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Abstract

This research project emphasizes the importance of process mining providing the insights that healthcare
professionals need. Therefore, it is essential that (1) the analyses match their information needs, as
identifying them is a challenge that has not yet been researched in the domain, and (2) that the results
are visually presented in a clear way for the healthcare professionals, as they are the end-users and
current comprehensible visualization tools for them are limited. The gaps in the literature indicate the
topic of this PhD is relevant and will advance the research domain of process mining in healthcare.

Keywords

process mining, healthcare, information needs, interviews, visualization,

1. Introduction

Hospitals are complex organizations facing a multitude of challenges such as addressing care
needs with limited resources and managing hospital mergers [1]. Hospital management are
often confronted with questions such as: “Why is the waiting time in the ER increasing?”, “What
was the impact of our reorganization on the workload of nurses?”, “Which doctor is receiving
the most tasks?”, etc. For the hospitals and other health organizations it is important to gain
insights into how processes are performed to identify routes to improve processes [2, 3]. All
the above hospital management questions can be answered using process mining [4]. There are
many benefits of applying process mining in the healthcare sector. For example, Alvarez et al.
[5] discover process models from hospital event logs and receive insights on the collaboration
and role interaction of healthcare professionals in the emergency department.

Process mining originated from the computer science domain with a focus on creating the
fastest and most optimal algorithms with limited attention for the subjectivity and context of
some of the human subjects’, such as physicians and nurses with extensive process-related
expertise, behind data points [6]. This raises questions on how process mining matches the
needs of healthcare professionals (e.g., doctors, nurses, ...). What are the information needs of
healthcare professionals with regards to process mining and which methodology can be used
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to identify these information needs? How can healthcare professionals better understand the
process mining outcomes? Which visualization techniques already exist and what are they
lacking to present process mining results in a comprehensible way for healthcare professionals?
These are the questions this project seeks to tackle.

2. State-of-the-art

A recent review of the state-of-the-art of process mining in healthcare by De Roock and Martin
[7] illustrated that process mining has high potential in the healthcare sector, but the uptake in
practice is rather limited [2]. The latter is necessary to support solving real-world healthcare
problems. The review revealed two main gaps relevant for this project.

First, the information needs of healthcare professionals (e.g., doctors, nurses, etc.) are rarely
given explicit consideration when carrying out process mining projects. Several studies [2,
3, 8] emphasize that different stakeholders have different information needs. Information
needs have been studied in other domains, but only one study has been done on identifying
information needs in process mining projects. Klinkmiiller et al. [9] state that information
needs are rarely determined in advance of a process mining project. However, the authors
explore information needs of stakeholders via BPI challenge reports, they do not interact
with stakeholders themselves to explore information needs of stakeholders via qualitative
methods such as interviews. Existing process mining methodologies, which describe the steps
of a process mining project do not include the identification of information needs either. For
example, Aguirre et al. [10] distinguish the steps project definition, data preparation, process
analysis and process redesign. Identifying the information needs of the stakeholders is not
explicitly part of the steps. There are currently also no guidelines or methods available to
systematically map the information needs of healthcare professionals w.r.t. process mining.
This is surprising as it is essential to know what kind of information or insights the healthcare
professionals wish to obtain, so process mining can respond in a targeted manner. Therefore, in
this project, I will devise such a method.

Second, it is important to present process mining outcomes in a visual way that is understand-
able for healthcare professionals. Only then will it be possible for them to gain insights into their
processes and, thus, use process mining as a starting point to identify process improvement
opportunities [2]. In domains such as healthcare, with complex processes, good visualization
is key to facilitate understanding results. Unfortunately, as stated by Rojas et al. [11], there
is a lack of a good visualization of process mining results. In this regard, Aguirre et al. [12]
argue that clinicians are not familiar with process mining and there is a clear knowledge gap,
making it difficult to interpret the results. Besides, there is a lack of research on the optimal
visualization for the end-user, in this case the healthcare professional. Although in recent years,
there has been more awareness about the importance of this topic [13], at the moment only
very limited research has been done on visualization within the context of process mining in
healthcare [14, 15] and even within the entire process mining domain [16, 17]. Therefore, in
this project, I will introduce new visualization techniques adapted to healthcare professionals.

Against this background, the aim of my proposal is to tackle two fundamental research
challenges which can significantly contribute to the more systematic use of process mining in



healthcare as (1) the analyses performed are in line with the information needs of healthcare
professionals, and (2) the results are visualized in a way that is comprehensible to them.

3. Methodology

3.1. Objective 1: Develop a new method to systematically map information
needs regarding care processes among healthcare professionals

Currently, there exist no methods to systematically map the information needs of healthcare
professionals in the process mining domain. During this research, a novel method will be
developed to tackle this objective. This method is the artefact of the design science research
methodology of Peffers et al. [18], which is a research approach in which an artefact (in this case
the method) is developed and studied. As a first step and as part of the problem identification and
motivation of Peffers et al. [18], a literature review on the identification of information needs
was conducted. Then, based on the literature, a novel method was developed to identify the real
needs of healthcare professionals. Next, the method will be demonstrated in a real-life context
at the emergency department of the university hospital of Brussels where the information
needs of various staff categories (doctors, nurses, administrative staff and management) will be
determined. The goal for this method is not to be context-specific, but replicable in varying
healthcare scenarios. This method can be used in the initial phase of every process mining
project.

3.2. Objective 2: Develop new visualization techniques to convey process
mining results to healthcare professionals in an insightful way

As most clinicians are not familiar with process mining and there is a clear knowledge gap
[12], I will develop new visualization techniques that present process mining outcomes in an
intuitive way for healthcare professionals.

As a first step, a literature review will be conducted, in which three relevant domains will
be examined: (1) research regarding visualization in process mining, (2) studies on the broad
domain of 'visual analytics’ and, (3) research on visualizing processes in healthcare.

Based on the insights of the literature, new visualization techniques will be developed, which
aim to visualize the outcomes of existing process mining algorithms in an insightful way for
healthcare professionals. An interesting opportunity for improvement to consider, is visualizing
multiple process dimensions in one visual e.g., linking Key Performance Indicators (KPIs)
to the visualization of the process. De Roock and Martin [7] stress the need for including
KPIs in process mining projects and discussed how KPIs can help a department or hospital
reach their ambitions. Therefore, linking KPIs to the visualization can lead to richer and more
insightful results for the healthcare professionals. Another area for improvement is visualizing
results of conformance checking [13, 19]. Conformance checking has great potential within
healthcare (e.g. showing where patient treatment deviates from clinical pathways), but the
results of these algorithms generate a lot of fine-grained information [20]. It should be further
explored how these results can be presented in an insightful way. Therefore, I will develop
a library of visualization techniques which aim to visualize the outcomes of existing process



mining algorithms in an insightful way for healthcare professionals. The techniques will display
control-flow models with performance information on the one hand and conformance checking
results on the other hand. To this end, these open-source visualization techniques will be made
available via an R package or Python library.

Next, I will assess whether the new visualization techniques provide more insights for
healthcare professionals, compared to the current standard visualization techniques in process
mining. This step will again be validated by demonstration in a real-life context at the emergency
department of the University Hospital of Brussels. The feedback of the participants will be
collected in a structured way via qualitative research methods e.g., four to six focus groups or 15
to 20 individual interviews at the hospital. I will approach healthcare professionals working in
the ER. I will show, for example, models while asking several substantive questions that gauge
the understanding of the output. In addition, more qualitative feedback can be requested.

4. Conclusion

To conclude, with this project I aim to (1) include healthcare professionals during a process
mining project by developing a new method to identify their specific information needs and
(2) to introduce new visualization techniques to present process mining results to healthcare
professionals in an insightful way:.

As a result, tis research contributes to the domain of process mining in healthcare by not
only involving the healthcare professionals (and their needs) in process mining projects but
also by offering them insights in their data with adapted visualization techniques.
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