporation providing the Indonesia Family Life Survey. 

Access to the raw format of those datasets requires an official request process 
through their respective institutions with pre-defined terms and conditions. When 
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access is granted, the data provided has gone through a cautious data management 
process to make sure that it is ready to be analyzed with anonymity. 

1.3. Why health Care? 

Providing health care services requires collaborative work between clinicians, 
clinical specialists, nurses, laboratories, pharmacies and many more across the 
organization [37][38]. Each department may have its own limitation in handling 
cases, but the ability to provide a high-quality care process is paramount. Keep in 
mind, the patient’s safety awareness which requires real action needs to be in place 
at the system level [38][39]. 

The care pathway had helped in providing guidelines on how to orchestrate 
multidisciplinary teams to provide care, not only for the patients but also for their 
relatives [40]. Care pathways provide a guideline for how a patient should be 
treated. It contains a series of care activities for a variety of conditions of patients 
[6] which are then acknowledged as the business process of the health care setting. 

Process mining may offer the benefit of discovering knowledge from the 
evidence stored in the EHR, comparing the evidence with the pre-designed 
guideline and providing the performance measurement and outcome [41]–[43]. 

2. Process Mining 

Process mining has been implemented in organisations for more than two 
decades ago and could help in analyzing the digital trace of any organisation’s 
executed processes [5], [44]. The sequence of activities and all related data are 
stored within the organisation’s information system. To enable the process mining 
technique, the required input needs to be extracted to create an event log as the 
input. There are at least three variables that should be present in the event log: the 
case identifier, activity name, and the timestamp to mark when the activity 
happened. The illustration of an event log is presented in Figure 1(a). 

 
 
 
 

 
 
 
 
 

(a)                                                               (b) 
 

Figure 1 An Event Logs (a); A Process Model  

There are three types of process mining that can be done. First, the discovery 
process produces a process model using the discovery algorithms. The obtained 
process model represents the evidence which is captured in the event log (see 
Figure 1 (b)). Depending on the complexity of the process, the algorithm may 
produce a ‘spaghetti-like’ process model which is hard to interpret or analyze. 
Discovering a process model is a very complex task, therefore the second type, 

Patient ID Activity Time

1001 Patient admission 23/10/22 07.00

4351 Blood test 23/10/22 07.02

3241 X-ray 23/10/22 07.22

4451 CT Scan 23/10/22 07.30

2221 Payment 23/10/22 07.31
… … …

Case Id Activity name Time stamps 
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conformance checking is needed to see if the obtained process model is 
representative of the event log [45]. The third type is enhancement where the 
potential of improvement to the processes is analyzed. 

The process mining approach lies between data science and process science 
[44][46]. Data science mainly covers the area of data analytics and how to learn 
from data using a range of approaches including machine learning, data mining, 
query analysis, statistics, and artificial intelligence. On the other hand, process 
science is learned through observation and other fact-finding approaches to analyze 
business processes, manage, and systematically improve them. Process mining sits 
in between those two sciences, by analyzing data to learn and analyze business 
processes, and in turn, using the results of those analyses to improve the business 
processes' executions. 

3. Process Mining in The Indonesia Health Care 

3.1. Literature Study 

We conducted a targeted literature review to see how process mining had been 
utilized to solve health care problems in Indonesia. We defined the following 
research questions as a guidance to identify challenges and potentials of process 
mining implementation in the Indonesian health care: 

Q1: What cases in the health care domain have been investigated by process.  
mining? 

Q2: What data, process mining types, algorithms, tools, and methods were 
incorporated in the studies, including the results? 

We used Google Scholar with a combination of keywords: “process mining”, 
“hospital”, “health”, and “Indonesia” including the Indonesian version of the 
keywords. A set of selection criteria has been applied to make sure that we analyzed 
credible literature. The selection criteria are as follows. 

 
1. A peer-reviewed literature. 
2. Written in English or Bahasa. 
3. The study incorporates process mining extensively, not just mentioned. 
4. The process mining approach was applied in the Indonesian health care 

setting. 
 

The literature searching process was done using a web browser in the “incognito 
mode” or “private mode” to avoid getting a biased result due to the history of our 
other previous searching activity. 

The results of the literature review were then combined with our previous 
literature reviews to get more insights in terms of the challenges and potential. The 
results are described in the following sections.  

3.2. Investigated Process Mining Cases 

Process mining has been applied to investigate cases that related to the health 
care setting whether directly or indirectly impact the care process of the patient. In 
the final selection of the literature, we found five works of literature containing 
reports of process mining exploitation from the perspective of the process. 
Anggrainingsih et al. [1] investigated the waiting time for the BPJS-covered 
patients’ contact with the outpatient service at a local hospital in Sukoharjo. 
Outpatient care processes for a patient diagnosed with cardiovascular diseases are 
investigated in [47]. A care processes audit using process mining at a central 
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hospital in Sanglah, Bali is presented in [48], and conformance checking of a 
private hospital’s financial administration process is presented in [49]. One study 
has also applied process mining for disease trajectory analysis on the Indonesia 
health insurance data [50]. One study presents a conformance check on drug 
production in the pharmacy industry [51]. 

For the organisational perspective, two studies had been conducted to identify 
and model the interaction among speciality doctors [52], and between doctors and 
the other actor in providing care to patients with diabetes [53]. There are two 
studies that present process mining in the pre-processing step: event log extraction 
from a hospital’s information system [54], and the identification of imperfection 
patterns in an event log [55]. 

3.3. Process Discovery Algorithms, Tools, and Methodologies 

In the discovery of a process model from an event log, four studies used 
inductive miner [1][47][53][56], two studies used the heuristics miner algorithm 
[49][51], one study used both inductive miner and heuristics miner [54], and one 
study used the genetic algorithm [48]. Conformance checking was also conducted 
in the mentioned studies. 

The selected literature contains a report on the use of process mining tools to 
perform process mining analyses. From the nine selected literature, five studies are 
using both ProM tools and Disco, [49][51][52][54][57] and there are three studies 
that only used ProM tools [1][48][53] 

We identified an indication where the recognition of process mining 
methodologies is still low. All investigated literature was published between 2015 
and 2022 but none of them reported the use of process mining methodologies as a 
guidance to conduct process mining projects. The process mining methodologies 
has been introduced as early as 2009 [58][59] and since then many methodologies 
were proposed including the ClearPath method which combines process mining 
and simulation that is specifically designed for the healthcare domain [60]. The use 
of a methodology has benefits in promoting reproducibility and indicating high-
quality research as required for grant applications and manuscript submission to 
journals [61]. 

4. Challenges for Conducting Process Mining Study 

Despite all the benefits process mining technique could provide, the 
implementation of process mining would face several challenges. Based on the 
literature review, we identified five areas of challenges: diversity, data quality, 
ethics, security, and infrastructure. 

4.1. Diversity 

Indonesia is one of the largest countries by land area, at 1,910,931 square 
kilometers (737,814 square miles), consisting of more than 273 million people 
living in more than seventeen thousand islands [62]. This condition serves a wide 
range of challenges, mostly caused by the diversity/ disparity/ inequality in the 
governance and utilization of health care services between regions. Citizens living 
in the urban area around the center of economic and development regions are likely 
to use higher health care services than those living in rural areas [63]. Indonesia’s 
health care system is a mixture of public and private health care delivery systems, 
with an increasing trend of the size and role of the private health care services. The 
government has introduced the National Health Insurance (NHI) program in 2014 
to support equal access to basic health care services [14]. However, over the years, 
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the NHI universal health coverage has been unequally implemented in different 
regions.  

Another consideration is the diversity in socioeconomic status (SES) that was 
indicated by different levels of educational background and income [14][64]. It is 
important to note that while some Indonesians have easy access to health services 
and facilities, others are at a disadvantage. It leads to the first challenge of data 
collection for process mining studies. Even if health care data of the whole country 
can be collected, some health care services might not be utilized in some regions, 
not because there were no casualties in those areas but because of the limited access 
to health care services and facilities. 

The diversity of health care providers could also be challenging in some ways, 
especially when creating conclusions after conducting the process mining analyses 
using hospital’s data. The size of the hospital and the complexity of the process can 
be determined from the classification status. Hospitals in class-A categories are 
more likely to have more variations compared to the other classes. The number of 
specialist services is higher than the hospitals in class B, C, or D. Patients under 
the care of hospital in class-A may have a better chance to receive treatment from 
specialist services. Thus, patients admitted in lower class hospitals will require 
referral to receive certain specialist services only available in the class-A. The 
obtained results from class-A hospitals could not be used to represent hospitals in 
general. Another challenge is the patient’s movement between hospitals to seek 
treatment that is suitable for them. The event log of a patient hardly contains a 
complete sequence of treatment. 

4.2. Data Quality 

Weiskopf and Weng [65] introduced five common dimensions of health care 
data quality, which are: completeness, correctness, concordance, plausibility, and 
currency. Those five dimensions can be used to (1) measure suitability of health 
care data, (2) make sure that the data represent the complete truth about the patients, 
(3) agree between elements in the EHR and other data sources, (4) are making sense 
from the domain knowledge, and (5) are representing the patient state at a given 
point in time.  

Care pathways can be found in each local hospital or other health care providers, 
thematically for a specific disease, or nationally in a data repository collected by a 
specific health care government institution. Some studies have been done to 
analyze care pathways of patients locally in Indonesia hospital [37][39][41] or 
thematically for a specific disease [47][66][67]. However, to the best of our 
knowledge, none has been done in national or country-wide health data. In terms 
of process mining studies, country-wide health data are potentially useful to ensure 
better data quality, specifically in the aspect of completeness. 

There are initiatives to collect country-wide health care data in Indonesia that 
are potentially useful for a secondary analysis based on process mining approaches. 
First is the Indonesia Family Life Survey (IFLS) [68]. The IFLS is a survey in 
Indonesia which conducted in a longitudinal fashion. The survey is known to have 
a large collection including self-reported assessments including biomarker 
assessments, pain, symptoms, pattern of physical workouts, chronic conditions. 
The second initiative is a sample dataset collected by the Indonesia Social Security 
Agency for Health Care (Badan Penyelenggara Jaminan Sosial/ BPJS Kesehatan) 
[53]. BPJS Kesehatan focuses on organizing health insurance programs in 
Indonesia, which covered more than 217 million members (81.8% of Indonesia 
citizens) in 2019 [69]. The Health Care BPJS data center provides open-access data 
to be used by regional governance, other institutions, researchers, and policy 
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makers. The dataset consists of a sample of health care variables during 2015-
2016.  

Both IFLS and BPJS Kesehatan data are less likely to have enough detail for 
process mining study, especially on the presence of timestamps. Process mining 
analyzes rely on timestamps to identify the sequence of activities. Thus, the 
missingness of timestamps should be handled carefully to maintain the results to 
stay in quality. Another issue is that the patients’ treatment data in primary and 
secondary health facilities are separately available. This can be addressed by 

linking the two separate data to obtain richer end-to-end analyses. 

4.3. Ethics 

Before any research can obtain access to the required data, two things are 
required: an ethical clearance from the respective ethics commission who is also 
the data provider and permission from the health facility to use the data. There are 
variations between hospitals regarding the administrative processes and the time it 
takes to get permission.  

The next concern to be taken care of when retrieving data at a hospital is 
regarding the type of data. The available data might be in the manual form, either 
in a printed form or handwritten document, so researchers must invest more time 
to look through the medical records and key in the data into a digital form. One 
particular concern is when handwritten data are hard to read, this may reduce the 
quality of the produced data. 

Patient consent can be neglected if secondary hospital data are used. In the event 
of researchers need primary data through direct interviews with the patients, then 

patients’ consent is required.  
Internationally, ethical issues regarding the secondary use of health data are 

regulated based on the Declaration of Helsinki (DoH), developed by the World 
Medical Association (WMA) [70]. The DoH is a statement of ethical principles for 
medical research involving human subjects. Based on the DoH, medical research 
involving human subjects is conducted to promote better medical care. Medical 
research should follow ethical standards respecting all human subjects and their 
health and rights. In Indonesia, health research has been regulated by the Health 
Minister Decree Number 7/ 2016 [71] on the National Health Research and 
Development Ethics Committee. This decree required health research to apply 
principles of good research governance, which are respect for persons, beneficence, 
non-maleficence, and justice. The National Health Research and Development 
Ethics Committee (KEPPKN) assists the Minister in regulating, fostering, and 
enforcing research ethics and health development. Locally, the health research 
ethics committee in every health research institution adheres to the Decree of the 
Minister of Health of the Republic of Indonesia Number 
1031/Menkes/SK/VII/2005 [72] concerning National Guidelines for Health 
Research Ethics. 

4.4. Security 

The concern of protecting personal health data is growing as displayed by the 
increasing number of countries who introduce their regulation. There are the Health 
Care Insurance Portability and Accountability Act (HIPAA) from the USA [73], 
the General Data Protection Regulation (GDPR) in the EU [74], the Australian 
Privacy Act in Australia [75], and the Advisory Guidelines for the Health care 
Sector in Singapore [76]. 
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Such regulation in Indonesia is still distributed in 30 different ordinances [71]. 
At the time of writing, a bill of personal data protection is under discussion in the 
Indonesian Parliament. The bill contains the amalgamation of the existing 30 
ordinances including the protection of patient and healthcare data [72]. 

According to a report by the Indonesia National Cyber and Crypto Agency 
(BSSN), the security index of the health sector’s information system (Keamanan 
Sistem Informasi/ KAMI) in 2018/2019 is measured as “not feasible” [77]. The 
KAMI index is a tool to evaluate the readiness level to secure information in an 
organization by measuring seven parameters. Among them, three out of seven areas 
of evaluation with the lowest average score. The three areas are risk management 
of information security, information security framework, and information security 
governance. For the full report and understanding of the KAMI please see [77]. 

As a protection to the healthcare data including the data privacy, there is a 
proposed framework to keep the data secure while conducting process mining [78]. 
By providing an adequately secure research environment will minimize the risk of 
the data being stolen. 

5. Potentials of Process Mining Implementation 

5.1. Care Process Comparison  

Delivering care processes requires a multidisciplinary collaboration among 
entities within the health care provider. Patients with similar conditions are likely 
to be treated similarly. Using process mining, the delivery of care for a specific 
disease between two or more healthcare providers is comparable and enables the 
clinicians to see the whole process and the outcomes, which may encourage better 
care [79]. Care process comparison can also be used to analyze changes over time 
[80]. 

Despite the growing number of process mining studies in health care [81]–[84], 
any study using the Indonesia health care data is still interesting for exploration. 
Looking at the broad spectrum of the health care practice in Indonesia and the 
wealth of data, the study will bring benefit in many aspects, such as identifying the 
patterns of service, duration of care processes, the differences of care processes 
including the respective outcomes. 

Process mining analysis based on specific diseases has been used and shows 
some interesting topics. Process mining analysis using cardiac data from a hospital 
in Egypt reveals the patient's journey from admission until discharge through many 
different specialist services [85]. In the domain of diabetes, process mining is used 
to predict the mortality of ICU patients using readily available data from Medical 
Information Mart for Intensive Care III (MIMIC-III) [86]. Process mining was also 
used to improve the prediction of ICU patients diagnosed with paralytic ileus 24 
hours after admission [87]. Hospital expenses for chronic renal failure patients can 
be predicted using process mining [88]. More examples of process mining analysis 
in various domains be found from the initial literature review [89] until the most 
recent literature review [90]. Researchers in Indonesia could learn from the 
previous works and reproduce the same analysis but using the Indonesian dataset.  

5.2. Human Biology in Indonesia and Precision Medicine 

Process mining may also help in identifying the common characteristics of 
patients based on many different aspects (e.g., age, sex, location, etc.). One 
characteristic that can be identified is the common pattern of disease sequences 
among patients, also known as the disease trajectories [91]. The common 
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trajectories provide information on how diseases progressed temporally for each 
patient. This information becomes a valuable source for clinicians to design 
interventions for their patients so any potential diseases that may come afterwards 
can be avoided. 

The disease trajectory study has been incorporated to support the development 
of precision medicine [92]. With the potential of becoming the largest single-payer 
health insurance in the world, identifying the common disease trajectories using 
Indonesia's nation-wide EHR may improve the capability of the pharmacy industry 
in developing the medications that are specific to the characteristic of the 
Indonesian population. 

5.3. Audit and Compliance 

The conformance-checking feature of process mining has been adopted to 
identify how the actual care processes deviate from the established guideline 
standards [93]. Following the vast area and the variety of health care providers in 
Indonesia, monitoring the establishment of standards in each health care provider 
may turn out to be challenging. 

By examining the evidence that is available in the EHR, the monitoring process 
can be done electronically and remotely. Electronic data can be made available for 
limited access in the event of the auditing process. With the process mining 
equipped in the health information system, monitoring care processes can be done 
in a more efficient way. 

5.4. International Comparison 

Process mining is supported by a rich collection of tools from both open-source 
and propriety tools. It widens the opportunity of conducting comparison studies 
around the world. The comparison of the acute-myocardial-infarction (AMI) 
survival between the UK and Sweden helped in improving the policy of AMI 
survival of both countries [94]. 

In terms of the actual care, the comparison of care processes from three different 
countries may involve the outcome variable to see the effectiveness of the 
interventions [95]. Another potential of doing the comparison is opening more 
research fields to be explored. 

The Indonesia BPJS Kesehatan data set contains distinct Indonesia human-
biology and may attract collaboration of comparison studies. One of the challenges 
in the comparison study is finding comparable data within the participating 
countries. Having the population wide EHR and the accessible tools could increase 
the chance of Indonesia being involved in international comparison studies. Using 
the range of international comparisons may help in understanding the quality of 
healthcare services. Furthermore, a comprehensive report for a certain disease from 
the perspective of process mining can be created and will be updated annually. 

5.5. Virtual Research Environment 

Conducting research using a large scale EHR is considered to have many 
benefits, including the cost-effectiveness and the only chance to get samples that 
representatively adequate [42]. Looking at the size of the BPJS Kesehatan dataset 
and adopting the comparative illustration by Hemingway et.al [96], we placed the 
Indonesia BPJS Kesehatan as the largest population based EHR (Figure 1). 

Having the collection of a massive population-based health care data will allow 
numerous opportunities for research. To store and process such a massive dataset 
for research will require adequate computing power. A Virtual Research 
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Environment (VRE) has the potential to be one of the many solutions to manage 
research activities using a large dataset. One example of VRE for biomedical 
research is the CRISTAL software that can support collaborative and reproducible 
research work powered by the Grid or Cloud computing [97]. The VRE may 
support cost effective research projects to promote innovations as collaborative 
work is made possible. 

 

 
Figure 2 Size comparison of Population Based EHR (redrawn from [96]). 

6. Conclusions 

In this article, we have reviewed a limited number of pieces of literature on 
process mining implementation for Indonesian health care. It can be seen as a great 
opportunity for researchers to explore more in this domain. The healthcare system 
in Indonesia is dynamically evolving and has not reached its mature point yet. 
Therefore, innovations based on a process-mining approach are needed to improve 
the quality of care. Process mining is relatively new in Indonesia and these 
challenges and potentials can be used as a guideline to conduct process mining 
analysis specifically for Indonesia health care. 

The rich source of datasets and the massive amount of data can play an 
important role in continuous improvement. The knowledge in the domain of 
Indonesian health care is still relatively untapped knowing that the distribution of 
health care service into more than 17,000 islands is still not optimal. 

A population-based EHR, if properly managed and utilized could bring a 
valuable improvement in understanding the current healthcare processes, disease 
comorbidities and classification, and bring contribution in more pragmatic 
solutions to process-oriented healthcare difficulties. Despite the positive benefits, 
the challenges need proper addressing to allow more conceivable results and 
quality. 

Bibliography 

[1] R. Anggrainingsih, B. Okta, P. Johannanda, and D. E. Cahyani, “Business Process 
Evaluation of Outpatient Services Using Process Mining,” Journal of 
Telecommunication, Electronic and Computer Engineering (JTEC), vol. 10, no. 2–
4, pp. 125–128, Jul. 2018, [Online]. Available: 
https://jtec.utem.edu.my/jtec/article/view/4329 

[2] S. Prabhakaran, A. Dutta, T. Fagan, and M. Ginivan, “Financial Sustainability of 
Indonesia’s Jaminan Kesehatan Nasional: Performance, Prospects, and Policy 
Options | FP Financing Roadmap.” 

Kadoorle*
INTERVAL*

15,000,0005,000,000500,00050,000 217,000,0000

BPJSCALIBERABUCASISMONDRIAAN

UCLEB*

UK 
BIOBANK*

Total population



74 Int. J. Appl. Inf. Technol. Vol. 07 No. 01 (2023) 

https://www.fpfinancingroadmap.org/resources/financial-sustainability-indonesias-
jaminan-kesehatan-nasional-performance-prospects-and 

[3] D. Erlangga, S. Ali, and K. Bloor, “The impact of public health insurance on 
healthcare utilisation in Indonesia: evidence from panel data,” Int J Public Health, 
vol. 64, no. 4, pp. 603–613, May 2019, doi: 10.1007/S00038-019-01215-2. 

[4] A. G. Mukti, C. Jaya, and R. L. Suhard, “Current condition of social security 
administrator for health (BPJS Kesehatan) in Indonesia: contextual factors that 
affected the national health insurance,” Medical Journal of Indonesia, vol. 31, no. 2, 
pp. 87–90, Aug. 2022, doi: 10.13181/MJI.COM.226296. 

[5] L. Aldin and S. de Cesare, “A literature review on business process modelling: New 
frontiers of reusability,” Enterp Inf Syst, vol. 5, no. 3, pp. 359–383, Aug. 2011, doi: 
10.1080/17517575.2011.557443. 

[6] Kementerian Kesehatan Republik Indonesia, Peraturan Menteri Kesehatan Nomor 
97 Tahun 2015 Tentang Peta Jalan Sistem Informasi Kesehatan Tahun 2015-2019. 
2019. 

[7] Pemerintah Republik Indonesia, Peraturan Presiden Nomor 39 tahun 2019 tentang 
Satu Data Indonesia. 2019. 

[8] Pemerintah Republik Indonesia, Peraturan Presiden Nomor 72 tahun 2012 tentang 
Sistem Kesehatan Nasional. 2012. 

[9] Kementerian Kesehatan Republik Indonesia, Peraturan Menteri Kesehatan Nomor 
21 tahun 2020 tentang Rencana Strategis Kementerian Kesehatan Tahun 2020-
2024. 2020. 

[10] P. L. De Faria and J. V. Cordeiro, “Health data privacy and confidentiality rights: 
Crisis or redemption?,” Revista Portuguesa de Saúde Pública, vol. 32, no. 2, pp. 
123–133, Jul. 2014, doi: 10.1016/J.RPSP.2014.10.001. 

[11] J. George and T. Bhila, “Security, Confidentiality and Privacy in Health of 
Healthcare Data,” International Journal of Trend in Scientific Research and 
Development, vol. Volume-3, no. Issue-4, pp. 373–377, Jun. 2019, doi: 
10.31142/IJTSRD23780. 

[12] T. Rakmawati, R. Hinchcliff, and J. F. Pardosi, “District-level impacts of health 
system decentralization in Indonesia: A systematic review,” Int J Health Plann 
Manage, vol. 34, no. 2, pp. e1026–e1053, Apr. 2019, doi: 10.1002/HPM.2768. 

[13] T. Talitha, T. Firman, and D. Hudalah, “Welcoming two decades of decentralization 
in Indonesia: a regional development perspective,” 
https://doi.org/10.1080/21622671.2019.1601595, vol. 8, no. 5, pp. 690–708, Oct. 
2019, doi: 10.1080/21622671.2019.1601595. 

[14] Y. Mahendradhata et al., “The Republic of Indonesia health system review,” Health 
System in Transition, vol. 7, no. 1, 2017, [Online]. Available: 
https://apps.who.int/iris/handle/10665/254716 

[15] Kementerian Kesehatan Republik Indonesia, Peraturan Menteri Kesehatan Republik 
Indonesia Nomor 76 Tahun 2016 tentang Pedoman Indonesian Case Base Groups 
(INA-CBG) dalam Pelaksanaan Jaminan Kesehatan Nasional. Indonesia, 2016. 

[16] A. P. Kurniati, G. A. A. Wisudiawan, and G. P. Kusuma, “Potentials of Clinical 
Pathway Analysis Using Process Mining on the Indonesia National Health Insurance 
Data Samples: an Exploratory Data Analysis,” 2022 International Conference on 
Data Science and Its Applications, ICoDSA 2022, pp. 294–299, 2022, doi: 
10.1109/ICODSA55874.2022.9862851. 

[17] BPJS Kesehatan, “ECLAIM - Primary Care.” https://pcarejkn.bpjs-
kesehatan.go.id/eclaim/Login 

[18] BPJS Kesehatan, “Virtual Claim.” https://vclaim.bpjs-kesehatan.go.id/vclaim 

[19] Kementerian Kesehatan Republik Indonesia, “SITB.” http://sitb.id/sitb/app 

[20] Kementerian Kesehatan Republik Indonesia, “RS Online.” 
https://sirs.kemkes.go.id/fo/home/dashboard_rs?id=0 (accessed Jun. 28, 2023). 

[21] Kementerian Kesehatan Republik Indonesia, Peraturan Menteri Kesehatan Republik 
Indonesia Nomor 39 Tahun 2019 tentang Klasifikasi dan Perizinan Rumah Sakit. 
2019. 

[22] BPJS Kesehatan, “BPJS Kesehatan 2015-2018.” https://data.bpjs-
kesehatan.go.id/bpjs-portal/action/blog-detail.cbi?id=da1c3acd-42bc-11eb-a0ed-
3134c80c87ab 



 Int. J. Appl. Inf. Technol. Vol. 07 No. 01 (2023)     75 

 

[23] BPJS Kesehatan, “BPJS Kesehatan 2015-2020.” https://data.bpjs-
kesehatan.go.id/bpjs-portal/action/blog-detail.cbi?id=79f03774-6397-11ec-bd5e-
bb284b79c3ff 

[24] BPJS Kesehatan, “BPJS Kesehatan 2015-2021.” https://data.bpjs-
kesehatan.go.id/bpjs-portal/action/blog-detail.cbi?id=2a489b51-7b68-11ed-ba41-
531c02133b1a 

[25] Kementerian Kesehatan Republik Indonesia, “Riset Kesehatan Dasar,” 2016. 
https://b2p2toot.litbang.kemkes.go.id 

[26] Kementerian Kesehatan Republik Indonesia, “Riset Fasilitas Kesehatan,” 2011. 
https://sehatnegeriku.kemkes.go.id/tagar/riset-fasilitas-kesehatan/ (accessed Dec. 06, 
2022). 

[27] K. Duma, “Health Financing and Effectiveness of Mother and Child Health Services 
in East Kalimantan,” Jurnal Kebijakan Kesehatan Indonesia, vol. 05, no. 2, pp. 60–
66, 2016. 

[28] G. Armahedi, E. Witcahyo, and S. Utami, “Analysis on Financing on Maternal and 
Child Health Program Through Health Account Method in Jember,” Jurnal 
Ekonomi Kesehatan Indonesia, 2020. 

[29] O. N. A. Y. K. H. Edison;, “Determinan Diabetes Melitus Analisis Baseline Data 
Studi Kohort Penyakit Tidak Menular Bogor 2011 {The Determinan of Diabetes 
Melitus (Baseline Data Analysis of Kohort Studies of Non-Communicable Diseases 
Bogor 2011)},” 2013, Accessed: Jun. 28, 2023. [Online]. Available: 
//perpustakaan.badankebijakan.kemkes.go.id%2Findex.php%3Fp%3Dshow_detail%
26id%3D37476%26keywords%3D 

[30] S. Soemantri and Supraptini, “Survei Kesehatan Nasional (SURKESNAS) Survei 
Terpadu Mendukung Indonesia Sehat 2010,” Buletin Penelitian Kesehatan, vol. 31, 
no. 3, 2003. 

[31] Kementerian Kesehatan Republik Indonesia, Peraturan Menteri Kesehatan Nomor 
11 tahun 2015 tentang Petunjuk Teknis Bantuan Operasional Kesehatan. Indonesia, 
2015. 

[32] USAID, “USAID IDHS: Survei Demografi dan Kesehatan Indonesia 2022 | 
Indonesia | Lembar Informasi | U.S. Agency for International Development,” 2022. 
https://www.usaid.gov/id/indonesia/fact-sheets/usaid-idhs-indonesia-demographic-
and-health-survey-2022 (accessed Dec. 12, 2022). 

[33] BPS-Statistics Indonesia, “Survei Sosial Ekonomi Nasional (SUSENAS),” 2021. 

[34] BPS-Statistics Indonesia, “Statistik Potensi Desa 2021,” 2021. 

[35] Kementerian Kesehatan Republik Indonesia, “Indikator Program Kesehatan 
Masyarakat dalam RPJMN dan RENSTRA Kementerian Kesehatan.” 2020. 

[36] FKKM UGM, “Health and Demographic Surveillance System (HDSS),” 2014. 
https://hdss.fk.ugm.ac.id (accessed Dec. 06, 2022). 

[37] R. Williams, E. Rojas, N. Peek, and O. A. Johnson, “Process mining in primary 
care: A literature review,” in Studies in Health Technology and Informatics, 2018, 
pp. 376–380. doi: 10.3233/978-1-61499-852-5-376. 

[38] M. E. Lark, K. Kirkpatrick, and K. C. Chung, “Patient Safety Movement: History 
and Future Directions,” J Hand Surg Am, vol. 43, no. 2, pp. 174–178, Feb. 2018, 
doi: 10.1016/J.JHSA.2017.11.006. 

[39] J. F. Stichler, “Patient safety as the number one priority in healthcare design.,” 
HERD, vol. 5, no. 1, pp. 73–76, Oct. 2011, doi: 
10.1177/193758671100500107/ASSET/IMAGES/LARGE/10.1177_193758671100
500107-FIG1.JPEG. 

[40] European Pathways Association, “About care pathways – E-P-A.org.” https://e-p-
a.org/care-pathways/ (accessed Dec. 07, 2021). 

[41] R. S. Mans, W. M. P. van der Aalst, and R. J. B. Vanwersch, Process Mining in 
Healthcare Evaluating and Exploiting Operational Healthcare Processes. 2015. 
doi: 10.1007/978-3-319-16071-9. 

[42] J. Munoz-Gama et al., “Process mining for healthcare: Characteristics and 
challenges,” J Biomed Inform, vol. 127, p. 103994, Mar. 2022, doi: 
10.1016/J.JBI.2022.103994. 

[43] E. De Roock and N. Martin, “Process mining in healthcare – An updated perspective 
on the state of the art,” J Biomed Inform, vol. 127, p. 103995, Mar. 2022, doi: 
10.1016/J.JBI.2022.103995. 



76 Int. J. Appl. Inf. Technol. Vol. 07 No. 01 (2023) 

[44] W. M. P. van der Aalst, Process Mining Data Science in Action, vol. 5. 2016. doi: 
10.1007/978-3-642-19345-3. 

[45] J. C. A. M. Buijs, B. F. Van Dongen, and W. M. P. Van Der Aalst, “On the Role of 
Fitness, Precision, Generalization and Simplicity in Process Discovery”, Accessed: 
Sep. 06, 2017. [Online]. Available: 
http://wwwis.win.tue.nl/~wvdaalst/publications/p688.pdf 

[46] A. P. Kurniati, G. P. Kusuma, and S. Suyanto, Process Mining: Sains Data 
Berorientasi Proses. Informatika, 2023. 

[47] D. Pudyarstiani, “Pemodelan Dan Analisis Proses Pelayanan Pasien Rawat Jalan 
Untuk Penyakit Jantung Dengan Pendekatan Penggalian Proses (Studi Kasus: Rs 
Abc Surabaya,” Jul. 2016. 

[48] D. Wisnu Murti, I. Gede, A. Prima, F. Informatika, and U. Telkom Bandung, 
“Implementasi Process Mining Menggunakan Algoritma Genetika (Studi Kasus: 
Event Log Rekam Medis Pasien Rumah Sakit Umum Pusat Sanglah Denpasar),” 
2015. [Online]. Available: www.processmining.org. 

[49] H. I. Amin, A. Rachmadi, and N. Y. Setiawan, “Pengecekan Conformance Modul 
Proses Keuangan Dengan Process Mining Pada Rumah Sakit Medika Mulia Di 
Kabupaten Tuban,” Jurnal Pengembangan Teknologi Informasi dan Ilmu Komputer, 
vol. 2, no. 9, pp. 2874–2881, Feb. 2018, Accessed: Dec. 07, 2021. [Online]. 
Available: https://j-ptiik.ub.ac.id/index.php/j-ptiik/article/view/2445 

[50] A. P. Kurniati, G. Prabawa Kusuma, G. Agung, and A. Wisudiawan, “Process 
Mining for Disease Trajectory Analysis on the Indonesia Health Insurance Data,” 
JURIKOM (Jurnal Riset Komputer), vol. 9, no. 5, pp. 1322–1328, Oct. 2022, doi: 
10.30865/JURIKOM.V9I5.4924. 

[51] A. A. Sesyazhade, N. Y. Setiawan, and I. Aknuranda, “Analisis Variasi Proses 
Bisnis Manufaktur Dengan Menerapkan Process Mining (Studi Kasus: PT Kimia 
Farma, Tbk),” Jurnal Pengembangan Teknologi Informasi dan Ilmu Komputer, vol. 
2, no. 12, pp. 7097–7104, Aug. 2018, Accessed: Dec. 06, 2021. [Online]. Available: 
https://j-ptiik.ub.ac.id/index.php/j-ptiik/article/view/3857 

[52] A. A. Riawan and E. R. Mahendrawathi, “Analisis Hubungan Dokter yang 
Menangani Pasien Rawat Inap Diabetes Menggunakan Social Network Mining 
(Studi Kasus : RSU Haji Surabaya),” Jurnal Teknik ITS, vol. 4, no. 1, 2015. 

[53] M. R. Syarifuddin and M. ER, “Analisis Pola Hubungan Kerja Antar Tenaga Medis 
dalam Melayani Pasien Diabetes dan Komplikasinya pada Rawat Inap RS XYZ 
Menggunakan Teknik Process mining,” Jurnal Teknik ITS (SINTA: 4, IF: 1.1815), 
vol. 5, no. 2, pp. A777–A782, Dec. 2016, doi: 10.12962/J23373539.V5I2.17885. 

[54] N. Sembilu, “Ekstraksi Dan Konversi Event Logs Dari Basis Data Sistem Rumah 
Sakit Dan Open Source Erp Dengan Antarmuka Bahasa Alami Yang Terstruktur 
Untuk Kebutuhan Process Mining,” Institut Teknologi Surabaya, 2018. 

[55] S. A. Priyambada and M. ER, “Analisis Pola Ketidaksempurnaan Catatan Kejadian 
sebagai Masukan dalam Process Mining,” SESINDO 9, vol. 2017, 2017. 

[56] M. I. A. Pradana, A. P. Kurniati, and G. A. A. Wisudiawan, “Inductive Miner 
Implementation to Improve Healthcare Efficiency on Indonesia National Health 
Insurance Data,” 2022 International Conference on Data Science and Its 
Applications, ICoDSA 2022, pp. 239–244, 2022, doi: 
10.1109/ICODSA55874.2022.9862837. 

[57] BPJS Kesehatan, “PPID BPJS Kesehatan.” https://bpjs-
kesehatan.go.id/bpjs/arsip/categories/Mzk/ppid 

[58] L. Mǎruşter and N. R. T. P. Van Beest, “Redesigning business processes: A 
methodology based on simulation and process mining techniques,” Knowl Inf Syst, 
vol. 21, no. 3, pp. 267–297, 2009, doi: 10.1007/S10115-009-0224-0. 

[59] M. Bozkaya, J. Gabriels, and J. M. van der Werf, “Process Diagnostics: A Method 
Based on Process Mining,” in 2009 International Conference on Information, 
Process, and Knowledge Management, IEEE, Feb. 2009, pp. 22–27. doi: 
10.1109/eKNOW.2009.29. 

[60] O. A. Johnson, T. Ba Dhafari, A. Kurniati, F. Fox, and E. Rojas, “The ClearPath 
Method for Care Pathway Process Mining and Simulation,” Lecture Notes in 
Business Information Processing, vol. 342, pp. 239–250, 2019, doi: 10.1007/978-3-
030-11641-5_19/COVER. 

[61] S. C. Landis et al., “A call for transparent reporting to optimize the predictive value 
of preclinical research,” Nature 2012 490:7419, vol. 490, no. 7419, pp. 187–191, 
Oct. 2012, doi: 10.1038/nature11556. 



 Int. J. Appl. Inf. Technol. Vol. 07 No. 01 (2023)     77 

 

[62] United Nations, “UNData app.” https://data.un.org/en/iso/id.html (accessed Dec. 06, 
2021). 

[63] A. D. Laksono, R. D. Wulandari, and O. Soedirham, “Urban and Rural Disparities 
in Hospital Utilization among Indonesian Adults,” Iran J Public Health, vol. 48, no. 
2, p. 247, Feb. 2019, doi: 10.18502/ijph.v48i2.819. 

[64] J. Mulyanto, D. S. Kringos, and A. E. Kunst, “Socioeconomic inequalities in 
healthcare utilisation in Indonesia: a comprehensive survey-based overview,” BMJ 
Open, vol. 9, no. 7, p. e026164, Jul. 2019, doi: 10.1136/BMJOPEN-2018-026164. 

[65] N. G. Weiskopf and C. Weng, “Methods and dimensions of electronic health record 
data quality assessment: enabling reuse for clinical research,” J Am Med Inform 
Assoc, vol. 20, no. 1, pp. 144–151, 2013, doi: 10.1136/AMIAJNL-2011-000681. 

[66] A. Surya et al., “Quality Tuberculosis Care in Indonesia: Using Patient Pathway 
Analysis to Optimize Public-Private Collaboration,” J Infect Dis, vol. 216, no. 
suppl_7, pp. S724–S732, 2017, doi: 10.1093/INFDIS/JIX379. 

[67] S. Yuliyanti, A. Utarini, and L. Trisnantoro, “A protocol study of participatory 
action research: Integrated care pathway for pregnant women with heart disease in 
Indonesia,” BMC Health Serv Res, vol. 20, no. 1, pp. 1–11, Oct. 2020, doi: 
10.1186/S12913-020-05769-3/TABLES/3. 

[68] RAND Corporation, “RAND Indonesian Family Life Survey (IFLS) | RAND.” 
https://www.rand.org/well-being/social-and-behavioral-policy/data/FLS/IFLS.html 
(accessed Jan. 27, 2022). 

[69] F. Pebrianto, “Peserta BPJS Kesehatan Capai 81,8 Persen Penduduk Indonesia - 
Bisnis Tempo.co.” https://bisnis.tempo.co/read/1179517/peserta-bpjs-kesehatan-
capai-818-persen-penduduk-indonesia (accessed Feb. 27, 2022). 

[70] World Medical Association, “WMA Declaration of Helsinki – Ethical Principles for 
Medical Research Involving Human Subjects – WMA – The World Medical 
Association.” https://www.wma.net/policies-post/wma-declaration-of-helsinki-
ethical-principles-for-medical-research-involving-human-subjects/ (accessed Dec. 
07, 2021). 

[71] Kementerian Kesehatan Republik Indonesia, Peraturan Menteri Kesehatan Republik 
Indonesia Nomor 7 Tahun 2016 tentang Komisi Etik Penelitian dan Pengembangan 
Kesehatan Nasional. Indonesia, 2016. 

[72] Menteri Kesehatan Republik Indonesia, Keputusan Menteri Kesehatan Republik 
Indonesia Nomor 1031/Menkes/SK/VII/2005. Indonesia, 2005. 

[73] US Department of Health and Human Services, “HIPAA Home | HHS.gov.” 
https://www.hhs.gov/hipaa/index.html (accessed Dec. 08, 2021). 

[74] The European Parliament and The Council of The European Union, “General Data 
Protection Regulation (GDPR) – Official Legal Text.” https://gdpr-info.eu/ 
(accessed Dec. 06, 2022). 

[75] Australian Government, “The Privacy Act | OAIC.” 
https://www.oaic.gov.au/privacy/privacy-legislation/the-privacy-act (accessed Dec. 
06, 2022). 

[76] Personal Data Protection Commission Singapore, “Personal Data Protection Act.” 
https://www.pdpc.gov.sg/ (accessed Dec. 06, 2022). 

[77] Badan Siber dan Sandi Negara, “Buku Putih Keamanan Siber Sektor Kesehatan,” 
2019, Accessed: Jan. 06, 2022. [Online]. Available: https://bssn.go.id/buku-putih-
keamanan-siber-sektor-kesehatan/ 

[78] A. Pika, M. T. Wynn, S. Budiono, A. H. M. T. Hofstede, W. M. P. van der Aalst, 
and H. A. Reijers, “Privacy-Preserving Process Mining in Healthcare,” Int J Environ 
Res Public Health, vol. 17, no. 5, Mar. 2020, doi: 10.3390/IJERPH17051612. 

[79] A. Partington, J. Karnon, M. Wynn, S. Suriadi, and C. Ouyang, “Process Mining for 
Clinical Processes: A Comparative Analysis of Four Australian Hospitals Process 
mining for clinical processes: A comparative analysis of four australian hospitals,” 
ACM Trans. Manag. Inform. Syst. Article, vol. 5, no. 19, 2015, doi: 
10.1145/2629446. 

[80] A. P. Kurniati, C. McInerney, K. Zucker, G. Hall, D. Hogg, and O. Johnson, “Using 
a Multi-Level Process Comparison for Process Change Analysis in Cancer 
Pathways,” Int J Environ Res Public Health, vol. 17, no. 19, pp. 1–16, Oct. 2020, 
doi: 10.3390/IJERPH17197210. 



78 Int. J. Appl. Inf. Technol. Vol. 07 No. 01 (2023) 

[81] C. dos S. Garcia et al., “Process mining techniques and applications – A systematic 
mapping study,” Expert Syst Appl, vol. 133, pp. 260–295, Nov. 2019, doi: 
10.1016/J.ESWA.2019.05.003. 

[82] N. Martin et al., “Recommendations for enhancing the usability and 
understandability of process mining in healthcare,” Artif Intell Med, vol. 109, p. 
101962, Sep. 2020, doi: 10.1016/J.ARTMED.2020.101962. 

[83] P. Zerbino, A. Stefanini, and D. Aloini, “Process Science in Action: A Literature 
Review on Process Mining in Business Management,” Technol Forecast Soc 
Change, vol. 172, p. 121021, Nov. 2021, doi: 10.1016/J.TECHFORE.2021.121021. 

[84] A. Khan, A. Ghose, H. Dam, and A. Syed, “A Survey of Process-Oriented Data 
Science and Analytics for supporting Business Process Management,” Jan. 2023, 
[Online]. Available: http://arxiv.org/abs/2301.10398 

[85] A. H. M. Rashed, N. E. El-Attar, D. S. Abdelminaam, and M. Abdelfatah, “Analysis 
the patients’ careflows using process mining,” PLoS One, vol. 18, no. 2, p. 
e0281836, Feb. 2023, doi: 10.1371/JOURNAL.PONE.0281836. 

[86] J. Theis, W. L. Galanter, A. D. Boyd, and H. Darabi, “Improving the In-Hospital 
Mortality Prediction of Diabetes ICU Patients Using a Process Mining/Deep 
Learning Architecture,” IEEE J Biomed Health Inform, vol. 26, no. 1, pp. 388–399, 
Jan. 2022, doi: 10.1109/JBHI.2021.3092969. 

[87] M. Pishgar, M. Razo, J. Theis, and H. Darabi, “Process Mining Model to Predict 
Mortality in Paralytic Ileus Patients,” 2021 International Conference on Cyber-
Physical Social Intelligence, ICCSI 2021, 2021, doi: 
10.1109/ICCSI53130.2021.9736217. 

[88] P. Dai, W. Chang, Z. Xin, H. Cheng, W. Ouyang, and A. Luo, “Retrospective Study 
on the Influencing Factors and Prediction of Hospitalization Expenses for Chronic 
Renal Failure in China Based on Random Forest and LASSO Regression,” Front 
Public Health, vol. 9, p. 678276, 2021, doi: 10.3389/FPUBH.2021.678276/FULL. 

[89] E. Rojas, J. Munoz-Gama, M. Sepúlveda, and D. Capurro, “Process mining in 
healthcare: A literature review,” J Biomed Inform, vol. 61, pp. 224–236, Jun. 2016, 
doi: 10.1016/J.JBI.2016.04.007. 

[90] A. Guzzo, A. Rullo, and E. Vocaturo, “Process mining applications in the healthcare 
domain: A comprehensive review,” Wiley Interdiscip Rev Data Min Knowl Discov, 
vol. 12, no. 2, p. e1442, Mar. 2022, doi: 10.1002/WIDM.1442. 

[91] G. P. Kusuma, S. Sykes, C. McInerney, and O. Johnson, “Process mining of disease 
trajectories: A feasibility study,” HEALTHINF 2020 - 13th International Conference 
on Health Informatics, Proceedings; Part of 13th International Joint Conference on 
Biomedical Engineering Systems and Technologies, BIOSTEC 2020, pp. 705–712, 
2020, doi: 10.5220/0009166607050712. 

[92] A. B. Jensen et al., “Temporal disease trajectories condensed from population-wide 
registry data covering 6.2 million patients,” Nature Communications 2014 5:1, vol. 
5, no. 1, pp. 1–10, Jun. 2014, doi: 10.1038/ncomms5022. 

[93] X. Lu, D. Fahland, and W. M. P. van der Aalst, “Conformance checking based on 
partially ordered event data,” Lecture Notes in Business Information Processing, 
vol. 202, pp. 75–88, 2015, doi: 10.1007/978-3-319-15895-2_7. 

[94] S.-C. Chung et al., “Acute myocardial infarction: a comparison of short-term 
survival in national outcome registries in Sweden and the UK,” The Lancet, vol. 
383, pp. 1305–1312, 2014, doi: 10.1016/S0140-6736(13)62070-X. 

[95] R. L. McNamara et al., “International comparisons of the management of patients 
with non-ST segment elevation acute myocardial infarction in the United Kingdom, 
Sweden, and the United States: The MINAP/NICOR, SWEDEHEART/RIKS-HIA, 
and ACTION Registry-GWTG/NCDR registries,” Int J Cardiol, vol. 175, no. 2, pp. 
240–247, Aug. 2014, doi: 10.1016/J.IJCARD.2014.04.270. 

[96] H. Hemingway et al., “Big data from electronic health records for early and late 
translational cardiovascular research: challenges and potential,” Eur Heart J, vol. 
39, no. 16, pp. 1481–1495, Apr. 2018, doi: 10.1093/EURHEARTJ/EHX487. 

[97] R. McClatchey, “Data provenance tracking as the basis for a biomedical virtual 
research environment.,” CoRR, vol. abs/1803.07433, 2018, Accessed: Jun. 27, 2023. 
[Online]. Available: http://arxiv.org/abs/1803.07433 

  


