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EXECUTIVE SUMMARY 
For this thesis, the following problem definition is formulated: 

Design a method for the control and diagnosis phases of the BPM life cycle in a 
healthcare environment. 

This thesis studies Business Process Management (BPM) in healthcare, and in particular the control 
and diagnosis phases of the so-called BPM life cycle, where data analysis is used for process 
management. Various approaches and related tools are available to facilitate these phases. However, 
up till now these have hardly been used in combination. Therefore, no proper comparison of these 
tools has been made. More importantly, there is no specific method for the control and diagnosis phase 
which combines and optimizes the use of these approaches. This thesis is restricted to a proof of 
concept of such a method, the validation is not a topic of this thesis. 

A recent survey showed that although in healthcare considerable attention is paid to process 
management, moreover, process improvement projects, the use of data is very limited. However, there 
is a lot of data available which can be used to gain more process insight. At the moment, there is no 
detailed stepwise method available which meets the complex requirements of the healthcare 
environment. Therefore a method needs to be developed in which data-based approaches are used to 
provide process insight. 

The project was divided in three phases process visualization, process analysis, and evaluation. During 
these phases, two approaches, process mining and visual analytics were used to visualize and analyze a 
business case. Based on the outcomes of this, the method was developed. The main finding is these 
phases was the fact that process mining and visual analytics as such do not provide with sufficient 
process insight. Rather, a combination of both approaches is required. This combination was 
developed during this graduation project and consists of basics of process mining which are visualized 
by means of visual analytics. These basics are: 151 activity, last activity, causal relations, and state 
transitions. 

Based on the business case analysis, a method was developed. A number of criteria were set, in for the 
method to be useful in healthcare. These criteria are: 

1. Results should be presented within limited time 
2. Process models should have a high fitness 
3. The approach should be positively evaluated by the medical specialists and managers 
4. The results should be simple to understand for the medical specialists and managers. 
5. Interactive analysis should be possible 
6. The analysis should focus on certain aspects of the treatment process. 

A stepwise method was designed in this thesis, which complies to all these criteria. The main steps of 
the designed method are: 

• Build the database 
• Hold an introduction session 
• Perform a l st analysis 
• Hold a preliminary meeting 
• Perform 2nd analysis (with adjustments) 
• Hold a final meeting 
• Write the documentation 

Although the method has not been validated, it can be said that the method was designed successfully 
as a proof of concept, because the method was applied in a healthcare environment and was positively 
evaluated by both medical specialists and managers. 
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1 INTRODUCTION 
Healthcare in the Netherlands changed considerably over the last couple of years. The most important 
change has been the focus of healthcare organizations on adequately organizing treatment processes, 
changing from taking medical treatment at face value and facilitating these, to ensuring effective and 
efficient patient treatment. Treatment has become more process-oriented. Amongst others, this change 
was driven by governmental influence. Since a couple of years the Dutch system is using Diagnose 
Treatment Combinations (DBC = 'Diagnose Behandel Combinatie' ), which were implemented to 
allow competition between healthcare organizations. Therefore, healthcare organizations are paying 
more attention to their treatment processes. 
The process-orientation of healthcare enables the use of process-oriented information systems. 
However, the applicability of these information systems is limited in a healthcare environment. One 
class of process-oriented information systems are Workflow Management System (WFMS). The 
flexibility of these systems is an issue which has been discussed in many papers (Kumar & Zhao, 
1999; Heinl et al. , 1999; Van der Aalst, Weske & GrUnbauer, 2005). Many of the current available 
WFMS are only applicable in a stable environment and do not account for exceptions in such 
processes. New techniques are being developed to overcome this fle 
xibility issue. Techniques as ConDec (Pesic & Van der Aalst, 2006), ADEPT nex• (Reichert & Dadam, 
1998) and YAWL (Van der Aalst & Ter Hofstede, 2005) are examples. Another possibility is to 
change the way cases are handled, by using a case handling technique (Van der Aalst et al, 2005) 
instead of a case-driven technique. 

Despite the fact that WFMS are not applicable in a healthcare environment, there are still options for 
process-oriented information systems to support healthcare. One option is to use data in current 
information systems to obtain more information about the treatment processes. 

1.1 Survey 
To find out to what extent data is actually being used in hospitals for improving processes, an informal 
survey was carried out. 25 out of 100 hospitals in the Netherlands were contacted by telephone. In 
particular, information managers that were supposed to have insight in the use of data for process 
analysis were contacted. All hospitals were willing to participate in the survey, which shows that 
process improvement is considered important. 
The interviews showed that in each hospital extensive attention is paid to the improvement of 
treatment processes. The level of attention differs per hospital, i.e. there are hospitals with over 40 
process improvement projects, and hospitals which recently started 5 projects. The emphasis of the 
improvement projects is on the structuring of the treatment process itself. The introduction of new 
medical techniques can be part of the projects, but the main goal is to restructure the treatment process. 

The interviews showed that hospitals mainly use data to investigate the values of certain performance 
indicators, ranging from the average number of nursing days to the average waiting time of a specific 
treatment process. Some hospitals used data to obtain more insight in so-called DBC-profiles, which 
contain information about the average number of times a specific activity is performed for a DBC. 
However, this does not provide the medical specialists involved, with information about the treatment 
processes. 

1.2 BPM life cycle 
From a general perspective, treatment process improvement projects can be considered as so-called 
Business Process Management (BPM) projects. BPM projects have a specific life cycle (see Figure 1), 
which includes a number of the steps that should be taken to keep improving processes. 
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Design 

Configuration ~ 

~ Execution 

Diagnosis . ' Control rJ 
~ 

Figure 1: BPM life cycle (Van der Aalst, Reijers, and Netjes, 2005) 

In the control phase, the main concern is monitoring the current processes. A monitoring tool should 
offer information about both individual cases and aggregations over cases. This might be information 
related to current performance, but also performance over the last three months. In the diagnosis 
phase, this information, gathered during the control phase, is used to reveal weaknesses in the process 
(Van der Aalst, Netjes & Reijers, 2007). In particular, aggregated information is used to analyze 
general performance. The tools used in this phase should provide input for the redesign of processes. 
Each step in the model requires different systems with other features. The configuration, execution, 
and control phases might be facilitated by WFMSs. However, in healthcare, there are no systems 
available to entirely support and manage the treatment processes. The design phase could be supported 
by simulation tools (Van der Aalst, Netjes & Reijers, 2007), but these will not be studied in this thesis. 
Instead, this graduation project focuses on the control and diagnosis phases (see Figure 2), in which 
revealing weaknesses and monitoring of the process are the main issues. 

Configuration ~ 

Design (7" Execution 

Control ) i U co· . ·~1agnos1s 

"'"""' ......... """ 

Figure 2: Focus of this graduation project 

1.3 Problem definition 
As the survey shows, in healthcare, significant attention is thus paid to treatment process 
improvement, whereas the use of data in is very limited. Therefore, there is a need for methods 
facilitating process improvement, in particular the diagnosis and control phases in the BPM life cycle. 
However, a detailed, stepwise method which meets the complex requirements of the health care 
environment does not exist. Therefore, the following problem definition is formulated: 

Design a method for the control and diagnosis phases of the BPM life cycle in a 
healthcare environment. 

This thesis is restricted to a proof of concept of such a method, i.e. our goal will be to show that it is 
indeed possible to design a method, and to show what the essential characteristics of such a method 
should be. The method that is designed, can be validated, but this is not a topic of the research in this 
thesis. 
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Moreover, we will restrict ourselves to control and diagnosis. Design or re-design of processes is not 
considered in this research. Therefore, we cannot evaluate the method that is developed according to 
its success in the total BPM life cycle. However, the method will be applied to two treatment 
processes (business case) in an actual hospital, and the evaluation of this application will be discussed. 
On one hand, evaluations will be presented of sessions that were held with the medical specialists 
involved. On the other hand, evaluations will be presented from hospital staff involved in process 
improvement in general. 

In order to design the method, a number of derived research questions need to be answered. The most 
important questions are concerned with process visualization, process analysis, central aspects of the 
method, and design of the full method. In Appendix I - Project proposal, the project proposal can be 
found in which each of the parts is described. 

The remainder of this report is structured as follows. 
In Section 2, the methodology used in this graduation project is described. Here, more information is 
provided about key concepts and approaches used during the graduation project, as well as the 
business case: the analysis of two treatment processes in a Dutch hospital. 
The results of the business case analysis are provided is Section 3 till Section 5. 
In Section 3, data analysis and pre-processing is described. In this section, data extraction and 
transformation are described. 
Section 4 deals with the results of process visualization. Firstly, the results of process mining are 
described. Next, visual analytics is described. 
In Section 5, the calculation and analysis of two performance indicators is described. 
In Section 6 the design of the method is presented. Each step of the method is described in detail. 
In Section 7 the results of the evaluation are described. 
Finally, conclusions and future research are discussed. 
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2 METHODOLOGY 
The goal of this thesis to serve as a proof of concept for a data-based method for control and diagnosis 
of processes in a health care environment. To be able to evaluate the resulting method as a proof of 
concept, it has been developed using two actual treatment processes in an actual Dutch hospital as a 
business case. Using this business case, the feasibility of the resulting method could be demonstrated. 
Therefore, the analyses in this thesis were set up in an exploratory way. That is, they started with an 
existing, stepwise method from the field of data mining, and applied the most appropriate data analysis 
approaches, notably process mining and visual analytics, to two actual treatment processes. 
From the application of these approaches, conclusions can be drawn with respect to the stepwise 
method and with respect to the tools used, leading up to a specific stepwise approach. A method, for 
application in health care, as well as a combination of the two data analysis approaches. 

In the current chapter, the aspects mentioned above are described. Firstly, the business case is 
described. Secondly, the general approach that was followed is presented. Thirdly, the data-based 
approaches are considered. Finally, the method as a proof of concept as it is developed in this project 
will be evaluated. 

2.1 Business case 
Treatment processes are defined as the processes which patients undergo when they need to be treated 
for a specific symptom. These can be considered equivalent to clinical pathways (Thierny, 2001; 
Ou wens et al., 2005). Many different types of processes can be identified in a healthcare environment, 
because each condition has its own treatment. 

In Dutch health care, this combination of symptoms and treatments has a specific implementation. 
Dutch hospitals invoice treatments for patients to healthcare insurance companies by means of, so 
called, 'Diagnose Treatment Combination' -codes (in Dutch 'Diagnose Behandel Combinatie' = DBC). 
These DBC-codes were introduced in the Dutch defrayment system in 2005 to make health care more 
transparent. The financial covering for treatment of a specific symptom is denoted in such a DBC
code. A price is set for each DBC, which is either regulated by national government (so-called A 
segment) or negotiated between individual hospitals and individual healthcare insurance companies (B 
segment). 

A DBC-code consists of four parts, notably type, required care, diagnosis, and treatment. An example 
of a DBC-code is 3.11 .. 116.101. In this code 3 is the type, 11 is the required care, 113 is the diagnosis, 
and 101 is the treatment. In fact, this example refers to 'heelkunde' (type). regular care (required care). 
appendicitis (diagnosis). conservative polyclinical (treatment). 
A more extensive overview of possible treatment codes can be found in Appendix B. The important 
part of the dbc-code for the purpose of the current study are the last two figures (diagnosi s and 
treatment). The diagnosis is required to select the treatment processes from the database; treatment 
codes are important to group patients. 

For the investigation in this thesis, data from two treatment process was considered. A large hospital in 
the south of the Netherlands was willing to participate in this study. As a first step, treatment processes 
that served as cases in this study were selected. Previous investigations of process data showed great 
differences in treatment process variation. Two examples are presented in Appendix A. In Appendix 
A, the left visualization shows a process with minimal variation between patients, while the right 
visualization shows one with larger variation. Apparently, some processes have more variation than 
others: the first process is a treatment which is rather homogeneous across all patients, meaning that 
patient' s actual treatments can be grouped. The second is a treatment which is rather heterogeneous. 

Two treatment processes, mammacare (DBC-code diagnosis = 317 & 318) and diabetes foot (DBC
code diagnosis = 432) were selected. As a homogeneous treatment process, the mammacare treatment 
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process was selected and as a heterogeneous treatment process the diabetes foot treatment process was 
selected. 

2.2 General approach 
The investigations started out with a general approach which comes from the field of data mining. 
This approach is used for analyzing data and applying the results for process improvement. Both data 
mining and data-based process analysis use of data rather than observations to draw conclusions. The 
difference is that data mining focuses on predictive models, for instance to find the most valuable 
customer profile, and process visualization focuses on analyzing processes. 

Two Crows Corporation (2005) describe this general analysis process as a stepwise approach which 
should be followed while performing data mining for knowledge discovery. This approach is derived 
from the CRISP-DM framework, the industry standard framework (Cios et al., 2007). The steps that 
are taken are as follows. 

l. Define business problem 
2. Build data mining database 
3. Explore data 
4. Prepare data for modeling 
5. Build model 
6. Evaluate model 
7. Deploy model and results 

Step 1. The business problem has been defined in section 1: to achieve more efficient and effective 
patient treatment. The definition of the business problem needs to be done in correspondence with 
medical specialists and managers for which the analysis is performed. 
Step 2-5. The results of these steps will be discussed in detail in section 3 till 5. 
Step 6. The evaluation phase comprised of sessions that were held with the medical specialists and 
management involved. Whereas, steps 2-5 are carried out solely by the analyst, this step requires 
involvement of medical specialists and manager. 
Step 7. As mentioned before, the goal of this study was not to (re)design a process, therefore no 
deployment took place. 

This general approach is not linear. During the process inevitable loop-backs to previous steps are 
required to ensure useful results at the end. 

2.3 Data-based approaches to process analysis. 
A central aspect of the method to be designed is the actual exploration and analysis of data. Three 
approaches are used in health care, business intelligence, process mining, and visual analytics. 
Firstly, Business Intelligence (BI) is broadly applied in hospitals. In the survey mentioned in section 
1.1, it was found that Dutch hospitals are broadly using BI tools. However, the application of BI is 
restricted to reporting aggregate values of a small number of key performance indicators, thus only 
supporting process analysis in a restricted way. BI also has limitations when complex processes have 
to be explored, as will be discussed below when the importance of adequate visual presentation is 
discussed. Moreover, in the hospital that served as the business case, business intelligence was not yet 
up to the level where it could be compared to other, available approaches. 
Secondly, Visual Analytics has been applied in practice in hospitals by Magna View, the company that 
served as the venue for the research in this assignment. Therefore, Visual analytics is described below. 
Thirdly, Process Mining has been successfully applied in hospital settings (Mans et al, 2008; Zhou, 
2008). Process Mining is described in detail in section 2.3.2. 
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2.3.1 Visual analytics 
Visual analytics is the science of analytical reasoning facilitated by interactive visual interfaces 
(Thomas and Cook, 2006). Visual analytics is a multidisciplinary field that includes the following 
focus areas: 

• analytical reasoning techniques that let users obtain deep insights that directly support 
assessment, planning, and decision making 

• visual representations and interaction techniques that exploit the human eye's broad bandwidth 
pathway into the mind to let users see, explore, and understand large amounts of information 
simultaneously 

• data representations and transformations that convert all types of conflicting and dynamic data 
in ways that support visualization and analysis 

• techniques to support production, presentation, and dissemination of analytical results to 
communicate information in the appropriate context to a variety of audiences. 

"Visual Analytics is the science of analytical reasoning supported by highly interactive visual 
interfaces. People use visual analytics tools and techniques to synthesize information into 
knowledge; derive insight from massive, dynamic, and often conflicting data; detect the 
expected and discover the unexpected; provide timely, defensible, and understandable 
assessments ; and communicate assessments effectively for action. The issues stimulating this 
body of research provide a grand challenge in science: turning information overload into the 
opportunity of the decade" .1 

In the scientific domain, visual analytics focuses on the automatic construction of these visualizations. 
In this graduation project, it is used as the method for vi sual, interactive presentation. This technique 
or method can be used to visualize information about process, specific cases, and aggregate groups. 
Therefore, it is a very useful method to use in both the control and the diagnosis phase. 

Visual analytics tool 
As a visual analytics tool, MagnaView was used. MagnaView can be used for multiple purposes. The 
most important at the moment is its data analysis functionality (Figure 3). Magna View does not use 
mining algorithms to visualize data but leaves mining to the user. This is accomplished by presenting 
large datasets in one and the same visual, interactive presentation. Examples in a health care setting 
are presented below . 

• 
Vlsu• lize 
Dllta 

HEM'hfoi.j 
Figure 3: Data analysis using Magna View 

By means of Magna View, the analyst is able to interactively analyze the data. Interaction is possible in 
several ways. Firstly, the analyst can select useful data directly from the visualization. This enables to 

1 http ://conferences.computer.org/vast/vast2007 / ( 4-9-09) 
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the analyst to explore more information about the data and focus the analysis. Secondly, the analyst 
can use filters to filter out unnecessary data or to select a specific patient. Thirdly, interaction is 
possible in the form of zooming. The analyst can zoom in on data of one year or one particular 
specialist, making it easier to analyze the data. 

Magna View allows visual presentation of many types of data. For this graduation project, two types of 
data will be visualized. First, the treatment processes will be visualized. The second type of data that is 
visualized are key performance indicators. Normally, values of these indicators are simply shown in a 
table or simple graph. Using Magna View, graphics and figures can be combined in one overview and 
relations between characteristics of the process and the performance indicators can be explored. 

2.3.2 Process mining 
The basic idea of process mmmg is to: " ... extract knowledge from event logs recorded by an 
information system" (van der Aalst & Weijters, 2005). Process mining provides techniques and tools 
for discovering process, control, data, organizational and social structures from event logs. Process 
mining can be used for at least two purposes: process discovery and delta analysis. The first is simply 
to discover the real processes in a company and the second is to compare the actual process with the 
intended process. 
Process mining is possible when the event log contains the following information (van der Aalst & 
Weijters, 2005): 

( 1) Each event refers to an activity 
(2) Each event refers to a case 
(3) Each event can have a performer I originator 
(4) Events have a time stamp and are totally ordered 

By means of this information an analysis can be made of three different perspectives, notably, the 
process perspective, the organizational perspective, and the case perspective. For this graduation 
project the process and the case perspective are important. Process mining will be used to mine the 
process and the analyze the process performance. 
The mining technique that will be used is the heuristics approach. The heuristics approach is derived 
from the a-algorithm, which represents the discovered process in terms of a Petri Net (Van der Aalst & 
Weijters, 2005). The a-algorithm uses a step-wise mathematical approach to analyze an event log to 
mine the process. 
In Figure 4, the formal description of the a-algorithm is presented. In essence, the algorithm 
determines a set of initial and final states, then determines the relations between all activities in the 
log. Next, a resulting Petri net is calculated. These steps will turn out to be important in the remainder 
of this thesis. 

LetW be a workflow log overT. <Ji..W} is defined as follows. 
1. Tw = { t ET I 3., . wt E o}. (set of activities in the log) 

2. T1 = { t E T I 3oe w t= first( er}}, (setof initial activities) 

3. T 0 = { t E T I 3., e w t= last{o) }. (set of final activities 

4. Xw={(A,B)I A ;:;:; Tw B «;:::Tw 7a.Avb. ea~wb 7 •1,•2•A a 1#wa2 '7b1,bh eb1#wb2}, {all 
causal relations) 

5. y w = { (A,B) E x I 'ef (A'.0') e xA :;;;; A' /\B :;;;; s· ~· (A,B} = (A',B') }, (minimalcausalrelations) 

6. Pw={p(A,Bl I (A,B) E Yw } v{~o.,...}, (setofplacesinthenet) 
7. Fw = { (a.p(;'.,B}) I (AB) E Y w a E A} 'J { (P<t<.ai•b) I (A.B) E Y w ,-.,_ b E B} •..;{ (iwt) I t E TJ v { 

(t,ow) It E T 0} , (set of arcs in net,J and 

8. ~ = (Pw T w.Fw) . (resuh:ing Petri net) 

Figure 4: Formal description a -algorithm 

Although the algorithm can mine many processes, it has some limitations (Van der Aalst & Weijters, 
2005). Firstly, invisible activities cannot be mined, thus activities that are not registered in the log will 
not be shown in the Petri Net. Secondly, the resulting Petri Net can hold two nodes that refer to the 
same task. Thirdly, the algorithm cannot deal with non-free choice. A task which is related to an 
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earlier task cannot be mined properly. Lastly, the algorithm cannot handle noise in the event log. Once 
noise occurs in the log, the algorithm observes incorrect task relations and will include these in the 
Petri Net. 
The heuristics approach is unable to deal with the first three limitations, but it is able to deal with 
noise in the log (Van der Aalst & Weijters, 2005). This makes the heuristics approach more suitable 
to mine actual process logs, because one can assume these logs always contain some noise. The 
approach uses a frequency metric to indicate how strong relations between tasks are. Based on this 
metric, an estimation can be made whether a relation should be included in the Petri Net. 
Another process mining approach that is known, is the two-step approach. Process mining often 
results in 'overfitting' or 'underfitting' of the actual process. Because of this, Van der Aalst et al. 
(2008) developed a two-step approach which balances between overfitting and underfitting. In two 
steps a process model is generated which should "provide a compact representation of the selected 
behavior". The first step is constructing a transition system. During this step, it is possible to select 
different abstractions, namely: maximal horizon, filter, maximum number of filtered event, {sequence, 
bag, or set}, and visible activities. By means of this abstraction the transition net can be reduced to a 
net which only includes the interesting events. The second step is transforming the transition system 
into a process model. This can be any type of representation with AND/XOR-splits/joins. 

Process mining tool 
In order to perform process mining ProM is used. ProM is a process mining tool which implemented 
the heuristics approach (Van der Aalst et al, 2007). The ProM tool is a combination of many other 
tools, all using the same type of event log. Being a pluggable environment, ProM is able to cover a 
wide area of plug-ins with examples such as mining, export, import, analysis, and conversion. The tool 
is developed at Eindhoven University of Technology and has already been used to analyze industrial 
processes (Van der Aalst et al, 2007) as well as health care processes. For these reasons, the ProM tool 
is applied in the graduation project. 

2.4 Exploration, visualization, analysis, performance indicators 
Process mining and visual analytics have in common that visual representation plays a crucial role. 
Exploration of large datasets that arise from complex processes is only possible when adequate visual 
presentations are used. Numerical or otherwise symbolic presentations do not suffice. On the other 
hand, visual analytics and process mining use different data visualization type, respectively general 
visualization and petri net. It is necessary to explore the relation between these visualizations as will 
be seen in section 4. 
In order to monitor processes, i.e. to be in control of processes but also to analyze processes, it is 
necessary to have insight in the performance of processes. Performance of processes is measured in 
terms of performance indicators, e.g. throughput time. Both Process mining and Visual Analytics 
presents ways to deal with these indicators. This will be discussed in section 5. 

2.5 Evaluation of the method as proof of concept 
In order to assess whether the results of the approaches are indeed useful for the method, they were 
judged with three criteria in mind. 

Results should be presented within limited time. Time is very valuable for medical specialists, 
because they need most of their time to treat patients. Therefore, time available for presenting 
the results of an analysis is very sparse. 
Fitness of a process model, which is defined as the number of cases (patient's treatment 
processes) that are represented by the process model (Mans et al, 2008). The fitness measure 
depends on the goals that are set. If the model is used to discover the actual process, a fitness 
close to I 00% should be reached. This criteria is only related to 
A positive evaluation by involved medical staff and management. Firstly, the analysis should 
lead to awareness of the need to bring about changes. Secondly, the analysis should provide 
insight in the treatment processes. Thirdly, the analysis should point at possible aspects of the 
process that might be improved. 
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Again note that the goal is not to find the complete list of aspects that could be improved, or redesign 
the process. 
The three criteria that are mentioned above are approximations of the criteria that are required to 
evaluate the method. During the analysis of the business case, other criteria that come about will also 
be used to evaluate the method. 
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3 DATA ANALYSIS & PRE-PROCESSING 
The first part of the business case analysis consisted of gathering the process data. The data was 
exported from the data warehouse of the hospital, and subsequently imported in an external database 
for purposes of selection. From the external database, it was possible to extract the correct data for the 
analysis. 
Chapman et al. (2000) described a methodology named CRISP-DM. Within this methodology two 
steps are defined with respect to the building of a database, that are data understanding and data 
preparation. Bases on this methodology, the Two Crows Corporation (2005) developed their own 
method which is rather similar. In both methodologies a number of tasks have been defined that are 
required to build a useful database. The tasks defined in the following section are deduced from these 
methodologies. This process is also referred to as the extract, transform, and load stages (Vassiliadis, 
Vagena, Skiadopoulos, Karayannidis, and Sellis, 2001). In the following subsections, each stage is 
described. 

3.1 Extract 
The extraction stage consisted of two parts, one at the hospital and one at Magna View B.V. At the 
hospital, the data was exported by a data warehouse manager. At MagnaView B.V., a database 
specialist extracted the correct data for the two treatments processes. Both parts had their difficulties 
while exporting/extracting the data, a description of this can be found in Section 3.1.2 and 3.1.3. 

Security and protection of patient information is a key issue for process analysis in healthcare. Patient 
information contains personal data, which should not become public. In order to ensure that the data 
remains confidential, all data was stored on encrypted hard drives or in encrypted files. By encrypting 
the hard drives and files, the data is protected from unauthorized persons who wish to access the data. 
Throughout this report, anonymous IDs are used to ensure anonymity of patients. The activity names 
are still shown, otherwise the process models would be difficult to understand. 
Moreover, appropriate measures are necessary w.r.t. such technical issues as authorization, as well as 
legal issues. These had been taken care of by Magna View already, including encryption, and will not 
be discussed in further detail here. 
In the following subsection, first, a description of the data warehouse is given. Next, the data 
collection steps are described, followed by a description of the integration and consolidation of the 
data. 

3.1.1 Data warehouse 
The data required for this graduation project was retrieved from a data warehouse (Oracle lOG). In the 
data warehouse, data from approximately 80 different systems is included. This includes several types 
of data like financial, patient, and treatment data. A difficulty while joining the data from all the 
systems was the control of the master tables, because every system used its own format for recording 
information. Some systems, for instance, had created their own IDs for specialists instead of using 
their national IDs. 

3.1.2 Data collection 
For this graduation project, only a subset of the data warehouse has been exported. Two reasons can 
be given for this. The first reason is that not all data is useful for this project. The focus is on process 
visualization and analysis, therefore only information related to the treatment process were exported. 
The second reason is that the space required for storing all the data is substantial. After the exportation 
of the data, the total size was still 6 Gigabyte. 

In order to transfer the data from the hospital, several steps had to be performed. The first step was 
carried out by the data warehouse manager the hospital. The exported data consisted of 9 tables, see 
Table I for the table names. Because of security and privacy issues, the data had to be transferred 
manually. Therefore an encrypted hard drive was brought to a the hospital so that the data could be 
transferred safely. At Magna View B.V. the data was loaded into a local MySQL database. 
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ointment ty e 
Location Patient 

S ecialism 

Table 1: Table names of export 

During this conversion process of the exported data to the mySQL database some problems occurred, 
these were related to the text format. The data was stored as csv-files in which columns were separated 
by means of double quotes ("), however the data within these fields could also contain these double 
quotes. By working around these double quotes, the data could eventually be converted. Better 
communication with the data manager could have prevented this problem, resulting in a faster 
extraction of the data. 

3.1.3 Integration & consolidation 
Two treatment processes, mammacare and diabetes foot, were selected for this graduation project. The 
selection was done after close contact with two managers at the large hospital. The selection criterion, 
level of variation between treatments, was discussed with those managers, which selected mammacare 
as a homogeneous treatment process and diabetic foot as a heterogeneous process. 
The exported data contained the data of all treatment processes at the hospital. Because only a subset 
of the data was required, an extra extraction step had to be performed on the local database. Only data 
for the Mammacare and Diabetes foot treatment process over the period 2006 - 2008 was required. 
This data was selected by means of the DBC-codes related to these treatment processes (treatment 
codes 317 & 318, and 432). An overview of the used DBC-codes can be found in Appendix B. The 
selection based on the DBC-codes appeared to be a problem, because not every activity had a DBC
code registered with it. A total of 5 million records were useless, because they lacked a DBC-code. 
From the MySQL database, a text-file was created which could be used in the next steps. 

3.2 Transform 
During the transformation stage all data that is collected from the data warehouse is transformed to the 
formats that are used for process visualization and analysis. Before one can start with this 
transformation it is important to determine for what purpose the data is used, or in other words what 
the goal of the visualization and analysis is. Next, the data can be converted. In this section the 
definition of the goal and the conversion steps are described. 

3.2.1 Business goal 
The data will be used for the business case analyses. For these business cases, the main goal is to 
provide information about possible (re)design options for the treatment processes. The process 
visualizations and analysis should result in improvement options for each treatment process. 

3.2.2 MVN-format 
MagnaView B.V. has developed a proprietary data format, .mvn, which ensures strong compression 
and fast loading of large datasets. For instance, a data file used during this project reduced in size from 
over 70 Mb to less than 3 Mb. 

3.2.3 Pre-analysis & pre-processing 
Two important steps during the transformation of the data are pre-analysis and the pre-processing. Pre
analysis is required to obtain a clear view on the data and its quality. This is done in two ways: 
observations and data analysis. Pre-processing is required so that the data has the correct format for the 
visualization and analysis. Interviews are used to find out which data is relevant. 
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For both treatment processes, nurse practitioners were observed during one full day in order to obtain 
a better understanding of the processes. These people have both a medical and a supporting role and 
could therefore provide excellent information on the medical process and the administrative processes. 
During these observations the nurse practitioners kept performing their jobs while answering questions 
about the treatment process. Both observations resulted in useful information about the processes and 
how these should be analyzed. For instance, it became apparent that for the mammacare process 
throughput times were important. 

During the pre-analysis four issues w.r.t. data quality were found. 
• A first issue is that, although date stamps were available, no time stamps were registered for 

the activities. Therefore, ordering of activities on the same day could not be determined 
automatically. In contrast to the activities, the available appointment data did contain time 
stamps. 

• The second issue arose here, namely, DBC-codes were not registered for appointments. 
Therefore no explicit match could be made between the activities and appointments. It was 
decided to include all appointment data, to ensure it could always be used when required. 

• The third issue is related to the name of the medical specialist. For each activity, a specialist 
had been registered. However, closer inspection of the data revealed that generally the 
reporting specialist was registered instead of the actual specialist that executed the activity. 
This made it impossible to analyze differences between specialists. 

• A fourth and last issue concerned the name of the department which carried out the treatment, 
which was missing for certain activities. Most of the activities contain information about the 
executing department, but especially with diabetes foot almost 15% of all activities did not 
contain any information on this. The result is that these activities cannot be aggregated 
automatically. Numerous manual steps would be required to ensure the aggregation. 

After the initial analysis, interviews were held with medical specialists. These were open ended 
interviews, set up simply to obtain more information about the data and possible ways to deal with the 
issues found in this healthcare data. Following these interviews, pre-processing steps were determined 
which were aggregation and adding time artificial time stamps. 

• The first pre-processing step that was performed was aggregation. The aggregation was 
performed on two levels, namely for activities and DBC-codes. At the activity level, two type 
of activities could be aggregated, chemical tests and pathological tests. In both datasets over 
80 different type of chemical tests were found. The type of chemical test is unimportant, 
because these are not considered to be a key activities in the treatment process and costs are 
relatively low. Therefore these tests are all aggregated to one treatment referred to as 
'Klinische chemie'. For the pathological tests a similar aggregation was possible, however, 
there were not enough tests for aggregation to be useful. At the DBC-code level, several 
distinctions were made which are mainly for administrative purposes. For this project, the 
aggregation at DBC-level is made by combining the dbc-codes with similar treatment codes. 
For instance, all DBC-codes with the treatment code 101 ( conservatief poliklinisch) are 
combined and visualized/analyzed together. 

• The issue of missing time information was solved by using artificial time information. This 
time information is calculated with the help of MagnaView. In MagnaView activities 
performed on one day ordered is a pre-defined order. After that, the ordering of the activities 
was determined and artificial time information was added to the activities in such a way that 
the first activity on a day was performed at 0:30 and the second at 1 :00, etc. This enabled 
better process visualization with ProM. 

3.2.4 MXML format 
The general MXML format can be found in Appendix C. This format is required in order to mine processes by 
means of ProM. The format states that a record should contain data about the activity , the case (patient), the 
performer (specialist) , and the timestamp. Other data formats need to be converted to this format in order for 
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ProM to mine the processes. More information about the MXML format can be found in van Dongen et al 
(2005). 

The MXML format cannot be created directly from a text-file, because there is no import tool available for this . 
Therefore, the text-file was imported in a Microsoft Access database. This database should contain the tables 
required for the MXML format, and each table should contain exactly the same column names as in the MXML 
format (see Appendix C). Otherwise, the ProM import tool is not be able to convert the data. In order to create 
the correct format, queries were used to convert the imported table to the correct format. The final step was 
creating the MXML file which could be used by ProM. This was done by means of the ProM Import framework, 
using the MS Access conversion plugin. 

3.3 Load 
The loading stage consists of converting the database to the MXML format which is done by means of 
the ProM Import tool. 

3.3.1 ProM Import tool 
The user manuai2 describes exactly how the data in the MS Access database can be converted to the 
MXML format by means of the ProM Import tool. In short, this states that an ODBC connections 
needs to be established which is then used to convert the data from the MS Access database to 
MXML. 

Two type of data files are eventually used for the visualization and analysis of the treatment processes. 
The first data file is the mvn-file, the file used by Magna View. The second data file is the MXML file, 
the file used by ProM. The following two Sections show the results of the process visualization and 
process analysis of the business case. 

2 http://ProM.win.tue.nl/resea rch/wiki/ media/tools/msaccessdatabasetutorial v2.zip 
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4 PROCESS VISUALIZATION 
Process visualization is important in the diagnosis phase. By means of process visualization, the 
analyst can gain insight in the treatment processes, and moreover, in the relation between the 
performance and the process. This can be shown by means of an example. Take, for instance, a simple 
health care process such as a patient who visits the doctor for the flu. The patient plans an 
appointment, the consultation meeting takes place, the doctor diagnoses the flu, writes a prescription, 
and the patient is sent home. This very simple process might not require process visualization. 
However, most processes in hospitals are more complex. For complex processes of large groups of 
patients that have to be diagnosed, an adequate visual presentation is necessary. Visual presentations 
of treatment processes support analysts in diagnosing and exploring processes. 
Before the process visualization of this thesis could start, an introduction session was arranged. During 
this session the specialists met the analyst and the goal of the analysis was determined. The outcomes 
of this session were also used as input for the process analysis part of this graduation project. 

In the following section, the two process visualization approaches are applied to visualize treatment 
processes: process mining and visual analytics. Both approaches are applied to multiple treatment
groups of the treatment processes. However, the focus of this graduation report was on the design of a 
method. Therefore, only part of the visualization results are included in this report. As the 
visualization were discussed with the specialists, a number of criteria came about to which the 
approaches should apply. In this section, these criteria are presented first. These criteria are used to 
evaluate the approaches, in addition to the criteria mentioned in section 2.5. After that, the results of 
the process mining are described. In the last part, the results of visual analytics are presented. 

4.1 Evaluation criteria for approaches 
In section 2.5, three evaluation criteria were already mentioned. During the analysis of the business 
case a number of other criteria came about: 

Results should be simple to understand for both the medical specialists and the managers. This 
criteria is related to the time criteria, mentioned in section 2.5. Because of the limited time, 
medical specialists need to quickly understand the results and quickly see how these results 
contribute to their process insight. This should also be the aim of visualization as such (J.J. 
van Wijk, 2005). Therefore, this criteria is also included. 
Results need to be presented interactively. During a meeting with medical specialists, 
numerous comments will be made considering the outcomes of the analysis. When the analyst 
is able to interactively react to these comments, the medical specialists become more 
convinced of the results and are more willing to work with the results. For instance, the 
analyst should be able to filter out unimportant activities or patients that should not be 
included for a particular analysis. When interaction is not possible during such a meeting, 
another meeting needs to be planned in which all adjustments are presented. This, again, takes 
a lot of time for the medical specialists. 
The analysis needs to be focused. Medical specialists require specific information about their 
treatment process and their patients. Therefore, the analyst needs to be able to focus on these 
factors. For instance, the mammacare specialist was especially interested in the activities that 
were performed before and after a surgery. Whereas, the diabetic foot specialists were mostly 
interested in the treatment process of particular patients. A focused analysis can contribute to a 
more positive evaluation by the medical specialists and managers, because it appeals more to 
them. 

4.2 Process mining as process visualization approach 
The basic idea of process mining is: " ... to extract knowledge from event logs recorded by an 
information system" (van der Aalst & Weijters, 2005). In this section, part of the process mining 
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results are analyzed and discussed. Before the discussion of the results, two steps that were performed 
during process mining are discussed. 

4.2.1 Filtering 
The preliminary analysis of the data already showed that a vast amount of data was available. It also 
showed that many of the recorded activities were performed for a very small number of patients, this 
could be up to 75% of all activities. In order to cope with this high number of activities filtering was 
required. Two methods have been applied to filter out uninteresting activities: automatic and manual 
filtering. 
The automatic filtering is performed with ProM. Within ProM, it is possible to add activity filters 
which filters out activities based on their occurrence, which is expressed as a percentage. For this 
graduation project, activities with an occurrence lower than 1 % per process instance were filtered out 
of the log. The manual filtering is basically an interview with some of the specialists. During the 
interview, the list of activities was presented to the actors, who in their turn selected the most 
important activities. The manual filtered is required because occurrence is not the only factor 
determining the importance of an activity. Process knowledge is required to identify those activities 
that are important but, for instance, have a low occurrence and, therefore, should still be considered in 
the analysis. 
During the interview with the specialists, it became apparent that certain activities did not belong in 
the treatment process, because they were either part of a completely different process or registered 
incorrectly. A peculiarity of the DEC-system is that a patient cannot have two DBCs open during the 
same time period. Therefore, it can happen that some of the activities of a patient should belong to 
another DBC then the DBC that is open, thus to a completely different treatment process. The 
incorrectly registered activities were caused by a change of the activity type made by the 
administration department. This was mainly caused by miscommunication. Therefore, better 
communication between the specialists and administration could overcome this problem. 

4.2.2 Clustering 
The complexity of treatment processes might result in complex process models. Clustering can be 
used to overcome this problem. Clustering is a technique which can be used to break down a log into 
smaller parts which may result in smaller and better process models (Mans et al, 2008). These pieces 
contain clusters of patients which underwent a similar treatment process. 
For this graduation project, two types of clustering were applied, manual and automatic. The manual 
clustering is based on the DEC-codes that are registered for the patients. DEC-codes were introduced 
so that the performance of hospitals on these treatment processes could be compared. This means that 
patient within a particular DBC-code should have somewhat similar treatment processes. By clustering 
the patients with the same DBC-code, one can expect corresponding and better process models. The 
second type of clustering is similar to the clustering used by Mans et al (2008). They used the Self 
Organizing Map (SOM) algorithm to cluster the log. For this project, the clustering is mainly based on 
the activities for each patient. 

4.2.3 Process models 
Process models have been generated for every DBC-code, in order to obtain a complete view on the 
process mining options and results. For this graduation project, the main goal is to design a method, 
therefore not all process models are reported on here. 

An important conclusion that could be drawn from all models is that the readability differs significantly between 
the processes. In Appendix D, two examples are given of process models which are more like 'spaghetti ', or a 
'wiring scheme ' as one of the specialists named them. Because such process models are only useful to show the 
amount of variation in the treatment processes, a thorough analysis of these process models is not included in 
this thesis. The focus will be on simpler process models which also characterize the usability of process mining 
in healthcare. 
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In the following section, the process mining results are visualized and discussed for two sub-processes 
of both treatment processes. Three process models are visualized for each of the sub-processes: an 
unfiltered model, a filtered model , and a model to which clustering is applied. 

Mammacare 
For the mammacare treatment process two sub-processes are visualized and discussed in this report. 
These sub-processes are 'Conservatief poliklinisch' and 'Enkelvoudig poliklinisch conservatief' (in 
English: 'conservative polyclinical' and 'singular polyclinical conservative'). During the period 2006-
2008, respectively 2000 and 1500 patients were treated under each of the sub-processes. In total, over 
4700 unique process instances could be found for the mammacare treatment process. This means that 
the largest group ( +/- 75%) of the mammacare patients followed one of both sub-processes. Patients 
that were treated under these sub-processes only visit the polyclinic. Therefore, they did not require 
any nursing days. 

Figure 5: Unfiltered process model 'Conservatief poliklinisch' 

In total, the 'Conservatief poliklinisch' sub-process had 95 unique act1v1t1es. The 'Enkelvoudig 
poliklinisch conservatief' sub-process had 39 unique activities. In the next paragraphs, firstly, the 
initial process model for the 'Conservatief poliklinisch' sub-process is discussed. Following that, the 
filtered and clustered process model are analyzed and discussed. For the 'Enkelvoudig poliklinisch 
conservatief' sub-process, less models are shown due to limitations to the length of the report. 
In Figure 5, the initial process model for 'Conservatief poliklinisch' is shown. The first impression of 
this model is that it is overwhelming and the classification of ' spaghetti model' or ' wiring scheme' 
indeed applies. Closer inspection is necessary, for two reasons: 

First, it is difficult to focus on a single part of the process model, because of the large number 
of activities that need to be shown. The main focus is on the central activity which has many 
relations with other activities. A closer look at this activity shows that this is the activity 
'Herhaalbezoek' , which is a recurring consultation and thus is logically related to many 
activities in the process. 
Another reason for the overwhelming character is the large number of activities that only 
occur once. Apparently, even simple sub-processes can result in unique activities. This makes 
the resulting Petri net difficult to use as a model to be explored. 
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However, in general, the Petri net visualization did lead to insight in the complexity of the processes. 
So, although they are not useful to assess potential improvements, they did play a role in creating 
awareness. 

In addition to the size of the model, the .fitness of the process model also results in a restricted use for 
exploration of the process. Fitness of a process model is defined as the number of cases (patient's 
treatment processes) that are represented by the process model (Mans et al, 2008). The fitness measure 
depends on the goals that are set. If the model is used to discover the actual process, a fitness close to 
100% should be reached. The fitness of the process model in Figure 5 is lower than 5%. This is 
insufficient for the goals set in this graduation project, namely exploration and analysis of processes. 
In addition to this, a closer inspection of the process model also shows that many ordering relations are 
not included in the model. For instance, the link between two radiology examinations which should 
exist according to both the data and the medical specialists. 
In order to deal with the overwhelming process model, filtering was applied. The enhanced event log 
filter of ProM is used to filter out all activities which have a lower occurrence than I % of a process 
instance, or, are marked as being unimportant by the specialists. As a result, only 17 activities 
remained in the process model. 

The resulting process model can be found in Figure 6. This process model is much more readable, 
which is due to the smaller number of activities in the process model. Because of the lower number of 
activities, it becomes easier to explore parts of the process model. 
The fitness of the model, however, does not improve considerably in comparison to the unfiltered 
model. The filtered process model has a fitness which is somewhat higher that 5%. This indicates that 
reduces the number of types of activities does not decrease the variation in the process. 
Another approach which was applied in order to obtain a better process model is clustering. The SOM 
algorithm was used to cluster patients. Figure 7 shows the resulting clusters. Two large clusters can be 
identified by the clustering algorithm, one of 883 patients and one of 669 patients. 
Again, process models were generated for both large clusters. The resulting process models are not 
shown in this report: they are comparable to the process model in Figure 6. Although the process 
models are comparable, the fitness of the process models is rather different. The fitness of the first 
process model (cluster of 883 patients) has risen to more than 10% while the fitness of the second 
process model (cluster of 669 patients) dropped to less than 1 %. Apparently, clustering does not result 
in improvement of the process models. Moreover, it results in contradictory outcomes. 
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Figure 6: Filtered process model 'Conservatief poliklinisch' 

Figure 7: Clustering result 

The 'Enkelvoudig poliklinisch conservatief sub-process was analyzed similarly. The process models 
for this sub-process were similar to the ones shown so far. However, the fitness differed from the 
'Conservatief poliklinisch' sub-process. In contrast to this sub-process, the initial process model of 
'Enkelvoudig poliklinisch conservatief had a higher fitness before filtering was applied. Notably, the 
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unfiltered process model had a fitness of somewhat more than 
10% , whereas the filtered process model had a fitness of <I%. 
As a result the clustering was applied on the unfiltered data. This 
resulted in much better results. A fitness of >80% could be 
reached for a cluster of 504 cases. It should be noted that the 
resulting process model was very simple. Three main activities 
were included and six activities which were performed only once 
or twice for all patients in this cluster. 

Diabetic foot 

For the diabetes foot treatment process, all sub-processes were 
analyzed, but only one sub-process is presented in this report. 
Therefore, the applicability of process mining is only shown for a 
very complex sub-process of diabetes foot. For the mammacare 
treatment process, two simple sub-processes were selected. By 
selecting a more complex sub-process for diabetes foot, the 
contrasts can be shown much better. 
The sub-process 'Operatief met klinische episode(n)' was chosen. 
This is a treatment process in which surgery is performed on a 
patient and nursing days are required to heal the patient. In total 
107 patients were treated under this sub-process and 74 unique 
activities could be found for these patients. In the next 
paragraphs, first, for the 'Operatief met klinische episode(n)' sub
process the initial process model is discussed. Following that, the 
filtered and clustered process model are analyzed and discussed. 
In Figure 8, the initial process model for the 'Operatief met 
klinische episode(n)' sub-process is shown. As expected, the 
initial process model w very complex. A large number of 
activities needs to be included in the process model, which also 
results in many ordering relations that need to be shown. Again, it 
is difficult to focus on a certain part of the process model. 
Especially at the top of the process model many choices can be 
made, which leads to a diversity of activities at the start. 
Somewhat more to the middle of the process model, more simple 
ordering relations can be found. Yet, still it remains impossible to 
oversee the entire sub-process. The model does show the amount 
of variability in the actual process. The fitness of the process 
model is also very low, namely <1 %. This implies that the 
process model is not very useful as representation of the actual 
process. 

In order to deal with the large number of activities, filtering was 
applied to filter out all activities with a low frequency. Again, the 
enhanced event log filter of ProM was used to filter out these 
activities. The resulting process model still consisted of 59 
activities. 

Figure 8: Unfiltered process model 
'Operatief met klinische episode(n)' 

Due to the large number of remaining activities after filtering, only part of the filtered process model is 
shown in this report. Figure 10 shows a part of the filtered process model. This process model is much 
more readable, but is still not useful. There are less connections between the activities and a clear 
ordering can be detected from the process model. Therefore, the process model is not as unreadable as 
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the model in Figure 8. With regard to the usability of this process model , nothing has changed. The 
fitness of the process model is still lower than 1 %. Indicating that extracting a useful process model 
from the data is not possible for this sub-process. 

The other technique that was applied to improve the process models was clustering. The results of the 
clustering algorithm can be found in Figure 9. Here, one can see that 16 different clusters can be found 
for this sub-process and that there is little variation in the number of cases in each cluster. None of 
these clusters is large enough to actually extract a process model. The largest cluster is 15 cases 
(patients) which is very low for a total group of 107. The resulting process model is not shown in this 
report, but again this model had a fitness of less than 1 % and was largely unreadable. 

Pagina 23 / 95 



Figure 9: Result clustering 

Figure 10: Filtered process model 'Operatief met klinische episode(n)' 

4.2.4 Results / Conclusions 

The process visualization by means of process mining resulted in contradictory results. On the one 
hand, the process models did lead to awareness of the complexity of the processes. While on the other 
hand, the results did not have the desired effect of actually providing the medical specialists with 
process insights. To determine what caused these contradictory results, the approach is evaluated 
based on the criteria that were provided in section 2.5 and 4.1: 

Limited time. The generated process models could be presented within limited time, because 
they provide a good general overview of the treatment processes. In one process model all 
information about the treatment process is visualized. Any adjustments that need to be made 
during the discussion of the results do take some time. Especially, when more complex 
process models need to be regenerated. This can take up to 30 seconds. 
Fitness of the process model. Complex process models always resulted in process models 
with a low fitness <5%. Whereas simpler process models also resulted in process models with 
a high fitness of more than 80%. Therefore only a small part (5%) of the generated process 
models was useful for process discovery. 
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Positive evaluation. The process models did result in awareness with the medical staff and 
management. Most of the process models were very complex and very 'spaghetti-like'. 
Because of this, staff and management immediately saw that their treatment processes was 
very complex. However, the process models did not result in process insight and improvement 
aspects. The 'spaghetti-like' process models were unreadable for both the analyst and the 
medical specialists. In addition to that the process models had a very low fitness, making the 
unusable for these two criteria. 
Simplicity. Both medical specialists and managers found it difficult to interpret the process 
models. Even the simplest process models which contained less then 15 activities did not 
result in any action from the specialists. This was mainly caused by the fact that process 
models are not in the mind set of these specialists. Their mind set consists of patients, calendar 
overviews3

, and departments. The calendar overview is something that comes closest to the 
process model. The process models could be made simpler by means of filtering or clustering. 
However, both these options did not result in any significant improvement with respect to the 
readability and the fitness of the process models. For one sub-process clustering resulted in a 
higher fitness. However, this was one of the simpler sub-processes in which only diagnosis 
took place. 
Interactivity. The options for interaction during a meeting with the specialists were very 
limited. ProM does provide options to filter out activities. However, after the filtering the 
process model needs to be generated again. Which can take some time, especially for the more 
complex process models. Moreover, it not directly obvious how the filtering affects the 
resulting process model. 
Focus. It was very difficult to focus on certain aspects of the treatment process by means of 
process mining. The entire treatment process was visualized in one process model. Since these 
models consisted of many activities are clutter of activities was the results. Focusing on one 
activity was difficult because it was difficult to find and because there were too many lines in 
the process model. In ProM, there was not option known which could visualize the treatment 
process of one particular patient. For instance, the treatment process of a patient which had 
many complications. 

As can be read, a number of issues need to be resolved in order for process mining to actually be 
applicable in a healthcare environment. Whether visual analytics is able to resolve these issues is 
shown in the following section. 

4.3 Visual analytics 
In this section, the ability of visual analytics to visualize process information for treatment processes 
of groups of patients is considered. By means of visual analytics, it is not possible to visualize process 
models as with process mining. Instead, the treatment processes of each individual patient are 
visualized and grouped to reveal patterns in the treatment processes. 
In the hospital that serves as the business case for this thesis, visual analytics had been applied to five 
processes, and visualizations had already been developed. In this section, the application of these 
visualizations on the processes that were selected for this study are evaluated: mammacare and 
diabetic foot. 

Patterns are visualized at two levels, namely for the total population and for patients. The following 
paragraphs first focus on patterns for the total population and then on the patient specific patterns. 

4.3.1 Patterns 
A pattern is defined as a sequentially ordered set of activities for a certain treatment process. These 
activities can be ordered sequentially (Figure 12) or grouped based on the type of activity, better 
known as a multi-set (Figure 13). In both type of patterns the activities are shown as blocks and the 
color of a block indicates which activity a block represents (see Figure 11) 

3 A calendar overview is an overview in which time plays a certain factor. 
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Figure 11: Color legend activities 

A multi-set of activities is the number of times each activity is performed while ignoring their order. 
For instance, {A, B2

, C4
, D} means that the pattern consists of one activity A, two activities B, four 

activities C, and one activity D. 
In the rest of this section, the process visualization by means of visual analytics is given and discussed 
for both treatment processes, mammacare and diabetic foot. For each of the treatment processes, both 
the patterns for the total population and the individual patterns are discussed. In this report merely 
visualization results of all treatment processes are shown. However, the analysis can also be 
performed for every sub-process. Thus analyzing all patterns for a specific DBC is also possible. 

Figure 12: Sequential pattern 

Figure 13: Multi-set patterns 
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Mammacare 
In Figure 14, an overview is presented of all sequential patterns that were found for the mammacare 
treatment process. In total, 2053 unique patterns were found for more than 3400 treated patients. Thus, 
over 60% of all patients have an unique pattern. In addition to this, the patterns that hold the most 
patients are considerably easier patterns with a maximum of four activities (e.g. 'Herhaalbezoeken' or 
'Mammografie'). 
Figure 14 shows a rather steep graph, except for the bottom part. The lines in the graph as added 
manually. In the top part of the figure, patients are shown for which less activities were performed. 
Apparently, there is a large group of patient for which the number of performed activities is rather 
stable. The steepness of the graph can be used as an indication for the amount of variation in the 
treatment process. Namely, a steep graph indicates a treatment process with little variation while a 
smooth graph indicates significant variation. The question an analyst should ask with such 
visualizations is: what part of the graph might be standardized? And, for which part does the variation 
needs to be reduced? 

Figure 14: Overview chronological patterns mammacare 

In Figure 14, it can be noticed that in the top part of the graph most activities are green. Green 
represents the consultation meetings that a patient had at the hospital, these were both polyclinical or 
clinical. In the bottom part, the blue activities show more often. These are the nursing days a patient 
had for the treatment. There seems to be a logical reason for this division. That is, the easier treatment 
processes of patients are shown at the top of the graph, while the more difficult treatment processes are 
shown at the bottom. Easier treatment processes only require consultation meetings and some 
diagnosis activities. While more difficult treatment processes require nursing days so that the patients 
can recover from their treatment. 
The multi-set patterns are shown in Figure 15. The number of unique patterns decreases with 300 to 
1736, indicating that the main variation is caused by the type and occurrence of activities. This is 
illustrated best by comparing two patterns with similar number of activities. Both patterns contain six 
activities, but one of these patterns contains one consultation meeting and 5 diagnosis steps and the 
other pattern contains five consultation meetings and one diagnosis step. This shows how the 
occurrence of activities influences the variation in this treatment process. 
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Another option that was requested by the specialists was an overview of the patterns which were 
grouped based on the first activity. The main reason for this was that they were interested in the 
patients which did not start with a consultation meeting, because the protocol stated that a patient 
should always start with a consultation meeting. 
As can be seen in Figure 16, about 30% of all patients do not start with a consultation meeting. This is 
the bottom part of the figure with patterns that do not start with a green activity. 
For specialists, it is important to be able to analyze patient specific information. This means that all 
activities performed for a patient should be made visible in order for the specialist to become more 
involved with the data. By means of visual analytics, it is possible to show the treatment process of a 
specific patient and enable the specialist to easily analyze the treatment processes. In Figure 17, an 
example of this overview is presented. On the top left of this figure, the first activity is shown and on 
the bottom right the last activity. So, this process can be read per line from left to right in 
chronological order. 
By means of this overview, the analyst is also able to validate the outcomes of analyses or even check 
whether the correct activities are registered for specific patients. In this project, these overviews were 
mainly used as validation tool. The calculations of the performance indicators required this validation 
to validate the measurements and to convince the specialists that the calculations were correct. 

Figure 15: Overview multi-set patterns 
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Figure 16: Overview chronological patterns sorted on first activity 

Figure 17: Treatment process of one patient 

Pag i na 29 / 95 



Diabetic foot 
In Figure 18, an overview is given of all chronological patterns that were found for the diabetes foot 
treatment process. In total, 566 unique patterns were found for the 719 treated patients. The percentage 
for the diabetes foot treatment process is thus even larger than for the mamacare treatment process, 
about 80%. The main point of interest is the bottom part of the graph. Here, one can see a significant 
amount of variation between the number of activities. This can be seen from the slope of the graph 
which is very smooth. For this treatment process, even a patient was found which had over 300 
activities during the period of one year. 

566 

Figure 18: Sequential patterns 

Again, the multi-set patterns were generated. The resulting overview is shown in Figure 19. The 
number of patterns decreases to 521 patterns, which still is a considerable percentage, 72%. The main 
variation is caused by the number of consultation meetings or the number of nursing days in 
combination with the type of diagnosis steps that are performed. Similarly to the mammacare 
treatment process, the number of consultation meetings recorded per patients differs significantly. 
Even patients with ten activities show a large difference in number of consultation meetings, namely 2 
and 8. 
By grouping the activities, it can be seen that for the top part of the graph the important activities are 
the consultation meetings (green blocks) and for the bottom part the nursing days (blue) and clinical 
tests (purple /dark salmon). This is an indication that in the top part the less intensive treatments were 
performed. A review of the dbc-codes in the top and bottom part of the graph shows that indeed the 
top part mostly contain dbc-codes in which patients are treated polyclinical (treatment-code= 101 etc) 
and that the bottom part only contains patients who required surgery (treatment-code= 201 etc). 
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Figure 19: Overview multi-set patterns diabetes foot 

4.3.2 Evaluation visual analytics 
The evaluation of visual analytics is done by means of the criteria mentioned in section 2.5 and 4.1. In 
this section, each of these criteria is considered with respect to visual analytics: 

Limited time. The visualizations of the patterns can be presented within in limited time. 
Similarly to process mining, visual analytics provides one overview of the data. However, 
with visual analytics all data is shown. Adjustments that need to be made during the 
discussion with the specialists can be made very easily, because the regeneration of the 
visualization takes less than one second. 
Fitness of process models. Is not of interest for the visual analytics approach. 
Positive evaluation. The visualizations of the patterns (sequential and multi-set) made the 
specialists more aware of the variation in their treatment process. The specialists could detect 
this variation immediately. However, the visualization did result in very contradictory 
opinions. Moreover, one of the specialist said the data had to be incorrect because the process 
could never be this variable. Whereas another specialist said that the data was correct and that 
indeed the treatment process was patient specific. The visualization of patterns cannot provide 
insight in the form of process models as one general overview. However, it does provide 
insight in the variation of a particular treatment process. Whereas process mining shows 
variation in a process model, visual analytics visualizes the variation by showing all the data 
in one overview. Process improvements can pointed out in two ways . Firstly, the amount of 
variation might be an issue which should be overcome. By means of the visualization groups 
of patients can be selected for which reduction of variation might be achieved or groups of 
patients for which standardization might be achieved. Secondly, the visualization with patterns 
grouped on the first activity can be used to point out improvement aspects of the treatment 
process at the start of a treatment. 
Simplicity. The visualization of the patterns could be understood by every medical specialist 
and manager. The time required to explain the structure wa<> similar to that of process mining. 
However, the discussion started when the visualization of the patterns was presented. 
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Interactivity. By means of MagnaView the analyst is able to interactively analyze the data. 
The interaction is made possible by means of filtering and selection options. In Figure 20 and 
figure Figure 26 examples of these option can be found. This way, the analyst is able to adapt 
the analysis to the comments made by the specialists and managers. 
Focus. By means of the visualization of the patterns, the analyst is able to focus the treatment 
process of one particular patient. However it is not possible to focus on one particular aspect 
of the treatment process such as a surgery. 

The evaluation of visual analytics is more positive than the evaluation of process mining. However, 
there are no visualizations known which can provide the type of information process mining has 
resulted in. Therefore other options need to be considered here. 
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Figure 20: Filtering in Magna View 

Figure 21: Making a selection in Magna View 
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4.4 Two-step approach 
The feasibility of applying the so-called Two-Step approach was tested by applying it to the healthcare 
data.4 In general, applicability depends on the goals set by the analyst. By changing the abstraction 
level of the analysis, an analyst can adjust the analysis so that the results would fit the goals. Therefore 
applicability in healthcare is possible. 

To test this the method was applied to the two treatment processes (complex and simple). The 
resulting transition diagram was created for both treatment processes. However, the calculation time 
differed significantly and the diagrams were difficult to read. For the complex treatment process, it 
took over 1.5 hours to generate the transition diagram. For the simple treatment process, it took about 
10 seconds. This implies that it is takes a considerable amount of time to analyze the complex 
treatment process by means of the two-step approach. 

4.5 Combination process mining and visual analytics 
Both process mining and visual analytics are unable to meet all criteria set for visualizing treatment processes. 
One of the most difficult factors is the complexity of the treatment processes. Process mining is unable to deal 
with the complexity, resulting in an unreadable process model. Visual analytics is unable to represent the data as 
a general process overview. In order to deal with this, it is necessary to return to the basics of both techniques, 

especially process mining. 
Basically, different techniques/algorithms of process mmmg have similar characteristics. The 
technique/algorithms that were applied in this thesis were the heuristics miner and the two-step approach. The 
basics of the heuristics miner was described in section 2.3.2. The process model was generated on the causal 
relations and the other relations that can be drawn from that. The basics of the two-step approach is the state 
transition diagram. In this diagram the analyst can find the past and future states from one particular state. For 
this manner, the analyst is able to perform a number of abstractions so that only useful information is shown. The 
basics of both techniques/algorithms that can be extracted from this are the causal relations found in the data. 
The basic idea of visual analytics is: " ... analytical reasoning supported by highly interactive visual interfaces" 
(Thomas and Cook, 2006). A number of techniques, data representations, and data transformations can be used 
in order to accomplish this . For this project all possible options available in Magna View are used to accomplish 
this. 

The basics of both techniques are also unable to meet the criteria that were set in sections 2.5 and 4.1. 
Still, it is possible to combine the two approaches. On one hand, insights from visual analytics might 
be added to process mining. In the concluding chapters, some suggestions are made. However, since 
the visual representations of visual analytics had better initial results, it was decided to work the other 
way round. Thus, to add insights from process mining to visual analytics. In fact, an attempt was made 
to make Visual Analytics more Process-aware. A crucial insight is delivered by the steps in the alpha
algorithm: process mining first unravels a process log by looking at initial states, end states, and 
relations between states. Next, these are combined in one Petri net or state transition diagram. In fact, 
the basic operations of the process mining algorithm that are carried out are important to provide 
insight. Therefore, these will be carried with to the visual analytics approach. 
In the description of the method in section 6, the way initial and end states play a role during the 
interactive analysis will be discussed. Here, the relations between states are considered. 

The basic idea of the combination is to focus on one activity in the treatment process and then 
visualize the causal relations that can be found. The focus is required for two reasons. The first reason 
is that the complexity of treatment processes leads to process models and state diagrams which are too 
difficult to read and understand as a whole. The second reason is that the analyst should focus the 
analysis on certain aspects of the treatment process. The fact that causal relations should play a role, is 

4 
Unlike all other analysis carried out for this project, this analysis was not carried out by the author, but in cooperation with 

H.M.W. Verbeek (TU / Eindhoven). 
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one of the basics of process mining, because everything in process mining is related to these relations 
between activities. The visualization of these relations is done by means of visual analytics. 
The number of causal relations that are visualized can be varied. For this project, three different 
options were created in order visualize the causal relations. The first option is a visualization in which 
all causal relations for one selected activity are shown. In Figure 22, an example of this option is 
shown. In the center of this figure, the selected activity (indigo) is shown. On the left of that, all 
activities that were performed directly before the selected activity are shown. Similarly on the right 
side, however then for the activities performed directly after it. Coloring is used to differentiate 
between the type of activities. For instance, green is used for consultation meetings and purple is used 
for blood tests. The size of the colored blocks represents the number of times that particular activities 
are found directly before or after the selected activity. The second option is to increase the number of 
causal relations that are visualized to three causal relations. The concept is similar to that of the first 
option, however, now with three activities. An example can be seen in Figure 23. 

Figure 22: Centered activity with causal relations (1 step) 

Figure 23: Centered activity with causal relations (3 steps) 

For the third option, the patterns visualized in section 4.2 are combined with the centered activity used 
above. In Figure 25, an example is given of this third option. The treatment process of a patient can be 
read from left to right in this figure. At the top of the figure, the patients are shown for which a few 
activities were performed before the selected activity. Thus, the more activities performed before the 
activity, the lower entire treatment process is shown in the figure. For this third option, two different 
type of patterns can be visualized, namely sequential patterns and multi-set patterns. For both types an 
example is given in respectively Figure 25 and Figure 24. 
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Figure 25: Centered activity with sequential patterns 

Figure 24: Centered activity with multi-set patterns 

Each of the options can be used to visualize those parts of the treatment process that are interesting for 
the specialists. The analyst can selected the best option, depending on what detail is required. 
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5 PROCESS ANALYSIS 
In the previous section, both process mining and visual analytics are used to visualize patterns of 
treatment process. In this section only visual analytics is used to analyze performance. The tool ProM 
does provide the analyst with a performance analysis option, however this was not used for two 
reasons. Firstly, insufficient support material was available to find out all all possible analysis options. 
Secondly, the known option was not able to perform the required analyses. It was, therefore, decided 
to used the visual analytics approach for the exploration, analysis and presentation of performance 
indicators. Moreover, as stated in the previous chapter, visual analytics allows interactivity, which is 
important to meet the requirements of limited availability of specialists. 

For this project, Magna View was used to visualize a number of performance indicators for each 
treatment process. Examples are waiting time till surgery, number and type of amputations, number of 
repeating consultations, etcetera. 

For each of these indicators, a step-wise approach is followed to define, calculate, and analyze the 
indicators. This step-wise approach is derived from the approach defined by W.W. Eckerson (2006). 
He defined a number of steps which are required and also factors that should be kept in mind while 
determining the performance indicators. The derived steps are: 

Define indicator; 
Calculate indicator; 
Validate indicator; 
Analyze indicator. 

The main issue here is that the performance indicators need to be determined following the needs of 
the specialists. Who have a clear view as to what is important for the treatment process. Factors that 
need to be kept in mind while determining the performance indicators are: 

I. Owned 
2. Predictive 
3. Actionable 
4. Few in number 
5. Easy to understand 
6. Balanced and linked 
7. Trigger changes 
8. Standardized 
9. Context driven 
10. Reinforced with incentives 
11 . Relevant 

Only two performance indicators are described in this report: these are, however, representative for 12 
other indicators, for which analyses were carried out too. In the following section, the outcomes are 
described for two performance indicators, both set up for the mammacare treatment process. 
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5.1 Waiting time till surgery 
For the mammacare treatment process, a number of criteria are set by Nationaal Borstkanker Overleg 
Nederland (NABON, National Breast cancer Group of The Netherlands). By means of these criteria, 
this institute tries to improve the quality and throughput times of mammacare patients. Two groups of 
mammacare patients can be identified, patients with a benign neoplasma and patients with malign 
neoplasma. One of the criteria set by the NABON is the waiting time till surgery. In this section, this 
performance indicator is presented. First, the determination of the indicator and its calculation is 
described. Next, the calculations are validated and finally the outcomes are discussed. 

0 .• 0% 
3.21. .43l.203 .. 

2.M"-

Figure 26: Overview patients with surgery 

In Figure 26, an overview is presented of the patients that had surgery, per DBC-code. Each DBC
code is shown at the top of a category (for instance, 3. 1 1 . .432.202). All the blocks shown under within 
a DEC-category represent a patient which was treated for the corresponding DBC-code. The green 
blocks represent the patients that had had surgery and the red represent the patients that did not had 
surgery. The percentages shown at the bottom of a category represents the percentage of patients that 
had had surgery in that particular category. So, for the dbc-code 3.11..432.203, 16.0% of the patients 
had had surgery. This overview is mainly for the specialists to show how the patients are distributed 
over the dbc-codes. 

5.1.1 Determine indicator and calculation 
The performance indicator had already been determined by NABON. Therefore, the specialists did not 
have any doubt about whether to include this measure in the analysis. Because NABON explicitly 
stated how the waiting time is defined there was no need to verify the definition with the specialists. 
NABON stated the waiting time till surgery as the time between announcing the diagnosis results (so
called PA-date) and the date of surgery. 
In order to calculate the waiting times by means of the data, more information about the process was 
required because the PA-date itself was not included in the data. The mammacare team had already 
created a flowchart in which the intended treatment process has been described. The flowchart showed 
that a patient should have two consultations meetings before surgery. One in which the diagnosis 
result is announced (pre-surgery treatment planning) and one in which the surgery process is 
described. This means that in principle the waiting time should be calculated as the time between the 
second last consultation meeting before surgery and the surgery itself. Consultation meetings that took 
place on the same day were regarded as one meeting. 
After a quick analysis of the calculations made, it seemed that a considerable number ( 150) of patients 
did not have two consultation meetings before surgery. Therefore, it was decided to calculate the 
waiting time in two ways, one waiting time for patients which did have two consultation meetings and 
one waiting time for patients who only had one consultation meeting or multiple on one day before 
surgery. Note that a large percentage of the patients did not meet the protocol (20% ). 
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5.1.2 Validation 
After the first results were available, validation was performed to check whether the calculations were 
done correctly. For this validation, three patients were selected with respectively 15, 21, and 31 days 
waiting time till surgery. In order to validate their waiting times, the patient specific patterns were 
used to check whether the correct activities were taken into account and whether the calculations could 
be assumed to be correct. This is a rather small sample, therefore, it should be noted that more 
extensive validation is required to make the validation more solid. 
In Figure 27, the treatment process of patient with 15 days waiting time is shown. In Appendix E the 
legend with the definition of the colors is given. For this performance indicator the red (surgery) and 
green (consultation meetings) activities are of interest. As can be seen in Figure 27, the surgery took 
place on 8-11-2006 and the second last consultation meeting was on 24-10-2006. The difference 
between these dates is indeed 15 days. If the appointment for the surgery would be made at an later 
moment this would be at 27-10-2006, meaning the waiting time would reduce to 12 days. Still, the 
resulting average would not change significantly. Therefore based on the available data this is the best 
calculation that can be made. 
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Figure 27: Treatment process of a patient 15 days waiting time) 

In Appendix E, the other two treatment processes of the patients with a waiting time of respectively 21 
and 31 days are shown. Both processes indicate that the calculations were done correctly. In Figure 45, 
the treatment process of the patient seems rather standard. A number of tests are conducted and two 
consultation meetings were held prior to the surgery. The surgery took place on 26-1-2007 and the 
second last consultation meeting was on 5-1-2007. Thus, the waiting time is calculated correctly. 
Based on the available data, the waiting time can differ maximally five days from the calculated 
waiting time. Figure 46 shows the treatment process of a patient with 31 days waiting time. This 
patient has had a number of consultation meetings and an MRI-scan as diagnosis step. For this patient 
the waiting time also seems to be calculated correctly. The maximum difference can be seven days, 
since the last consultation meeting before surgery was seven days later than the second last 
consultation meeting. 
The validation of the calculations showed that for the selected patients the waiting time is calculated 
correctly. In some cases the waiting time might be somewhat shorter, but the difference is small 
enough to assume that calculation are done correctly. 

5.1.3 Results 
The average waiting time till surgery is 22 days for malign patients and 41 days for benign patients. 
However, as can be seen in Figure 28 there are a number of outliers which distort the averages. When 
such outliers are removed from the data, the waiting times are respectively 19.3 days and 25.4 days. 
For the malign patients this figure is below the NABON criteria of 21 days. However, NABON states 
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that 90% of all treated patients should have a waiting time that is lower than 21 days. At the moment 
this percentage lays at 70%, thus less than what is expected. 

benigne neoplasma mamma / mastopathie Gemlddelde wachttijd tot OK is: 41,0 dagen 

mallgne neoplasma mamma Gemlddelde wachttlJd tot OK Is: 21,98 c:jagen 

-- ~,.:...."'. .... ... Jill. .... ........ -

"'1·1 'l -" ... t~ ~,...,..... 

Figure 28: Waiting time till surgery 

In Figure 28, some clear patterns can be noticed, namely peaks at 14 and 21 days, although there are 
also a lot of patients with waiting times between 14 and 21 days. This does show that considerable 
effort is put into operating patients within 21 days. Still 30% of all patients have a waiting time of 
more than 21 days. 

5.2 Number of nursing days 
The number of nursing days is calculated per patient. All the registered days that a patient stayed in 
the hospital are regarded as nursing days. This can be both a one day stay at the hospital or a longer 
clinical episode. Two reasons can be identified to analyze the number of nursing days for a patient. 
Firstly, it is important for the specialists to hold patients in the hospital for the shortest period possible, 
because this is an indication of the cost-effectiveness of the treatment. Generally, it is assumed that 
less nursing days indicates the patient is treated more effectively. Secondly, nursing days are 
expensive activities for a treatment process. A nursing day requires both staff capacity and medicine, 
therefore each day spent less at the hospital results in lower costs. A nursing day is one of the most 
expensive activities of the treatment process. 
In this section the determination and calculation is described first. Next, the calculations are validated 
and finally the results are described and discussed. 

5.2.4 Determine indicator and calculation 
From a previous analysis performed by MagnaView, it became apparent that for every treatment 
process the number of nursing days was an interesting figure. During the meetings with the specialists, 
it became apparent that they were also interested in the number of nursing days related to a specific 
activities . These specific activities were actually the surgical activities, both polyclinical and clinical. 
It was decided to calculate the number of nursing days required after a patient underwent surgery. 
The calculations were made for each patient because this results in the most interesting information for 
the specialists. They were not interested in an average number per dbc-code or other aggregated value. 
Instead, they are mainly concerned with the specific treatment of individual patients. The calculation 
of the figure is therefore very simple: count the number of nursing days per patient. The second 
calculation, nursing days after surgery, is done similarly but only after a specific surgical treatment. 
These surgical activities have been selected by the specialists. 
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5.2.5 Validation 
The calculation of this performance indicator has been validated by checking the treatment process of 
three random patients. In this section the results of one of these patients is given, because the results of 
the other patients were similar to this. Both calculations, number of nursing days and nursing days 
after surgery, are validated congruently with the selected patient. The validation consisted of checking 
the calculated number with the actual number of nursing days. 
In Figure 29, an overview is given of the treatment process of a patient which has had four nursing 
days in total and three nursing days after surgery. In the figure the blue blocks represent the nursing 
days and the red block represents the surgery. As can be seen in Figure 29, the calculation of both 
figures is done correctly. 

Figure 29: Treatment process of one patient with 4 nursing days 

5.2.6 Results 
In this section, the results of the analysis for the performance indicator 'Number of nursing days' are 
discussed. In total, 970 mammacare patients had had nursing days, of which 669 patients were treated 
for a benign neoplasma and 301 for a malign neoplasma. First, the distributions of the nursing days per 
type of mamma neoplasme are shown. Following that the results of the number of nursing days after 
surgery are shown and analyzed. To this end the analysis provides insight into which surgeries require 
the most nursing days. 
The histogram of the number of nursing days per patient is shown in Figure 30. This histogram differs 
considerably for the benign patients and the malign patients. In Figure 30, the patients who did not 
have any nursing days have been filtered out, because this resulted in a distorted histogram. 
The average number of nursing days is for malign patients much higher than for benign patients. The 
average for malign patients is 4.1 nursing days and for benign patients is 1.3 nursing days. In addition 
to this, the variation in number of nursing days is also much higher for malign patients. Most of the 
benign patient had only one nursing day. While the malign patients could spend 1 to 5 in the hospital. 
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Figure 30: Histogram of the number nursing days per patient 

To obtain more insight in the intensity for the patient of certain surgeries, an overview was created of 
the number of nursing days per type of surgery. To this end, only the malign patients are considered, 
because these were most interesting for the mammacare specialists. In Figure 31, an overview is given 
of the number of nursing days after a particular surgical treatment. The green blocks represent the 
number of patients and the figure of interest is the number at the end of line. This number shows the 
average number of nursing days and does not differ significantly between the different surgical 
treatments. Two surgical treatments require many nursing days: 'Kleinere weinig gecompl. 
transplantatie' and 'Prim. OK-beh emstige verwondingen'. However, these were only performed for a 
few patients. Therefore, these averages cannot be regarded as reliable. Other averages are between 
three and five nursing days, thus, the type of surgery does not cause for a lot of variation in the number 
of nursing days for a patient. 

Mammacar. 

-·>.1"'- •• ,.,, • 
Figure 31: Number of nursing days after a type of surgery 

5.3 Conclusions and evaluation of process analysis 
The available data can be used to calculate a variety of performance indicators. For this graduation 
project, a considerable amount of performance indicators were defined. The indicators all related to 
process information such as throughput times, waiting times, and number of times an activity has been 
performed. For some indicators it was somewhat difficult to calculate, because essential information 
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was missing. For instance, the date at which surgery was requested. However, with some assumptions 
it was possible to give a good indication of these performance indicators. 
The performance indicators could not have been calculated without information from the specialists. 
In order to find a performance indicator which was actually meaningful for the specialists, it was 
necessary to discuss the possibilities with the specialists. They know the most about their processes 
and can tell what is important data for them to have. 
The data was not detailed enough to provide the specialists with specific treatment information. 
Examples of specific treatment information was the amount of drips given or whether a vacuum pump 
had been used. This type of information was missing in the data, making it impossible to calculate any 
performance indicator of this type. 

The evaluation of process analysis by means of visual analytics is, again, done by means of the criteria 
set in section 2.5 and 4.1. Each criteria is discussed below: 

Limited time. The results could be shown within limited time. By using visual analytics, the 
specialists were able to draw conclusions very easily. Unlike showing the results as numbers 
in tables, the visualizations can be understood within limited time. 
Fitness of process models. Is not of interest for the process analysis part. 
Positive evaluation. All specialists and managers reacted very positively to the visualizations. 
It was unclear whether other types of representation would result in similar reactions. 
However, it does show that the results were presented in an understandable way. The 
visualizations made both the medical specialists and managers aware of the performance of 
their treatment process. During the discussion of the results it became apparent, that the 
discussion was only for a small part about the data and more about the performance of the 
treatment process. By means of the process analysis, the analyst was able to detect weaknesses 
in the treatment process. Thus it resulted in more process insight and in improvement aspects. 
However, the performance indicators by itself did not result in a complete process insight, i.e. 
more information was required to obtain actual process insight. 
Simplicity. As said with the time criteria, the visualization were very easy to understand for the 
medical specialists and managers. Of course, it is important that the analyst adjusts these 
visualizations in such way that they are appealing to these people. Therefore, it should be the 
responsibility of the analyst to design understandable visualizations of the performance 
indicators. 
Interactivity. Again, the analysis was performed by means of Magna View. Therefore the same 
functionalities could be used to interactively analyze the data. The analyst was able to select, 
zoom in, and filter data that was interesting for the medical specialists and managers. 
Focus. All visualizations were available in one project file. Therefore, the analyst was able to 
focus the analysis on one particular patient, similar as with the process visualization. 
However, it was not possible to focus on one activity. 

In the next section, the results from the business case analyses are combined in order to design a 
method which supports the control and diagnosis phase. The experience gained by visualizing and 
analyzing the treatment processes of the business cases is used to design the method. 
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6 DESIGN OF THE METHOD 
The eventual goal of our investigation was to design a method for the control and diagnosis phases of 
the BPM life cycle in a healthcare environment. To do so, the results of the business case analyses 
were used. The goal of the method is to provide input for the design phase of the BPM life cycle. That 
is, the process (re)designers should be able identify what the focus of the design phase should be, 
based on the results found by means of the method. The process (re)designers generally operate in a 
multi-disciplinary team, consisting of medical specialists, managers, and quality advisors. Hence, the 
method can be evaluated according to this goal: in section 2.5 and 4.1 the criteria are described to be 
used to evaluate the analysis approaches. Here, these criteria are used to guide the development of the 
full method. In this section, these criteria are called success factors, because the criteria are the base of 
a successful method. 

The success factors are repeated here first. Next, the design of the method is described. Lastly, some 
organizational and communication aspects are considered. 

6.1 Success factors 
The evaluation of the approaches is based on a number of criteria. The success factors that can be 
defined, based on these criteria, are: 

Results should be presented within limited time 
Process models should have a high fitness 
The approach should be positively evaluated by the medical specialists and managers 
The results should be simple to understand for the medical specialists and managers. 
Interactive analysis should be possible 
The analysis should focus on certain aspects of the treatment process. 

The approaches that were used for this thesis did not comply to all these success factors. To comply 
with these success factors, a combination of process mining and visual analytics appeared to be 
feasible. The approaches are just one part of the method, because only an analysis by means of these 
approaches was insufficient to actually have an impact. Therefore a method needed to be designed. In 
the following section this method is described. 

6.2 Method 
In this section, the steps in the method are described in detail. These steps are the result of experience 
gained by analyzing the business case on the one hand and well-founded methods, such as the Two 
Crows Corporation method, on the other hand. Two important things have been added to the Two 
Crows Corporation method. Firstly, that is the analysis option which is combination of process mining 
and visual analytics. Secondly, that are the meetings with the specialists. These meetings are 
especially important because of the limited time that is available of the medical specialists. 

6.2.1 Build database 
The goal of this step is to obtain a database which can be used to explore and analyze treatment 
processes. 
The tasks that are required for building the data base are the following (see Appendix F): 

1. Contact data manager 
2. Extract data 

2.1. Define business goal 
2.2. Identify the data warehouse 
2.3.Start data collection 
2.4. Integration & consolidation of the data 

3. Transform data 
3.1.Convert to MVN-format 
3.2.Pre-analysis and pre-processing of the data 
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3.3. Create database and import data 
4. Load 

4.1. Use ProM Import tool 
4.2.Load data into Magna View 

The first task when building the database is to contact the data manager. The data manager is the 
person that is responsible for the database and the person that can give you access to the required data. 

Extract 
The extraction of the data consists of four tasks. 

1. The first tasks is to define the business goal which indicates that you know how the data is 
going to be used. Without this goal the collected data does not serve any purpose, meaning 
that any type of data may be included in the database. 

2. The second task is to identify the data warehouse you will be extracting the data from. Some 
important factors to identify are: type or name of the system, size, security requirements, and 
restrictions on use. By identifying these factors, risks and actions can be defined for extracting 
the data. 

3. Once the data warehouse has been identified, the actual data collection can start. For the 
process visualization and analysis, the data minimally needs to includes data on: the activity 
name I ID, a timestamp for the activity, an originator (name, specialism), dbc-code, and 
patient ID. Ensure that all table names are known and that the data is stored and transported 
safely. Especially in healthcare, the data contains private information that under no 
circumstance may be shared with unauthorized persons. Of course it is also possible to use 
anonymous data. However, some kind of patient identifier remains obligated. 

4. The final step is the integration and consolidation of the data. During this tasks some problem 
may occur with joining data from different tables, because of missing data or inconsistent 
data. Ensure that these problems are recorded correctly, such that future data integration and 
consolidation can be improved. 

Transform 
During the transformation of the data, the data is prepared for analysis. Three tasks need to be 
completed. 

1. The first is to convert the data to the format required by the analysis tool. In this case, this is 
the mvn-format. The mvn-format is developed at Magna View B.V. in order to support the data 
analysis activities at Magna View B.V. in the best possible way. By means of the mvn-format 
data can be stored in smaller files and can be loaded and read faster than many other file types. 

2. After converting the file to mvn-format, the data needs to be pre-analyzed and pre-processed. 
Important during the pre-analysis is to identify the important and less important activities. 
This does not need to be exclusive but some information is required. Important and less 
important activities can be differentiated based on the costs of an activities and the occurrence. 
Less important activities will cost significantly less and occur significantly less than important 
activities. The pre-analysis of the data can also result in more information on data quality 
(missing data, incorrect data, etcetera). Good data is necessary for good process visualization 
and analysis. Based on the results of the pre-analysis, the data can be pre-processed. 
Aggregation and adding time information are examples of what can be done here. 

3. The final task of the transforming is importing the data into a database from which the MXML 
file can be generated. This database should have a fixed structure so that the import tool can 
deal with it. This structure can be found in Appendix C. 

Load 
The final task that needs to be completed it the conversion to the MXML-format and the loading of the 
data. The MXML-format is required in to order perform process mining on the data. By means of the 
Prom-Import tool it is possible to convert data from databases to the MXML format. This MXML file 
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is used to perform process mining. To perform visual analytics, the data needs to be loaded in 
MagnaView. MagnaView uses the mvn-format. This file had already been created during the 
transformation phase. Therefore, this file can be loaded as data source in Magna View. 

6.2.2 Introduction session 
During the introduction session, the data should already be at hand to ensure the analyst has a good 
understanding of the data. The goal of this session is to obtain a clear view of what is expected from 
the analysis. During the session a number of things should be discussed or determined: 

1. Meet specialists 
2. Determine users 
3. Determine status of change 
4. Communicate I determine goals 
5. Determine first set of K.Pls and extra (see Performance Dashboards) 
6. Obtain information about HC program (domain knowledge) 

Ad 1. Generally, the specialists and the analyst do not know each other, whereas in the improvement 
project they need to cooperate. Moreover, the role of the analyst needs to be clear to the specialists. 
That is, the analyst only analyzes the data and bases his conclusions on this data. The analyst does not 
comprise the role of the specialists as domain specialist. On their turn, the specialists should know the 
analysis is data-based, which implies that all data is extracted from their systems. 
Ad 2. For the analyst, it is also important to know who will use the analysis tool once he has 
completed the analysis. Because the analysis should eventually be done by actors of the treatment 
process themselves. These actors (users) should be able to know how the tool works and know how to 
extract useful information from the analysis. 
Ad 3. During the session, it should become clear what the status is of possible improvement or change 
projects for this treatment process. This will be referred to as status of change, which is the level of 
change that has already been accomplished for the treatment process. Each treatment process can be in 
a different stage. For instance, compare a treatment process for which a project team has only been 
working for one month which is primarily looking at the possible process improvements with a 
treatment process for which a team has been working for two years and significant improvement has 
been made. 
Ad 4. The status of change determines the goals that need to be set for this analysis. With concord 
between the specialists and the analyst these goals need to be determined and stated to the entire team. 
Ad 5. Once the goals have been set, a first set of performance indicators can be determined. Medical 
specialists often know which indicators they would like to have calculated. The analyst can then 
determine what might be possible by means of the available data. The analyst should retrieve as much 
information about these performance indicators so that the calculation matches the expectations of the 
specialists. 
Ad 6. In addition to the information about the performance indicator, domain knowledge is required in 
order to communicate effectively with the specialists. This domain knowledge can be obtained during 
this introduction session, but can also be obtained by reading information or observing the treatment 
processes. 

6.2.3 Preliminary analysis 
The preliminary analysis consists of a number of steps: 
1. All activities 
2. First activities 
3. Final activities 
4. Patterns (sequential) 
5. Patterns (grouped) 
6. Process mining results 
7. Centered act with patterns (sequential) 
8. Centered act with patterns (grouped) 
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9. Centered act (I) 
10. Centered act (3) 
I I. KPI 

I I. I. 
I I .2. 
I 1.3. 

General information 
Overview 
Results 

I I.4. Validation (process analysis) 

In the following section, all steps are explained in more detail. During the analysis, the analyst should 
always stay close to what the specialists know and to their experiences. Otherwise the specialists do 
not know how to interpret the results or what could be done with the results. 

I. All activities 
The first step in the analysis is to generate an overview of all activities found for a particular treatment 
process. In Figure 32, the overview of all activities for one treatment process is presented as it was 
generated in Magna View. The analyst is able to interactively analyze the data by means of filters so 
that certain activities can be excluded from the analysis. 

Figure 32: Magna View overview of all activities 
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2. Initial activities 
An overview of the initial activities of a treatment process can provide information on how patients 
enter the treatment process. The overview is similar to Figure 32, but here the initial activities are 
shown. Again the analyst can select the activities that are of interest and can also select those activities 
that are allowed as initial activity. By selecting the allowed initial activities, patients can be classified 
based on whether their treatment process complies with the selected initial activities. Then, these 
patients can be analyzed as a separate group. 

3. Final activities 
Similar to the initial activities, an overview of the final activities provides insight into the discharging 
process of patients. When a specialist requires that a patient always has a consultation before leaving 
the hospital, this analysis can provide insight into the activities that were performed last. The overview 
is similar to Figure 32, and the same filtering I selection can be applied to the data. 

4. Patterns (sequential) 
A pattern is defined as a ordered set of activities for a certain treatment process, as defined in section 
4.3.1. By ordering these patterns sequentially (chronological order), an overview can be given of the 
level of variation within a treatment process. In Figure 33, all sequential patterns for one treatment 
process are shown. 

566 

Figure 33: Sequential patterns of a treatment process 

Two factors indicate the level of variance for a treatment process. The first factor is the slope of the 
graph. A steep graph indicates there is little variation in a treatment process, while a flat graph 
indicates considerable variation. In Figure 33, the slope of the graph is rather steep at the top and 
flattens as it moves down the graphs. This shows that more variance can be found in the bottom of the 
graph. The second factor is the number of patterns found with respect to the number of treated 
patients. This can be considered as the percentage of unique patterns. A high percentage indicates a 
high level of variation, while a low percentage indicates a low level of variation. In Figure 33, 566 
patterns are identified for 719 patients, resulting in 78% unique patterns. Thus a high level of variation 
is found for this treatment process. 
Based on Figure 33, two actions may be taken, namely standardization and variation reduction. The 
top part of the graph represents patients which have a rather simple treatment process. For this part of 
the graph it might be possible to standardize the treatment process as much as possible. By analyzing 
the patterns in the top part of the graph certain standard activities might be detected which then can be 
used to standardize the treatment process. The bottom part of the graph represents patients with a very 
complex treatment process. By analyzing this part of the graph, one may find out that certain activities 
were unnecessary and actions can be taken to prevent this from happening for other patients too. By 
identifying these variations specialists can be made aware of them so that they can prevent these 
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variations. It is difficult to determine what can be considered as the top and bottom part of the graph. 
For this method, the bottom 20% and the top 30% is taken into account. 
A number of options are available to focus the analysis on interesting parts of the treatment process. 
The first option is to filter out any unnecessary activities. By selecting only those activities that the 
analyst requires, the number of patterns may reduce and the analysis can focus on parts of the 
treatment process that are important for the analyst. The second option is to visualize the patterns for 
only part of the DEC-codes. There can be significant differences between DBCs. For instance, the 
treatment-code 101 requires only polyclinical activities. While the treatment-code 203, requires both 
poli-clinical and clinical activities such as nursing days. By selecting only part of the DEC-codes, the 
variation for each of the dbc-codes can be visualized and analyzed. This makes it easier to standardize 
part of the treatment process or reduce variation for a part of the treatment process. 

5. Patterns (multi-set) 
Similar to the sequential patterns, the multi-set patterns can be used to visualize the variation within a 
treatment process .. In Figure 34, all multi-set patterns are shown for one treatment process. The data 
included in this figure is similar to the data used for Figure 33. 

Similar analyses can be performed with the multi-set patterns as with the sequential pattern. In 

Figure 34: Multi-set patterns for a treatment process 

addition to these analyses, the multi-set patterns show more information about the number of activities 
of a particular type. For instance, it is much easier to detect variation in the number of consultation 
meetings. In Figure 34, the green blocks represent these activities and one can see that significant 
variation exists in the number of consultation meetings per pattern. 

6. Process mining results 
Process mining is described in section 2.3.2. An example of a process model is shown in Figure 35. 
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Figure 35: Example process model 

6 

Whether the process model is useful as a representation of the actual treatment process depends on the 
fitness of the process model. A high fitness shows that the model is an actual representation. Process 
models with a low fitness can be used to show the level of variation in the treatment process. 
Mostly, the process model needs to adjusted to make it more readable, because most of the process 
models in a healthcare are too complex. The adjustments can be made in two ways, filtering and 
clustering. Filtering results in smaller process models, because activities are filter out of the model. 
Filtering can be performed in two ways, automatically and manually. An automatic filter, such as the 
'enhanced event log filter' in Prom, can be use to filter out activities with a low occurrence. By 
manually filtering the activities, the most important activities can be left in the analysis while filtering 
out the less important ones. The importance of an activity can be determined by the medical 
specialists. Clustering can result in process models with a higher fitness, because patients with similar 
patterns are clustered together. The clustering algorithm that can be used is the Self-Organizing Map 
(SOM) algorithm. 

7. Centered activity with sequential patterns 
An alternative to the patterns shown in step 4 and 5, is to visualize the patterns before and after a 
specific activity. In Figure 36, an example of this visualization is shown. In this figure, one activity is 
selected and shown in the center of the view (yellow blocks). On both side patterns that occurred 
before and after the selected activity are shown. These patterns on the right side are directly related to 
the pattern on the left side of the center activity. Thus, the treatment process of a patient can be read 
from left to right in Figure 36. 
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Figure 36: Example sequential patterns with centered activity 

By means of this analysis, the analyst can determine and show the position of certain activities within 
a treatment process. For instance, specialists may argue that a particular test is always performed at the 
start of the treatment of a patient. Such statements can either be confirmed or countered by means of 
this analysis. This type of analysis also enables the analyst to determine when, for instance, surgery is 
performed. And in particular, whether certain activities, like specific diagnosis actions, are performed 
before surgery. 
In Figure 36, the patterns after the centered activity are direct! y related to the patterns before the center 
activity. This enables the analyst to visualize the correlation between number of activities before the 
centered activity and the number of activities after this activity. For instance, one might expect that 
patients for which the centered activity was performed early in the treatment process, normally, have 
more activities in the pattern after the centered activity. 

8. Centered activity with multi-set patterns 
Similarly to step 5, multi-set patterns can be used in analyses with a centered activity. The same type 
of visualization is used as in the previous step. An example can be found in Figure 37. The same 
centered activity is shown, however now, similar activities are grouped within the patterns,. 
The centered act with mulit-set patterns can be used to analyze the number and type of activities 
performed before and after a centered activity. 

Figure 37: Example multi-set patterns with centered activity 
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9. Centered activity with causal relations (1 step) 

The previous two steps focused on the entire treatment process of all patients in order to obtain more 
information on the position of an activity and the variation around that activity. In step 9, the focus is 
on local parts of the treatment process, namely, activities directly before and after the centered 
activity. In Figure 38, an example is presented of such an analysis. In the center of this figure, a 
selected activity is shown. On the left, all activities are shown that were performed directly before this 
centered activity and on the right the activities directly after it. The size of the categories shows the 
frequency of the activity before the centered activity. In Figure 38, this means that 'Klinische chemie' 
was performed most frequently before the 'Enkel/voet/tenen' and 'Herhaalbezoeken' was performed 
most frequently after this activity. 

Figure 38: Centered activity with causal relations (1 step) 

For each treatment process, there are certain activities which are more important than other activities. 
By means of this analysis it is possible to determine the correlation between these important activities 
and other activities, whether more or less important. For instance, this analysis might reveal that 50% 
of all patient have had blood tests before a X-ray. Based on this analysis the specialists might decide to 
do this for every patient to standardize the treatment process more. 
It also possible to validate statements of specialists. For instance, for the mammacare treatment 
process, the specialists claimed that every patient underwent an 'Echografie' and a 'Mammografie'. 
However, the analysis showed that only 40% of all patients underwent both radiology tests. 

10. Centered activities with causal relations (3 steps) 
For this step, the analysis of step 9 has been broadened such that three, instead of one, activities are 
shown before and after the centered activity. An example of this analysis is shown in Figure 39. 
Again, the size of each category shows the frequency. The figure can be read from the center to the 
sides. 
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Figure 39: Centered activity with causal relations (3 steps) 

In addition to the insights that could already be obtained by means of the previous step, this analysis 
can show the analyst more information about local patterns in the process. Previous analyses provided 
information on patterns for the total treatment process . This analysis can provide information about 
patterns of, for instance, three activities. In Figure 39, patterns can be detected before the centered 
activity which consists of three activities, namely 'Klinische chemie', 'Ordertarief' and 'Verpleegdag 
klasse 3A'. 
The advantages of this type of analysis in comparison to process mining is that this analysis shows all 
ordering relations between the activities, while process mining filters out some ordering relations. For 
process mining, the filtering of certain ordering relations results in more readable process models. 
However, the 'centered activity' analyses result in more information on all the ordering relations and 
enable the analyst to focus on local parts of the process. 
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11. Key Performance Indicators 
For all key performance indicators, similar steps can be made to ensure a good result. In general, the 
analysis tools should allow easy computation of indicators derived from a general set. Typical 
questions by specialists and managers have the form 'throughput time from treatment X to treatment 
Y' ; 'percentage treatment X when treatment Y was carried out' . General templates for such indicators 
should be available, but need to be set for each DBC or group of DBC's, because specific programs 
have specific demands. 
Note that this is contrary to the working practice that performance indicators can be set for 'health 
care' in general, or for all treatments process in a hospital in order to be able to compare these. A more 
fine-grained approach is necessary. 
The steps that can be performed for every performance indicator are: 

Define indicator; 
Calculate indicator; 
Validate indicator; 
Analyze indicator and present results. 

a. Define indicator 
Before calculating a performance indicator, the performance indicator needs to be created/determined, 
i.e. the set of indicators needs to be determined. This needs to be done with concord between the 
medical specialists and the analyst. By means of a short interview, the analyst can determine what 
indicators are important for the specialists and other actors. Normally, this is done during the 
introduction session or shortly after that by interviewing the actors. 

b. Calculation 
The calculation of the performance indicator should be as clear as possible. Both the analyst and the 
actors should know how the performance indicator is calculated. 

c. Validation 
The analyst needs to validate the calculations before the outcomes of it can be presented to the medical 
specialists and managers. How the calculations are validated depends on the type of indicator. Most of 
the indicators calculated for this thesis could be validated by means of case analyses. These case 
analyses were done by means of the patient specific process visualization which are shown in section 
5. 

d. Analyze indicator and present results 
After the calculation of the performance indicators, they can be analyze into detail. Conclusions that 
can be drawn from the analysis can then be presented to the specialists and actors. In order to do this 
as effectively as possible the following information should be presented for each performance 
indicator: 

1. General information 
2. Overview 
3. Results 
4. Validation (process analysis) 

The order 1-4 is important, because it guides the specialists and actors through the calculation process. 
1. Firstly, some general information needs to be given about the performance indicator. Information 
such as reason for calculation, definition of the indicator, etcetera. 
2. Following that, an overview of factors involved with the performance indicator can be shown. For 
example for the performance indicator waiting time till surgery, the overview can show information on 
the number of patients that had surgery or the type of surgeries performed for the treatment process. 
3. Thirdly, the results can be presented. A number of presentation methods can be used for this. 
Important is to choose one that appeals to the actors. 
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4. Lastly, the results need to be validated. The actors will respond to the results, either positively or 
negatively, and by validating the results the actors can be convinced of the calculation and possible 
errors. Errors are part of calculation and the actors should be made aware of any errors that are present 
or assumptions that are made. 

6.2.4 Preliminary meeting 
The preliminary meeting is held with a small group of actors, for instance medical specialists, who 
have an thorough understanding of the treatment process. The group should not be larger than three 
persons. Otherwise, the meeting can result in a lot of discussion without tangible results. The goal of 
this meeting is to inform the actors about the current status of the analysis and to receive feedback on 
the preliminary analysis. The preliminary meeting should be divided in three phases. 

1. introduction, 
2. selection, and 
3. closure. 

Ad. 1 Introduction 
During the introduction, the actors are made familiar with the method and the results it offers to them. 
First thing that should be done is to explain the method. The actors should know what the results of the 
method are and why the steps in the method are important for them. After explaining the method, the 
results from the preliminary analysis can be discussed with the actors. This should be an open 
discussion in which both the analyst and the actors can comment on the results. 
The feedback received from the actors can be used to improve the preliminary analysis. During this 
discussion, the actors might identify 'errors' in the analysis or data which can then be excluded or 
corrected for the following analysis. In order for the method to have more effect, the last thing of the 
introduction is to let the actors interactively 'play' with the tool. The tool is designed in such way that 
a lot of interaction is possible and the actors should be made aware of this so that they could 
eventually use the tool themselves without the help of the analyst. 

Ad 2. Selection 
Once the actors have been introduced to the method and have been shown the preliminary results, the 
next phase can start. Which is the selection phase. During this, a selection is made of the. Which then 
can be presented during the final meeting step of the method. The selections that can be made are: 

activities that do not belong in treatment program 
activities that are mandatory in treatment program 
outliers (on average +40% activities, bottom/top patterns, patients with unacceptable 
activities) 

The first two selections can be used to show the actors what is recorded for the treatment process and 
how this differs from the actual treatment process. Often, the recorded data does not match the 
expectations of the actors, and therefore it is important that this is done correctly. The last selection are 
the outliers. Outliers can affect the outcomes of the analysis negatively. By selecting these outliers and 
possibly excluding these from the analysis, the analysis can be made 

Ad 3. Closure 
During the final phase of the preliminary meeting (closure), follow-up steps are determined. Steps that 
can be taken are: calculating specific performance indicators, or focusing the process visualization and 
analysis on specific aspects of the process. The actors might want more information about their 
performance, which means that more performance indicators are required. At the end of the 
preliminary meeting, these can be determined together with the actors. It also possible that the actors 
found the process visualization and analysis too broad. For instance, for the mammacare treatment 
process, the actors were especially interested in the malign patients' treatment processes. Any other 
follow-up steps should be determined at this point, because in the final meeting, there is less room for 
making these adjustments. 
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6.2.5 2"d analysis (with adjustments) 
The second analysis is an adjusted version of the preliminary analysis, based on the preliminary 
meeting. Different data might be used, performance indicators might be added or the analysis might 
need to be focused. Still, the analysis will consist of the same parts as the preliminary analysis. 

1. All activities 
2. First activities 
3. Final activities 
4. Patterns (sequential) 
5. Patterns (grouped) 
6. Process mining results 
7. Centered activity with patterns (sequential) 
8. Centered activity with patterns (grouped) 
9. Centered activity with causal relations (1 step) 
10. Centered activity with causal relations (3 steps) 
11. KPI 

11.1. General information 
11.2. Overview 
11.3. Results 
11.4. Validation (process analysis) 

6.2.6 Final meeting 
The final meeting is held with the entire team. All actors, specialists, managers, pathologists, etcetera, 
should be present during this meeting. The goal of this meeting is to inform the team about the results 
of the analysis, to evaluate the analysis, and to determine follow-up actions that need to be taken. 
Steps that are required during the final meeting are: 
1. Present & discuss results 
2. Receive feedback on results 
3. Determine which goals are reached 
4. Determine follow-up steps 

Ad I. 
During the final meeting, the analyst should present the results of the analysis to the team. The analyst 
should ensure that all actors understand what is shown, because some of the process visualizations 
might be rather overwhelming at first sight. The analyst should take some time to let the actors 
understand what is shown. It depends on the analyst whether the discussion of the results takes place 
during the presentation or after it. However, this should always be part of the presentation, because 
this gives the actors the opportunity to respond to any claims made in the presentation. Such 
discussion will lead to feedback on the result. This feedback can then be used to improve future 
analysis of treatment processes. 
One thing that should be kept in mind is that a senior analyst is present during the presentation. When 
a junior analyst presents the result, he might be overwhelmed by the experienced specialists and, in 
addition to that, the specialists might feel less urged when the results are presented by a junior analyst. 
Once the results are presented and the discussion is finished, the analyst can shift focus to the goals 
that were set at the beginning of the project. The medical specialists and managers determine the value 
of the results mainly by means of these goals. When these goals are not reached of the results do not 
provide enough information for these goals, both the specialists and managers will not feel urged to 
continue with the results. 
At the end of the session, it is possible to determine any follow-up steps that can be made after this 
project. This may be some form of standardization or reduction the variability in the treatment process. 

Pagina 55/95 



6.2. 7 Documentation 

Once the analysis project is finished, the actors should be able to read back the results that were 
presented to them. In addition to that, they should also be able to analyze the data themselves. Two 
options have been created. The first option is a project document. In this document all the analysis 
results are shown and discussed. The second option is the MagnaView project file. This file contains 
all the data and all the analyses that were performed. This project file is created in such a way that it 
can be used interactively. This enables the actors to perform the analysis themselves or repeat the 
analysis after a while with new data. 

Project document 
The content of the project document is stated below. The project document is based on the analysis 
step that have been described earlier in this graduation report. 

1. Project document 
I.I.Summary (max 1-2 pages) 
1.2. General information 

1.2.l.Goals 
1.2.2. Target group 
1.2.3.Data 

1.3.List of all activities 
1.4.List of first activities 
1.5.List of final activities 
1.6.Most important patterns 
1.7.Most important process mining results 
1.8.Most important Center view 
1.9.KPis 

1.9.l.General information (calculation etc) 
1.9.2.0verview 
1.9.3.Results 
1.9.4.Validation 

1.10. Conclusions 

The report is generated mostly automatically . A standard structure was designed for a report which contains all 
visualizations, analyses and values of performance indicators. To this, the analyst can add evaluative comments. 
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7 EVALUATION OF THE METHOD AS PROOF OF CONCEPT 

As described before, the goal of this project was to come up with a proof of concept for a method for the 
control and diagnosis phases of the BPM life cycle in a healthcare environment. The goal was not to 
validate the method, nor was the goal to come up with results for the execution phase which could prove 
that the method was properly designed. In chapter 2, a description is given of how the method would 
be evaluated, notably a number of criteria are given. In the current chapter, the method will be 
reviewed with respect to these criteria. In order to do so, firstly, the planned evaluation is considered 
w .r.t. the criteria mentioned in section 2.5 and 4.1. Next, the content of an interview with hospital staff 
is reported on. Then, a discussion is given on the relation with the execution phase: some remarks are 
in order. Lastly, there is some 'circumstantial evidence' that the method indeed succeeded as a proof 
of concept. 

In general, it is acknowledged that a proper, methodical evaluation of the method is not presented here. 

7 .1 Evaluation of the business cases 

The design of the method is based on a number of factors that were found during the analyses of the 
business case. The criteria that are used to evaluate the method are: 

7. Results should be presented within limited time 
8. Process models should have a high fitness 
9. The approach should be positively evaluated by the medical specialists and managers 
10. The results should be simple to understand for the medical specialists and managers. 
11. Interactive analysis should be possible 
12. The analysis should focus on certain aspects of the treatment process. 

Ad 1. The method is designed in such way that the analysis is done separately from the medical 
specialists and managers, as much as possible. There are three meetings included in the method. 
Firstly, the initial meeting, which is required to determine the goals of the analysis. Secondly, the 
preliminary meeting, which is required to redirect the analysis where necessary. This meeting is held 
with only a small group, maximally three persons, so that limited time is required from the entire team. 
Lastly, a presentation meeting is required to present the results to the medical specialists and 
managers. Both process mining and visual analytics require limited time for the presentation of the 
results. Therefore these approaches do not restrict the analyst during the presentation of the results. 
Ad 2. The usability of the process models, generated by process mining, highly depends on the 
treatment process. As said some of the treatment processes were simple enough so that process models 
could be generated with a high fitness. However, the analyst should always consider the fitness when 
presenting process models to specialists. 
Ad 3. Both medical specialists and managers responded very positively to the method and the results 
that were shown. The combination of process mining and visual analytics resulted in much more 
process insight and improvement aspects than with the approaches applied separately. The basics of 
process mining visualized by means of visual analytics provided the medical specialists and managers 
with more improvement aspects and made them even more aware of their treatment processes. The 
basics there appeared to be useful were: 1 ' 1 activities, last activities, causal relations, and state 
transitions. 
Ad 4. While, process mining resulted very useful results , the visualizations (process models) too 
difficult for the medical specialists and managers. They found the process models difficult to read and 
did not result in actions from them. The combination of process mining and visual analytics was much 
simpler for the specialists and managers to understand. These visualizations led to discussion and they 
made the specialist rethink about their treatment processes . 
Ad 5. The analysis is mainly made separately from the specialist. This is caused by the fact that 
medical specialists have limited time available (criteria 1). Due to this reason, it becomes even more 
important to interactively analyze the data when the results are shown to the medical specialists. 
MagnaView enables the analyst to interactively analyze and present the data. By means of filtering 
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and selection options, the analyst is able to respond to any comments made by the specialists and 
managers. 
Ad 6. By means of the combination of process mining and visual analytics, the analyst is able to focus 
on both specific activities and specific patients. This criteria directly follows from criteria 3, a positive 
evaluation is required. Since specialists have their own ideas about what information is important, the 
results of the method should match these ideas. Aspects of the treatment processes that can be 
visualized by means of the combination are: causal relations of one specific activity and patterns 
before and after one specific activity. Both aspects can be visualized in different ways and can be used 
to focus on for instance a surgical activity in the treatment process. 

7 .2 Interview 
An interview was held with an innovation manager at the hospital of the business case. In this 
interview, the manager responded very positively to the outcomes of the graduation project. The 
manager stated that the method was useful for a number of reasons. Firstly, the results of the method 
were useful to start the discussion with the specialists. Normally, the opinion of the specialists are 
leading in a discussion. The analysis part of the method provides more concrete information about the 
treatment process, leading to a discussion that is more focused. Secondly, the method can be used as 
both zero-measurement and as controlling measurement. Currently, the method is only used as zero 
measurement. However, in the future it can also be used to visualize the performance of the treatment 
process with respect to the agreements made. Thirdly, the manager said that the method could be 
performed for multiple treatment processes, indicating the general applicability of the method. 

7 .3 Relation with execution phase 
The two phases of the BPM life cycle on which this project has focused, control and diagnosis, both 
have their own characteristics. Tools for both phases require different measurements. In the control 
phase, the main concern is monitoring running processes. A monitoring tool should offer information 
about both individual cases and aggregations over cases. In the diagnosis phase, the information 
collected in the control phases is used to reveal weaknesses in the process. 
The information gathered in the control phases can be both input to the execution phase and to the 
diagnosis phase. Most information is gathered by means of performance indicators. These indicate 
whether the performance of the process is at the required level. When this shows small temporary 
problems such as a bottleneck requiring extra capacity, this can be considered as input to the execution 
phase. When the information shows that problem are enduring, for example long waiting times or a 
high number of nursing days, it can be considered input to the diagnosis phase. 
Information from the control phase is required to focus the diagnosis phases. Problems or bottlenecks 
detected in the control phases are required so that in the diagnosis phase the analyst knows what 
should be analyzed more closely. The method, although focused more on the diagnosis phase, 
completely facilitates this. The KPI section (step 11) provides information on the problems or 
bottlenecks and the general patterns and patterns with a centered activity (step 4 - 10) provide 
information about the process. Step 4 till 10 offer the analyst the possibility to focus on the level of 
detail required to analyze the problem/bottleneck. 

Van der Aalst, Netjes, and Reijers (2007) focus on the transfer of information from the diagnosis 
phases to the design phase. They state two problems to overcome. First problem is that the completion 
of the diagnosis phase is completely disconnected from the (re)design of the processes. This means 
there is no system that can automatically interpret information stored in event logs and use this to 
(re)design the processes. The second problem is that the available tools are too difficult to actually 
provide (re)design possibilities. The goal of the diagnosis phase, yet, still remains to provide input for 
the design phase. 
The designed method is not able to provide an automatic input to the (re)design phase. However, one 
might wonder whether this is possible in a healthcare environment. Firstly, healthcare has to deal with 
a considerable amount of regulations and the fact that human beings are treated. It is impossible for 
automatically generated solutions to take everything into account. For instance, whether the redesign 
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would result in a higher death rate of the treatment process. Secondly, treatment process are so 
complex that automatically generating process models by means of process mining becomes rather 
difficult. Automatic input might only be possible for very simple treatment processes. However, even 
for these processes it is not clear whether any automation is possible. The focus of this graduation 
project was not on designing an automated method. Rather, the method should support the control and 
diagnosis phase. Therefore further research is necessary to find out more about this issue. Note here, 
that these all the above is not related to the implementation of a (re)design. 

7.4 'Circumstantial' evidence 

Some 'circumstantial' evidence is available which shows the usability of the method and the 
approaches. 

Magna View 
The method that has been designed during this graduation project will be offered as a service by MagnaView 
B.V. This shows the great potential of the method, despite the fact that it has not been validated yet. Magna View 
will work according to the designed method and will use the new analysis options to visualize and analyze 
treatment processes. These new analysis option, centered activity with patterns/causal relations is implemented 
in the MagnaYiew tool. This tool is also part of the products that MagnaYiew B.V. will be offering to their 
customers. 
The fact that MagnaYiew is willing to work according to the method and offers the tool with the new analysis 
options shows that the outcomes of this graduation project are usable in practice. 

Survey 
During the survey, held with hospitals in the Netherlands, it became apparent that many of the 
hospitals could benefit from the method. The use of process information in the hospitals appeared to 
be limited. There were even hospitals(+/- 15%) that only measured the obliged performance 
indicators, which are governmentally regulated. The survey also showed that many hospitals were 
very interested in the method. In addition to this , the hospital of the business cases agreed to continue 
implementing the method and tools in their hospital. This shows that there is a need for the method 
designed in this project. 
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8 CONCLUSION 
The goal of this thesis was to design a method for the control and diagnosis phases of the BPM life 
cycle in a healthcare environment. In this method, data-based approaches should be used to visualize 
and analyze treatment processes. In order to reach this goal, a business case, consisting of two 
treatment processes, was analyzed. Based on the results of this business case and the experience 
gained, the method was designed. In this, conclusions with respect to design of the method are 
denoted. 

During this graduation project a data-based step-wise method has been successfully designed for the 
control and diagnosis phases in healthcare. The designed method consists of seven steps of which a 
more detailed description can be found in section 6. A method that is designed for this purpose should 
comply to six criteria: 

l. Results should be presented within limited time 
2. Process models should have a high fitness 
3. The approach should be positively evaluated by the medical specialists and managers 
4. The results should be simple to understand for the medical specialists and managers. 
5. Interactive analysis should be possible 
6. The analysis should focus on certain aspects of the treatment process. 

The first three criteria were set beforehand. The last three came about during the analysis of the 
business cases. These criteria can be considered as essential characteristics for method such as 
designed in this thesis. The two approaches, process mining and visual analytics, used in the method to 
visualize and analyze the treatment processes did not comply to all criteria. Therefore they needed to 
be combined. 
The combination of both approaches is used as part the analysis steps of the designed method. For this 
combination, the basics of process mining are visualized by means of visual analytics. These basics 
are: 1 si activity, last activity, causal relations, and state transitions. These basics were visualized 
because they contain valuable information about the processes. The combination consists of an 
visualization in which one activity is positioned centrally and causal relations and patterns related to 
this activity are shown. This combination had a positive effect on the outcomes of the analyses in the 
method. Medical specialist were able to understand the visualizations more easily. Moreover, the 
combination complied more to requirements of the specialists. 
Although the method has not been validated, it can be said that the method was designed successfully 
as a proof of concept, because the method was applied in a healthcare environment and was positively 
evaluated by both medical specialists and managers. 

The initial goal of the thesis was to design a method for both the control and diagnosis phases of the 
BPM life cycle. However, during the project the emphasis was more on the diagnosis phase than on 
the control phase. A method for the control phase would contain more monitoring options or tools. 
Whereas, the method designed during this project focused more on tools which could provide 
information about the structure of treatment processes. The combination of the process mining and 
visual analytics approach resulted in visualization options that are more related to activities in the 
treatment process and the relations found between these activities than that they are related to the 
monitoring of treatment processes. 
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9 FUTURE RESEARCH 
For this graduation project a method has been designed which facilitates the control and diagnosis 
phases of the BPM life cycle. As for data analysis, the method combined two approaches, process 
mining and visual analytics, in order to comply with the requirements of the control and diagnosis 
phases. The combination of the two approaches results in a much broader insight in the treatment 
processes and their performance. 

Validation 
The method has not yet been validated . Therefore, future research should aim at the validation of 
the method. The validation can be done in several ways. The first option is to test the method for 
similar treatment processes at other healthcare organizations. The second option is to validate the 
method by analyzing other treatment processes (for instance gynecological oncology or 
hypertension), using the method. A third option is a combination of the previous two options, 
namely different treatment processes at other healthcare organizations. All options are possible, 
because of the dbc-codes. Each treatment process is connected to specific dbc-codes, making it 
easy to select similar data and treatment processes for the validation. 
From march 2009 onwards, a project at AMC, University of Amsterdam, has validation of the 
method as its aim. 

Benchmarking 
The information acquired during analyses by means of the method, becomes even more useful 
when a benchmark is performed. The results from the analyses can then be compared between 
hospitals. Which will provide insight into the performance of a particular treatment process in 
respect to similar treatment processes at other healthcare organizations. This results in much more 
valuable information for the treatment process actors. 

Organizational mining; social network mining 
In addition to the validation of the method, future research should also focus on the application of 
other aspects of process mining. The designed method focused on the process and case 
perspective. While future research should focus on the organizational perspective. Several 
techniques are available that address this perspective, for instance organizational mining and 
social network mining (Van der Aalst et al, 2006; Song and Van der Aalst, 2007 in Mans ct al, 
2008). These techniques may also be combined with the visual analytics approach so that it can be 
more useful in a healthcare environment. Future research should also focus on other techniques 
that arc used for the case and process perspccti ve, such as the fuzzy miner (Giinter and Van der 
Aalst, 2007) or the genetic algorithn1 miner (Alves-Medeiros, 2006). 

Focused Process Mining 
In healthcare, specialists and other actors want to focus on specific parts of the treatment process. 
Therefore future research should also focus on the application of focused process mining . The 
two-step approach (Van der Aalst et al , 2008) is an example of this. By focusing on the states a 
process can be in, this approach tries find more information about specific parts of a process. Perhaps 
mining techniques such as the heuristics miner or the fuzzy miner can also be used to focus on 
certain parts of a process. 

Integration 
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Another option for future research is to combine process mmmg and visual analytics more 
extensively. A number of possibilities may be useful to include in future research. For instance, 
coloring events in a process model to indicate the importance of the events (see Figure 40). In 
addition to the coloring, one can imagine that users should be able to interactively select the 
important and less important events and should be able to filter out the events directly in the 
process model. Another option is to include histograms of the occurrence of an event in the 
process models. 

Figure 40: Example coloring of events in process model 
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12 APP EN DIX B 

101 Conservatief poliklinisch 
102 Conservatief met dagopname(n) 
103 Conservatief met klinische episode(n) 
104 Enkelvoudig poliklinisch conservatief 

201 Operatief poliklinisch 
202 Operatief met dagopname(n) 
203 Operatief met klinische episode(n) 
204 Enkelvoudig poliklinisch met verrichting 
206 KZD Operatief met klinische episode(n) 

mn· 1Jilf1:~im1i-li'"!1f1119]:1,i:lW~1W' .• S'E'\)l!!iJji;F''''P'"B -,::'':: . :_ ;:w,;;_~/ '"' &\Ut , __ ,_" ____ j,, _,~x ---·-A---A --' --"----'// , ' ~A,<- ,,;,-_____________ _ ~/ '-~~~~~d.. -~ 
301 Operatief-endotechniek poliklinisch 
302 Operatief-endotechniek met dagopname(n) 
303 Operatief-endotechniek met klinische episode(n) 
306 KZD operatief-endotechniek met klinische episode(n) 

{• ~.&~: ' 
401 Dubbelzijdig operatief poliklinisch 
402 Dubbelzijdig operatief met dagopname(n) 
403 Dubbelzijdig operatief met klin ische episode(n) 
406 KZD dubbelzijdig operatief met klinische episode(n) 

502 
503 

506 

Screening/voorbereiding transplantatie ontvanger 
620 Screening/voorbereiding transplantatie levende donor 
633 Transplantatieoperatie ontvanger 
643 Transplantatieoperatie levende donor 
650 Nazorg transplantatie ontvanger 
660 Nazorg transplantatie levende donor 
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13 AP PEN DIX C 

Figure 41: MXML format 
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Figure 42: ER diagram MXML tables 
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15 APPENDIX E 

Afwce,zigheidsdag 

8eha ndelingen 

8ezoek 

Diagnose, 

Operaties 

Opname 

Verplee.gdag 

Figure 43: Legend color schemes 
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Figure 44: Color legend activities 
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Figure 45: Treatment process of a patient (21 days waiting time) 

Figure 46: Treatment process of a patient (31 days waiting time) 
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16 AP PEN DIX F 
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Figure 47: ETL process 
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17 APPENDIX G - METHOD 
17.1 Data 
1. Contact data manager 
2. Extract 

2.1. Data warehouse 
2.2.Data collection 
2.3.lntegration & consolidation 

3. Transform 
3.1.Business goal 
3.2.MVN-format 
3.3.Pre-analysis and pre-processing 
3.4.MXML-format 

4. Load 
4.1.ProM Import tool 

17.2 Intro session 
1. Meet specialists 
2. Determine users 
3. Communicate I determine goals (in correspondence with specialists) 
4. Determine status of change (to what extent are they working on process improvement) 
5. Determine first set of KPis and extra (see Performance Dashboards) 
6. Obtain information about HC program (domain knowledge) 

17 .3 rt analysis 
12. All activities 
13. First activities 
14. Final activities 
15. Patterns (sequential) 
16. Patterns (grouped) 
17. Process mining results 
18. Centered act with patterns (sequential) 
19. Centered act with patterns (grouped) 
20. Centered act (1) 
21. Centered act (3) 
22. KPI 

22.1. 
22.2. 
22.3. 
22.4. 

General information 
Overview 
Results 
Validation (process analysis) 

17.4 Preliminary meeting 
Introduction 
1. Explain (calculation) method 
2. Discuss initial results 
3. Let actor(s) interactively 'play' with tool 

Selection 
4. Select activities that do not belong in treatment program 
5. Select activities that are mandatory in treatment program 
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6. Determine outliers (gem +40% activities, bottom/top 20% patterns, patients who miss activities, 
patients with unacceptable activities) 

Closure 
7. Determine follow-up steps 

7.1.Extra KPis 
7.2.Focus process visualization I analysis 

17.5 2"d analysis (with adjustments) 
1. All activities 
2. First activities 
1. Final activities 
2. Patterns (sequential) 
3. Patterns (grouped) 
4. Process mining results 
5. Centered act with patterns (sequential) 
6. Centered act with patterns (grouped) 
7. Centered act (I) 
8. Centered act (3) 
9. KPI 

9. I. General information 
9 .2. Overview 
9.3. Results 
9 .4. Validation (process analysis) 

17.6 Final meeting 
1. Present results (ensure people understand what they see) 
2. Discuss results 
3. Receive feedback on results 
4. Determine which goals are reached 
5. Determine follow-up 

17.7 Documentation 
1. Project text file 

I.I.Summary (max 1-2 pages) 
1.2.General information 

1.2. I .Goals 
I .2.2. Target group 
1.2.3.Data 

1.3. List of all activities 
I .4. List of first activities 
1.5.List of final activities 
I .6. Most important patterns 
1.7.Most important process mining results 
1.8.Most important Center view 
1.9.KPis 

1.9.1.General information (calculation etc) 
I .9.2.0verview 
1.9.3.Results 
1.9.4.Validation 

I. I 0. Conclusions 
2. Project file Magna View 
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18 APPENDIX H - LITERATURE STU DY 
Treatment processes have always been difficult to control due to complications that can occur during a 
treatment. Consider for instance the treatment of a heart patient which needs Percutaneous 
Translurninale Coronary Angiography. Normally, the patient is checked one hour before surgery. At 
this checkup, the patient's condition appears fine, but 30 minutes later the patient is not feeling well 
and the nurse notices a large drop in the patient's blood pressure. After noticing this, the necessary 
actions are taken and the patient feels well within 15 minutes. The sudden change in the patient's 
conditions could not have been predicted earlier, making the treatment process difficult to control. 
In order to cope with the uncertainty that is related to treating patients, healthcare attempts to 
standardize as much as possible. Especially hospitals are concerned with standardization because of 
governmental pressure. The hospitals now focus on their internal processes, making these as efficient 
as possible. In other words, they have become more process-oriented. Internal processes are 
standardized by means of clinical pathways, defined as: "A collection of methods and devices to 
synchronize members of the multidisciplinary team and to make agreements on tasks for a specific 
patient population" (Sermeus & VanHaecht, 2002). An example of this is the mom-corridor. This is a 
corridor in which pregnant women are treated when they are delivering their baby. In the corridor, all 
facilities are efficiently organized for uncomplicated baby-deliveries. 
The treatment processes require physicians/nurses in different departments to communicate and 
exchange information. To function as effectively and efficiently as possible information technology 
(IT) is required (Abramowicz & Orlowska, 2000). Information systems (IS) can support users to 
achieve effective and efficient communication and support processes by handling the right information 
at the right time in a process. If these systems are process-oriented, they are better known as Workflow 
Management Systems, to be explained in more depth in Section 4. 
The extent to which Information Systems can support healthcare processes has been an issue over the 
past couple of years. It seems that healthcare is ready to implement process-oriented Information 
Systems. Information Systems are available to support healthcare, but can they be used in practice? To 
start with, we explore this by looking into the following question: 

To what extent is it possible to support healthcare by means of process-oriented IS and which form is 
required, available, and necessary? 

In the first part of this proposal, the opportunities of process-oriented IS in healthcare are considered. 
The implementation of such systems is not considered, as is the level of maturity of a healthcare 
organization which is necessary to implement process-oriented information systems. In order to 
answer the central question, this paper is divided in four sections. Section 2 deals with the exploration 
of the healthcare domain, in which the organizational development, actors, and key characteristics are 
described. In the following section important developments, related to the central question, in 
healthcare are reported. After that, Section 4 deals with opportunities in healthcare. A more in depth 
exploration of process-oriented Information Systems is presented. This section ends with some 
examples of IS implementations. 

In the second part of this proposal, chapter 7 and further, we describe the research questions we will 
address. 
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HEALTHCARE ENVIRONMENT 
Over the past decades, many developments can be noticed in the healthcare sector, influencing today's 
healthcare operations significantly. In this section, these developments are discussed. In order to 
understand these developments, the healthcare domain is firstly explored on the organizational level. 
This section concludes with an overview of three key characteristics of healthcare. 

Definition 
Healthcare does not have one single meaning, for both healthcare professionals and laymen. An 
everyday definition is:"[ ... ] the prevention, treatment, and management of illness and the preservation 
of mental and physical well being through the services offered by the medical, nursing, and allied 
health professions"5

. Not only does this concern hospital or private clinics, it also concerns pharmacy, 
research clinics and many other institutes. The literature is clearer when considering healthcare 
although healthcare is never specified exactly. For instance, Vissers (1998) states a framework in 
which healthcare only holds hospitals and for some part the environment. Anyanwu et al (2003), on 
the other hand, split healthcare in hospitals and non-hospitals. Overall, when healthcare is mentioned, 
the hospital environment is intended. In this paper, when healthcare is mentioned a hospital 
environment is meant. Other possible connections, for instance with general practitioners, are not 
taken into account. 

Organization 
The concept 'hospital' can be specified in more detail, but does not necessarily have to be seen 
differently. A definition of hospital is given by Miller (in McKee & Healy, 2002) as "[ ... ] an 
institution which provides beds, meals, and constant nursing care for its patients while they undergo 
medical therapy at the hands of professional physicians. In carrying out these services, the hospital is 
striving to restore its patients to health". A distinction can be made between a general hospital, a 
specialized hospital, and clinics. In a general hospital almost any type of disease or injury can be 
treated. Doctors who treat heart patients can be found, but also doctors who treat lung patients. When a 
hospital tends to be more focused on one type of medical treatment, it is seen as a specialized hospital. 
An example of this is the burns centre in Beverwijk, The Netherlands, where patients receive special 
treatment for their burns. A clinic is usually much smaller than a general or specialized hospital and 
people often need help to move around. Despite the noticeable differences, the main goal of these 
hospitals is to provide care in the best way possible. The main similarity can be found in the processes 
that are necessary to treat patients. Therefore, no distinction is made between the three types of 
hospitals, and the focus in this paper will be on general hospitals. In the next subsection the 
organizational part of hospitals is discussed, with this also the actors are discussed. After that the 
characteristics of this environment are described. 

Organizational structure 

On an organizational level, the hospital has changed considerably. Before 1960 the focus was mainly 
on taking care of the ill and most Dutch hospitals did not have more than 250 beds (Hoorn et al, 1991). 
Doctors brought patients to a hospital when further research was necessary. Because of the open 
structure of the hospital there was little management control. An example of the organizational 
structure is given in Figure 48. The role of the board of directors was taken on by a doctor, who only 
spent a small part of his time on running the hospital. There was little communication between the 
different divisions or doctors, and administration only registered the treatment data. From an 
organizational point view it was seen as the basic organizational structure. 

5 http://en.wikipedia.org/wiki/Health_care# _ref-0 
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Management 

Board of 
Directors 

Treating patients 

Administration Technical Service 

Figure 48: Organizational structure of Dutch hospitals before 1960's (Hoorn et al, 1991) 

After 1960, the government started to get less involved in health care. The hospitals became more 
responsible for their own actions. Because of this change several transformations were visible in the 
healthcare domain (Hoom et al, 1991 ). First is the change from treatment place to facilitating 
specialists. With this change departments like radiology, operation rooms, and laboratory are formed 
as independent departments which specialist could rely on for their medical investigations. After this it 
became more important to ensure patient treatment within considerable time and diagnosis and 
treatment became the focus of a hospital. In effect the organizational structure changed. The 
supporting departments are formed by nursing, laboratory, and some more (see Figure 49). The 
management is separated from the medical process and the focus is on controlling medical diagnosing 
and treatment. 

I Management I 

I 
Board of 

I Directors 
Technical Service I 

Administration I 

I Civil Service I I 

I I I I I 
Oper-

Poly- Labor- Radio-
Nursing ating 

clinic atory logy 
rooms 

I Medical diagnose and treatment I 
Figure 49: Organizational structure after 1990 (Hoorn et al, 1991) 

Actors 

Many actors are involved in healthcare processes. One of the actors, obviously, is the hospital. A 
hospital exists to provide medical equipment, beds and many other things in order to support 
physicians in their profession. This is not the only goal of hospitals though. Patient satisfaction has 
become much more of an issue. Therefore, performance indicators have been developed to keep track 
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of the performance of hospitals in The Netherlands6. Now, each hospital can be compared based on 
patient satisfaction, incidents, waiting times and many other things. Within these hospitals physicians 
and nurses are treating the patients. The physicians are the ones that determine which treatment is 
provided to a patient. The nurses take care for the patient and thus provide most of the care for the 
patients. 
Health insurance companies are concerned with the financial side of the treatment. Their policy 
holders insure themselves for possible treatments they need at a hospital. The hospital communicates 
which treatment this is to the health insurance company which then determines which part is insured. 
In order to make this part more transparent, so called 'Diagnose Treatment Combination' (DBC = 
'Diagnose Behandel Combinatie') were introduced in the Dutch defrayment system. By means of this 
system a medical treatment can be seen as a product with a price7. The performance of a hospital can 
be compared based on these DBC's. This makes it easier for the health insurance companies to make 
arrangements with hospitals and to check which treatment is insured. Although health insurance 
companies are more on the financial side of healthcare they still expect the best care possible for their 
policy holders. 
The policy holders of the health insurance companies are not only customers of these companies they 
can also be considered as patients in healthcare. As a patient their concern is focused on the care they 
receive. Things they are concerned with are the kindness of nursing staff, waiting times, length of stay 
in hospital and so on. 
Other actors involved in healthcare are patient and consumer organizations (Graven & Hoekstra, 
2006). These organizations are concerned with the availability of care and the technical quality of care. 
By means of these factors they try to determine which treatments are best suited. 
As can be seen, many actors are involved in the process of healthcare, hospitals and their physicians 
and nurses, health insurance companies, patients, and patient and consumer organizations are some 
examples mentioned here. On thing all actors share is their thought about healthcare: "Healthcare 
should provide the best care possible for a patient in need of that". Health insurance companies add 
that it should be for the lowest price possible. 

Characteristics of Healthcare 

To determine whether process-oriented Information Systems can support healthcare, it is important to 
characterize the healthcare environment so that these characteristics can be associated with key 
features of current information systems. The characteristics relate most to a hospital environment: 
three key characteristics are outlined in this section. 
First is the dynamic nature of a health care environment (Abramowicz & Orlowska, 2000). This 
dynamic nature is mainly due to (uncontrollable) treatment processes, which is the basis of healthcare. 
Sermeus & Vanhaecht (2002) and Keukens (2003) define three levels of process which are: model 
pathway, assigned pathway, and completed pathway. A model pathway is standard for each patient. In 
this pathway the standard tasks, information questions, etcetera are described. With the assigned 
pathway the model pathway is assigned to a specific patient in which appointment dates are set and 
specific information about a patient is recorded. In a completed pathway the actual pathway is 
recorded. The actual pathway can differ from the assigned pathway in length, or activities. An 
example is given by Graven & Hoekstra (2006). "A 72 year old man stays at the St. Antonius Hospital 
where he is treated for a Percutaneous Transluminale Coronary Angiography (PTCA). The 
preparations went well and according to schedule. With his first checkup seemed fine. After an hour 
he calls the nurse and tells he is feeling ill. When checked for his vital functions a large drop of his 
blood pressure is found. Actions are taken to treat the low blood pressure and after 15 minutes the 
blood pressure is at the right level". From this example it can be seen that although the patient was 
already assigned to the following step in the pathway some complications occurred. It can be seen that 
not everything can be predicted in advance and that should be taken into account. 

6 
www.ziekenhuizentransparant.nl 

http://www.sncllerbetcr.nl/home/marktwerking-vs-kwaliteitsverbetering/reactie-orde-npcf-marktwerking-in-de-zorg-een-beetjc-lef-helpt

beter/ 
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A second important characteristic of the healthcare environment is that it is multi-disciplinary 
(Abramowicz & Orlowska, 2000). In a hospital many departments are involved in the treatment 
process of a patient. A patient is treated at one department, but the laboratory and radiology 
department are necessary to conduct tests for the patient. Typically between 10 and 200 persons are 
involved with the treatment of one patient. The communication between the departments is essential to 
streamline the processes. If this communication is lacking, increasing waiting times can be the result. 
Take for instance a chronic diabetic who needs to undergo a series of tests including X-rays (Lavelle, 
2002). "During the morning, a nurse comes to your room and takes you to the radiology department. 
Coincidentally, it is also time for you to receive insulin, but the floor nurse did not know you were 
taken to radiology. She goes to your room to administer your medication, only to find you are not 
there. [ ... ] Because you did not receive your medication on time, you are at risk and the clinical staff 
wants to monitor your condition which means you will have to stay one day longer. That extra day 
may not be covered by your insurance plan." As one can see, if the communication does not go well a 
number of things can go wrong which can only lead to more costs for either the hospital, the 
insurance, or the patient. 
The last characteristic outlined in this report is the fact that the treatment process is very information
intensive (Safran & Goldberg, 2000). While a patient is transferred from one department to another, as 
mentioned before, information about the state of the patient and its medicine needs to be transferred 
too. Another example is when the nurses change their shift. Patient specific information needs to be 
transferred to the next shift. During the entire process many people are involved and all of them need 
the right information to work properly. Information systems can be used to enable this. A more 
extensive overview of such systems is given in Section 4. 
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DEVELOPMENTS IN HEAL TH CARE 
The previous section dealt mainly with the organizational developments over the past decades. Over 
these past decades, information technology in the healthcare sector also developed. Two important 
developments are depicted on in this section, being medical records and clinical pathways. 

Medical Records 
As stated, the healthcare domain is an information intensive environment (Abramowicz & Orlowska, 
2000; Lenz & Reichert, 2007). Information needs to be handled as effectively and efficiently as 
possible. As in other branches, a digitalization of information seemed inevitable. The developments 
related to the handling and storing of information, are reported in this subsection. 

Paper-based records 

Ever since 1907 the patient-centered medical record is used in healthcare (Grimson, 2001). In the 
medical record different types of information are stored. Some examples are anamnesis, personal 
information, and medicine use. Before the digital era all this information was stored in a paper file. 
One can imagine that such a file only grows as a patient visits a hospital over and over again. Safran & 
Goldberg (2000) found that "[ .. ] in a 500-bed hospital, a 7-inch stack of laboratory reports must be 
filled in each day". Over time numerous objections against paper-based medical records have risen. 
The first objection is the fact that there is only one paper record available. As Grimson (2001) 
describes, an important trend in healthcare is the change from doctor-patient relation to patient-team 
relation. Not just the doctor is responsible for the treatment of a patient but also specialists from other 
departments. When the paper record is in use by the doctor others need to wait or make an effort to 
retrieve the information. 
Another objection is the fact that multiple records might exist (Safran & Goldberg, 2000). When a 
patient visits multiple departments within a hospital a record can be created for each of these 
departments. This makes it possible that a patient undergoes the same test multiple times due to the 
fact that the doctors do not know which tests are already performed. 
A last mentioned argument is that of efficiency. Both Grimson (2001) and Safran & Goldberg (2000) 
argue that the processing of paper-based records is inefficient. A reason for this is that finding 
information within such a document is time consuming. This leaves less time for the care patients 
deserve. Since the introduction of Information Technology the option of storing information digitally 
came about. The information could now be stored in an Electronic Medical Record (EMR). A detailed 
discussion can be found in the next section. 

Electronic Medical Record 

Electronically stored patient data is mentioned by many researchers. Although there are some different 
notations like, Electronic Medical Record (Bemer et al, 2005), Electronic Healthcare Record 
(Grimson, 2001 ;Poissant et al, 2005), and Electronic Patient Record (Safran & Goldberg, 2000) they 
all hold the same definition. Throughout this paper the definition Electronic Medical Records (EMR) 
is used. The best definition is given by Safran & Golderg: "electronic collection of clinical narrative 
and diagnostic reports specific to an individual patient". In the 1960s hospitals already started using 
EMRs with the goal to"[ .. ] improve clinical decisions and reduce medical errors"(Berner et al, 2005), 
which still is the case in current development of EMRs. 
The effects of introducing EMR into the healthcare process are examined by several researchers. For 
instance, Poissant et al (2005) who examined the effect of EMR on time efficiency. They found that it 
had a negative direct effect on time spent on documentation, but the effect on the total process was 
ignored. Safran & Goldberg (2000) argue that not all disadvantages of paper-based records are 
resolved by EMR. Paper records are illegible, but digital records can also be illegible when paper 
records are digitalized by scanners, electronically entered files do not have this. The effect on total 
costs of the healthcare process decline as EMR are introduced. Wang et al (2003) show that the 
estimated benefit for a 5-year period was$ 86,400 per provider. 
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Although there are several good reasons to adopt EMR, its adoption is still rather slow. In the 1960s 
when the technology was introduced most physicians were sceptical (Berner et al, 2005). The 
technology in the systems was slow and expensive and above all the financial benefits were unclear at 
that time. After 1980 systems were more stable and financial benefits were shown, but still no real 
breakthrough was observed. A reason for this could be the high time investment, time required for 
implementation, necessary to implement a paperless system8

. Currently, things are starting to change. 
Hospitals invest more in communication technology and older generations are replaced by the younger 
ones who are more familiar with computers (Berner et al, 2005). Another factor that is supporting the 
adoption is the fact that more standards such as HL 7 (Berner et al, 2005; Lenz & Reichert, 2006), 
DICOM (Lenz & Reichert, 2007; Vawdrey et al, 2003), and CENTC251 (Grimson, 2000) are 
supported. 
Issues that are not considered in this paper are: global vs local EMRs and differences between 
countries. A question that rises when considering global EMR use, is whether the information sent is 
secured enough. When considering EMR use in different countries some interesting questions are: 
how does the adoption level of EMRs differ per country? And, how does this affect process efficiency 
and effectiveness? 

Communication standards 

In healthcare, it is important to develop communication standards. The communication standards are 
necessary to be able to communicate between different applications. Historically, healthcare has been 
about several, more or less separate, departments. Each of these departments has its own system which 
is optimized for the specific discipline (Lenz & Reichert, 2007). To be able to communicate between 
these systems a communication standard is essential. The need for such a standard stimulated people 
to work on solutions. This led to a number of solutions currently available. 
The standards that have been developed focus on two different aspects of the communication process. 
First there is HL 7 which focuses on the exchange of data among different applications (Dogac et al, 
2006). HL 7 is now one of the leading standards when it concerns healthcare systems (Lenz & 
Reichert, 2007). HL 7 enables the system to collect data from different systems and send it to the 
correct location. The other aspect on which is focused, is the data itself which is previously described 
as the Electronic Medical Record. Standards that are developed for this are CEN ENV and GEHR 
(Dogac et al, 2006). Both standards enable more standardized communication, but there is still no 
consensus on which to use. 
Although there are well accepted standards available, there is still enough to be done. An important 
point is mentioned by Lenz & Reichert (2007). They point out that functional integration is not 
possible due to overlapping functionalities of separately developed applications. For instance, 
appointment or resource scheduling becomes difficult to merge when two systems use different 
functions to control the scheduling. Such overlap can delay the implementation of merged systems 
very much. 

Process-oriented healthcare 

Vissers (1998) describes a model in which demand, need, and provision come together to provide the 
best care possible. Vissers also shows a framework in which process-oriented healthcare is included. 
The process-orientation was supported by the introduction of electronic medical records, which was 
described earlier. In other branches, such as traveling agencies and insurance companies, process
orientation is already implemented, healthcare can profit from the knowledge and experiences in these 
fields . In Figure 50 the institution's process framework is shown. Within this framework the clinical 
process can be found. 

8 http://www.healthmgttech.com/whitepapers.aspx, Sarmiento 
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Most hospitals are in the process of standardizing their clinical processes as much as possible. 
Although there are many differences between patients, most of them follow the same steps in the 
treatment process (Mans et al, 2007). These standardized clinical processes are better known as 
clinical pathways (Thierny, 2001; Ouwens et al, 2005). A clinical pathway is defined as: "A collection 
of methods and devices to synchronize members of the multidisciplinary team and to make agreements 
on tasks for a specific patient population" (Sermeus & VanHaecht, 2002). 
The clinical pathways are introduced with several goals. Pearson, Goulart-Fisher & Lee (1995) defined 
seven goals: 
1. Selecting a "best practice" when practice styles vary unnecessarily. 
2. Defining standards for the expected duration of hospital stay and for the use of tests and treatments. 
3. Examining the interrelations among the different steps in the care process to find ways to coordinate 
or decrease the time spent in the rate-limiting steps. 
4. Giving all hospital staff a common "game plan" from which to view and understand their various 
roles in the overall care process. 
5. Providing a framework for collecting data on the care process so that providers can learn how often 
and why patients do not follow an expected course during their hospitalization. 
6. Decreasing nursing and physician documentation burdens. 
7. Improving patient satisfaction with care by educating patients and their families about the plan of 
care and involving them more fully in its implementation. 

The first goal of selecting a "best practice" is mostly expressed in length of stay of patients in 
a hospital and optimal costs. Stephen & Berger (2003) found in their paper that the introduction of a 
clinical pathway reduced the length of stay for patients which underwent elective colon resection with 
2.9 days. They also found that the average costs were much lower. Next to this research many other 
papers show a reduction in costs and length of stay (Panella, Marchisio & Stanislao, 2003; Ouwens et 
al, 2005; Thierney, 2000). 

An explicit relation exists between process-oriented healthcare and communication standards. 
Process-oriented healthcare should lead to more interdepartmental communication, since more 
attention is paid to the entire clinical pathway (Pearson, Goulart-Fisher & Lee, 1995). Communication 
standards provide techniques to ensure better communication between interdepartmental information 
systems (Dagac et al, 2006). The introduction of clinical pathways might be much easier when these 
standards were fully developed and accepted. 
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OPPORTUNITIES IN HEALTHCARE 
The focus on more process-oriented healthcare also increased the demand and research for process
oriented information systems. The goal of such systems is to manage information more effectively and 
to support employees in their job (Alter, 2000). Process-oriented information systems are better known 
as W orkflow Management Systems (WFMS), therefore this section starts with an introduction and 
definition of this. After that, the applicability of these systems in a healthcare environment is 
discussed, followed by techniques that are being developed which may provide solutions for 
healthcare. Finally, some implementations in healthcare settings are described. 

Workflow Management Systems 

The Workflow Management Coalition, which was founded in 1993, creates and contributes to the 
standardization of processes and the software that is required in WF technology. A good overview of 
the terminology involved with workflows is given in Figure 51. In this figure one can see that the 
workflow management system is only a small part of an IT-enabled process. 
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Figure 51: Overview basic terminology in workflow (WFMC, 1999) 
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Traditionally, process management and application software are found intertwined in an information 
system (van der Aalst & van Hee, 2002). This made it difficult to separate the process management 
from the information. In a W orkflow management system these two parts are separated from each 
other. 
The definition of a workflow management system is stated in many forms. Heinl et al (1999) define it 
as"[ .. ] an execution platform for workflows". Kumar & Zhao (1999) define it as "information systems 
that support workflow management". A formal definition stated by the Workflow Management 
Coalition is: "A system that completely defines, manages, and executes 'workflow' through the 
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execution of software whose order of execution is driven by a computer representation of the 
workflow logic". 
A workflow management system consists of several parts. In Figure 52 the workflow reference model 
is illustrated. 

Intetface 5 

Administration 
& Monitoring .. 

Tool~ 

Process 
Definition Tools 

hlterface l 

Interface 2 * 
Workflow 

Client 
Applications 

Interface 4 

Other Workflow 
Enactment Service(s) 

Figure 52: Workflow Management Coalition's reference model (© WFMC) 

A workflow management system thus has five interfaces. 
W orkflow management systems can be implemented in a variety of businesses (Pesic & van de Aalst, 
2006). The goal is to automatically drive business processes. In order to automatically drive business 
processes the system needs to be able to successfully model the workflow. Van der Aalst & Ter 
Hofstede (2005) describe the 20 most relevant patterns that are used to model workflows. Not all 
WFMS directly support the patterns, but support these patterns by combining patterns, making these 
systems less suitable for workflow support (Van der Aalst & Ter Hofstede, 2005). 

WFMS' applicability in healthcare 

Healthcare has become more process-oriented, therefore managing healthcare processes has become 
much more important. In order to do this as efficiently and effectively as possible, process-oriented 
Information Systems, Workflow Management Systems, are required. These systems can support the 
process, and encourage and improve interdepartmental communication. Currently healthcare attempts 
to accomplish this by means of the departmental information systems, but communication between 
these systems is difficult. Therefore, Workflow Management systems can be a solution. 
In Section 3, seven goals of clinical pathways are introduced. Some of the goals can be reached more 
easily by WFMS. Studying the seven goals provides us with the idea that goals four till seven 
(common 'game plan', data collection, documentation, and communication) can be supported by 
WFMS. The game plan can be implemented in the WFMS so that hospital staff can work with it. The 
data is stored in the system and its administration & monitoring tools can be used to analyze the data. 
Documentation is done electronically which can reduce the documentation burden. The patients and its 
family might be informed digitally about the treatment plan. As can be seen, WFMS comply with 
goals set for clinical pathways and might provide us with a good information system solution. 
A problem, which has been discussed in many papers, is the inflexibility of developed W orkflow 
Management Systems (Kumar & Zhao, 1999; Heinl et al, 1999; Van der Aalst, Weske & Griinbauer, 
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2005). Most of the WFMS are only applicable in a stable environment where processes changes are 
rare (Reichert & Dadam, 1998). One can think of a claim handling process of an insurance company. 
In such a process little exceptions occur and the process can be modeled with great precision. 
When Workflow Management Systems would be applied in a healthcare environment, the inflexibility 
of these systems becomes a problem. As mentioned in Section 2, healthcare is a very dynamic 
environment which involves much uncertainty. Implemented WFMSs use predefined processes, 
making them very inflexible because designers cannot predict all exceptions in a workflow in advance 
(Reichert & Dadam, 1998). These exceptions occur regularly in a healthcare environment because the 
patient's condition can change at any moment, therefore current WFMS do not off er a good solution 
for this problem. 
Another factor that needs to be considered is the use of EMRs. EMRs are basically the cases that run 
through the Workflow Management System. These systems can determine the next step in the process 
by means of information stored in the EMR (ter Hofstede, Benatallah & Paik, 2007). Currently EMRs 
do not support the process-orientation of WFMS because most of the files are locally stored at 
departments and exchange of data is difficult, see Section 3. Because of this it is also difficult to 
implement WFMS. 

Possible solutions 

Because the flexibility of current workflow management systems has been an issue for some time, 
many researcher developed alternative techniques and languages to cope with the flexibility issue. In 
this section, four reported solutions will be described which enable processes to be modeled more 
flexible. Firstly, the case-handling paradigm of Van der Aalst et al (2005) is mentioned. After that 
ADEPT (Reichert & Dadam, 1998), ConDec (Pesic & Van der Aalst, 2006), and YAWL (Van der 
Aalst & Ter Hof stede, 2005) are described. 
The first possible solution is the case handling paradigm (Van der Aalst et al, 2005). In contrast to 
case-driven workflow management systems, which focus on what should be done, a system based on 
case handling focuses on what can be done. Core features are: 
A void context tunneling 
Activities enabled based on available information rather than the activities already executed 
Separate work distribution from authorization and allow for additional types of roles 
Allow workers to view and add/modify data before or after the corresponding activities have been 
executed 
A tool which already utilizes this paradigm is FLOWer. It enables users to more flexibly follow the 
process. 
Another solution is found by Reichert & Dadam (1998). They suggest a formal foundation for a 
flexible WFMS. Basically they: "develop a complete and minimal set of change operations based on 
the ADEPT model which supports users in modifying the structure of running WF instances, while 
preserving their correctness and consistency". ADEPTtlrn as they call it, is implemented and offers 
perspective. 
Pesic and Van der Aalst (2006) found another technique to model more flexible workflows. They 
suggest a declarative language named, ConDec. This language is based on restrictions. That is, it only 
models what cannot be done within a process. To enable this they use Linear Temporal Logic (LTL) to 
model relations between tasks. ConDec can be a solution for the flexibility issues, but until now there 
are no known implementations using this language. Therefore it is not useful to consider this any 
further at this moment. 
The last solution that will be discussed in this paper is Yet Another Workflow Language (YAWL). 
YAWL is "[ .. ]based on Petri nets but extended with additional features to facilitate the modeling of 
complex workflows" (Van der Aalst & Ter Hofstede, 2005). Although YAWL is derived from Petri 
nets, it is not a higher level of a Petri net. YAWL is a stand-alone workflow language. By means of 
YAWL it is possible to model a pattern with multiple instances, advanced synchronization, and 
cancellation. This makes it more useful than most other languages that are used until now. 
Schonenberg et al (2007) analyzed how flexible the techniques I systems as mentioned above are. 
They differentiated between four types of flexibility namely: flexibility by definition, by deviation, by 
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under specification, and by change. From the evaluation it is clear that each technique focuses on a 
different type of flexibility. FLOWer focuses on flexibility by deviation, Declare and ADEPT on 
flexibility by change, and YAWL on flexibility by under specification. This suggests that each 
technique is applicable in different situations. 

Healthcare Informatics 

In the past couple of years several studies have been conducted to evaluate the implementation of 
specific Healthcare Information Systems (HIS). Rahimi & Vimarlund (2007) conducted a literature 
review of former evaluations on HIS implementations. From this, it becomes clear that many positive 
results are found after implementing a HIS. In this section two implementations are depicted which 
will give a good overview of the IT possibilities. 

Implementations 

The first example is given by Lenz & Kuhn (2004). They describe a system which is implemented in a 
1200-bed University Hospital. The system Lenz & Kuhn (2004) describe, considers a hospital in Italy. 
The hospital spent many years developing and implementing a good workflow system. They started 
with a small information system, only used by administration. Later, as they developed and modelled 
the treatment processes more, information systems which crossed departmental boundaries where 
developed. The development of the system was done by means of a layered approach which means the 
system was developed gradually. Most positive about this approach was the adaptability of the system 
to changing demand and reported errors. This is probably the best way to handle such 
implementations. 
Now the system is implemented and in use at 17 out of 26 clinical departments. The system is 
generator-based which supports discharge letters, report generation and documentation, and 
scheduling for several departments. They also mention two applications developed, a pathology 
documentation system and an endoscopy documentation system. 
A second example is described by Van den Brink et al (2003), who describe a information support 
system used in the treatment process of head and neck cancer. The goals of the system were to: 
"Facilitate communication between professionals and patients, provide information to professionals 
and patients, facilitate contact with fellow sufferers, and facilitate early detection of patient problems 
by means of monitoring". By means of Internet technology the information system provided 
professionals and patients with messages containing patient-related information. 
The implementation of the information system itself did not improve communication very much; it 
simply made communication easier. In order to use the information system completely human factors 
need to be considered too (Van den Brink et al, 2003). 
A difficulty proved to be secured patient data storage. Permission was required of both the hospital 
and the Medical Ethical Committee so that patients' data could be stored at an host outside the 
hospital. Since all parties agreed to the storage, it did not become a problem, but one can imagine 
other situations in which this might. 
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CONCLUSION 
In the first part of this paper, literature was reviewed to answer the following question: 
To what extent is it possible to support healthcare by means of process-oriented IS and which form is 
required, available, and necessary? 

In order to answer this question, an analysis was made of the healthcare environment, describing the 
characteristics and developments of healthcare. After that IT developments in healthcare were 
mentioned, followed by a discussion of Workflow Management Systems' applicability in healthcare. 
On the organizational level the focus changed from being facilitating to ensure effective and efficient 
patient treatment. Amongst others, this was driven by governmental influence. Since a couple of years 
the Dutch system is using Diagnose Treatment Combinations, which are implemented to enable 
comparison between healthcare organizations. This not only changed the way healthcare organization 
handled their processes, but also the relation between the healthcare organization and the health 
insurance companies. 
A key element in finding out whether IT support is possible in healthcare is to characterize healthcare. 
By characterizing healthcare the possibilities in respect to IT can become clear. In this paper three 
characteristics are mentioned that are: healthcare dynamics, multiple disciplines involved, and the 
intensity of information use. These characteristics are found to be most important when considering IT 
support in healthcare. 
With respect to the last characteristic, an important IT solution has been developed, called the 
Electronic Medical Record (EMR). For a long time paper-based medical records were used. Now, 
these files are transferred more and more to a digital form. The effects of this shift are mostly positive, 
improving both efficiency of the process and profits. 
The introduction of EMRs to healthcare not only improved process efficiency, it also stimulated a 
more process-oriented view. Process-oriented healthcare improves patient's treatment. Clinical 
pathway's are defined to standardize the treatment process as much as possible and to focus more on 
the patient. Standardization of the treatment process showed the dependencies between departments, 
stimulating interdepartmental communication. IT can be used to support the interdepartmental 
communication, for which communication standards are developed to supported transfer of EMRs 
(HL7) and to support EMR structure (CEN ENV). 
The process-orientation of healthcare enables the use of process-oriented information systems. These 
process-oriented information systems are better known as Workflow Management Systems (WFMS). 
Flexibility of these systems is an issue which has been discussed in many papers. Many of the current 
available WFMS are only applicable in a stable environment and do not account for exceptions in such 
processes. New techniques are being developed to overcome this flexibility issue. Techniques as 
ConDec, ADEPT nm and YAWL are examples of this. Another possibility is to change the way cases 
are handled, by using a case handling technique instead of a case-driven technique. 
Healthcare is already familiar to IT support. Examples can be found in which IT systems are 
successfully implemented in a healthcare environment. Two examples depicted on in this paper, both 
illustrate how information systems can contribute to healthcare. In one example the implementation is 
done gradually, which is probable the best way of implementing such healthcare systems. 

The question whether process-oriented IS can support healthcare can be answered in two ways. First, 
is to think of a total solution in which WFMS support all the processes that exist in a healthcare 
environment. This kind of support is probably aimed too high, because most of the available WFMS 
are unable to offer the required flexibility in a healthcare situation. Techniques that are being 
developed cannot be applied yet and therefore cannot be considered as possible solution. 

A second way to look at the question is to think of a solution in which processes are supported by 
process-oriented IS as much a possible. These process-oriented IS can be used to reach the goals of 
clinical pathways. The focus then needs to be on information system's interdepartmental 
communication. Current applications are often not able to communicate with application of other 
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departments. A technique as HL 7 can be used to enable this. Which would not only be a solution for 
inter departmental communication but also for inter organizational communication, such as with 
insurance companies or governmental organizations. It is also necessary to standardize the EMRs in 
such a way that they support process-orientation better because currently most EMRs are to different 
for good process-orientation support. 

Questions that arise after having analyzed literature are the following 
How can process-oriented information systems, apart from WFMSs, contribute to the improvement of 
process performance? 
What processes are best suited for such process-oriented information systems? 
What needs to be done to overcome current problems? 

In conclusion, healthcare is becoming more process-oriented and requires IT support for this. A 
problem is the deficiency of applicable process-oriented IT support for healthcare. IT support would 
improve healthcare's processes.Current general IT solutions seem unable to fully cope with the 
required flexibility and therefore cannot offer enough support. 
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19 APPENDIX I- PROJECT PROPOSAL 
The problem definition is as follows: 
Design a method for the control and diagnosis phases of the BPM life cycle in a healthcare environment. 
In this section, the research questions related to the problem statement are given. This graduation 
project will focus on the method of analyzing and monitoring treatment processes. In order to do this 
several tools will be used to analyze a business case. This business case will be used to give a proof of 
principle. 
In order to answer the problem statement, an actual business case will be analyzed. With respect to this 
graduation project it is infeasible to analyze more than one business case. Therefore, one is selected 
for this project. The case that will be analyzed is a hospital in the South of the Netherlands, which is 
situated in Heerlen. From this hospital, two treatment processes will be selected according to the 
definition of the treatment processes given in Section 8.3. 
The assignment consists of three parts, analysis, design, and evaluation (Figure 53). The first part, 
analysis, is subdivided into two smaller parts namely, process mining and process analysis. Process 
mining is required to obtain a clear view about how the processes look like. After the process mining 
the performance of the process will be analyzed. In the evaluation part the techniques used to analyze 
the treatment processes will be compared and evaluated. After that the design part of this graduation 
project will be described. The last part will consist of a reflection on whether this graduation project 
contributed to a better understanding of how process-oriented information systems can support 
healthcare. 

Analysis Analysis 
Process --------------··-----• Process 

visualization analysis 

Evaluation Ev;!~!s~on ..................... ~ ··················~ Reflection I 
analysis ,...~ 

Process 
visualization 

Figure 53: Steps of graduation project 

Analysis 
Two sub-parts of the assignment are described here, process visualization (visual analytics I process 
mining) and process analysis (visual analytics I process mining I BI). The first part is related to the 
diagnosis phase of the BPM life cycle. The second part is related to the control phase. In the BPM life 
cycle the control phase is found before the diagnosis phase. For this graduation project, it is decided 
that that visualization of the treatment process should be done before the process analysis can start. 
For each part the main research questions are defined. 
With respect to this analysis part some issues should be made clear. In this part, two objects of 
analysis can be discerned. The first, and most important, object of analysis is the analysis process 
itself. This relates to the applied approaches and the overall method that is used to analyze the 
treatment process. The second object of analysis is the treatment process, of which two wil1 be 
selected for this graduation project. In order to make a clear distinction between these two objects of 
analysis, an explicit name will be used throughout the graduation project. For the treatment process, 
the term 'treatment process ' will be explicitly used. When the analysis process is meant, the term 
'method' will be used. 
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Figure 54: Position in graduation project 

The literature study already showed that healthcare is becoming more process oriented. Most hospitals 
have not recorded their processes clearly, therefore process visualization can be used to identify the 
actual process. Before the analysis of the treatment processes can start, these processes need to be 
stated clearly. This is the focus of this part of the graduation project. The following assignment holds 
for this part: 

Research questions 
The following research questions are formulated: 

1. What are important factors to keep in mind while performing treatment process visualization? 
2. Which steps of the method are most important in order to visualize the treatment process? 
3. How much contact with the actors is required to perform process visualization? 
4. Is clustering required to derive a useful treatment process model? 
5. How much time is required to complete each step of the method? 

Methodology 
The processes will be visualized by means of the available (process) data. Before this data can be used 
for mining, it needs to be pre-processed, because not all the data is relevant. By means of several 
interviews and pre-analysis of the data, the important activities will be identified. 
Two techniques will be used to mine the processes, visual analytics and process mining. For visual 
analytics Magna View will be used, for process mining Prom will be used. A more extensive overview 
of these tools is given in the tools-section. 
The steps which are necessary for the process mining part are given below: 

Data pre-analysis I pre-processing 
• Define business problem 
• Build database 
• Data description 
• Selection [Decide which treatment processes to analyze] 
• Data quality assessment 
• Consolidation and integration 
• Explore data 
• Observe treatment processes 
• Pre-analyze data 
• Discuss observations of pre-analysis 
• Determine aggregation level and important activities 
• Pre-process data 
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Visual analytics 
• Determine process visualization alternatives 
• Select process visualization alternative 
• Generate initial process visualization 
• Adjust initial process visualization 
• Asses usability of process visualization 
• Evaluate visual analytics approach 

Process mining 
• Read information mining techniques 
• Select mining technique 
• Generate initial process model 
• Adjust initial process model 
• Regenerate process model 
• Assess model 
• Describe different processes 
• Evaluate entire mining approach 

These steps are based on the data mining method of Two Crows (2005). The steps that are mentioned 
here may not be complete, but little is known about a correct method this is used as starting point. The 
method will evolve during the graduation project. 

Tools 
Magna View can be used for multiple purposes. The most important at the moment is its data analysis 
functionality(Figure 55). Magna View does not use mining algorithms to visualize data they use 
treemap visualization algorithms to structure the data. A treemap is: "a visualization technique in 
which hierarchical information is displayed within nested rectangles, with each level of nesting 
corresponding to a level of hierarchical decomposition."9 Currently, the nested rectangles are not the 
only way treemaps are used, but this is still the essence of treemaps . 
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• 
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Figure 55: Data analysis at Magna View 

9 http://ei.cs.vt.edu/~cs5714/glossary.html (18-07-08) 
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By means of Magna View many types of data can be visualized. For this graduation project, two types 
of data will be visualized. First, the treatment processes of the hospital will be visualized. Magna View 
is able to detect the ordering of activities are can create an overview of patient specific treatment 
processes. The second type of data that is visualized are the key performance indicators. Normally, 
these figures are simply shown in a table or simple graph. By means of MagnaView, graphics and 
figures can be combined in one overview and associations can be detected between characteristics of 
the process and the performance indicators. 
ProM is a process mining tool which implemented the heuristics approach (Van der Aalst et al, 2007). 
The ProM tool is a combination of many other tools, all using the same type of event log. Being a 
pluggable environment, ProM is able to cover a wide area of plug-ins, examples are: mining, export, 
import, analysis, and conversion. The tool is developed at Eindhoven University of Technology and 
has already been used to analyze industrial processes (Van der Aalst et al, 2007). For these reasons the 
ProM tool is applicable in the graduation project. 

Delineation 
The first required step is data preparation. Subsequent to the data preparation the process will be 
mined. Two tools will be used to give a clear description of the processes. First, ProM will be used to 
visualize the processes, and then Magna View will be used. The heuristics approach will be applied to 
mine the process by means of ProM, because this approach is most resistant to noise. Another method 
that might be used is the Fuzzy Miner. This technique uses aggregation to map the events in a log. 
Magna View has its own techniques to visualize the process, which thus shall be used to mine the 
process. Once a process model is created, it will be discussed with the responsible specialists to check 
whether it corresponds to the actual process. 
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Once the process model is derived, the process analysis can start. In addition to the process insight, 
given in the previous part, it is important to analyze the performance of the process. For this matter 
several performance indicators are set which need to be mapped. These performance indicators need to 
be analyzed. Furthermore, the analysis should provide more information about weaknesses of the 
treatment process. The assignment for this part is defined as: 

Research questions 
I. How can you determine which methods are available and applicable in this situation? 
2. Which steps are required to perform process analysis? 
3. Which steps of the method are most important to analyze the treatment process? 
4. What will be analyzed during the process analysis? 

Before the analysis can start, it is important to define what the objective of this analysis is. This will be 
defined in correspondence with the responsible persons at the hospital. To measure process 
performance most organization use performance indicators (KPis). Once these are defined, the process 
performance on these KPis can be analyzed. Based on this analysis, other factors related to process 
performance can be depicted on. During the analysis, the method will be the key object of analysis. 
The treatment process will be analyzed to find the most optimal method to perform process analysis in 
a healthcare environment. 

Pagina 91/ 95 



Methodology 
The analysis will be done by means of Magna View, ProM, and a BI suite. All techniques are able to 
analyze data, ProM process data and Magna View and the BI suite all data. The business intelligence 
part will be done by another party, but will be included in the analysis and evaluation part of this 
project. 

Evaluation of process analysis approaches 

Analysis Analysis Evaluation Evaluation ·· · · ·········· ···~······· ········ ······· ·• Process Process ·· ·········· ··· ··• Process Process Reflection 
visualization analysis visualization analysis 

The second part of this graduation project will involve the evaluation of three approaches to visualize 
and analyze treatment processes. MagnaView's ability to visualize data seems to be a good way to 
present the analysis results, including process models and performance indicators. Process mining 
should give considerably more insight into the actual process and business intelligence should provide 
the best management information. In order to determine the position of each approach compared to 
each other, an evaluation will be performed. This has led to the following assignment: 

Research questions 
1. Based on which factors will the approaches be evaluated? 
2. What is the contribution of each approach for visualizing the process model? 
3. What is the contribution of each approach for analyzing the process? (KPis) 
4. How does each approach facilitate the control and diagnosis phases? 

Methodology 
Part of the evaluation will be based on the factors that are identified during the analysis phase. The 
factor effectiveness of a technique will be added to this list. Effectiveness is a measure that depends on 
two other factors, namely quality and acceptability. The best technique will not work without 
acceptance and the worst technique will not work even with the highest level of acceptance. 
A quantitative evaluation is very difficult for the techniques. Therefore, a qualitative evaluation will be 
conducted to compare them. The qualitative evaluation will consists of a combination of a 
questionnaire and a brainstorm session. In a healthcare environment all physicians and other actors are 
very busy, which makes it hard to conduct a questionnaire amongst them. Therefore the questionnaire 
will be used as input for the brainstorm session. At the start of the session the physicians and other 
actors fill out the questionnaire and then they will discuss with each other about the techniques and the 
outcomes of the research. In this case, the questionnaire is used to, somewhat, guide the brainstorm 
session. 
The other part of the evaluation will focus on the usability of each technique. This means that factors 
such as costs, time, and understandability will be evaluated. Perfonnance on some of these factors will 
be determined by observations, while the brainstorm session will also be used to determine the 
performance on these factors. 
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In the final part of the graduation project the results from the evaluation section will be used to design 
a method which can be used in a healthcare environment. At the moment, there is no complete method 
which can perform all required actions. One can think of the process orientation of process mining 
tools, which makes it difficult to show case specific information. Factors will be identified which 
determine the quality of a method. Based on these factors, a method will be designed. 

Research questions 
I . What are the most important factors which determine the success of the Control & Diagnosis 

phases in a healthcare environment? 
2. How can the evaluated methods be used to facilitate the Control & Diagnosis phases? 
3. Is there one approach which can be used? If no, how can they be combined? 
4. What steps should be taken in order to reach the best result in the Control & Diagnosis 

phases? 

Methodology 
The evaluation part should provide enough input to design a method which facilitates the Control & 
Diagnosis phases best. By collaborating with responsible persons at the hospital, MagnaView B.V, 
and the University of Technology Eindhoven the designed method will be developed and evaluated. 
The method will not only be a description of the steps that should be taken, but also the tools that can 
be used with these steps. 
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Once the method is design, a reflection will be given on how the method fits in the BPM life cycle. A 
reflection on which parts of the BPM life cycle can and cannot be supported is given. 

Research questions 
1. What are the characteristics of the Control & Diagnosis phases in the BPM life cycle? 
2. To what extent does the design method facilitate the Control & Diagnosis phases? 
3. What are the advantages I disadvantages of the designed method? 

Reflection literature study 
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The literature study concluded that healthcare could not be supported by completed Workflow 
Management Systems, but other opportunities where still available. In this part of the graduation 
project, a reflection will be given on how process oriented information system can contribute to 
healthcare. 

Research questions 
I. How can this graduation project be perceived with respect to the literature study? 
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