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Introduction

Process Mining Group at Telkom University, Indonesia
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manufacture, 
telecommunication

Case studies:

Methodology focus:

Healthcare Transportation Logistics Higher Education Retails Sustainability Manufacture Telecommunication Insurance

Preprocessing Process Discovery Conformance Checking Enhancement Responsible PM AI-augmentationOCPM



What This Session Covers

Deep Dive

Process mining 

applied across 
healthcare, banking, 
telecommunication, 
and higher education 

— real organizations, 
real data.

From Raw 
Data to Insight

How event logs are 

acquired, 
preprocessed, and 
analyzed to reveal 
what processes 

actually look like in 
practice.

Three Main 
Tasks

Process discovery, 

conformance 
checking, and 
process 
enhancement —

illustrated through 
real case studies.



Why Process Mining 
Matters for Practitioners

The Visibility Gap

Organizations run on processes 

— but most have never seen
what those processes actually 
look like in practice vs. on paper.

Hidden Costs

Bottlenecks, deviations, and 
ine0ciencies buried in event 
logs cost time, money, and trust 
every single day.

Data as Diagnosis

Process mining turns transactional data into a powerful diagnostic tool 

for data-driven process improvement.



Case Studies

Healthcare

Patient pathway analysis, 

treatment deviations, and 

care quality improvement.

Banking

Loan application flows, 

compliance checking, and 

fraud pattern detection.

Telecommunication

Order-to-activation 

processes and customer 

complaint handling 

workflows.

Higher Education

Student journey mapping and 

administrative process 

optimization.



Moodle Table
logstore_standard_log + course_category + user 

Event Log

Wisudiawan, G.A.A. and Kurniati, A.P., 2022, February. Process Mining on Learning Activities in a Learning Management System. In 2022 24th International Conference 
on Advanced Communication Technology (ICACT) (pp. 476-482). IEEE.

CASE STUDYx · LEARNING MANAGEMENT SYSTEM · HIGHER EDUCATION

The case study examines the use of process mining techniques to analyze learning ac8vi8es in Telkom University's Learning 
Management System (LMS), called CeLOE, which is based on Moodle. The research specifically focuses on the ac8vi8es of students
and lecturers in Study Program 365 during the first semester of the 2020/2021 academic year.



ABOUT The Dataset

CASE STUDY · LEARNING MANAGEMENT SYSTEM · HIGHER EDUCATION

Research ques+ons
Q1. How can we use process mining approach to analyse teaching and learning ac>vi>es in an LMS?
Q2. What is the most common sequence of ac>vi>es in the teaching and learning process?
Q3. What can we learn from analysing the teaching and learning ac>vi>es of lecturers and students that 

have been carried out for one semester in the study program 365?

Wisudiawan, G.A.A. and Kurniati, A.P., 2022, February. Process Mining on Learning Activities in a Learning Management System. In 2022 24th International Conference 
on Advanced Communication Technology (ICACT) (pp. 476-482). IEEE.



CASE STUDY · LEARNING MANAGEMENT SYSTEM · HIGHER EDUCATION

Process Mining Project Methodology

Wisudiawan, G.A.A. and Kurniati, A.P., 2022, February. Process Mining on Learning Activities in a Learning Management System. In 2022 24th International Conference 
on Advanced Communication Technology (ICACT) (pp. 476-482). IEEE.



Discovered Process Model

Process model of 
student ac>vi>es

Process model of 
lecturer ac>vi>es

CASE STUDY · LEARNING MANAGEMENT SYSTEM · HIGHER EDUCATION

Wisudiawan, G.A.A. and Kurniati, A.P., 2022, February. Process Mining on Learning Activities in a Learning Management System. In 2022 24th International Conference 
on Advanced Communication Technology (ICACT) (pp. 476-482). IEEE.



⚠CHALLENGES

Complexity and Volume of Event Log Data

Underu8liza8on of LMS Features

Data Pre-processing and Filtering

Evalua8on and Valida8on Limita8ons

Handling Variability and Noise in Ac8vity Sequences

Generalizability and Scalability

✅ SOLUTIONS IMPLEMENTED

Applica8on of Process Mining Techniques
DISCO and ProM tools, to analyze event logs from the CeLOE LMS. 

Role-Based Data Processing and Filtering
Separated event logs by user role (lecturer and student) and performed 

targeted data filtering.

Use of Disco Fluxicon and ProM for Data Prepara8on
Filtering, merging, and cleaning event logs, ensuring the data was 

suitable for process mining analysis.

Conformance Checking and Model Evalua8on
Fitness, precision, generalizaGon -> to assess how well the models 

represented actual user behavior.

Valida8on Through User Feedback
The process models and findings were validated through interviews with 

lecturers and quesGonnaires.

CASE STUDY · LEARNING MANAGEMENT SYSTEM · HIGHER EDUCATION

Next:
- Comparison between users, classes, courses, and semesters.
- Predict next ac>vi>es and outcomes.
- Recommenda>ons to improve ac>vi>es, learning outcomes, and plaPorm.



Malik, A.F., Wisudiawan, G.A.A., and Kurniati, A.P. UX Evaluation of Ceria BRI P2P Lending Application Using Process Mining. 2022 (unpublised)

CASE STUDY · P2P LENDING · BANKING

UX Evaluation of P2P Lending App Using Process Mining

A research study evaluating user experience in the peer-to-peer lending mobile application. 
Event log data from Nov 2019 – Mar 2021 were analyzed to build a Customer Journey Map (CJM)

covering the full registration-to-credit-limit process. 
Event log attributes — performance, frequency, variance, and activity — were combined to surface 

friction points invisible to traditional UX methods like surveys or limited user testing.

>250K
Event Log Records

Nov 2019-Mar 2021
Data Duration

Planning Data 
Extrac.on

Preprocessing Process 
Discovery

Conformance 
Checking

Analysis Evalua.on

<10%
Loan Approved



Malik, A.F., Wisudiawan, G.A.A., and Kurniati, A.P. UX Evaluation of P2P Lending Application Using Process Mining. 2022 (unpublised)

UX Evaluation of P2P Lending App Using Process Mining

CASE STUDY · P2P LENDING · BANKING



Face recognition 
failure

Long approval

Many waiting_for_email_verification

Many 
applications 
rejected

Sending OTP code from 
Privy often fails

Malik, A.F., Wisudiawan, G.A.A., and Kurniati, A.P. UX Evaluation of P2P Lending Application Using Process Mining. 2022 (unpublised)

UX Evaluation of P2P Lending App Using Process Mining

CASE STUDY · P2P LENDING · BANKING



CASE STUDY · P2P LENDING · BANKING

💡 LESSONS LEARNED

Malik, A.F., Wisudiawan, G.A.A., and Kurniati, A.P. UX Evaluation of Ceria BRI P2P Lending Application Using Process Mining. 2022 (unpublised)

Process Mining Scales UX Research
Unlike surveys or limited user testing, Process Mining involves all users — delivering a 

complete, data-driven picture of real behavior at scale.

CJM from Event Logs Is Actionable
Combining process model outputs (performance, frequency, variants) into a Customer 

Journey Map effectively pinpoints friction points that qualitative methods miss.

Biometric Steps Need Calibration
Overly strict biometric thresholds hurt accessibility and completion rates. Balance 

security requirements with usability to avoid unnecessary drop-off.

All Findings Confirmed by the Bank
Every identified issue was validated by the Bank, confirming Process Mining as a viable 

and implementable method for mobile app UX evaluation in production environments.

Third-Party Integrations are UX Risks
Steps dependent on external systems (Privy OTP, credit scoring) are the most 

vulnerable to delays and failures.



Mansur, S.S., Kurnia-, A.P. and Rojas, E., 2024, August. Process Mining to Improve Clinical Pathways in Breast Cancer Treatment Using the Indonesia Health Insurance Dataset. In 2024 12th Interna-onal 
Conference on Informa-on and Communica-on Technology (ICoICT) (pp. 1-8). IEEE.

Process Mining to Improve Clinical Pathways in Breast Cancer Treatment using the Indonesia Health Insurance (BPJS) Dataset

📋 DESCRIPTION

Study Objective & Dataset

Apply process mining to explore and improve breast cancer clinical pathway variations in Indonesia's national health 
insurance (BPJS Kesehatan) dataset — the first study to apply process mining to a specific diagnosis within this dataset. 
Process Mining is used to map breast cancer treatment pathways from BPJS Kesehatan data, compare different therapy 
groups, measure the quality of process models, and identify bottlenecks that cause service delays.

1,128
Patients

Diagnosed C50 
(malignant neoplasm of breast), 

Jan 2015–Dec 2018

9,772
Events

Recorded across the full 
BPJS Kesehatan event log

708
Trace Variants

Unique pathway sequences 
in the raw dataset

Treatment Groups Analyzed Radiotherapy (R)
n = 113 patients

Chemotherapy (Ch)
n = 349 patients — most prevalent

Combined R+Ch
n = 64 patients

Dominant age group: 50–59 years across all groups (R: 36.28%, Ch: 33.43%, R-Ch: 35.94%).
Methodology: PM² framework (6 phases); 
Inductive Miner-infrequent (IMi, noise threshold = 0.1); 
Petri net models visualized in ProM 6.12.1.

PROCESS MINING · BREAST CANCER · HEALTHCARE

Case ID: Pa#ent ID | Ac+vity: Treatment name based on INA-CBGs | Timestamp: Treatment_#me



The flowchart 
diagram of the 

scenario

The dataset
PROCESS MINING · BREAST CANCER · HEALTHCARE

Structure of the BPJS Kesehatan Sample Data

Selected columns Example of event log created

The BPJS Kesehatan 
dataset is a dataset 
containing healthcare 
u8liza8on and par8cipant 
informa8on from BPJS 
Kesehatan, Indonesia’s 
na8onal health insurance 
program.

Mansur, S.S., Kurnia-, A.P. and Rojas, E., 2024, August. Process Mining to Improve Clinical Pathways in Breast Cancer Treatment Using the Indonesia Health Insurance Dataset. In 2024 12th Interna-onal 
Conference on Informa-on and Communica-on Technology (ICoICT) (pp. 1-8). IEEE.



Age distribuGon of each treatment group

The General Process Model 
(The directly-flow graph)

Process comparison between treatment groups

The analysis flowchart

PROCESS MINING · BREAST CANCER · HEALTHCARE

The methodology

Mansur, S.S., Kurnia-, A.P. and Rojas, E., 2024, August. Process Mining to Improve Clinical Pathways in Breast Cancer Treatment Using the Indonesia Health Insurance Dataset. In 2024 12th Interna-onal 
Conference on Informa-on and Communica-on Technology (ICoICT) (pp. 1-8). IEEE.



Mansur, S.S., Kurnia-, A.P. and Rojas, E., 2024, August. Process Mining to Improve Clinical Pathways in Breast Cancer Treatment Using the Indonesia Health Insurance Dataset. In 2024 12th Interna-onal 
Conference on Informa-on and Communica-on Technology (ICoICT) (pp. 1-8). IEEE.

Process Mining to Improve Clinical Pathways in Breast Cancer Treatment using the Indonesia Health Insurance (BPJS) Dataset

⚠ CHALLENGES

Core Obstacles in Applying Process Mining to BPJS Data

Spaghetti Model Problem
708 unique trace variants among 1,128 patients

Data Quality & Access
Missing values, treatment data split across multiple tables, manual data 
collection, and confidentiality restrictions on personal health data.

Critical Treatment Bottlenecks
Breast procedure, Wound treatment, Ultrasound

Inter-Group Pathway Divergence
Control-flow differences between treatment groups

Clinical Expertise Dependency
Categorizing INA-CBGs treatment codes  requires domain knowledge.

💡 LESSONS LEARNED
Key Takeaways for Research & Practice

Process Mining is Viable for BPJS Data

The PM² + IMi approach is directly replicable for other diagnoses and 
diseases in Indonesia's national health system.
Pre-Processing is Non-Negotiable
Removing 43.3% of INA-CBGs codes and merging treatments was 
essential before any meaningful mining. Domain expertise is a hard 
prerequisite — not optional.
Segmentation Reveals Hidden Divergence
Grouping by treatment type exposes up to 25% control-Qow difference
between groups — invisible in aggregate models. Personalized pathway 
analysis is fundamentally more actionable than general process views.
Waiting Time ≠ Clinical Complexity

Maximum waits (Breast procedure) and avg sojourn times signal 
systemic scheduling and resource allocation failures — not inherent 
disease complexity. Targeted facility and staffing improvements are the 
intervention.
Future Directions
Clinical expert collaboration for code categorization; extension to other 
diagnoses and regional comparisons; adoption of recent process mining 
methodologies to strengthen Indonesia's national healthcare system.

PROCESS MINING · BREAST CANCER · HEALTHCARE

Process mining is 
viable for BPJS 

Data

Pre-processing is 
non-nego>able

Grouping by 
treatment reveals 
hidden divergence

Wai>ng >me ≠
clinical 

complexity

Future direc8ons: 
• Clinical expert collabora8on 
• Extensions to analyze other diagnoses 
• Regional comparisons
• Regula8on compliance checking
• Methodological improvements



Over 5 Million Faults — and a 
Process Mining Opportunity

Mission-Critical Scale
A 60+ year-old Indonesian state-owned company serves 10+ million 
customers — fault management underpins service continuity at 
national scale.

Suboptimal Current State
5 million+ faults recorded in one year. Current workflows suffer from 
non-compliance, unintegrated systems, and high fault variability.

Process Mining as the Solution
Event logs enable systematic discovery, monitoring, and improvement 
of fault-handling procedures — detecting deviations and checking 
conformance at scale.

PROCESS MINING · FAULT MANAGEMENT · TELECOM

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a 
State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium on Process and AI (2026). 



Research Gap: Preprocessing as a First-Class Problem
Most process mining tools assume well-structured event 
logs — a condition that is rare in practice. Preprocessing 
remains a preliminary technical step rather than a subject 
of systematic investigation.

Prior work focuses narrowly on tool development or 
domain implementations, with limited empirical analysis of 
complexity factors in real organizational contexts.

This paper systematically identifies and quantifies 
preprocessing complexity — covering data 
fragmentation, temporal inconsistency, and 
semantic ambiguity.

PROCESS MINING · FAULT MANAGEMENT · TELECOM

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 



Research Contribu6ons
Contribu)on 1
Iden%fica%on of preprocessing complexity factors:
• Data fragmenta%on
• Temporal inconsistency
• Seman%c ambiguity

Contribu)on 2
• Structured preprocessing framework for fault management event logs.

Contribu)on 3
• Prac%cal guidelines for large-scale process mining implementa%on.

PROCESS MINING · FAULT MANAGEMENT · TELECOM

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 



Mixed-Methods Case Study using PM2

PM2 Process Mining Project 
Methodology

1 Planning

Define research scope and 
data requirements.

2 Extraction → Preprocessing

Column mapping, data 
quality checking, filtering, 
and aggregation.

3 Mining → Evaluation → 
Improvement

DFG generation, variant 
analysis, Heuristics Miner, and 
actionable recommendations.

PROCESS MINING · FAULT MANAGEMENT · TELECOM

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 



Preprocessing Pipeline

Technical Implementation

01

Sampling

DuckDB samples 200K JOs (~1M events) from 5M to 
avoid memory overload.

02

Column Mapping

Case → C_JONUM, Activity → C_STATUS, Time → 
DATECREATED; timestamps converted via 
pd.to_datetime.

03

PM4PY Output

DFG, variant analysis, duration statistics, and 
Heuristics Miner applied to the cleaned log.

PROCESS MINING · FAULT MANAGEMENT · TELECOM

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 



Five Complexity Factors in Preprocessing

1
Inconsistent Formats
Semicolons, special characters, and line breaks causing column shifts in raw exports.

2
Semi-structured Columns
C_FORM_GRID_JOSTATUS required parsing and flattening logic.

3
Timestamp Synchronization
ISO millisecond vs. plain string formats across heterogeneous source systems.

4
Data Sparsity
Numerous null values; strict attribute selection required to preserve log integrity.

5
Trace Reconstruction
Careful reassembly to avoid artificial loops or lost short-state transitions.

PROCESS MINING · FAULT MANAGEMENT · TELECOM

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 



Discovered Process Model (Heuristics Miner)

Happy Path

The most common fault resolution sequence:

WAPPR → STARTWORK → INSTCOMP → ACTCOMP 
→ VALSTART/VALCOMP → COMPWORK

Key Deviation Patterns

• WORKFAIL is the critical branching point 
where cases diverge from the happy path

• PENDWORK →CONTWORK loop 
captures the dominant rework and retry 
pattern

8,018 distinct process variants 
discovered — top 5 cover only 30% 
of all cases, confirming extreme 
workflow variability.

PROCESS MINING · FAULT MANAGEMENT · TELECOM

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 



PROCESS MINING · FAULT MANAGEMENT · TELECOM

Data Preprocessing for Fault Management Process Mining
💡 LESSONS LEARNED

Preprocessing is the Critical Phase
Data quality directly determines the accuracy of process models and all downstream decisions. This phase was simultaneously the most 
complex and most impactful of the entire project.

IT Expert Involvement is Essential
Domain knowledge was critical to resolve ambiguous statuses, identify key columns, and contextualize business semantics that 
automated tools alone cannot interpret.

Report Metrics with Uncertainty
Lead-time metrics are directional indicators, not precise figures for contracts or external reporting, due to ambiguity and partial cross-system 
integration.

Standardized Collection is Needed
Automated preprocessing tools and standardized methodologies are required to unlock the full potential of process mining at scale in fault 
management and similar domains.

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 

💡NEXT

Automation of the Pipeline
Creating a preprocessing tools to help with event log preparation. Using AI to improve preprocessing (key columns identification, parsing, 
filtering, grouping, etc.)



SUMMARY

Key Takeaways Across All Case Studies

🎓Higher Education

Process mining on LMS data reveals the gap between designed and 
actual learning activities. Student and lecturer behavioral patterns 
diverge significantly — and these differences carry direct implications 
for instructional design and platform optimization.

🏦 Banking

Event log analysis of a P2P lending app exposed five systemic UX 
failures invisible to surveys. Process mining is a powerful complement 
to traditional user research — especially for detecting failure modes at 
scale.

🏥Healthcare

Breast cancer clinical pathway analysis using national insurance data 
demonstrates that segmentation by treatment type reveals 
divergences aggregated models hide. Pre-processing and domain 
expertise are non-negotiable prerequisites.

📡Telecommunication

Fault management at scale surfaces the reality that preprocessing is 
not a preliminary step — it is a research challenge in its own right. 
Extreme process variability (70% deviation) demands structured, 
reproducible pipelines and IT expert collaboration.

Across every domain: data quality is the ceiling, domain expertise is the key, and real processes always deviate from designed ones — that is 
precisely why process mining matters.

Kurnia-, A.P., Prasetyo, H.N., Utama, N.I., and Wisudiawan, G.A.A. Data Preprocessing for Fault Management Process Mining in a State-own Company in Indonesia: A Case Study. 2nd Asia-Pacific Symposium 
on Process and AI (2026). 
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