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Abstract. With the technology emerging more and more possible appli-
cations of process mining in healthcare become apparent. In most cases
the goal of applying process mining to the healthcare domain is to find
out what actually happened and to deliver a concise assessment of the
organizational reality by mining the event logs of health information
systems. To develop medical guidelines or patient pathways considering
economic aspects and quality of care, a comparative analysis of differ-
ent existing approaches is useful (e.g. how different hospitals execute
the same process in different ways). This work discusses how to use
existing process mining techniques for comparative analysis of healthcare
processes and presents an approach based on the L* life-cycle model.
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1 Motivation

One reason for the lack of Business Process Management (BPM) technologies
in healthcare is the complexity of the processes, where unforeseen events in
the course of a disease or during the treatment are to some degree a “normal”
phenomenon [1].

Process mining provides an a-posteriori empirical method to discover
processes in observed system behavior (i.e. event logs) [2]. A goal of applying
process mining techniques to the healthcare domain is to understand the com-
plex interactions between multiple actors, both human and machine, and the
underlying, partially implicit processes [3].

To develop medical guidelines or patient pathways considering economic
aspects and quality of care, a comparative analysis of different existing
approaches is useful. Partington et al. propose the application of process mining
as an evidence-based business process analysis method to investigate variations
in clinical practice and delivery of care across different hospital settings [4].
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2 Problem

The characteristics of healthcare processes make it impossible to apply rigor-
ous BPM, Workflow Management (WFM) and Business Process Reengineering
(BPR) techniques. Mans et al. make it clear that a hospital is not a factory and
patients cannot be cured using a conveyor belt system [5]. However, the authors
of [3,5,6] (among others) agree that process mining has the potential to improve
healthcare processes by increasing compliance and performance while reducing
costs.

The comparison of mined healthcare processes aims to show the
(dis)similarity of practices across different healthcare providers and to identify
potential improvements. In addition to the general challenges of applying process
mining techniques to the healthcare domain, comparative analysis also has to
deal with the gaps between different healthcare providers. These gaps mostly
originate from the fact that different organizations are essentially executing the
same process without following a strict process model [7].

To enable the comparability of two mined process models, shared semantics
are necessary (i.e. using the same terms for the same activities and characteris-
tics). The precondition for semantic interoperability is a formal representation
of data within the healthcare information systems. Since healthcare systems
are often heterogeneous and autonomous IT systems, the formal representation
varies strongly [6].

Only two approaches that compare the processes of different healthcare
providers were found in the literature. While Partington et al. [4] actually com-
pared data from different sources (i.e. different information systems), for Mans
et al. [8] the basis was a shared database, filled by different hospitals.

3 Approach

The presented approach extends the L* life-cycle model for process mining to
support comparative analysis and cross-organizational mining [7]. It is based on
a case study comparing four hospitals (cf. [4]) and on the experience gathered
during a process mining project comparing eight Austrian hospitals.

The critical stages of extraction (1), control-flow model creation (2) and model
enhancement (3) [7] are extended to allow for parallel execution, thus enabling
interaction between the different mining activities (i.e. between the mining of
processes from different hospitals).

4 Results

Figure 1 shows the extended L* life-cycle model for comparative analysis. It
comprises all stages of the original model but spares the steps between the stages
for better readability (e.g. inclusion of historical data and handmade models).
Previous research aimed at Stage 1 to prepare the logs of different information
systems for further analysis [9,10].
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Fig. 1. The extended L* life-cycle model for comparative analysis, based on the original
model in [7] and the adoption in [4]. Continuous alignment between the parallel stages
is necessary to minimize the number of necessary iterations.

On the left and right side in Fig. 1 the two parallel mining processes compris-
ing the respective stages are depicted. Extending the original L* life-cycle model,
the interpretation, intervention, adjustment and redesign steps are conducted
with both models together. Additionally a new step during the extraction stage
was added, to compare and align the logs before applying automated process
discovery techniques.

Currently methods are developed to show possible gaps at all stages. After
identifying a gap, key figures indicate if hospitals either do fundamentally differ-
ent things or they record the same things differently (e.g. using different coding
systems). The mining activities can then be adopted accordingly, leading for
example to further preprocessing of the logs.

The first approaches are based on statistical analysis of the base logs (e.g. t-
tests based on the frequency of specific events). Further approaches will include
graph similarity measurements and conformance checking techniques (cf. for
example the works of Dijkman et al. [11] and Van der Aalst [12]).

5 Conclusions

By coordinating multiple mining activities it is possible to identify the gaps in early
stages, thus reducing the number of iterations necessary to present meaningful,
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comparable process models. However, room for further improvement was identified
since the early stages involving the comparison and semantic alignment of different
data sources lack automation and tool support.
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