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Abstract

Digital transformation in higher education necessitates empirical evidence for
managerial decision-making. This study designed and validated a
comprehensive Process Mining framework for the University of Tehran to
bridge the gap between technical analytics and institutional governance. A
multi-method approach was employed, including a systematic review, meta-
ethnography of eight reference models (e.g., CRISP-PM, L* Lifecycle), and a
qualitative case study. A synthesized 6-phase conceptual model was refined
into a 10-phase operational framework through semi-structured interviews
with 18 academic experts. Effective PM Implementation requires alignment
across technical, managerial, and learning layers. The framework was applied
to the "PhD Proposal Approval™ process using the Heuristic Miner algorithm.
Analysis revealed a 325-day average cycle time caused by structural
bottlenecks and manual plagiarism checks. Monte Carlo simulations
demonstrated that process optimization and parallelization could yield a 43%
efficiency gain, reducing the duration to under 200 days. The proposed 10-
phase framework elevates PM from a diagnostic tool to a robust governance
protocol. Institutionalizing this model via real-time monitoring dashboards
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facilitates data-driven governance and enhances the student academic
experience at the University of Tehran.

1. Introduction

The transformation of higher education in the digital era requires a paradigm shift
from traditional management based on descriptive and experiential decision-
making toward data-driven governance. Universities increasingly operate through
multiple information systems, including Learning Management Systems,
academic and research administration systems, and financial and HR databases,
which collectively generate massive volumes of data. However, despite this
abundance, many higher education institutions still lack the analytical
infrastructure and frameworks needed to systematically capture, model, and
utilize these data for institutional improvement (van der Aalst W. , 2016).

Process Mining provides a scientific methodology that bridges data science
and process management by discovering real workflows, checking conformance,
and identifying performance bottlenecks from event logs. Although PM is widely
applied in industry and business process management, its application in higher
education remains fragmented and under-theorized.

This study addresses this gap by developing a framework for the University
of Tehran that integrates technical, managerial, and pedagogical aspects of
process mining to enable continuous improvement, quality assurance, and data-
informed educational decision-making. It follows a meta-ethnographic synthesis
of established process mining and learning analytics models to provide a unified
foundation for academic process analysis.

2. Literature Review

Process mining emerged from the convergence of workflow management and data
science (van der Aalst, 2016). Early frameworks, such as the Process Mining
Lifecycle Model, outlined iterative stages of discovery, conformance, and
enhancement. CRISP-DM provided a generic structure for data mining projects,
including business understanding, data preparation, modeling, evaluation, and
deployment. Although robust, these frameworks were primarily designed for
business or industrial contexts and lack educational adaptation.

The L* Lifecycle Model and PM?2 Methodology contributed formalized
project management approaches emphasizing governance, stakeholder roles, and
documentation. However, they also focus on efficiency optimization rather than
learning enhancement or pedagogical insight.
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In contrast, Learning Analytics frameworks shifted attention toward learner
behavior, performance prediction, and personalized learning support.
Complementary Self-Regulated Learning and Student Journey Models address
cognitive, behavioral, and affective dimensions of learning, while Risk and
Dropout Prediction Models use machine learning to identify at-risk students and
improve retention.

Despite this diversity, the literature reveals three major gaps: theoretical
fragmentation, reflected in the absence of a unified framework connecting process
mining with educational management; methodological limitations, particularly
insufficient integration between process mining techniques and educational
analytics; and practical constraints, including limited data readiness, weak
interoperability among institutional systems, and insufficient technical
competencies.

To address these gaps, this study synthesizes technical process mining
frameworks and educational analytics models to design an integrative, process-
oriented framework tailored to higher education.

3. Methodology

This study employs a multi-method research design integrating a systematic
mapping study (SMS), meta-ethnography, and case study to develop and validate
a comprehensive process mining framework for higher education. First, a
systematic review of 111 scholarly articles on educational process mining
examined temporal and geographical distribution, primary objectives, algorithms,
prerequisites, and outcomes. Second, meta-ethnography synthesized these
findings and strategically integrated eight reference models: the process mining
life cycle, adapted CRISP-DM, L* life cycle, PM? method, learning analytics
frameworks, self-regulated learning models, student journey models, and
risk/dropout prediction models. This integration provided the conceptual basis for
a single six-stage model.

Finally, the framework was refined and operationalized into a 10-step
framework through qualitative interviews with 18 experts from the University of
Tehran. To validate its applicability, a case study examined the process of
approving a doctoral thesis topic and assigning a supervisor at the College of
Management, University of Tehran. This real-world implementation assessed the
framework’s ability to identify operational bottlenecks and ensure strategic
alignment among technical implementation, managerial decision-making, and
institutional learning objectives.
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4. Results

The findings demonstrate that effective PM implementation in higher education
requires alignment among three interdependent layers: technical, managerial, and
learning. The technical layer involves data extraction, preprocessing, and suitable
mining algorithms; the managerial layer ensures that analytical insights are
actionable and inform policy and administrative decisions; and the learning layer
emphasizes educational outcomes, student experience, and academic workflow
optimization. Their integration forms a cohesive data-to-decision chain through
which analytical outputs are translated into operational improvements and
strategic interventions.

The case study of doctoral dissertation topic approval and supervisor
assignment at the College of Management revealed structural and operational
inefficiencies. Centralized bottlenecks, particularly at critical approval nodes such
as similarity checks, were primary causes of process delays. The similarity
verification stage had an average 91-hour waiting time, significantly constraining
workflow throughput and demonstrating risks associated with operational
centralization. Repeated manual reviews and corrections, often triggered by
incomplete or inconsistent student submissions, were also prevalent, indicating
systemic ambiguity in regulations and insufficient guidance for students and
faculty.

Addressing these challenges could reduce the average process duration from
325 days to less than 200 days. Key interventions include systematizing similarity
checks, preventing incomplete submissions through intelligent input validation,
and parallelizing non-dependent process steps. Monte Carlo simulation
demonstrated that process optimization and parallelization could yield a 43%
efficiency gain. Real-time monitoring dashboards for faculty supervisors and
administrative staff can further enable proactive identification and resolution of
workflow delays.

The results also emphasize redistributing administrative authority to reduce
dependency on single roles and mitigate operational centralization. Integration of
the Beheshtan and IranDoc systems is critical for automatic similarity-score
verification, eliminating manual bottlenecks and ensuring traceable, auditable
workflows. Optimized process pathways can also provide students with evidence-
based procedural guidance, reducing deviations and improving outcome
predictability.

Overall, process mining provides both descriptive and prescriptive insights,
enabling universities to transform operational inefficiencies into actionable
strategies. The proposed framework not only reduces process duration but also
supports continuous improvement, institutionalizes data-driven governance, and
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enhances the efficiency and transparency of graduate education processes at the
University of Tehran.

The framework therefore provides an integrated pathway from data
preparation and process discovery to conformance analysis, performance
evaluation, intervention design, and continuous monitoring. This orientation
strengthens institutional capacity to interpret complex academic workflows,
connect operational evidence with strategic objectives, and support timely
corrective action. It also demonstrates how process intelligence can complement
existing quality assurance mechanisms while preserving educational and
managerial priorities across diverse academic and administrative contexts.

Keywords: Process Mining, Data-Driven Governance, Meta-Ethnography,
University of Tehran, Monte Carlo Simulation.
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| 1 CaseID Role Activity Outcome  Start DateTime | End DateTime
12916 ’3027 Educational staff expert |Supervisor appointment process Not Approved 12025/4/7-19:24 2025/4/8-08:41
(2917 '2017 Student Supervisor appointment process .APP“"'“i 2025/4/8-08:41 12025/5/13-10:09
2918’20.‘7 Educational staff expert 'Super\'isor appointment process Not Approved 12025/5/13-10:09 2025/6/22-13:29
2919[2027 |Student Supervisor appointment process | 2025/6/22-13:29 |Error=-e—-
2920 '6013 Student | Student submission Approved 12022/3/13-12:05 2022/3/13-13:49
2921 6013 |Educational staff expert Eligibility review |Approved 2022/3/13-13:49 12022/3/13-14:00
2922 :6013 Student | Progress report Approved 12022/3/13-14:00 2022/3/13-14:28
2923 6013 Student Auto-Approval | 2022/3/13-14:28 |2022/3/13-14:54
2924 '6013 Supervisor |Referee selection Approved 12022/3/13-14:55 2022/3/13-14:58
2925:5013 |Group Manager Doing steps | 2022/3/13-14:58 12022/4/5-14:44
2926'6013 Educational staff expert Filing a case after the meeting Approved 12022/4/5-14:44 2023/4/16-12:57
292778002 |Student Student submission |Approved 2023/3/6-02:07 12023/3/6-13:31
2928 8002 |Educational staff expert Eligibility review Approved 12023/3/6-13:31 2023/3/6-14:03
2929:8002 | Supervisor Referee selection |Approved 2023/3/6-14:03 |2023/3/7-13:51
2930 'SOOI Group Manager .D°i“¥ steps 12023/3/7-13:51 2023/3/7-15:27
2931 'SOOZ |Educational staff expert |Filing a case after the meeting |Approved 2023/3/7-15:27 12023/11/19-14:35
[2932 78003 Student | Student submission Approved 12022/11/26-12:52 2022/12/14-11:11
12933 8003 | Educational staff expert Eligibility review |Approved 2022/12/14-11:11 |
12934 :8003 Supervisor |Referee selection Approved 12022/12/25-11:56 2022/12/25-13:39
[2935 3003 _|Group Manager Doing steps | 2022/12/25-13:39 12022/12/28-11:50
;2936'8003 Educational staff expert Filing a case after the meeting Approved 12022/12/28-11:50 2025/3/8-12:14
12937 8003 Educational staff expert |Creating a student document |Approved 2025/3/8-12:14 12025/3/10-08:48
29383003 | Educational staff expert Defense session handling Approved 12025/3/10-08:48 2025/3/10-08:54
{2939 :soo3 |Representative Defense session handling |Approved 2025/3/10-08:54 12025/3/10-09:05
129408003 | Advisor ‘Auto-Approval Approved 12025/3/11-13:20 2025/3/12-09:23
[2041 :soos | Advisor Auto-Approval Approved 2025/3/12-09:23 12025/3/16-01:00
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2 ki el et % (Conformance Analysis)

replaying log with TBR, completed traces - 100% [N  ©5/95 (00:00<00:00, 166.40it's]
aligning log, completed variants - 100% [ ©595 (00:13<00:00, 5 28itis]

[V] 85 cmauje 2jl» uasls (Token Replay Fitness): 1.0008
[Y] colsiea i)l wasls (Alignments Fitness): 0.9997

aligning log, completed variants - 100% [N 55/95 (00:13<00:00, 533it's]

[T] il byl Jlais Jlsi (Alignment Moves):

-> ('>>', None)

=> ('>>', None)

-> ('>>', None)

-> ('>>", None)

-> ('Student submission', 'Student submission')
-> ('>>', None)

-> ('>>', None)

-> ('Eligibility review', 'Eligibility review')
-> ('>>", None)

-> ('>>', None)

-> ('Referee selection', 'Referee selection')
~> ('>>', None)
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8 Progress report 123 1132.878726 100.661111 2906.466667
1 Supervisor appointment process 140 278.485952 88035537  4991.350000
2 Copy to the head of the Faculty Education Depa 2 7836.166667 85.866667 152.516667
= Defense session handling 527 189.393580 49.033744 2534.850000
3 Creating a student document 180 1080.666944 45484074 5517.516667
0 Auto-Approval 767 60.414363 18.692438 3646.166667
5 Doing steps 240 221.056181 10.423750 2311.700000
9 Referee selection 222 169.323574 6.702327 985.883333
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