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Summary

Changes in governmental policy, undiminished growing demand, and increasing waiting times forces
Dutch mental healthcare institutes to improve their processes. At a national level the first actions have
been undertaken to manage care processes. One of the major implementations is the Diagnosis
Treatment Combination (In Dutch: Diagnose Behandel Combinatie — DBC) systematic. The key
element of the DBC-system is that the total treatment trajectory of a client will be reimbursed, instead
of the separate treatments. Treatment trajectories in the DBC systematic are composed of two parts:
the classification of the demand of care in combination with the type of care profile. The DBC
systematic offers new possibilities for analyzing and improving care delivery processes. This
opportunity has also been recognized by GGzE, Mental healthcare Institute of Eindhoven, which
offers ambulant and clinical care to people with severe psychosocial and psychiatric disorders in and
around Eindhoven. New initiatives, e.g. breakthrough projects, in order to analyze and control care
delivery processes of GGzE, have made their entrance at GGzE Centre child and adolescent
psychiatry. GGzE Centre child and adolescent psychiatry is part of the division child and adult
psychiatry, and offers help to children and adolescents (0 till 23 years old) and their parents or other
raisers. In particular, managers and professionals of GGzE Centre child and adolescent psychiatry are
of the opinion that more measures, especially about specific processes and process phases, are desired
for managing their processes. In order to deal with this problem the following research question has
been formulated:

"Which method can be used to analyze data about care delivery processes in GGzE Centre child and
adolescent psychiatry at a level that client flows can be identified and design solutions for logistical
improvement can be developed?"

In order to answer the research question recent developments with respect to describing mental
healthcare processes in general, and care delivery processes at GGzE Centre child and adolescent
psychiatry in specific have been identified. In general, a client with a demand for care applies at a care
institute. Although it is not yet known what this demand implies, this is where the care delivery
process starts. Typically, mental healthcare processes are divided in two regularly repeating and
overlapping phases, which are the specification and delivery phase. Joosten et al. (2008) argue that
both care programmes (CPs) and integrated care pathways (ICPs) are needed to improve processes
and quality in the mental health service specification phase and delivery phase. Furthermore, Joosten
et al. (2009) that this approach could be and appropriate instrument when aiming at redesigning
operation aspects of the care delivery process. In specific, GGzE Centre child and adolescent
psychiatry is divided by means of routes, which arranges clients according to age of the client and the
nature of his/her psychological problems. Of special interest is route 1 for which is expected that this
part of the process causes most problems with regard to waiting times and organizational issues.
According to Linskens (2009) route 1 includes five main processes which are application, screening,
intake, assessment, and Program Coordination Point (PCP).

Second, existing methods in order to manage care delivery improvement projects have been
identified. The first method of interest is developed in the Business Process Management (BPM)
research domain. During a previous graduation project at Eindhoven University of Technology
Riemers (2009) developed a data-based method for process analysis in healthcare using process
mining and visual analytic tools. This method has been validated by Torres Ramos (2009). The main
idea of the method is that the combination of process mining and visual analytics could be a good
option for getting relevant healthcare process information. These approaches appear to be good
complements because process mining is a process driven approach which looks at the inside of the
processes while visual analytics can help users to obtain cleared process insights. The tools used in the
method for process mining and visual analytics are the ProM tool and the MagnaView tool



respectively. In particular, the method focuses on the control and diagnosis phases of the BPM life
cycle, in which revealing weaknesses and monitoring of processes are the main issues.

The second method of interest is developed in the Health Operations Management (OM) research
domain. Vissers (2006) developed an operations management approach for process improvement. In
particular the approach provides project management tools to guide the execution of patient flow
projects. The approach consists of five steps which are: (1) identification of iso-process patient
groups, for which a specific organization of services is developed; (2) description of these processes
in a way that allows analysis of the service and resource use impacts of processes; (3) definition of a
production control per patient group, taking into account the characteristics of the process considered;
(4) setting objectives for the performance of the process to enable its monitoring; and (5) taking the
responsibility for process management in order to make improvements process sustainability. In order
to apply the method three main principles should be understand, which are: the distinction between
logistics of units, chains, and networks; the framework for production control; and homogeneous
process patient grouping. In addition this thesis describes a more general emerging approach in order
to improve processes developed in the health OM domain. This is focused factory, which is in
particular relevant since it is a widely tested concept in industry which emerges as a model for
designing integrated care pathways (Joosten et al., 2008) and homogenous patient groups (Bertrand
and de Vries, 2005).

For analyzing GGZ-DBC data about care delivery processes in GGzE Centre child and adolescent
psychiatry a data-based method has been developed. The method is to a large extent based on the
method of Riemers (2009), but differs in two important aspects: (1) for this method mental healthcare
process data instead of hospital process data have been used; (2) where Riemers (2009) typically
approaches a preliminary analysis and executes one iteration, the model designed for this master
thesis project attempts to prescribe the required steps by means of a system approach, which is
characterized by verification (i.e., checking the logic of the model) and validation (i.e., comparing the
model results to reality) steps and allows iteration. Typically, the method is designed in order to
perform a case study which starts with initiation and ends with closure, like with projects in general.
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In summary the data-based method for mental healthcare analysis consists of the following steps:
build database, preprocessing, visual analytics and process mining (both including transformation,
loading, analyses, and verification), filtering and clustering, and validation. Particular attention should
be paid on step 7 ‘filtering and clustering’. Due to complexity and inconveniently arrangement of
healthcare processes, filtering and clustering techniques are needed in order to state conclusions about
the processes and approach them more convenient. Ultimately, filtering and clustering techniques can
be used in order to distinguish client groups fulfilling the iso-process patient group criteria
(homogenous in terms of process and market performance).
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The data-based method for mental healthcare process analysis has been applied by means of a case
study at GGZE Centre child and adolescent psychiatry. The application is based on DBC-GGZ data
recorded at GGZE Centre child and adolescent psychiatry. The dataset contains information
concerning clients, care trajectories, DBC trajectories, diagnoses, activities, day spending activities,
and days of stay. Moreover, there are additional data specifications coupled to the designed database,
originating from the GGZ code lists.

The results of the case study have been divided over four categories, which are: MagnaView analyses,
ProM analyses, identification of client groups, and validation of case results. The MagnaView
analyses presented in the method are divided over the categories process characteristics, bottlenecks,
and process patterns. Process characteristics related views are for instance: arriving pattern of clients,
throughput times of clients, number of care trajectories per primary diagnosis, and activities and their
originators. Bottleneck related views are: waiting times per activity, and waiting times per employee.
Process patterns related views are: number of activities per care trajectory, and relative duration of
care trajectories. Based on other case studies applying ProM and the capabilities with regard to
complexity of the mental healthcare processes a selection of mining plug-ins and analysis plug-ins has
been made in order to discover the processes.

For identification of client groups a combination of both visual analytics and process mining has been
used. Based on visually analysis of the ‘relative duration of care trajectories’-view, a diagram
containing four distinct client groups classified on throughput time and total processing times (i.e.
number of activities) characteristics has been designed. The four hypothesized client groups are: rapid
discharge, long-term no treatment, diagnostic complex severe psychosocial and psychiatric disorders,
and general severe psychological and psychiatric disorders. In order to verify if these groups indeed
can be distinguished first a number of process indicators are selected in line with the filtering
approach of the method. In particular the following filters are used: care trajectories containing
more/less than 5 activities, longer/shorter waiting time (in days) between two successive activities,
primary diagnosis, and client age. Based on the classification and analysis of client groups it has been
concluded that indeed the client groups ‘rapid discharge’ and ‘long-term no treatment’ can be
distinguished. . Furthermore another interesting group can be distinguished which is the group of
client processes characterized by care trajectories where the time between two successive activities is
always smaller than 30 days. In particular, this group amounts only 9% of the total care trajectories,
but accounts 38% of the total performed activities in the data set. By means of comparing the activity
compounding and originator constellation within the client groups processes, it is found that the group
with small waiting times between activities are characterized by a relative high number of ‘verblijf’
and ‘dagbesteding’ activities, whereas client groups with at least one high waiting time between
activities are characterized by a relative high number of ‘diagnostiek’, ‘behandeling’, and ‘algemene
indirecte tijd’ activities. However the ‘rapid discharge’ group amounts relative few activities, it has
been concluded that for this group relative a lot time is spend at ‘diagnostiek’ and ‘algemene indirecte
tijd” activities.

In order to validate the case results a number of presentations including discussions with several
stakeholders and involved parties have been organized. In particular the MagnaView visualizations
and the identification of client groups have been presented. The most important target group of these
presentations was managers and professionals of GGzE. In addition the method has been evaluated. In
particular there was concluded that the main advantages of a data visualization approach are: (i) a
better understanding about the process; and (ii) a better understanding about bottlenecks within the
process. Furthermore, the results have a positive effect on managing processes at GGzE Centre in
child and adolescent psychiatry, because: (i) managers and profession gained insight about what really
happened in their processes by means of analyses of data they registered themselves; and (ii) these
insights support the desire for structural process improvement and better registration of what really
occurred during care delivery processes. For GGzE Centre research and development in particular, the
data-based method is of relevance, because: (i) it enables researchers to logically aggregate process
data and obtain purposeful process analyses, and (ii) based on these analyses, care delivery processes
could be better controlled, which serves as starting point for future process improvement.
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1 Introduction

Within this first chapter the introduction towards “Process improvement in mental healthcare:

A data-based method for care delivery process analysis in GGzE Centre child and adolescent
psychiatry” has been given. First the problem definition and the there from derived research question
is depicted in section 1.1. The scope and the focus of the master thesis project are stated in sections
1.2 and 1.3, respectively. Then section 1.4 explains the research approach. And finally, the outline of
the report is described in section 1.5.

1.1 Problem definition

Mental healthcare institutions in the Netherlands face major changes pushed by governmental policy'.
In order to encourage competition in the market, changes with regard to financing, reallocation and
privatizing the GGZ are introduced anno 2008. Another force GGZ has to deal with is the difficulty
GGZ has to meet demands: research data showed that the demand of the GGZ grows undiminished.
All types of care in the first-line and second-line Dutch mental healthcare show an increase from the
90s onwards; the strongest increase manifests in ambulant care, the smallest increase occurs in clinical
care. Especially second-line GGZ has difficulties to handle increasing demand: the size of waiting
lists and waiting times increases steady and in every phase clients wait longer than is required by the
standard (‘Treeknorm”).

At national level the first actions have been undertaken to manage care processes. One of the major
implementations is the Diagnosis Treatment Combination (In Dutch: Diagnose Behandel Combinatie
— DBC) systematic. This is esteemed as an important link in the new health insurance system. The key
element of the DBC-system is that the total treatment trajectory of a client will be reimbursed, instead
of the separate treatments. This way of financing is termed as product financing, where the ‘product’
is the total treatment trajectory belonging to a demand for care. In order to enable product financing
the products, or treatment trajectories, should be defined. This definitions in the DBC systematic are
composed of two parts: the classification of the demand of care (in terms of diagnosis, the occasion of
demand of care —regular or crisis— and the sort of demand —admission or not—) in combination with
the type of care profile (the activities which are done in order to meet the demand of care and the time
spend on the activities).

GGzE, Mental healthcare Institute of Eindhoven, offers ambulant and clinical care to people with
severe psychosocial and psychiatric disorders in and around Eindhoven. Each year GGzE offers
treatments towards about 18,000 clients. GGzE’s operations are divided over three divisions which
are: child and adult psychiatry, adult and elderly psychiatry, and forensic and intensive psychiatry.
Each division is once more divided in centers. GGzE Centre child and adolescent psychiatry is part of
the division child and adult psychiatry, and offers help to children and adolescents (0 till 23 years old)
and their parents or other raisers. Types of problems those children and adolescents deal with are
severe kinds of eating disorders, ADHD, fear, behavioral problems, depressions, autism related
disorders, psychosis or trauma related problems (www.ggze.nl).

The throughput times and waiting times W1, which is the time between application and first contact,
of care delivery processes in GGzE Centre child and adolescent are undesirably high, and on average
the clients wait longer than is allowed by the standard (‘Treeknorm”). Joosten (2009) presented these
results during the start meeting “improving care logistics” where managers and directors of GGzE

! Information with regard to changes and forces concerning GGZ is adapted from the Trend Report GGZ 2008.
The trend report composed by the Trimbos Institute for the Ministry of Welfare exists out of three series, which
are: part 1 Organization, Structure, and Financing; part 2 Entrance and Care Usage; and part 3 Quality and
Effectiveness.



Centre child and adolescent psychiatry discussed about the emerging logistical problems and try to
find solutions. A planned series of meetings together with resulting projects are based on the
breakthrough method”. In order to get more insights into the problems, in previous years several
actions have been undertaken by GGzE Centre research and development to map the current situation.
However, since these analyses were mostly qualitative, insufficient insight has been gained with
respect to the operational measures necessary for monitoring and controlling processes. Furthermore,
managers and directors of the GGzE Centre child and adolescent psychiatry are of the opinion that
more measures, especially about specific processes and process phases, are desired for managing their
processes.

In order to solve this problem the following research question is formulated:

"Which method can be used to analyze data about care delivery processes in GGzE Centre child and
adolescent psychiatry at a level that client flows can be identified and design solutions for logistical
improvement can be developed?"

1.2 Scope

From the research question one can abstract that care delivery processes are the central issue of this
master thesis project. In operations management terms Vissers and beech (2005) distinguish three
logistic approaches which are: unit logistics, chain logistics, and network logistics. In this context a
care delivery process should be approached as a chain.

In section 2.2 of this report a more comprehensive explanation about the logistic approaches is given.
For now some short definition about the approaches are stated in order to get enough understanding
about the scope of the research project:

e A unit logistics approach is needed when aiming on aspects concerning resource utilization and
workload control.

e The chain logistics approach focuses on the service level of a chain of operations.

e Network logistics combine the unit and chain perspectives. It draws on the notion that
optimization of the service in the chains needs to be balanced with efficiency in the use of
resources in the unit.

For a network logistics approach, ideally all chains and all units need to be included. However, often

this is far too complex. Therefore a chain logistics can be a good alternative, especially when

improving the performance of the process for a single patient group (Vissers and Beech, 2005).

Table 1 Baseline measurement versus "Treeknorm' (www.versnellingjeugdggz.nl)

Term baseline measurement Term Treeknorm Treeknorm GGZ
T0O-T1 Application waiting time 4 weeks / 80% within 3 weeks
Application — start assessment
T1-T2 Assessment waiting time 4 weeks / 80% within 3 weeks
Start assessment — end assessment
T2-T3 Waiting time for
End assessment — start treatment 1)  Treatment ambulant 1) 6 weeks / 80% within 4 weeks
2) Treatment clinical or 2) 7 weeks / 80% within 5 weeks
3) Protective livin 3) 13 weeks / 80% within 8 weeks
T3-T4 Not defined in Treeknorm
Start treatment — end treatment
TO T T2 T3 T4

P> C———>

I I I I I
Start End Start End
assessment  assessment treatment treatment

Application

2 The breakthrough method, developed in the United States and in the meanwhile applied in many countries, is
meant to achieve breakthroughs in the scope of client orientation, safety, logistics, efficiency and quality in a
short time period. Breakthrough projects focus on multiple disciplines related to a particular care process
(Schouten et al., 2007; www.ihi.org).



Although we will discover that describing a care delivery process as a simple sequence is rather an
unreasonable assumption, Table 1 offers an illustration of the four care process phases. Moreover this
table shows the maximum waiting times, also called ‘Treeknorm’, which is a standard formulated by
Dutch care providers in collaboration with insurance organizations. Unfortunately it is known that few
organizations meet the ‘Treeknorm’. Therefore GGZ providers started projects in which baseline
measurements are evaluated on the ‘Treeknorm’. At www.versnellingjeugdggz.nl one can find how
several breakthrough projects aiming at reducing throughput times and waiting times are already
successfully implemented at several child and adolescent departments of Dutch mental healthcare
institutions.

1.3 Focus

In order to find solutions to the research question several methods and techniques could be applied.
For the master thesis project applied at ‘GGzE Centre child and adolescent psychiatry’ there are a
number of motives which determine the methods and technique used. Besides personal interests and
professional knowledge gathered during the master education, there are several parties who
contributed to the project and supplied valuable state-of-art research information. In this section these
motives are discussed.

First of all, this master thesis focuses on improvement of mental healthcare processes. In order to
improve healthcare delivery the concepts Care Programmes and Care pathways are introduced by
Joosten, Bongers, and Janssen (2009) of GGZzE Institute of Mental Health Care Eindhoven in
collaboration with Tilburg University. In combination with other operational aspects of lean thinking,
such as, patient-in-process analysis it is expected that those concepts will contribute to reducing
throughput times and waiting times. In addition Linskens (2009) performed a master thesis graduation
project at the GGzE Centre child and adolescent psychiatry, which aimed at providing improvements
for reduction in access- and (sub)throughput-times for applied client by improving efficiency of
processes. In her thesis the emphasis is on the client perspective, lean thinking and Route 1 (the first
phase in the care delivery). Mental healthcare processes in general are described in section 2.1. In
particular the concept care programmes and care pathways are discussed in section 2.1.1, and the
process a client goes through at GGzE Centre child and adolescent psychiatry has been depicted in
section 2.1.1.

From a general perspective, two main research areas can be considered in order to manage care
delivery improvement projects. First, care delivery process improvement projects can be considered
as so-called Business Process Management (BPM) projects. According to van der Aalst et al. (2007a)
business process management is defined as ‘supporting business processes using methods, techniques,
and software to design, enact, control, and analyze operational processes involving, humans,
organizations, applications, documents and other sources of information’. 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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Figure 1 The BPM life-cycle (adapted from van der Aalst et al, 2007)

In particular, this thesis focuses on the control and diagnosis phases in which revealing weaknesses
and monitoring of the process are the main issues. In the control phase the execution of the
operational business process is monitored. The control part of the BPM system monitors on the one
hand individual cases to be able to give feedback about their status, and on the other hand, aggregates



execution data to be able to obtain the current performance of the workflow. In the diagnosis phase
information collected in the control phase is used to reveal weaknesses in the process. In this phase
the focus is usually on aggregated performance data and not on individual cases. The diagnosis
information is providing ideas for redesign (e.g., bottleneck identification) and input for the analysis
of redesigns (e.g., historic data) in the design phase (van der Aalst et al., 2007a).

Business Process Analysis (BPA) includes approaches like process mining and visual analytics.
Process mining and visual analytics are data-based research approaches for process analysis that have
been successfully implemented in hospital settings, in previous research projects at Eindhoven
University of Technology. Riemers (2009) developed a data-based method for process analysis in
healthcare using process mining and visual analytic tools. This method has been validated by Torres
Ramos (2009). According to Torres Ramos (2009) the main idea of the method is that the
combination of process mining and visual analytics could be a good option for getting relevant
healthcare process information. These approaches appear to be good complements because process
mining is a process driven approach which looks at the inside of the processes while visual analytics
can help users to obtain clearer process insights. The tools used in the method for process mining and
visual analytics are the ProM tool and the MagnaView tool respectively. Both approaches and tools
are discussed in more detail in section 2.2.

The second main research area which is considered in order to manage care delivery improvement
projects is health operations management (health OM). According to Vissers and Beech (2005) health
OM is defined as ‘the analysis, design, planning and control of all steps necessary to provide a service
for a client’. In other words, health OM is concerned with identifying the needs of clients, and
designing and delivering services to meet their needs in the most effective and efficient manner.
Section 2.3 provides a theoretical background concerning relevant approaches, principles and
techniques applicable to care delivery process improvements.

1.4 Research approach

In order to answer the research question depicted in section 1.1 a research approach has been
established. The general methodology used is a ‘qualitative research approach’, since the main issue
of the project is a developing a ‘method’. According to Jonker and Pennink (2000) systematic
searching new insights are the central issue when performing qualitative research. Therefore, data
collection and data analysis take place at the same time. For assessing the research, transparency and
proving insight will be more important than the reliability of the research. In other words, in case of
qualitative research the main question is if the involved parties which are subject of the research also
attach significance to the theoretical insights found. Since the project for “GGzE Centre child and
adolescent psychiatry” also requires quantitative analyses, a quantitative approach is indispensable.
Jonker and Pennink (2000) argue that outcomes of qualitative research can be tested by means of a
quantitative research approach. With that, both approaches are complementary and not contradictory.
Diagram of the qualitative and quantitative research methodology is depicted in appendix A.

The method of how to conduct the research is explained by means of a research framework.
According to Jonker and Pennink (2000) a method supplies instructions about how to handle, based
on a chosen methodology, and consists ideally of predefined steps which are provided with rules and
prescriptions. The research framework developed in order to answer the central research question is
depicted in figure 2. The framework represents the basic research topics and their relationships.
Within the research framework there are three domains defined, these are:

e [Initiation;

e Identification;

e Analysis;

e Design;

e Evaluation.
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Figure 2 Research framework

The domains are further divided into project phases:
e Phase 0: Defining the goal;

e Phase 1: Identification;

e Phase 2: Process analyses;

e Phase 3: Design of method;

e Phase 4: Evaluation of method;

e Phase 5: Conclusion and recommendation.

The next step was to define smaller parts, the work packages (WPs), for which sub questions are
defined. In figure 2 the work packages are depicted by small rectangles. Within this section a short
description of all phases and their corresponding work packages is given. To start with: “Phase 0
Defining the goal”; which is done by means of creating a research plan. A clear problem definition
with a research question that is embedded, relevant, precise, functional, and consistent, as it should be
(Oost and Markenhof, 2002), is the main starting point. Figure 2 depicts the following research
question:



"Which method can be used to analyze data about care delivery processes in GGzE Centre child and
adolescent psychiatry at a level that client flows can be identified and design solutions for logistical
improvement can be developed?"

In order to answer this research question first a study in order to identify the research setting and
relevant existing methods should be performed; this is done in phase 1. In the research framework this
is referred to as ‘care delivery processes’ and ‘existing methods’. To start with the first, models
prescribing mental healthcare processes and client flows in mental healthcare institutions should be
identified. Furthermore, the theoretical background of DBC-data will be investigated, since this data
type will be used during the actual process analyses step. Moreover, the prescriptions of care delivery
processes in GGzE Centre child and adolescent psychiatry according to guidelines of GGzE will be
established. After completion of this WP, it will be clear what already is prescribed about the specific
care delivery processes, and how the process ‘blueprint’ looks like. Secondly, existing methods
should be identified. For this master thesis project both a data-based method as well as process
improvement approaches suitable for healthcare settings are identified. Those existing methods are of
great interest for designing a method which can be used for analyzing data about care delivery
processes in GGzE Centre child and adolescent psychiatry. When the theoretical framework is
identified the next phase should commence.

Phase 2 consists of process analyses. In particular, the DBC-GGZ data about care delivery processes
of GGzE Centre child and adolescent psychiatry have been analyzed during this phase. In order to do
so, phase 3 consists of two steps which interact with each other on an iterative basis. Step 2.1
comprises a case study based on DBC-GGZ data. Therefore three main process steps should be
executed, these are: preparation, analyses, and verification. Moreover, the three steps are similar for
the application of the analyses tools, which are: MS Access (for database issues), MagnaView, and
ProM. By means of step 2.2 the analyzed results should repeatedly being validated. This had been
done by organizing presentations and discussions with managers and professionals of GGzE Centre
child and adolescent psychiatry (K&J) and GGzE Centre research and development (O&O).

Based on a reflection of the results obtained during phase 1 and phase 2, a data-based method for
analyzing DBC-GGZ data has been designed. This has been done during phase 3. In order to test if
the method can be used for which it was designed, that is, data analysis at a level that client flows can
be identified and design solutions for logistical improvement can be developed, an evaluation should
be performed. This is depicted by phase 4 of the research framework. By means of testing the method
on a number of criteria, the usefulness of the method had been determined. Furthermore, it is
important to establish the usefulness of the method for practical aspects of GGzE.

Then to close the project a last phase should be completed in order to assess that the goals are
reached. This phase is called “Conclusion and recommendation” and contains a reflection on the
research question. Here will be concluded what the answer on the research question is and what the
remaining research gaps / blanc spots are.

1.5 Outline

Within this last section of chapter 1 the content of the remaining of this report is stated. Chapter 2
starts with a theoretical background concerning improvement of care delivery processes by means of a
data-based method. In section 2.1 first recent developments with respect to describing mental
healthcare processes in general, and care delivery processes at GGzE Centre child and adolescent
psychiatry in specific are described. With regard to data-based analysis of care delivery processes,
section 2.2 discusses the approaches visual analytics and process mining. Furthermore the
combination of both approaches by means of a data-based method for control and diagnosis in a
healthcare environment developed by previous graduate students at the Industrial Engineering
department of Eindhoven University of Technology is discussed. However the data-based method
serves as a good starting point for diagnosis and control of mental healthcare process, a more



purposive approach for logistical improvement is required. Therefore, in section 2.3 the approaches
emerging from the health operations management domain will be discussed.

In chapter 3 the data-based method for mental healthcare process analysis is discussed. Typically,
section 3.1 describes the design of the method. Within that section a small overview of the steps and
their relationships is given. These steps are explained in more detail in the remaining of that chapter.
In succession the following steps are discussed: build database, preprocessing, visual analytics and
process mining (both including transformation, loading, analyses, and verification), filtering and
clustering, and validation.

The data-based method is applied at DBC-GGZ data about care delivery processes in GGzE Centre
child and adolescent psychiatry. The results of this case study are depicted in chapter 4. First the
dataset specification are described in section 4.1. Then the results of process analysis are discussed.
First the MagnaView analyses, with regard to the categories ‘process characteristics’, ‘bottlenecks’,
and ‘process patterns’ are discussed. Secondly, the analyses obtained by ProM by means of process
mining and process analysis plug-ins are described. Then the research is taken a step further in the
direction of client group identification, which is explained in section 4.3. In section 4.4 the validation
of the case results is disussed. And finally, section 4.5 deals with evaluation of the method. This
master thesis report is closed with a conclusions and recommendations (chapter 5).



2 Theoretical background

This second section provides theoretical background related to data analysis and process improvement
of care delivery processes in GGZE Centre child and adolescent psychiatry. Within this section three
domains form the central focus of methods and techniques used in order to answer the research
question. In section 2.1 (Dutch) mental healthcare processes in general are discussed. In addition, care
delivery processes at GGzE Centre child and adolescent psychiatry in specific are described. In
section 2.2 the process analysis approaches visual analytics and process mining are introduced. Both
approaches are combined in a data-based method for control and diagnosis in a healthcare
environment by previous graduate students at the Industrial Engineering department of Eindhoven
University of Technology. This existing method forms the basic principle for the data-based method
for mental healthcare analysis discussed in chapter 3. However, the data-based method forms a good
starting point for control and diagnosis, this method does not serve an obvious connection towards
logistical improvement. Therefore, in section 2.3 the domain health operations management will be
discussed. In particular, this section presents a logistical approach for process improvement.

2.1 Mental healthcare processes

In this section the main characteristics of (Dutch) mental healthcare processes are described. In
addition, it is explained how these processes should be approached in order to improve them. In
mental healthcare a client with a demand for care applies at a care institute. Although it is not yet
known what this demand implies, this is where the care delivery process starts. Joosten et al. (2008)
state that mental healthcare processes are divided in two regularly repeating and overlapping phases:
¢ In the specification phase activities are aimed at choosing the right intervention from all available
services, given the patient’s condition and personal preferences to reach a desired outcome.
e In the delivery phase, the chosen intervention is carried out. Regularly, this intervention will be
evaluated in the light of the desired outcome.
Joosten et al. (2008) argue that both care programmes (CPs) and integrated care pathways (ICPs) are
needed to improve processes and quality in the mental health service specification phase and delivery
phase. Furthermore Joosten et al. (2009) explain that this approach could be an appropriate instrument
when implementing aiming at redesigning operational aspects of the care delivery process. The first
subsection explains CPs and ICPs in more detail. Then the second subsection describes the care
delivery processes at GGzE Centre child and adolescent psychiatry in particular.

2.1.1 Care programmes and integrated care pathways

Joosten et al. (2008) argue that the specification-delivery distinction is similar to the plan-do-check-

act cycle of Deming. Together, activities in these phases must be designed to improve care quality and

optimize delivery processes. Since there is much uncertainty during the specification phase a care

programme (CP) approach, characterized by a network architecture, seems most appropriate. Care

programming in GGzE can be best illustrated by means of two models shown in appendix B:

(i) The van Bokkem and van der Velde’s (2003) process steps, which are used as a starting point for
all admission and assessment activities in GGzE.

(i) The care-plan cycle developed by Joosten et al. (2008), which in addition to admission and
assessment activities also accounts for the treatment phase.

In the delivery phase it is assumed that a causal predictable relation between the process steps exists.

Therefore, Joosten et al. (2008) argue that this phase can be approached with integrated care pathways

(ICPs), which are characterized by a supply chain architecture.

According to Joosten et al. (2008) care programmes in the context of Dutch mental healthcare are
defined as “all specified and coordinated activities and measures to deliver healthcare services or to



reach certain effects in a specified target population. Each CP is described using a name, goal, target

population(s), partners, organization, preconditions, activities and modules. CPs can be used on

different levels, which are:

e Theoretically: empirical data, clinical experience and patient input are used to asses which goals
ought to be attained.

e Individually: information about available care can influence decision making between
professionals and patient and improve critical reflection.

e Organizationally: coordinating healthcare services (in and between organizations).

However, Joosten et al. (2008) argue that CPs do not focus on how to organize and deliver the chosen

services most effectively. Therefore, another instrument is needed that also focus on improving

delivery processes. This is where integrated care pathways (ICPs) make their commencement.

Joosten et al. (2008) define integrated care pathways by means of the definition of a clinical pathway,
which is “a method for the patient-care management of a well-defined group of patients during a well-
defined period of time”. ICPs can be regarded as instruments that focus on quality improvement, and
in particular on standardizing and improving delivery processes. Since ICPs contain a causal
predictable relation between the process steps (otherwise it’s not an ICP), Joosten et al. (2008) argue
that ICPs can be regarded from supply chain point-of-view. ICPs start from a supply chain point-of-
view that is most suited in situations where standardized condition-centered care has to be delivered.
Keen at al. (2006) explain that condition-centered care should focus on a person’s condition and
provide evidence-based treatment and care. By meeting the assumption of low variance between
process steps, the delivery process can be viewed as a series of pipes. Ideally, free-flowing pipes
without interruption will be created. Here there exists a direct conceptual link to the use of
standardized production processes, and in particular the concept “focused factories” which is
discussed in section 2.3.3.

2.1.2 GGzE Centre child and adolescent psychiatry

Like the title and the research question of this report already presumes the project has taken place in
the form of a business case. The business case was performed at GGzE Centre child and adolescent
psychiatry. In this section, an overview of processes within GGzE Centre child and adolescent
psychiatry is given. This overview is mainly based on information Linskens (2009) provided in her
master thesis “Process analysis and improvement at GGzE”.

Within GGzE Centre child and adolescent psychiatry the following care programs are executed:
Autism Spectrum Disorders

Parenthood Problems and Trauma related disorders

Moderate Cognitive Disorders and Psychiatry

Eating disorders

AD(H)D: Attention Deficit (Hyperactivity) Disorder

Anxiety Disorders

Mood Disorders

Psychoses

Plural Behavior Disorders

Care programming development in GGzE started in 1995. The initial idea was to change the delivery
of care from supply- to patient-driven (Joosten et al., 2008). Care programs are based on scientific
knowledge, professional consensus, and experience-based knowledge of clients in the area of
children- and adolescent psychiatry. Furthermore, these programs are based on education and
development of children and adolescents in general (Linskens, 2009).

Besides its division in care programs, GGzE Centre child and adolescent psychiatry has been
structured in different routes. According to Linskens (2009) there are four routes, each describing
different processes executed by professionals. These four routes are depicted in figure 3. Organizing



care in routes has been done in order to integrate activities around a patient. Furthermore, routes are
better recognizable for clients, employees, and referrers. Features of routes consider differences in
extend, working method, and expertise needed. Routes imply motion between, for instance,
ambulatory and clinical care provision, forensic and non-forensic, and between adolescent care
provision and GGzE. Subsequently, routes imply crossings where decisions and connections with the
environment can be made, what facilitates integrated care. Moreover, routes contribute to the
definition of care programmes and care pathways, more visible and every route is linked to integrated
care partners and the necessary provisions (Linskens, 2009).

Application by
referrer

Route 1:
intake, diagnosis &
consultation

Route 2:
baby & children
psychiatry

Route 4:
psychiatry in transition

Route 3:
adolescent psychiatry

GGzE Centre child & adolescent psychiatry
Figure 3 Organizing care in routes in GGzE Centre child & adolescent psychiatry (adapted from Linskens, 2009)

In figure 4 is shown that a potential client enters route 1 from the moment that a potential GGZzE client
has been applied by a general practitioner, pediatrician, or the Office for Child and Adolescent
welfare (Bureau Jeugdzorg). After intake and a preliminary diagnosis have been performed, the client
continues with either route 2, route 3, or route 4. The choice for a specific route depends on the age of
the client and the nature of his/her psychological problems. Route 2 contains ambulant care for babies
and children until the age of twelve. Route 3 includes care provision for adolescents in the age of
twelve until twenty-one. And route 4 deals with adult-care; here care is provided for patients with

eating disorders, traumas, and in case of parenthood problems the parents are involved as well
(Linskens, 2009).

Another distinction is made on the bases of ambulatory care and clinical care (figure 4). Route 1
involves both ambulatory and clinical care, however for both types of care route 1 is performed in a
different manner. Ambulatory care is provided to children and adolescents and in specific cases to

adolescents with forensic background. Clinical care is provided in an adolescent psychiatric clinic and
a clinic for orthopsychiatry.

Children & adolescents

Route 1:
intake, diagnosis &
consultation

Figure 4 Distinction between ambulatory and clinical care (adapted from Linskens, 2009)

Forensic adalescent
psychiatry

Since it was expected by directors of GGzE that route 1 causes most problems the research of
Linskens (2009) focused mainly on that part of the process. By means of a SWOT-analysis the largest
needs for improvements of route 1 are indicated, these are: (1) High frequencies of waiting lists,
waiting times, and waiting systems; and (2) Professionals state that processes are performed too slow,
everyone works for his own compartment, and ambiguousness exists in the structure of the
organization: “Who is responsible for what?”
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An overview of the main processes taking place during route 1 is depicted in figure 5. After the first
phase, application, the potential GGZzE client is placed on a waiting list for screening. During the
screening phase the client’s file is being examined by the PCP (Program Coordination Point), a
multidisciplinary team. Subsequently, the client is placed on a waiting list for the intake. Depending
on the type of suspected disorder and the complexity of the demand of the client, the intake is
performed by only a SPN (Social Psychiatric Nurse), both SPN and a psychiatrist, or a GGZ-
psychologist. Hereafter, the information derived from the intake is assessed by the professional who
has performed the intake. Finally, during the PCP a preliminary diagnosis is defined and the urgency
for care is determined. Next, the client is placed on a waiting list for research & diagnosis in one of
the other routes Linskens (2009).

Route 1

Application Screening Intake Assessment PCP
- GP - SPN Discussing report in
- Pedialrician Examining - SPN & psychiatrist Determining multidisciplinairy
- Bureau Jeugdzorg patient's file - GGZ-psychologist temporary diagnosis team

Figure 5 Processes within route 1 (adapted from Linskens, 2009)

2.2 Process analysis approaches

In order to analyze the care delivery process at GGzE Centre child and adolescent psychiatry, the
process analyses techniques process mining and visual analytics will be used. These approaches have
proven to be good complements when applied in healthcare environments due to the fact that the main
purpose of process mining is to look inside of the processes while visual analytics focuses on
presenting the process information in a clearer way. During his master thesis project Riemers (2009)
developed a data-based method for process analysis in healthcare using process mining and visual
analytic tools. This method has been validated by Torres Ramos (2009). According to Riemers (2009)
and Torres Ramos (2009) process mining and visual analytics have been successfully applied in
healthcare settings to obtain relevant process information. The tools used in for process mining and
visual analytics are the ProM tool and the MagnaView tool respectively.

In the next chapter a data-based method for analyzing mental healthcare processes is described. Since
this method is based on the existing approach developed by Riemers (2009) and Torres Ramos
(2009), and thus also combines process mining and visual analytics, some preliminary theory about
these approaches is presented in this section. In the first section a general overview of process mining
and a description about the process mining tool ‘ProM’ is given. The second section deals with visual
analytics, and the tool MagnaView. Finally, in the third section the method developed by Riemers
(2009) and validated by Torres Ramos (2009) is described.

2.2.1 Visual analytics

According to Thomas and Cook (2006) visual analytics is a multidisciplinary field that includes the

following focus area:

e Analytical reasoning techniques that let users obtain deep insights that directly support
assessment, planning and decision making;

e 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;

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

e Techniques to support production, presentation, and dissemination of analytical results to
communicate information in the appropriate context to a variety of audiences.
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In the scientific domain, visual analytics focuses on the automatic construction of these visualizations.
In this graduation project, visual analytics is used for the same purpose as that of Riemers (2009) and
Torres Ramos (2009), that is, as the method for visual, interactive presentation.

The visual analytics tool used for the graduation project is MagnaView. According to Sogeler (2006)
the goal of MagnaView is to give an almost unlimited number of visualizations of business data. It
uses a special visualization method, called treemaps. Some visualization methods are good when a
global overview of data is needed. Other visualization methods are suited when specific details are
required. Treemaps provide a middle ground between these two by trying to combine both. Treemaps
are also suited for visualizing large amounts of data.

1’1 — ’*"

Business Extract Visualize Present
Information Data Data to user
MagnaView

Figure 6 Data analysis using MagnaView (adapted from www.magnaview.nl)

According to Riemers (2009) MagnaView can be used for multiple purposes. The most important at
the moment is its data analysis functionality (figure 6). MagnaView 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. Riemers (2009) mentions several ways how analysts are
able to interactively analyze data in a healthcare setting by means of MagnaView. First, the analyst
can select useful data directly from the visualization. This enables 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 is easier to analyze
the data.

2.2.2 Process mining

According the Mans et al. (2008) process mining aims at extracting process knowledge from so-called
“event logs” which may originate from all kinds of systems, like enterprise information systems.
Typically, these event logs contain information about the start/completing of process steps together
with related context data (e.g. actors and resources). The goal of processes mining is to extract
information (e.g. process models) from these logs. Typically, process mining approaches assume that
it is possible to sequentially record events such that each event refers to an activity (i.e. a well-defined
step in the process) and is related to a particular case (i.e., a process instance or care trajectory).
Furthermore, some mining techniques use additional information such as the performer or originator
of the event (i.e., the person/resource executing or initiating the activity), the timestamp of the event,
or data elements recorded with the event (e.g., the size of an order).

The idea of process mining is to discover, monitor and improve real processes (i.e., not assumed
processes) by extracting knowledge from event logs. Process mining techniques can be split into three
categories (Aalst et al., 2007b; Mans et al, 2008; Alves de Medeiros and Weijters, 2009), these are the
following:
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(1) Discovery: Traditionally, process mining has been focusing on discovery, i.e., deriving
information about the original process model, the organizational context, and execution properties
from enactment logs. Techniques for discovery try to generate a model based on the event logs.
This may be a process model, but also other models focusing on different perspectives, e.g. the
control flow perspective, organizational perspective, and performance perspective, can be
discovered using process mining. For example, there are approaches to extract social networks
from event logs and analyze them using social network analysis. This allows organizations to
monitor how people, groups, or software/system components are working together. Also, there are
approaches to visualize performance related information, e.g. there are approaches which
graphically show the bottlenecks and all kinds of performance indicators, e.g., averages/variance
of the total flow time or the time spent between two activities.

(2) Conformance: Techniques for conformance checking aim at exposing the difference between
some a-priori model (e.g., a Petri net describing the control-flow) and the real process observed
via the event log. Conformance checking may be used to detect deviations, to locate and explain
deviations, and to measure the severity of these deviations.

(3) Extension: Techniques for model extension take some a-priori model and project other
information on it derived from the log, e.g., a Petri net can be extended by providing a decision
tree for each choice in the system. This way data and performance aspects can be projected on
some a-priori model obtained directly from the system or discovered through process mining.

Note that the method described in chapter 3 only applies the discovery technique, since this technique

is most easily to understand and apply. Furthermore, this project is the first initiative to data analysis

taken by GGzE; conformance and extension should be applied only then when process models are
already discovered. At this point in time there are mature tools such as the ProM framework, featuring
an extensive set of analysis techniques which can be applied to real-life logs while supporting the

whole spectrum depicted in figure 7 (Mans et al, 2008; Alves de Medeiros and Weijters, 2009).
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Figure 7 ProM framework (adapted from Alves de Medeiros and Weijters, 2009)

ProM is a generic open-source tool developed by a group of researchers at Eindhoven University of
Technology, for implementing process mining tools in a standard environment
(www.processmining.org). Yet, ProM has been applied to all kinds of processes in for example
industrial settings, healthcare environments, and insurance and banking systems. ProM uses the
Mining XML (MXML) format for its input logs. ProMimport is the tool which can be used for the
extraction of these logs from all kinds of popular information systems. The ProM framework has been
developed as a completely plug-able environment, which can be extended by simply adding plug-ins.
The most interesting plug-ins are the mining and the analysis plug-ins. The architecture of ProM
allows for five different types of plug-ins (Aalst et al., 2007b):
e Mining plug-ins, which implement some mining algorithms, e.g. mining algorithms that construct
a Petri net based on some event log.
e Export plug-ins, which implement some “save as” functionality for some objects (such as graphs).
e Import plug-ins which implement an “open” functionality for exported objects.
e Analysis plug-ins which typically implement some property analysis on some mining results.
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e Conversion plug-ins which implement conversions between different data formats.
The specific plug-ins included in the data-based method for mental healthcare analysis are described
in the next chapter.

2.2.3 Data-based method for control and diagnosis in a healthcare environment

Previous graduation research projects of Riemers (2009) and Torres Ramos (2009), both graduated at
the Industrial Engineering department of Eindhoven University of Technology, focused on designing
and validating a data-based method for control and diagnosis in a healthcare environment. Although
both projects applied in hospital settings, the phases defined in the method are regarded as a good
starting point in order to identify client flows in care delivery processes in GGzE Centre child and
adolescent psychiatry. Furthermore, it is expected that process related information can be easily
obtained and interactively offered to users which in turn can use the information for logistical
improvement such as throughput times and waiting times reduction.

The main advantage of the method developed by Riemers (2009) and validated by Torres Ramos
(2009) is that it both utilizes process mining and visual analytics techniques. The combination of these
techniques supposes complementary results due to the fact that process mining offers process related
information by looking at the inside of the process while visual analytics can present this information
in a clearer way. The tools proposed in the method for process mining and visual analytics are ProM
and MagnaView respectively. Another way to take advantage of using the existing method is that
hospitals as well as mental healthcare organizations in the Netherlands register their activities by
means of the DBC (DiagnoseTreatment Combination, in Dutch Diagnose Behandel Combinatie)
systematic.

The method developed by Riemers (2009) and validated by Torres Ramos (2009) proposed seven
main steps, which are:

e Build database

e Introduction session

e Preliminary analysis

e Preliminary meeting

o 2" analysis

e Final meeting

e Documentation

In order to test the usefulness of the method a number of criteria were set. These criteria are:

The 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.

Note that for the GGzE project these criteria also will be used in order to evaluate the newly designed
data-based method.

N U W

2.3 Health operations management

Although the process analysis approaches mentioned in the previous section are promising with
regard to process analysis (i.e. control and diagnosis), they are not yet embraced when design
solutions for logistical improvement should be developed. In order to extract diagnostic information
which can be used for providing ideas for redesign, an extension with operations management
approaches, and in particular a logistical approach is required. According to Vissers and Beech (2005)
health operations management (OM) is defined as “the analysis, design, planning and control of all
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steps necessary to provide service for a client”. Within the first subsection a logistical approach for
healthcare process improvement developed by Vissers (2006) will be discussed. In the second section
the concept of iso-process patient grouping is discussed, which is the first step of the logistical
approach and serves as a starting point when analyzing complex healthcare processes. Thirdly, the
more general process improvement approach focused factory is discussed which is in particular
relevant since it is a widely tested concept in industry which emerges as a model for designing
integrated care pathways and homogenous patient groups. Here, there is first explained how
healthcare can be linked to OM.

Unfortunately, most health OM literature focuses on hospital settings and not on mental healthcare
processes. However, Vissers and Beech (2005) argue that processes in hospitals are most complex,
have a shorter throughput time and a higher volume compared to other sectors such as mental health,
and therefore, one could state that hospitals are a perfect ground for health OM. Moreover, Vissers
and Beech (2005) state that the principles of the hospital examples can nevertheless be easily
translated to other healthcare sectors. In the same context Hall et al. (2006) have applied queueing
theory for the study of health care delay. They argue that, when respecting health care’s unique
features, reducing health care delays is similar to the efficient coordination of work in a factory.
According to Hall et al. (2006) healthcare delays can be reduced through awareness of best practices,
application of quantitative methods and a commitment to change.

2.3.1 Alogistical approach for process improvement

Vissers (2006) developed an operations management approach to process improvement and applied
that to the cardiology patient flow in hospitals. Although this is a hospital application, the steps taken
can be generalized to other healthcare settings in which the patient flow is issue of concern. The
approach consists of five steps which are the following:

e The first step of Vissers’ (2006) approach is to identify iso-process patient groups, for which a
specific organization of services is developed. In this step patient groups and the different
trajectories followed by patients within a patient group should be identified. The concept of iso-
process patient groups is further explained in section 2.3.2.

e The second step is to describe these processes in a way that allows analysis of the service and
resource use impacts of processes.

e The third step is to define a production control per patient group, taking into account the
characteristics of the process considered.

o The fourth step involves the setting of objectives for the performance of the process to enable its
monitoring.

e The fifth and last step is regarding the responsibility for process management in hospitals.
Vissers’ (2006) argues that medical specialists need to take up the responsibility for process
management in order to make improvements process sustainability.

In order to apply the method three main principles should be understand, which are: the distinction

between logistics of units, chains, and networks; the framework for production control; and

homogeneous process patient grouping. The distinction between logistics of units, chains, and
networks and the framework for production control are briefly explained below. Homogeneous
process patient grouping, which is the first step of the method, is in particular interesting in
combination with data-analyses, and will therefore be discussed in more detail in the next section.

Logistic approaches

Vissers and beech (2005) distinguish three logistic approaches, which are: unit logistics, chain
logistics, and network logistics. Since the focus of this thesis is on care delivery process, the client
flow, or the flow of a patient (group), the concepts of chain logistics is regarded as most important.
When aiming on aspects concerning resource utilization and workload control a unit logistics
approach is needed. The chain logistics approach focuses on the service level of a chain of operations.
Network logistics combine the unit and chain perspectives. It draws on the notion that optimization of
the service in the chains needs to be balanced with efficiency in the use of resources in the unit. For a
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network logistics approach, ideally all chains and all units need to be included. However, often this is
far too complex, especially for a change to improve the performance of the process for a single patient
group. Therefore a chain logistics can be a good alternative, especially when improving the
performance of the process for a single patient group (Vissers and Beech, 2005).

According to Vissers and Beech (2005) supply chains represent a series of different operations
(undertake in different units) for the same type of product. The chain perspective is represented by
patient groups. The focus of this perspective is on the total process of the patient, using different units
on their journey through for example a hospital. The chain perspective strives to optimize the process
according to some targets, which all relate to the time dimension. Typical targets are: short access
time, short throughput time and short in-process waiting times. The prime objective of the chain
perspective is to maximize the service level for patients belonging to a certain patient group. As the
focus is on the one patient group considered, it is difficult to look at the efficiency of the chain in
terms of use of resources. Resources are, in general, not allocated to patient groups, but to specialties.
Efficiency issues therefore, can only be considered at the level of flows from all patient groups
belonging to the specialty. This is where unit logistics or network logistics should be considered
(Vissers and Beech, 2005).

A framework for logistical control

According to Vissers’ (2006) the third step in the approach to process improvement is to define a
production control per patient group, taking into account the characteristics of the process considered.
In order to position ‘production control per patient group’, first a definition of production control is
given. Thereafter, the framework for planning and control of hospitals is described.

A formal definition of production control defined by Bertrand and de Vries (2005), is the following:
“the design, planning, implementation and control of coordination mechanisms between patient flows
and diagnostic & therapeutic activities in health service organizations to maximize output/throughput
with available resources, taking into account different requirements for delivery flexibility
(elective/appointment, semi-urgent, urgent) and acceptable standards for delivery reliability (waiting
list, waiting times) and acceptable medical outcome”.

The framework for production control of hospitals of Vissers et al. (2005) deals with the balance
between service and efficiency at all levels of planning and control. The figure in appendix C shows
the hierarchy, spanning from long-term strategic planning issues at the top levels to short-term control
issues at the bottom level. The framework shows that every level needs a horizontal control
mechanism to match patient flows with resources and that vertical control mechanisms are required to
set the targets for lower levels (feed forward) or to check whether activities develop within the
boundaries set by higher levels (feedback).

Though the planning framework seems to be working only top down, the need for each level and the
requirements for coordination are established bottom-up (Vissers, 2006). At the lowest level,
individual patients are coupled to resources in the day-to-day scheduling. This level in the framework
is called ‘patient planning and control’. The way patients are operationally scheduled needs to be
governed by rules established at patient group level. This level is called ‘patient group planning and
control’. To allow for the planning of a patient group resources need to be allocated, taking into
account the availability of specialists and personnel. This level is called ‘resources planning and
control’, and includes also the time-phased allocation of resources. The level of resources required
results from the annual patient volumes contracted, and the service and efficiency levels targeted for.
This level is called ‘patient volume planning and control’. Finally, the volume level is governed by
the strategic planning level, where, for instance, decisions are taken about which resources need to be
shared or not. This level is called ‘strategic planning’. At this level there is no control involved
(Vissers, 2006).
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2.3.2 Iso-process patient groups as business units

In addition to the logistic approaches and the systematic matching of demand and supply at different
levels of planning mentioned in the previous section, Vissers (2006) states that there is an important
third feature of the approach to process improvement, that is, the consideration of iso-processes as
basis for production control of healthcare processes. Iso-process grouping is a way of classifying
clients according to the trajectory that clients follow through their journey.

Given that processes or chains generate a service of a client, the focus for product classifications is
driven by the requirements of the client. In particular, clients want a service that is efficient (for
example, unnecessary delays in treatment are avoided) and effective (for example, evidenced based
practices are used). In turn, the achievement of these goals is likely to increase levels of client’s
satisfaction. In order to plan and monitor the efficient and effective delivery of the products towards
the client, operations managers want a product classification. According to Vissers and Beech (2005)
iso-process groups as business units implies that patient groups are distinguished fulfilling the criteria
(homogeneous in terms of process and market performance). Homogeneity in terms of market
performance implies similar criteria for urgency, acceptable waiting times, etc. Homogeneity in terms
of process implies that the patients within the product group use the same constellation of resources.
However the overall amount of resources used by patients within the group may vary considerably, a
fact that would need to be allowed for when planning capacity requirements. This iso-process
grouping makes a logistics approach different from an economics approach (iso-resource grouping)
and a medical approach (iso-diagnosis grouping). Vissers (2006) argues that from an operations
management perspective, a product classification somewhere between these two “traditional”
approaches seems to be required.

Vissers (2006) explains that the first attempts to define hospital products from a managerial
perspective can be credited to Fetter and his colleagues (1983). They developed the DRG-system
(diagnosis related groups) to classify all diagnoses into groups of diagnoses that are recognizable for
physicians and homogeneous in terms of use of resources. In the Netherlands the Diagnosis Treatment
Combination (Diagnose Behandeling Combinatie - DBC), which is comparable to the DRG-system,
has been introduced. The key element of the DBC-system is that the total treatment trajectory of a
client will be reimbursed, instead of the separated treatments. This way of financing is termed as
product financing, where the ‘product’ is the total treatment trajectory belonging to a demand for care.
In order to enable product financing the products, or treatment trajectories, should be defined. This
definitions in the DBC-systematic are composed of two parts: the classification of the demand of care
(in terms of diagnosis, the occasion of demand of care — regular or crisis — and the sort of demand —
admission or not) in combination with the type of care profile (the activities which are done in order
to meet the demand of care and the time spend on that activities) (van Hoof et al., 2008).

Ideally, in accordance with the DBC systematic, treatment guidelines should be leading for the
interpretation of the care profile towards a certain demand of care. However, in practice, also in case
of comparable demands of care, major differences between individual treatment trajectories exists. So,
this is for the goal of the DBC systematic — the establishment of national, uniform treatment units —
not suitable. In the GGZ one has chosen to first make an elaborated (administrative) analysis of the
usual practice, and thereafter define a limited amount of product groups on the basis of a clustering of
all existing trajectories. This has resulted in 92 ambulant product groups, 23 clinical product groups
and 50 residence groups. The product groups are formulated in such a way that every treatment
trajectory fits in exactly one product group. Furthermore, the product groups are internally as cost
homogeneous as possible (van Hoof et al., 2008).

Although Vissers (2006) states that product groupings such as DRGs were primarily developed to
support the financial reimbursement of hospitals rather than to support the planning and management
of health care chain, they are regarded to have relevance to operations management. Since there exists
a direct relationship between DRG cost and the efficiency with which resources are used within a
DRG. Hence, there are parallels between the analysis of DRG costs and the efficient planning of care
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within process chains. Furthermore, Vissers (2006) proposes that it might be possible to generate
product groups because the care of the patients covered can be regarded as being delivered in a
‘focused factory’: a business unit concept. This concept will be discussed in the next section.

To conclude, Vissers (20006) states that using iso-process groups as business units implies that patient
groups are distinguished fulfilling the criteria (homogeneous in terms of process and market
performance), that the volume of the patient flow is sufficient to allow for a specific production
control, that the trajectories within these groups are described, that production control for each of the
patient groups is defined and that the responsibility for managing the patient group is clarified.

2.3.3 Focused factory

Within this section the emerging process improvement approach focused factory is discussed. The
focused factory concept is relevant in this context since it is a widely tested concept in industry which
emerges as a model for designing integrated care pathways (Joosten et al., 2008) and homogeneous
patient groups (Bertrand and de Vries, 2005). Ultimately, this management approach is expected to
improve care delivery services in the mental healthcare sector.

Bertrand and de Vries (2005) describe that the focused factory concept developed by Skinner (1974),
entails the idea that operational processes should be designed to support optimally the production and
delivery of a homogeneous group of products or services. Homogeneity refers to the quality and
requirements for the products or services in the market and the resources needed for their production.
The essence of a focused factory can be found in the way in which the various resources in the factory
are coordinated in order to achieve the required operational performance. The larger the variety in
products, in services or in performance requirements is, the larger the required variety in resources
and modes of operation will be and, as a result, more effort will be needed to coordinate the resources.

The large variety in products, services and resources will also result in less opportunity for learning,
which takes place with the repeated execution of similar processing steps and repeated interaction
with similar customers (Bertrand and de Vries, 2005). This learning effect is also described by Porter
and Teisberg (2004), who state that numerous studies show that when physicians or teams treat a high
volume of patients who have a particular disease or condition, they create better outcomes and lower
costs. This phenomenon exits because the more experience physicians and teams have in treating
patients with a particular disease or condition, the more likely they are to create better outcomes —
and, ultimately, realize lower costs. By performing particular procedures over and over, teams
increase their learning opportunities and thereby reduce mortality rates. The variety problem is also
captured somewhat by Hopp and Spearman (2000) who argue that the main idea behind focused
factories is that plants can do only a few things very well and therefore should be focused on a narrow
range of products, processes, volumes, and markets.

Here we come to the main question: How can the focused factory concept be applied in healthcare
organizations? Bertrand and de Vries (2005) state that hospitals traditionally are focused on the
groups of specialties that are delivering their services to patients. This is not an approach based on the
principle of homogeneity, because generally there is a large variety in resources needed for serving
the patients of one specialty: simple (single resource) and complex (multiple resources), short and
long stay, variation in the sequence of operations, etc. No difference in quality is applied, since in a
healthcare environment everyone expects state-of-art quality. However, differences in services
required can be a useful difference to be applied to differences in required delivery time (e.g.
emergency cases were access time should be zero).

However, hospitals more and more focus on patient groups that are homogeneous in term of resources
needed. Thus far, this principle is applied to specific diagnostic groups that cover only a small part of
the total patient flow in a hospital. Furthermore, the principle is not applied to the whole service

chain, from first visit to end of treatment, but only to a part of it. However, it can be possible to apply
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the principle of a focused factory for specific phases between decoupling points in the service of the
patient flow. For many diagnostic groups, the process can be split into two main service phases: e.g.
specification and delivery in mental healthcare organizations (section 2.1.1). The specification phase
has different characteristics from the delivery phase: more uncertainty in demand, more variety in
resources required, less predictability in the activities to be performed. For some patient flows the
specification phase will be short and clear; for others, a step-by-step or sometimes iterative search
process is needed. For this reasons the principle of focused factory tend to be more relevant to the
delivery phase of patient care. According to Bertrand and de Vries (2005) the focused factory concept
has shown to be successful for patient groups:

e With a predictable process, after the specification, and after a treatment plan is set up;

e With a low variety in the delivery processes;

e With common requirements in quality and service;

e That are homogenous in resource requirements;

e That do not require high flexibility.

The conclusion it that the focused factory concept is at least partially applicable in healthcare

organizations:

e To a part of the total service chain, between well-defined decoupling points;

e To specific aspects, such as service, of the total set of requirements to be met;

e Processes should be transparent and defined in such a way that they can be analyzed in terms of
their homogeneity.

So there should be more information for grouping patient flows from this point of view. However, for

several reasons, such as quality assurance, efficiency, computerizing and process monitoring,

operational processes are being more and more explicitly defined. Therefore, Betrand and de Vries

(2005) expect that the focused factory will gain in applicability. Operations management will then be

less complex, since the total patient flow, with a high degree of variation, will be split up into phases

of care for homogeneous patient groups, resulting in reduced complexity and improved performance.
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3 Data-based method for mental healthcare process analysis

Within this third section a data-based method for mental healthcare process analysis is discussed. First
the design of the method, serving as a general overview, is introduced in section 1. Then the several
steps included in the method are described in detail in the following sections. Section 3.2 depicts
instructions for building the database, thereafter preprocessing is discussed in section 3.3. Then
section 3.4 explains how visual analytics can be performed by means of MagnaView analyses, and the
preparation steps needed in order to perform these analyses. In a similar way section 3.5 explains how
process mining can be performed by means of ProM analyses, and the preparation steps needed in
order to perform these analyses. Then the application of filtering and clustering is discussed in section
3.6. And finally, validation of the results obtained by the method is described in section 3.7. An
application of the method by means of a case study at GGzE Centre child and adolescent psychiatry is
discussed in the next chapter.

3.1 Design of method

Within this first section the design of the data-based method for mental healthcare process analysis is
discussed. The design is graphically represented in figure 8. The method is to a large extent based on
the method of Riemers (2009), but differs in two important aspects: (1) for this method mental
healthcare process data instead of hospital process data has been used; (2) where Riemers (2009)
typically approaches a preliminary analysis and executes one iteration, the model discussed here
attempts to prescribe the required steps by means of a system approach (Hopp and Sprearman, 2000),
allowing for more than one iteration. Typically, the method is designed in order to perform a case
study which starts with initiation and ends with closure, like with projects in general. The case study
at GGzE Centre child and adolescent psychiatry is described in the next chapter. Within this chapter
the several steps depicted by means of diamonds at the execution, verification, and preparation
activities, are described. Each of these activities refer to a (sub)section in this chapter. However, first
an overview of the method is given below figure 8.
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Figure 8 Data-based method for mental healthcare process analysis
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First, it should be remarked that the model in figure 8, can be regarded as system analysis, or system
approach described by Hopp and Spearman (2000). In particular, Hopp and Spearman emphasize the
concept of iteration, which is needed when analyzing real world systems and describing this in an
analog world (i.e. model). Furthermore, they stated that both verification (i.e., checking the logic of
the model) and validation (i.e., comparing the model results to reality) are needed. Moreover, model
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validation involves repeated iteration between the modeling and observation aspects of the analysis,
and should take place throughout the study (Hopp and Spearman, 2000). Iteration in figure 8 is
depicted by the two-headed arrow.

The first step of the data-based method is to build the database by means of MS Access. In order to
check if data is correctly loaded in the database a verification step is needed. Step 1a and 1b are
described in section 3.2. When the database has been build and before one can start with process
analyses by means of ProM and/or MagnaView, a preprocessing step needs to be done. This step is
discussed in section 3.3. Then the user can choose to either perform analyses by means of
MagnaView or by means of ProM, both having their own advantages and disadvantages. However
before the actual analyses could be performed both tools require data transformation and loading
steps. Furthermore, the analyses performed should again be verified. The steps of the MagnaView
branch are 3a, 3b, 4a, and 4b and are discussed in section 3.4. Steps 5a, 5b, 6a, and 6b are described in
section 3.5 ‘Process mining’.

The results obtained by MagnaView and/or ProM analyses should be validated by involved parties,
i.e. managers and professionals of GGzE. In order to test whether the results of the analysis are
understandable, relevant in order to analyze care delivery processes, and contribute to future process
improvement, a number of presentations are performed. During these presentations managers and
professions were able to discuss the results and come up with suggestions in order improve the data-
based analysis. The validation step is discussed in section 3.7. In particular, validation leads to (new)
filtering and clustering activities, which, depending on the nature of filtering/clustering, brings out
repetition of preparation and/or execution activities. Filtering and clustering is discussed in section
3.6. Moreover, filtering and clustering is depicted in the centre of the method, since it plays a key role
with respect to identification of iso-process patient groups, which is the first step to process
improvement defined by Vissers (2006).

In addition should be stated that when applying the method the first time, all steps need to be
performed in order to get the advantage of combining visual analytics and process mining. After a
validation step the researcher can chose to skip steps and to follow only one of the analysis
approaches.

Besides validation of the analyses, there is also the need to evaluate the usefulness of the method.
Evaluation includes, among other things, the criteria set by Riemers (2009) stated in section 2.2.3.
Evaluation of the method has been done during the case study at GGzE and therefore will be
discussed in the next chapter, section 4.5.

3.2 Build database

Within this section a number of topics concerning the first step of the method will be discussed, these
are: DBC-GGZ data files, building steps, additional data specifications, and verification of MS Access
database.

3.2.1 DBC-GGZ data files

The first step is to design and construct a database in MS Access. Input for this database are the DIS
(DBC information system) files which are used for GGZ-DBC registration. In DBC registration the
reference (when available), the DBC trajectory, the care trajectory, care type, starting date, insurance
information, all stated diagnoses, and all performed activities are registered during a care trajectory
(Bruys et al., 2008). DBC data is delivered to DIS on a monthly base, and is combined by means of
zip files. Each zip file contains the following text (.txt) files:

e dbc_traject.txt (DBC trajectory)

e diagnose.txt (diagnoses)

21



L]
%

3.2.2 Building steps

geleverd zorgprofiel dagbesteding.txt (delivery careprofile day spending)

geleverd zorgprofiel tijdschrijven.txt (delivery careprofile timekeeping)

geleverd zorgprofiel verblijfsdagen.txt (delivery careprofile days of stay)

geleverd zorgprofiel verrichtingen.txt (delivery careprofile operations)*

overige verrichtingen.txt (remaining operations)*

pakbon.txt (packing list)
patient.txt (patient)

zorgtraject.txt (care trajectory)

Files are empty.

In order to design and construct a database, to import data, and to make this data ready for use five
building steps are formulated. These are described below.

Step 0: Design database architecture
The first step which needs to be done in order to construct a database is defining import specifications
in MS Access. The import specifications should be based on “Standaard voor DIS
Gegevensaanlevering DBC door GGZ zorgaanbieders” (Buys et al.,2 008). In this document all
attributes, description of the attributes, possible values, data type, length, starting position, ending
position, constraint, and attribute type (primary / foreign key) are defined. After defining the import
specifications, the tables and relationships between the tables can be constructed in MS Access.

7 Relationships '

Delivery careprofile timekeeping
Declaring institute
Lacation code
DBC identification number

# Activity identification number

Activity code
Activity date
Profession code
Direct client bounded time

Indirect client bounded time - travel time
Indirect client bounded time - general

Delivery careprofile day spending
Declaring institute
Location code
DBC identification number

¥ Activity identification number

Activity code
Activity date
Number

Delivery careprofile days of stay
Dedlaring institute
Location code
DBC identification number

F Activity identification number

Activity code
Activity starting date
Number

Patient

Declaring institute
Location code

¥ Reference number
ZAname_1
ZA name prefix 1
ZAname code 1
ZAname_2
ZA name prefix 2
ZAname code_2
ZAinitials
ZAzip-code
ZAhouse number
22 house number addition
ZAland code
ZA date of birth
ZAsex
Citizen service number

Care trajectory
Declaring institute
Location code

Status flag

Care trajectory starting date
Care trajectory final date
Reference number
Referring organization
Referral type

Primary diagnosis code
Primary diagnosis drawn
Primary diagnosis date

W Care trajectory identification number

Remaining cperations
Declaring institute
Location code
Operation (executed) number
Status flag
Operation starting date
Operation final date
Reference number
Profession practitioner
ZA health insurer code
Operation code
Sales price
Humber

DEBC trajectory

Declaring institute
Location code

¥ DBC identification number
Status flag
Care trajectory identification number
DBC starting date
DBC final date
ZA health insurer code
Care type code
Circuit code
DBC reason of dosure
DBC sales price
New patient
DBC product group code
Perfarmance code
Declaration code
DBC tariff
Transfer price

Figure 9 MS Access DBC-database architecture

Delivery careprofile operations
Dedaring institute
Location code
DEC identification number

? Activity identification number

Activity code
Activity date
Number

Diagnosis
Declaring institute
Location code
¥ Diagnosis date
% DBCidentification number
% Diagnosis code
Drawn of

Figure 9 depicts the tables and the relationships between the tables. To start on the left side, one can
see that a patient has a unique ‘reference number’ which is the primary key of that table. For a patient
one or more care trajectories are defined, this depends on whether more than one primary diagnoses
are drawn. Since there is no DBC-GGZ data available for filling the fields in ‘remaining operations’,
this table can be left out of consideration. Each care trajectory has a unique care trajectory
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identification number, which is the foreign key in the table ‘DBC trajectory’. A care trajectory can
have one or more DBC trajectories. This can be explained by the fact that the duration of a DBC
trajectory is maximum one year, although a care trajectory in mental healthcare lasts often more than
one year. Again a DBC trajectory has its own unique identification number. Then a DBC trajectory
can have one or more connected diagnoses. The uniqueness of data in the ‘diagnoses’ table is
maintained when the combination of ‘diagnosis date’, ‘DBC identification number and ‘Diagnosis
code’ is unique. Furthermore, there are four ‘delivery careprofile’ tables linked to a DBC trajectory.
To start with the left one: a DBC trajectory can contain zero or more activities which are defined in
‘Delivery careprofile timekeeping’. Each activity has again a unique identification number.
Furthermore, each activity has an activity code (determining the type of activity), an activity date
(date of execution), a profession code (determining which employee type the activity performed), and
a duration which can be direct client bounded time or indirect client bounded time (which is further
divided into general time and travel time). GGZzE has also clients who require care delivery in the
forms of ‘day spending’ activities or ‘days of stays’ activities. Here again holds that a DBC trajectory
can contain zero or more activities in ‘Delivery careprofile day spending’ or ‘Delivery careprofile
days of stay’, and that each activity has its own unique identification number. In comparison with
general activities the clinical activities do not contain any profession (since there is no originator), and
the duration is expressed in number of days instead of duration in minutes. The data fields of
‘Delivery careprofile operations’ are empty and therefore left out of consideration.

Step 1: Import data

After constructing the database, the DBC data need to be imported. Therefore, first some new text
files should be made. For each text file category (i.e. patient, care trajectory, DBC trajectory, etc) a
new text file should be made in which all separate files (of all months) are copied in reverse
chronological order. This has to be done in order to force MS Access to import most recent data first.
The new text files can then be used to import the data in MS Access. Furthermore, during the case
study, it appeared that some ‘final dates care trajectory’ were missing in the original files. By means
of queries these missing final dates should to be added to the database. After this step all available
data is imported in the MS Access database.

Step 2: Remove flags (V)

In order to prepare the DBC data for further analyses, the flags (Vs) should be removed. These status
flags are defined as an attribute in the tables ‘Care trajectory’” and ‘DBC trajectory’. Removal of Vs is
an action prescribed by Buys et al. (2008) in “Standaard voor DIS Gegevensaanlevering DBC door
GGZ zorgaanbieders”.

Step 3: Filter data GGzE Centre child and adolescent psychiatry

Since the data analyses only should cover processes in GGzE Centre child and adolescent psychiatry
only DBC trajectories with ‘circuit code’ 4 and 7 should be kept, which are defined as ‘Kinder &
Jeugd’ and ‘Forensisch jeugd’, respectively. All other codes refer to other centers of GGzE and
therefore accessory data lines should be remove from the database.

Step 4: Remove unmatched records

Due to removal of inappropriate DBC trajectories in step 3, the tables ‘Care trajectory’ and ‘Patient’
now contain some unmatched records. These records should be removed in the following order, and
by means of the following steps:

a. Remove care trajectories - care trajectory identification number
1. "Find Unmatched Query Wizard"
i.  Fields in table "Care trajectory": Care trajectory identification number
ii.  Fields in table "DBC trajectory": Care trajectory identification number
2. Choose option "Delete" in Design Query tools, and use SQL function to formulate which
records should be deleted

DELETE [Care trajectory].[Care trajectory identification number]
FROM [Care trajectory]
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WHERE (([Care trajectory].[Care trajectory identification number]) In (SELECT [Care trajectory].[Care trajectory
identification number]

FROM [Care trajectory] LEFT JOIN [DBC trajectory] ON [Care trajectory].[Care trajectory identification number] =
[DBC trajectory].[Care trajectory identification number]

WHERE ([DBC trajectory].[Care trajectory identification number]) Is Null));

3. Open 'table' view of Delete query and delete unmatched cases

b. remove patients - reference number
1. "Find Unmatched Query Wizard"
i.  Fields in table "Patient": Reference number
ii.  Fields in table "Care trajectory": Reference number
2. Choose option "Delete" in Design Query tools, and use SQL function to formulate which
records should be deleted

DELETE [Patient].[Reference number]

FROM [Patient]

WHERE (([Patient].[Reference number]) In (SELECT [Patient].[Reference number]

FROM [Patient] LEFT JOIN [Care trajectory] ON [Patient].[Reference number] = [Care trajectory].[Reference
number]

WHERE ([Care trajectory].[Reference number]) Is Null));

3. Open 'table' view of Delete query and delete unmatched cases

After this fourth building step the database is ready to use.

3.2.3 Additional data specifications

Other data which can be added to the database described in the previous section, contains attributes
from the code lists (CL codelijst) defined by the DBC systematic. The code lists offer more specified
and categorized information about the data elements. The following revised code lists for 2009 are
available for GGZ:

e CL AARD DELICT2009.xls

e CL ACTIVITEIT2009.xls

e CL BEROEP2009.xls

CL_CIRCUIT2009.xls

CL_DBC_TARIEF2009.xls

CL_DIAGNOSE2009.xls

CL_GEVAAR2009.xls

CL_PRODUCTGROEP2009.xls

CL_REDENSLUITEN2009.x1s

CL_ZORGTYPE2009.xls

As an example the attributes of CL_ ACTIVITEIT are depicted in appendix D. In this table there is an
unique activity code defined, which is ‘CL_ACTIVITEIT CODE’. This code corresponds with the
activity codes in the database. Linking these two offers the possibility to link other elements from the
code lists to the database. In this way more specifications can be added to the attributes in the
database. In the analyses phase, these specifications can be used for filtering, categorization or
clustering activities.

3.2.4 \Verification MS Access database

Verification of the MS Access database could be done in several ways. For the case study at GGzE
the most important approach of verification was the construction of the database in parallel with
construction of the same database by the GGzE project manager care logistics management. Together
we learned from mistakes, helped each other with MS Access uses, and were twice as critical about
the structure and the content of the definitive database. Furthermore, verification could be done by
means of checking if all data elements are present, sometimes making use of MS Excel to check
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certain capabilities, being sure that no elements are removed because of restrictions in the length of
allowed attributes, etc.

3.3 Preprocessing

Depending on the objective of analysis some preprocessing steps should be carried out. In this section
the concepts ‘closed care trajectories’ and ‘multiple resources’ are discussed.

To start with ‘closed care trajectories’ it should be noticed that process analysis often requires a
dataset where only ‘finished’ processes are included. For the project of GGZzE this means that for
those particular analyses, only care trajectories should be used which contain a ‘care trajectory final
date’. For the analyses with ProM there was chosen to generate several log files, and as a preparation
several databases were constructed. Using this strategy, it was chosen to delete all cases without a
final date from the database. In MagnaView however, it is also possible to use a preprocessed dataset,
but it appeared that it is quite easy to filter on closed care trajectories. This can be done by means of
selecting the tiles tab at the root level of the concerned view and use the filter expression: “not
isemptyvalue(Care_trajectory final date)”.

Preprocessing with regard to ‘teams’ has been done in order to prevent that one activity is regarded as
more than one activity. If for example an activity, such as a consultation, had been performed by more
than one professions, say n professions, this is registered in the DBC database as n activities. Notice
that in this example only one consultation took place, and therefore only one consultation for the
particular client should be recognized. This in particular leads to wrong calculations when waiting
times are concerned. If for example more activities at the same day are registered and these activities
are performed by n professions, the waiting time t from one activity to another is reduced to a mean
waiting time which is calculated by t/n. Although MagnaView offers some opportunities by means of
expressions to filter all abundant activities out, it is chosen to do this filter step for MagnaView, as
well for ProM, at the database level. In order to do so, all cases except one are deleted which are of
the same care trajectory, took place at the same date, and have the same activity code. The
‘profession’ field of the case left was subsequently modified into “multiple_name activity level 1”.
The meaning of ‘name activity level 1’ is discussed in section 3.6.

To conclude this section, there should be emphasized that whether it’s needed to preprocess the data
depends on the objective of the analysis. In the case where operational measures about client flows
(i.e. chain logistics) are concerned, it could be necessary to apply the ‘closed care trajectories’ and
‘teams’ concepts. However, in the case where one wants to state conclusions about resource
occupation or utilization (i.e. unit logistics), the mentioned data elements should never be removed.

3.4 Visual analytics

In order to perform visual analytics by means of MagnaView, first two preparation steps need to be
executed. These are transformation and loading, which are explained in section 3.4.1 and 3.4.2,
respectively. In section 3.4.3 the by MagnaView developed PAS-project and verification of the
visualizations will be discussed.

3.4.1 Transformation into MVN-format

MagnaView offers the possibility to use data from various types of data sources, such as ODBC,
Access, Excel, text files, etc. Besides, MagnaView gives the possibility to save data obtained from
other data sources in a proprietary, native MagnaView data format: mvn. The advantages of using the
native file format are the following:
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e Data is encrypted, and can only be decrypted by MagnaView. This diminishes possibilities for
unauthorized access.

e Data is compressed, and therefore takes less disk space and less time to send to a client. In most
cases, MagnaView offers a compression rate which is often better than zip.

e Data is saved in a format which is closely linked to the internal data format of MagnaView, and
therefore allows for fast loading. Loading is faster than other treemapping applications.
(MagnaView manual, 2009)

When a data source is loaded and saved, the data is converted automatically to the MVN-format. For
the GGzE project a single datasheet in MS Access is designed and constructed. This datasheet
combines several elements from the GGzE database described in section 3.2.2 and some elements
from the code lists described in section 3.2.3. In addition there are specifications concerning activities
and professions added to the datasheet. These specifications contain a classification of the activities
and professions at different levels, 1 to 3. This is further explained in section 3.6 ‘filtering and
clustering’. The attributes loaded in MagnaView are depicted in appendix F.

3.4.2 Loading data in MagnaView

Before the analyses in MagnaView can be done first another step has to be executed: the attributes of
the MS Access database should be linked to the attributes of the MV PAS project. The PAS project
developed by MagnaView B.V., is in particular suitable for analysis of care delivery processes. This
project contains a number of standard views which are divided over the following categories:

e Organization — Overview

e Process — Overview

e Bottlenecks

e Employees

In order to perform data analysis with MagnaView, first the PAS project is opened, and next the MS
Access datasheet is approached by following the path: Tools > Data source > Access. Then the
desired datasheet should be selected from a directory. In order to make the PAS project work the main
attributes from the MS Access datasheet should be connected to the main attributes of the PAS
project, these are depicted in table 2.

Table 2 Main attributes PAS project related to attributes in DBC database

Attribute MV PAS project Attibutes Access database

Class Care trajectory identification number
Object Care trajectory identification number
Activity Activity code

Employee Procession code

Eventtype EventType

Timestamp Timestamp treatment

Further, here the notification has to be made that not all standard views from the PAS project can be
used since the timestamp is of a different structure. Therefore some views are removed, and in other
cases some expressions are modified. In order to use more information from the DBC database, also
some new views are added to the PAS project.

3.4.3 Visualizations MagnaView

3.4.3.1 The PAS project

MagnaView offers the opportunity to visualize all kind of characteristics obtained from a data source.
In the previous section there is already mention that for the purpose of the project, MagnaView B.V.
offered the dispose of the recently developed PAS project. This project contains a number of standard
views which are divided over a number of categories. Although the PAS project seemed ultimately
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suitable for application within a healthcare setting, some views did not completely fit the DBC-GGZ
data. Therefore some modifications had to be carried out. This resulted in a new PAS project called
‘PAS-GGZ’. The categories available in the PAS-GGZ project are depicted in figure 10. In appendix
H an extensive list of all these categories and their views are shown. Section 4 and appendix L contain
an application of the PAS-GGZ project; within these sections the most interesting views are depicted.

. Analyses

. Organizational Analysis

. Overview activities

Patterns

Dependencies activities

. Important activities

. Bottlenecks - Activities

. Bottlenecks - Activities - Causes high processing times
. Bottlenecks - Activities - Causes high waiting times

10. Bottlenecks - Employees

11. Bottlenecks - Employees - Causes high processing time
12. Bottlenecks - Employees - Causes high waiting time
13. Bottlenecks - Cases

14. Bottlenecks - Cases - Rework

15. Bottlenecks - Work in Process

16. Employees

17. Specific views

©CONDTHWN =

Figure 10 Categories MagnaView PAS-GGZ project

3.4.3.2 Verification of visualizations

Verification of views designed in MagnaView could be done in an explorative way. This means for
example that the researcher checks if the calculations correspond with what is expected. Therefore
especially exceptional cases can be considered, e.g. clients which face extreme long or short waiting
times. Furthermore, also some cases which display mean results should be checked.

3.5 Processes mining

In order to perform process mining by means of ProM, first two preparation steps need to be executed.
These are transformation and loading, which are explained in section 3.5.1 and 3.5.2, respectively. In
section 3.5.3 the selected ProM analyses and verification of the ProM results will be discussed.

3.5.1 Transformation into ProM MXML format

In order to analyze the data in the MS Access database with ProM, case information, additional case
information, information about executed tasks and additional information about executed tasks, that is
stored in a MS Access database, should be converted to the ProM MXML file format (Mans, ?). The
MXML file, on its turn, can be read by the ProM tool. For converting the data to the MXML format,
four tables with a similar structure as that of fields in the MXML format have been defined. The
MXML format is depicted in appendix E. For now there is assumed that the reader is familiar with the
idea behind Process Mining and the MXML format. More information about Process Mining and the
MXML format can be found in van Dongen et al. (2005). The elements in the MXML format that can
contain information about cases and tasks that have been executed are respectively the Process
Instance element and the Audit Trail Entry element (figure 11, second row). Furthermore, both the
Process Instance element and the Audit Trail Entry element can have data as sub element which can
contain additional information about process instances and audit trail entries respectively. Additional
information can be stored in the tables Data_Attributes_Audit_Trail_Entries and
Data_Attributes_Process_Instances. The entity relation diagram for the four process tables is depicted
in appendix E, an extensive description of the four elements and their attributes can be found in Mans

.
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Before the process mining tables can be generated and filled, first tables with GGzE data should be
defined and constructed in the MSAccessPlugin. For this step Mans’ “example database
runningExampleMsAccessPlugin.mdb” has been used. For the GGzE project there were three tables
defined, which are ‘Admission’, CareType’, and ‘Treatments’ (figure 11). The first two tables contain
information about the process instances, i.e. care trajectories, and the third table contains information
about the audit trail entries, i.e. activities.

| 5 Relationships |

Admission CareType Treatments
‘F care trajectory identification number Care trajectory identification number 7 Activity identification number

Primary diagnosis code
Primary diagnosis date

DEC identification number
CL_zorgtype_beschrijving

Care trajectory identification number
Activity code

Care trajectory starting date Circuit code EventType
Care trajectory final date DEC product group code Timestamp treatment
CL_prim_diagnose_groepcode CL_productgroep_setting Profession code

Direct client bounded time

Indirect client bounded time_travel
Indirect client bounded time_general
Mumber

CL_activiteit_groepcode
CL_activiteit_beschrijving
CL_beroep_groepcode
CL_beroep_beschrijving

CL_prim_diagnose_prestatiecode CL_productgroep_categorie

Process_Instances Audit_Trail_Entries Data_Attributes_Process_Instances Data_aAttributes_Audit_Trail_Entries
# PLID ¥ ATEAID ¥ PLID ¥ ATE-ID
Description PLID % Name 7 Name
WFMEI ¥ value 7 value
EventType
Timestamp
Criginator

Figure 11 Relationship diagram MSAccessPlugin for ProM

The next step is to fill the four process mining tables by means of running the functions in the Visual
Basic script. Therefore, first some modifications of the functions in the batch method in the script
from the runningExampleMsAccessPlugin.mdb should be made. The sub batch used for the GGzE
plug-in is depicted in figure 12. When executing this method, the information stored in the
‘Admission’, ‘CareType’, and ‘Treatments’ tables are added to the ‘Process Instances’,

‘Audit_Trail Entries’, ‘Data_Attributes Process Instances’, and
‘Data_Attributes_Audit Trail Entries’ tables.

Sub batch()

'Fill PI tables

colNames = returnFieldNamesInArray("Admission”, 1, -1)

addPlandAttr "Process_Instances", "Data_Attributes_Process_Instances”, "Admission", "Care trajectory identification
number”, "Primary diagnosis code", colNames, "

'Add CareType to the data attributes table for the process instances
colNames = returnFieldNamesInArray("CareType", 1, -1)
addDataAttributes "CareType", "Care trajectory identification number", ™, "Data_Attributes_Process_Instances", colNames

'Add treatments which have its own id

colNames = returnFieldNamesInArray("Treatments", 1, -1)

addATEandAttr "Audit_Trail_Entries", "Data_Attributes_Audit_Trail_Entries", "Treatments", "Activity identification number”,
"Care trajectory identification number", "Activity code", "EventType", "Timestamp treatment”, "Profession code", colNames, ™

End Sub

Figure 12 Batch method in Visual Basic script
The last thing which needs to be done is converting the data in the four tables to the ProM MXML

format. To this end, the ProM Import framework can be used. First, an ODBC connection for the
ProM Access database should be set up. When this is done, the filter properties tab of the MS Access
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database plugin which is part of the ProM Import tool should be filled in. The result of the conversion
is a MXML log file.

3.5.2 Loading data in ProM

In ProM the log file can be approached by following the path: File > Open MXML log file. Than the
desired log file should be selected from a directory. Automatically the dashboard depicted in figure 13
appears. On one glance, it tells the total number of processes, cases and events that are contained in
the log. Furthermore, the number of event classes, that is, different kind of log events, and event
types, such as 'start' and 'complete', and originators are shown (see “Key data” in figure 13). In the
middle a graphical representation of the total number of events per case, and of the number of
different events per case is shown. The cases are simply sorted along the x-axis based on their amount
of events, or their amount of different events, respectively. This can give very useful profile
information about the diversity of the log! For example, it is easy to spot if there are many short and
only a few very long process instances. Finally, to the “Log info” section contains meta information
and the spanned time frame of the log. The button below directly brings up the action trigger, which
enables mining or further analysis of the log (www.processmining.org).

File Mining Analysis Conversion Exports Window Help

'"mQt O® =O =X O

E logs_Process_InstancesGLOBAL.mx

Processes

Cases

Events Mean 33 Max 1090

Event classes

Event types

Originators

start analyzing this log

Figure 13 Screenprint of ProM dashboard appearing when opening a log file

3.5.3 ProM analyses

For the analyses of care delivery processes in GGzE Centre child and adolescent psychiatry with
ProM, a selection of mining plug-ins and analysis-plugins is made in order to discover the processes.
The selected mining plug-ins are: heuristic miner and fuzzy miner. The selected analysis plug-ins are:
performance sequence diagram, dotted chart analysis, originator by task matrix, and log summary.
The selection is based on other case studies applying ProM and the capabilities with regard to
complexity of the mental healthcare processes. The plug-ins are described below.

3.5.3.1 Mining plug-ins

The heuristic miner and fuzzy miner both focus on the discovery of the control flow. These process
models reflect the causal dependencies of activities observed in an event log. With control flow
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mining, process models are automatically derived from event logs. The generated process model
reflects the actual process as observed through real process executions. According to Mans et al.
(2008) process models of healthcare process logs give insight into care paths of patients. Usually,
processes in the healthcare domain do not have a single flow but a lot of variants based on patients
and diseases. As a consequence, the derived models look spaghetti-like and are too complex to
understand easily. This problem arises when the heuristic miner is approached on “all” data in GGzE
Centre child and adolescent psychiatry. Although, in process mining terms, the heuristic approach is
relatively robust (i.e., it can deal with noise and incompleteness) and has options to focus on the main
process instead of trying to model the full details of the behavior reported in the log (van der Aalst et
al., 2007b), this model approach typically results in a low fit on healthcare processes. Therefore, Mans
et al. (2008) argues that approaches for dealing with unstructured processes are for example clustering
or abstraction, or a combination of those.

One approach for dealing with unstructured processes is the Fuzzy Miner (Mans et al., 2008). The
Fuzz Miner addresses the issue of mining unstructured processes by using a mixture of abstraction
and clustering techniques and attempt to make a representation of the (unstructured) process that is
understandable for analysts. The miner provides a high-level view on the process by abstraction from
undesired details, limiting the amount of information by aggregation of interesting details and
emphasizing the most important details. The Fuzzy Miner provides an interface where these settings
can be easily configured and the resulting model can directly be observed. In addition, the Fuzzy
Miner offers a dynamic view of the process by replaying the log in the model. Furthermore, the Fuzzy
Miner includes the option of executing an animation, which shows cases flowing through the model.
In the animation, frequently taken paths are highlighted, which prevent them from being overlooked.

3.5.3.2 Analysis plug-ins

The first analysis plug-in mentioned is the performance sequence diagram. The purpose of the
performance sequence diagram plug-in is to provide the user with a means to assess the performance
of processes. This plug-in provides information about what behavior in the processes is common,
what behavior is rare and what behavior may result in extreme situations (e.g. instances with
extremely high throughput times). Furthermore, the performance sequence diagram plug-in allows to
focus on a certain data-element (such as taskID, originator, department) and see how transfer of work
between instances of the selected data-element takes place for each case. In the pattern diagram of the
performance sequence diagram, the patterns are displayed, sorted based on the frequency of sequences
that follow the pattern (the pattern with the highest frequency if displayed at the top). Furthermore,
information such as the mean throughput time of the patterns is available, which can determine the
patterns that seem to be common behavior, those that are rare and those that result in high throughput
times (WWw.processmining.org).

The second analysis plug-in discussed here, which is the most import plug-in for the GGzE project,
and available in ProM as well as in MagnaView, is the dotted chart. The dotted chart is a chart similar
to a Gannt chart. It shows a spread of events of an event log over time. The basic idea of the dotted
chart is to plot dots according to the time. Since the dotted chart diagram was of particular interest for
the GGzE project, an example view is depicted in figure 14. In the chart, a dot on the chart represents
a single event in the log, The chart has two orthogonal dimensions: (1) time and (2) component types.
The time is measured along the horizontal axis of the chart. Along the vertical axis, component types
such as instance, originator, task, event type, or data elements are shown. In the case of figure 14, the
care trajectories (or instances) are shown along the vertical as. Furthermore, the relative time option
has been used and components are sorted by duration.

The dotted chart in ProM provides the metrics related to events and their distribution over time
(spread). There are two kinds of performance metrics: (1) metrics for the overall event log and (2)
metrics for each component. For the overall event log, (a) the position of the first event in the log, (b)
the position of the last event in the log, (c) average spread, (d) minimum spread, and (e) maximum
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spread can be calculated. For each component type, (1) the position of the first event in a component,
(2) the position of the last event in a component, (3) average interval between events, (4) minimum
interval between events, and (5) maximum interval between events can be calculated
(wWww.processmining.org).
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Figure 14 Dotted chart analysis ProM applied at GGzE Centre child and adolescent psychiatry

Furthermore the originator by task matrix, showing how frequently each originator conducts specific
activities, is of interest for the GGzE project, especially when aiming at an application of the focused
factory concept (section 2.3.3). Also this analysis can be conducted by ProM and by MagnaView.
And the last but certainly not the least analysis plug-in, the Log summary, which is used several times
during the GGzE project. The “Log Summary” provides an overview about meta data and simple
frequency statistics for a log, such as the number of process instances, log events and originator
actions. It can be exported as an HTML document (www.processmining.org).

3.5.3.3 Verification of ProM results

In order to verify if the analyses in ProM give a good representation of reality, the mined models
(mining plug-in) should be evaluated on model fit. For analysis done by means of the analysis plug-in
no obvious verification tools are available. However, of course the researcher should always check if
the log file contains the data which he/she expects that the log file contains, e.g. number of care
trajectories, number of activities, types of originators, etc.

3.6 Filtering and clustering

Since the care delivery process at GGzE Centre child and adolescent psychiatry are very complex by
nature, filtering and clustering techniques are needed in order to state conclusions about the processes
and approach them more convenient. Ultimately, filtering and clustering techniques can be used to
distinguish patient groups fulfilling the criteria (homogeneous in terms of process and market
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performance) (section 2.3.2). Although, ProM also offers possibilities to filter and cluster data
elements, it is chosen to perform all filtering and clustering activities on database level or in
MagnaView. Thereafter, filtered data can be exported to a .txt file and subsequently, with some steps
in between, be imported in ProM. However, notice that some of the analyses in ProM perform
clustering by means of mining algorithms, these are not meant here, and are already discussed in
section 3.5.3. Below some manual filtering and clustering approaches applied on DBC-GGZ data
concerning GGzE Centre child and adolescent psychiatry are described.

(dis)Aggregation of activities and employees

The first clustering and filtering approach concerns aggregation (or when used reversely,
disaggregation) of activity and employee coding and naming. The ‘activity codes’ and ‘profession
codes’ as depicted in ‘Figure 9 MS Access DBC-database architecture’ are specified for three levels
each, based on the professions list (beroepentabel) and activities and operations list (activiteiten en
verrichtingen table) included in Spelregels DBC-registratie (2009). For all three levels there are two
attributes defined, one contains the ‘name’ of the employee group or activity (group) and the other
contains a ‘coding’ representing an employee group or activity (group). An example of the filters used
in MagnaView is depicted in figure 15. Notice, that these filters also can be used for clustering
purposes by simply selecting/deselecting the checklist boxes. Moreover, the researcher can chose to
use more aggregated/disaggregated coding/naming when connecting the attributes from the database
to the PAS project as depicted in table 2.

Activity_name_level_1 » .
Profession_name_lewvel_1 »

v| Algemene indirecte kijd
| Begeleiding

v| Behandeling

v Crisisopvang

| Agogische beroepen

v| Medische beroepen

| Psychologische beroepen

vl Daghesteding (per uur) v| Psychotherapeutische beroepen
¥| Diagnostiek | Somatische beroepen {wet BIG)
V| Pré intake v| Waktherapeutische beroepen

v Verblijf {per verblijsdag) ¥ verpleegkundige beroepen

Activity_code_level 2 » Profession_code_level 2 »

V| act_1 Fs : igg? 2
¥ ack_2.1 '

| act_2.10 | AG.5F

W] act_z.12 : mggg

v ack_2.13 7 MBISP

v ack_2.3 = O\-‘lBG

v oack_2.4 7 O'\-'ISP .
¥ ack_2.5 S .

Activity_rode_level 3 » Profession_code_level 3 »

| #&G.BG agoog A~
: :Et_é1 | ¥l AG.ELmwd
vl act_2.10 | AG.ELsph
V] act_2.12 | A43.5F. averig
vl act 2,153 | MB.BG.basis
V| act_2.3 v ME.5F.sger
V] act_2.4 v MB.SP.p_sych
vl act_z.5 2 | OB, diet w

Figure 15 Example MagnaView filters Activity and Profession aggregation

Care trajectory characteristics

Clustering and filtering options can also be approached on care trajectory level. Here it makes sense to
first give a formal definition of a care trajectory in the context of the DBC systematic: ‘A care
trajectory is a succession of one initial DBC with one or more proceeding DBCs with the same
primary diagnoses. A care trajectory describes the entirety of activities and operations which for one
specific primary diagnoses is delivered to a patient (across the DBCs)’ (DBC-begrippenlijst voor
GGZ, 2008). For the project at GGzE Centre child and adolescent psychiatry four attributes are
selected for filtering and clustering options these are: primary diagnose performance, care type
element, product group setting, and circuit description. An example of the care trajectory filters used
in MagnaView is depicted in figure 16. Note, that all filters are based on the attributes from code lists
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and not any originates from the initial DBC database as depicted in figure 9. Moreover, code list
attributes are connected to the tables ‘Care trajectory’ and ‘DBC trajectory’.

CL_DIAGNOSE_PRESTATIECODE _MAAMGEYING » CL_ZORGTYPE_ELEMENT »

| Delirium, dementie en amnestische en andere cognit A | {Langdurige periodieks) controle ~
v Depressieve stoornissen v Acute opnare

| Civwerige aan een middel gebonden stoornissen | Eenmalig spoedeisend consult/crisisinterventie

v| Overige stoornissen in de kindertijd v| Inbewaringsteling

| Persoonlijlkheidsstoornissen | Jeugdstrafrecht

v| Pervasieve ontwikkelingsstoornissen v| Langdurig periodieke contrale (bij overnarne)

| Restgroep diagnoses | Zndertoezichtsteling

v| Schizofrenie en andere psychotische stoornissen % v| Rechtelijke machtiging bl

CL_PRODUCTGROEP_SETTING »
v ambulant

| Klinisch
CL_CIRCUIT_BESCHRINING »

v| Forensisch Jeugd
| Kinder & Jeugd

Figure 16 Example MagnaView filters care trajectory characteristics

Client characteristics

Although most client information is anonymous, some client characteristics are included in the
database which are for example age and sex. The applied filter options for these attributes are depicted
in figure 17. In line with classification often used within GGzE Centre child and adolescent psychiatry
(section 2.1.2), the age filter is adjusted to checklist boxes with the two options younger than 12 years
and 12 years old and older. In MagnaView the following expression has been used:
‘(age(ZA_date_of birth; Care trajectory_starting_date)) < 12°. The checkbox for age can be
explained as follows: 1 is male, and 2 is female.

clients_vounger_than_12 »
| False

v True

Zh_sex »

v 1
L

Figure 17 Example MagnaView filters client characteristics

Chain logistics characteristics

During the project also some less obvious filtering and clustering applications are developed. These
concern clustering on waiting times between two successive activities and the number of activities in
a care trajectory.

Care_trajectory_met_lange_wachttijd »
| False
¥| True

Figure 18 Example MagnaView filter waiting time

For clustering on waiting times the checkboxes in figure 18 is used. By means of this checkboxes the
user can select if he/she wants to approach the concerning view with or without care trajectories with
a long waiting time. In order to define waiting time the following expression in MagnaView is used:
‘count(filter(children;int(categoryname)>90 and int(categoryname) <> 99999)) > 0’. In this
expression the waiting time of two successive activities is set at more than 90 days. Meaning that if
one selects the ‘True’-checkbox, all care trajectories where at least one succession of two activities
last at least 90 days are kept in the visualization. The user can replace the number of waiting days by
its own preference. For example one can choose to analyze those care trajectories for waiting times
longer/shorter than 30 days, than “>90’ should be replaced by “>30°.
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Filtering on the number of activities of a care trajectory is for the project only applied on the ‘dotted
chart’ view of MagnaView, more information about the dotted chart view is given in section 3.5.3.
Figure 19 gives an indication about how filtering on the number of activities can be done. In the
dotted chart view at the ‘object_id’ level (which is the care trajectory level) a filter for a visibility
expression can be activated. The expression belonging to this filter is ‘tilescount >5°, which means
that only care trajectories containing more than 5 activities should be kept in the visualization. Again,
the user can replace the number of activities by its own preference. For example one can choose to

analyze those care trajectories which have 5 or less than five activities, than “>5" should be replaced
by ‘<6’.

& Edit View - Level 1: object_id

Levels Hierarchy:
Root Level Wiew Settings  Layout  Margins | Ties | Owverlays
2 relative_time_day .
3¢ ackivity_id Calor Size
Tiles
Color with: | auto As Type: Sum of children A
using! | Category Yalue -
[Juse single colar
[ wwhite
Tiling EFfect
Type: Cushion v
[Juse custam height:
visibility
[¥]Use visibilicy expression: $Filter alle objecten met minder dan § regels in de ...
[ Add Level ] [ Remove ]
[ Hide Levels Hierarchy ] apply ] [ oK ] [ Cancel ]

Figure 19 Tiles tab dotted chart view at root level 1

To close this section, it can be concluded that many manual clustering and filtering options are
available and easy to apply. A user can filter on all data elements depicted in ‘Figure 9 MS Access
DBC-database architecture’, on all combinations offered by the code lists attributes, as well as on all
other (logistical) expressions defined by the user itself. Although this offers many opportunities for
visualization of all kind of process aspects, formulation of proper performance indicators, and in
particular process indicators, emerges.

3.7 Validation

Validation of the results gained by application of the method should be done by involvement of
stakeholders. Therefore a number of presentations, followed by discussions, have been organized. The
content and audience of these presentations are discussed in the next chapter, section 4.4.

Furthermore, close cooperation with GGzE project manager care logistics management ascertains for
a major part the validation of case results.
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4 Case results GGzE Centre child and adolescent psychiatry

In this section the method described in chapter 3 has been applied by means of a case study at GGzE
Centre child and adolescent psychiatry. The characteristics of the DBC-GGZ dataset, on which the
application is based, are described in section 1. In the second section the process analyses will be
discussed. Within this section, first the application of the MagnaView PAS-GGZ project is explained.
Secondly, the application of selected ProM plug-ins on the GGZzE data is represented. Then, in the
third section a model for identifying client groups of GGzE Centre child and adolescent psychiatry is
developed and verified. Then in section 5 the validation of the case results is considered. Finally, in
section 6, an evaluation of the method is included.

4.1 Dataset specifications

The data analyses part of the project is based on DIS DBC data recorded at GGzE Centre child and
adolescent psychiatry. The considered data are delivered to DIS from November 2007 till November
2009. In total the dataset existed of 21 zip files, each containing separate .txt files concerning client,
care trajectory, DBC trajectory, diagnoses, activities, day spending activities, and days of stay. A
description of de DBC data files and the designed database can be found in section 3.2.1 and 3.2.2,
respectively. Moreover, there are additional data specifications coupled to the designed database,
originating from the GGZ code lists (section 3.2.3).

The first starting date of a care trajectory in the database is October 31, 2005. And the last final date
of a care trajectory in the database is December 29, 2009. In total the dataset counts 3511 identical
clients. For these clients 3607 identical care trajectories are opened. The database contains 2127

closed care trajectories, meaning that for these care trajectories a starting date and a final date is
defined.

4.2 Process analyses

Within this section a number of analyses by means of MagnaView and ProM are discussed. Where
sections 3.4 and 3.5 gave an overview of the possibilities, here the applications are discussed.

4.2.1 Magnaview analyses

The applications of the MagnaView PAS-GGZ project discussed in this section are part of the method
and validated by means of presentations and discussions with managers and professions of GGzE
Centre child and adolescent psychiatry (K&J), managers and researchers of GGzE Centre research
and development (O&O), and specialists of MagnaView B.V. The validation-step is discussed in
section 4.4. Within this section a description of the views included in the presentations, designed by
means of the MagnaView tool, are discussed. Appendix L contains the presentation: Cliéntstromen in
GGzE Centrum Kinderen en Jeugdpsychiatry (client flows in GGzE Centre child and adolescent
psychiatry). The analyses are divided over three categories: process characteristics, bottlenecks, and
process patterns. These are discussed in this order below.

4.2.1.1 Process characteristics
Process characteristics related views presented in the presentation ‘Cliéntstromen in GGzE Centrum

Kinderen en Jeugdpsychiatry’ (appendix L) are: arriving pattern of clients (sheet 5), throughput times
of clients (sheet 6), number of care trajectories per primary diagnosis (sheet 11), activities and their
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originators (sheet 12), number of activities per primary diagnosis (sheet 13), and first and last
activities or care trajectories (sheet 14). These views are described below.

Arriving pattern of clients

The arriving pattern of clients is depicted in sheet 5. The view shows the frequency of clients arriving
at GGzE Centre child and adolescent psychiatry pro week over the years 2007 and 2008. Since we
had to deal with some warm up and cooling down effects in the data, 2006 and 2009 are not included
in this analysis. Typically, the graph shows variation in the arriving patterns, meaning that the
frequency of arriving clients differs over time. During discussions with experts several causes of this
variation came up, for example, there is expected that arrival peaks occur after school holidays. A nice
feature of the view is that when one filters on for example primary diagnoses and as a result the
magnitude of the arriving instances changes, the scale of the Y-axis is automatically adjusted in order
to get maximum understanding of the displayed results.

Throughput times of clients

A second overall process measure, throughput times of clients, has been shown in sheet 6. In this
analysis only closed care trajectories, i.e. containing a starting and final date, are concerned. The care
trajectories, ordered at ascending throughput times, are depicted on the X-axis. The Y-axis depicts the
throughput times in days. From this graph we can conclude that the mean throughput time of a closed
care trajectory is about 280 days. Remarkable about this graph is that the majority of care trajectories
lasts less than 100 days, and only a few lasts a couple of years (up to 960 days). Furthermore, two
bending curves can be distinguished; one at 365 days and one at 730 days. It is expected that the cause
of this pattern is related to the maximum duration of a DBC which is 1 year. During discussions with
experts it has been concluded that these shapes are due to administration causes, i.e. care trajectories
are often closed when it is compulsory by the DBC systematic, and not when the actual care delivery
process has been finished.

Number of care trajectories per primary diagnosis

For the third analysis clustering on data is approached. Sheet 11 depicts the number of care
trajectories per primary diagnosis. On the Y-axis the number of care trajectories per primary diagnosis
group is depicted. The X-axis depicts the primary diagnoses, ordered at ascending number of care
trajectories in this group. The primary diagnoses naming are based on the data-element
“CL_diagnose prestatiecode naamgeving” originating from the code lists 2009. From the view can
be concluded that 1594 of in total 3607 care trajectories are characterized as care trajectories of which
the clients are diagnosed with a ‘pervasieve ontwikkelingsstoornis’ (autisme). This is about 44%. The
second largest group, is diagnosed with ‘aandachtstekortstoornissen en gedragsstoornissen’ (ADHD),
and covers 23% of all care trajectories within GGzE Centre child and adolescent psychiatry. Other
categories are: ‘aan alcohol gebonden stoornis’; ‘aanpassingsstoornissen’; ‘andere aandoeningen en
problemen die een reden voor zorg kunnen zijn’, ‘angststoornissen’, ‘bipolaire en overige
stemmingsstoornissen’, ‘delirium, dementie en amnestische en andere cognitieve stoornissen’,
‘depressieve stoornissen’, ‘overige aan een middel gebonden stoornissen’, ‘overige stoornissen in de
kindertijd’, ‘persoonlijkheidsstoornissen’, ‘restgroep diagnoses’, and ‘schizofrenie en andere
psychotische stoornissen’. Although auditors reacted positively on the presented view, it is
recommended to take into consideration whether these groups lead to sufficient accurate results for
classifying care trajectories with regard to defining iso-process client groups. Furthermore it is worth
to mention here, that besides a classification of diagnoses, this view also allows for filtering on
clinical and ambulant settings.

Activities and their originators

Sheet 12 depicts the latent skills of employee groups. This view typically shows which activities are
performed by which originator. On the Y-axis the activities are depicted. These are shown on a ‘level
2 name level’, which is described in section 3.6. The originators at a level 3 naming level are depicted
on the X-axis. The colored boxes indicate that an activity is performed one or more times by the
concerning employee group. The latent skills view is comparable with ProM’s originator by task
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matrix analyses, showing how frequently each originator conducts specific activities (section 3.5.3).
Addition of frequencies is eventually also possible in MagnaView.

Number of activities per primary diagnosis

In order to compare the type of activities of each primary diagnosis, the ‘activity occurrence per
primary diagnosis’ view is designed (sheet 13). In this view all primary diagnosis are shown on an
equal scale. The number of activities occurred for the particular primary diagnosis is however
depicted in the upper right corner. Within each primary diagnosis square the relative number of
activities is shown together with the percentages the activities account for. As an example we can
conclude that 41 percent of the activities of the primary diagnosis ‘pervasieve ontwikkelingsstoornis’
are of the type ‘behandeling’. The second largest category of this diagnosis is ‘algemene indirect tijd’
which accounts for 36 percent. Furthermore, about one-fifth of the time is devoted to the activity
groups ‘verblijf’, ‘diagnostiek’, and ‘dagbesteding, these groups account for 11%, 9%, and 2%
respectively of the total activities. Only a small number of activities of the primary diagnosis
‘pervasieve ontwikkelingsstoornis’ are of the type ‘pre intake’, ‘begeleiding’, and ‘crisisopvang’.
Note that for the view on sheet 13, the activities are shown at a level 1 naming level; of course the
user can chose here to apply the level he/she likes. Also there are zooming possibilities, e.g. by simply
filtering on primary diagnosis, only the primary diagnoses of interest are shown on the screen.
Furthermore, by clicking on the smallest component of the view, a tile, MagnaView automatically
shows the ‘case specific view’, in which detailed characteristics of the ‘care trajectory’, of which the
activity is part, are shown.

First and last activities of care trajectories

The last views depicting process characteristics are shown on sheet 14. Here the first activities of a
care trajectory are shown on the left, and the last activities of a care trajectory are shown on the right.
It is in particular notable that most care trajectories start (40 %) and end (49 %) with an activity of
category ‘7°, which means ‘algemene indirect tijd’ and can be devoted to consultation between
experts. Furthermore, it is remarkable that a first activity of a care trajectory is more often of the type
‘behandeling’ than of the type ‘pré intake’ or ‘diagnostiek’. Of course for this view holds again that
the user can zoom in on the activity types by simply choosing a different level of naming or coding.
Furthermore, it makes sense to add the comment here, that more sequence related views are available
in MagnaView. Although not included in the presentation, the views in which dependencies between
activities, that is ‘next’ and ‘previous’ activities of a particular activity are depicted, are in particular
of relevance when one wants to gain more knowledge about the routing of care trajectories.

4.2.1.2 Bottlenecks

For presentation purposes there is chosen to include only two ‘bottleneck’ views in the presentation
‘Cliéntstromen in GGzE Centrum Kinderen en Jeugdpsychiatry’ (appendix L). These are ‘waiting
times per activity’ (sheet 15) and ‘waiting times per employee’ (sheet 16), which are explained below.

Waiting times per activity

The first bottleneck view is ‘waiting times per activity’ and is depicted on sheet 15. In this view the
waiting times in days are depicted on the Y-axis. And on the X-axis the activities, on a level 2 coding
scale, are set out. Important to denote is that the waiting times in the MagnaView project are
calculated by the difference in time between two consecutive activities of the DBC GGzE dataset.
Thus, by means of this data analysis technique, it is not possible to draw conclusions about waiting
times based on the difference ‘date of request for an activity’ and ‘date of execution of that activity’.
This example shows again that it is of major interest to precisely formulate the criteria for waiting
times and waiting lists measures. Respecting the measure type in sheet 15, there can be conclude that
clients wait longest for diagnostic activities and ‘pré intake’. In particular, the mean waiting time for
activity 2.7, which is ‘orthodidatisch onderzoek’, is with 70 days the highest of all activities.
However, note that the bottlenecks views do not take the frequency of activity occurrence (or
employee devotion) into account. In order to get a better understanding which activities contribute
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most to the overall waiting times, the researcher could apply some additional performance indicators.
An example mentioned during the evaluation with MagnaView experts is to calculate the product of
activity occurrence and the mean waiting times of that particular activity.

Waiting times per employee

The mean waiting times per employee are depicted on sheet 16. Like the ‘waiting time per activity’-
view, also this view shows the waiting times in days on the Y-axis. The employee groups on a level 3
scale are represented on the X-axis. From this graph can be concluded that the mean waiting time for
a paediatrician is the highest from all employee groups, this amounts 45 days. The second highest bar
in the graph depicts a conversion error, which is cause by activities not performed by an employee,
i.e. ‘verblijf” and ‘dagbesteding’. The waiting time a client faces for a ‘pré intake’ by multiple
employees takes on average 32 days. Although left out of consideration in this report, it is
recommended to take a closer look at variation of waiting times.

4.2.1.3 Process patterns

The last two views designed by means of the MagnaView PAS-GGZ project and presented and
discussed during presentations named ‘Cliéntstromen in GGzE Centrum Kinderen en
Jeugdpsychiatry’ (appendix L), are: number of activities per care trajectory (sheets 17 till 19), and
relative duration of care trajectories (sheets 20 till 26). These views are described below.

Number of activities per care trajectory

The view ‘number of activities per care trajectory’ (sheet 17) visualizes process patterns sequentially.
Along the Y-axis the care trajectories arranged by number of activities in ascending order are set out.
Obviously, the sequence of activities of the care trajectories are shown horizontally. Note that this
view does not show any waiting times between the activities. As a result the shape of the curve is
characterized by a negative exponential distribution, i.e. concave shaped. This indicates that relative
many care delivery processes in GGzE Centre child and adolescent psychiatry contain only a few
activities, and that for only a few client flows lots of activities have been registered. In order to get
more insights about the characteristics of client flows, filtering on primary diagnosis has been applied.
Sheets 18 and 19 depict the number of activities per care trajectory filtered on the primary diagnosis
‘aandachtstekortstoornissen en gedragsstoornissen’ (ADHD) and ‘pervasieve ontwikkelingsstoornis’
(autisme), respectively. Although some deviation can be identified in the ‘aandachtstekortstoornissen
en gedragsstoornissen’ curve, there can be concluded that both curves, of these largest diagnosed
client groups, are negative exponential distributed with more less the same parameters. This brings us
to the point that analysis of care trajectory including waiting times should be performed. This has
been done by means of the view ‘relative duration of care trajectories’, which is discussed next.

Relative duration of care trajectories

Sheet 20 depicts all closed care trajectories of GGzE Centre child and adolescent psychiatry arranged
by relative duration. Along the Y-axis the care trajectories ordered at ascending relative duration are
set out. And similar to the ‘number of activities per care trajectory’-view, the sequences of activities
of the care trajectories are shown horizontally. In contrast to the previous view, the ‘relative duration
on care trajectories’ view does show the waiting times between the activities. As a result the shape of
the curve is characterized by a belly distribution, i.e. spherical shaped. Based on this view additional
analysis has been done in order to identify client groups, this analysis is described in section 4.3. In
order to perform additional analysis, first distinct client groups, based on throughput times of care
trajectories and the number of activities performed, have been hypothesized during a brainstorm
session with GGzE project manager care logistics management. The resulting diagram in which these
hypothesized client groups are depicted is shown on sheet 21. In order to perform additional analysis,
again the filtering capability of MagnaView is used to select care trajectories with certain
characteristics. In particular the following filters are used: care trajectories containing more/less than
5 activities, longer/shorter waiting time (in days) between two successive activities, and primary
diagnosis.
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The first filter used is based on distinguishing care trajectories with more/less or equal than 5
activities. In particular the number 5 is chosen because route 1, i.e. the first operational phase of
GGzE Centre child and adolescent psychiatry (Linkens, 2009; section 2.1.2), consists of 5 activities
which are: application, screening, intake, assessment, and PCP (Program Coordination Point). From
Linkens’ process description it is assumed that at least five activities should have been performed in
order to regard the client being part of the target group of GGzE Centre child and adolescent
psychiatry. Filtering all care trajectories with 5 or less than 5 activities out resulted in the graph shown
on sheet 22. In comparison with the graph where all care trajectories are taken into account, the tail at
the top of the graph disappeared. Furthermore, the graph in sheet 22 is somewhat more spherical
shaped.

The second filter applied on the ‘relative duration of care trajectories’ visualization is based on
distinguishing care trajectories with longer/shorter waiting time (in days) between two successive
activities. Although in section 4.3 has been chosen for a distinction with cutoff points of 30, 60, and
90 days, the presentation in appendix L only applies the distinction of less/more than 60 days waiting
times. Long time no treatment for more than 90 days would however be a good measure, since the
appointment has been made within GGzE Centre child and adolescent psychiatry that clients who do
not face treatment for 3 months should be deregistered and eventually later on registered with a new
care trajectory ID. The measures 30 and 60 days are chosen intuitively, in order to get a better
understanding about the efficiency and the composition of the processes with these characteristics.
Sheets 23 and 24 depict the relative duration of care trajectories with more than 5 activities filtered on
the ‘waiting times less than 60 days between two successive activities’ and ‘waiting times more or
equal than 60 days between two successive activities’, respectively. To conclude: when waiting times
between two successive activities in a care trajectory are larger, the graph is more spherical shaped.

The last filer applied on the ‘relative duration of care trajectories’ graph is concerning primary
diagnosis. For presentation reasons sheets 25 and 26 just depict the graphs of sheets 23 and 24, but
then filtered on care trajectories which are characterized by the primary diagnosis ‘pervasieve
ontwikkelingsstoornis’ (autisme). Although there are relative less care trajectories included in the
graphs 25 and 26, there can be no large differences distinguished from the graph on sheets 23 and 24.

A more extensive analysis for the identification of client groups by means of filtering techniques in
the ‘relative duration of care trajectories’ visualization is included in section 4.3. Furthermore, the
hypothesis of distinct client groups based on throughput times of care trajectories and the number of
activities performed will be validated.

4.2.2 ProM analyses

Although the presentation ‘client flows in GGzE Centre child and adolescent psychiatry’ (appendix L)
only includes a heuristic mined view as a result of applying the ProM framework, it appeared that by
applying clustering and filtering techniques (section 3.6) more conveniently arranged process
visualizations can be generated. In this paragraph first the selected process mining approaches will be
discussed. Secondly, the process analysis plug-ins have been described. A description of the selected
plug-ins is given in section 3.5.3.

4.2.2.1 Process mining

In this section the selected process mining approaches ‘heuristic miner’ and ‘fuzzy miner’ will be
discussed.

Heuristic miner

Sheet 8 in appendix L depicts a process model of all closed care trajectories in GGzE Centre child and
adolescent psychiatry. This process model obtained by means of the heuristic miner plug-in is

39



typically characterized by complexity and inconvenient arrangement, i.e. a spaghetti model. The small
part zoomed in depicted on sheet 9, emphasizes once again how many in- and outgoing arcs can be
identified at the lowest aggregation level. This example typically shows the need for filtering and
clustering techniques. In order to achieve more convenient arranged process models the activities can
for example being aggregated to a higher level. Appendix I figure 32 shows the application of
aggregation of the activities on a level 1 naming level. This heuristic net depicts the set of tasks:
‘Diagnostiek’, ‘Pré-intake’, ‘Behandeling’, ‘Verblijf’, ‘Begeleiding’, ‘Crisisopvang’, ‘Algemene
indirect tijd’, and ‘Dagbesteding’. The arcs between the tasks denote the inferred ordering relations
based on their frequencies, i.e., the dependency measure indicates how certain we are that there is a
dependency relation between two activities A and B. A high value (close to 1) means that we can be
very sure that there is a dependency relation between the connected tasks (Weijters et al., 2006).
Although the heuristic net with level 1 naming level results in a satisfactory orderly model, there is
still a major problem when fitness is concerned. The fitness measure assesses the quality of
individuals by replaying the log traces into these individuals; a fitness of 1.0 indicates a perfect fit.
Applying default settings, it has been calculated that the measures ProperCompletion, and
StopSemantics have a fitness of 0.0. Other fitness measures gave the following results:
ContinuousSemantics 0.359, ImprovedContinuosSemantics 0.583, and ExtraBehaviourPunishment
0.559.

Fuzzy miner

Since, traditional mining approaches, for example heuristic mining, have problems dealing with
unstructured processes. The discovered models are often ‘spaghetti-like’; showing all details without
distinguishing what is important and what is not. Therefore, Giinther and van der Aalst (2007)
propose a process mining approach, which is fuzzy mining. This approach is configurable and allows
for different faithfully simplified views of a process. To do this, the concept of a roadmap is used as a
metaphor to visualize the resulting models. Based on an analysis of the log, the importance of
activities and relations among activities are taken into account. Activities and their relations can be
clustered or removed depending on their role in the process. Moreover, certain aspects can be
emphasized graphically just like a roadmap emphasizes highways and large cities over dirt roads and
small towns.

As an example appendix I figure 33 depicts a fuzzy model based on DBC data GGzE Centre Child
and adolescent psychiatry. Prior to mining the log, filtering in the data set has been approached. The
remaining care trajectories are characterized by a pervasive diagnosis, contain more than 5 activities,
and have no waiting times longer than 60 days. In addition the activities (and originators) are
aggregated to a level 2 coding scale. The model is mined applying the default parameter settings in
the fuzzy miner plug-in.

The graph notation used is fairly straightforward. Yellow square nodes represent event classes, their
significance (maximal value is 1.0) is provided below the event class name in each node. The fuzzy
model in figure 33 depicts the event classes: act 3.1, act 7.1, act 7.3, act 7.4, act 7.5, act 8.5, and
act_9.4. From appendix G can be found that these concern the activities: ‘communicatieve
behandeling’, ‘zorgcoodrdinatie’, ‘interne patiéntbespreking (MDO), ‘extern overleg met derden
(buiten de instelling)’, ‘verslaglegging algemeen (b.v. ontslagbrief, correspondentie)’, ‘verblijf
forensisch’, and ‘dagbesteding arbeidsmatig’, respectively. Less significant and lowly correlated
behavior is discarded from the process model, i.e. nodes and arcs which fall into this category are
removed from the graph. Coherent groups of less significant behavior, which is however highly
correlated, is represented in aggregated form, as clusters. Cluster nodes are represented as green
octagons, displaying the mean significance of the clustered elements and their amount. The internal
components of clusters and their structure can be explored by clicking on the green cluster nodes.
Links, or arcs, drawn between nodes are decorated with the significance and correlation represented
by each relation. Additionally, arcs will be colored in a grey shade, the lower the significance of the
relation the lighter the grey (www.processmining.org).
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4.2.2.2 Process analysis

In this paragraph the selected process analysis plug-ins ‘performance sequence diagram’, ‘dotted chart
analysis’, ‘originator by task matrix’, and ‘log summary’ are described.

Performance sequence diagram

The purpose of the performance sequence diagram plug-in is to provide information about the
performance of processes. As an example the pattern diagram of closed care trajectories filtered on a
level 1 naming level of the GGzE Centre child and adolescent psychiatry is depicted in appendix I
figure 34. This pattern diagram displays the patterns sorted on the frequency of sequences that follow
the pattern (the pattern with the highest frequency is displayed at the top). Furthermore, information
such as the mean throughput time of the patterns is available. This can be used to determine which
patterns appear often, and thus seem to be common behavior, which not (rare, maybe even unwanted,
behavior) and which patterns result in a high throughput time, and thus may indicate unwanted
behavior. Because of the complexity of care delivery processes there is chosen to use the flexible-
equivalent pattern type, which provides information about the composition of the patterns regardless
of the sequence of activities.

When taking a closer look at the performance sequence diagram depicted in appendix I figure 34 we
found that there are 91 different paths, i.e. combinations of activities, a client can follow. The analysis
is based on 2127 cases, i.e. care trajectories. The ten most frequent paths, their frequency, and their
throughput times and standard deviation are depicted in table 3. The ten most frequent paths account
for 86 % of all care trajectories in the dataset (1822 out of 2127). They have an average throughput
time of 236 days.

Table 3 Ten most frequent paths analyzed by means of performance sequence diagram

Path activities Frequency Average Standard deviation
throughput times throughput times
(days) (days)
Algemene indirect tijd — Behandeling — Diagnostiek 553 356 183
Algemene indirect tijd — Behandeling 490 251 165
Algemene indirect tijd 206 55 98
Algemene indirect tijd — Behandeling — Diagnostiek — Pré intake 140 305 103
Behandeling 113 91 127
Algemene indirect tijd — Diagnostiek 107 188 143
Diagnostiek 84 27 70
Algemene indirect tijd — Diagnostiek 50 163 225
Algemene indirect tijd — Diagnostiek — Pré intake 42 193 126
Algemene indirect tijd — Behandeling — Verblijf — Diagnostiek 37 199 130

Dotted chart diagram

The dotted chart can be used to show to overall events and performance information in the log. The
most important application of the dotted chart for the case study at GGzE Centre child and adolescent
psychiatry has already been described in section 3.5.3.2 figure 14 (model generated by ProM) and
section 4.2.1.3 (visualization by MagnaView). Recall that this dotted chart application depicts the care
trajectories ordered at ascending relative duration along the Y-axis, and the sequence of activities are
shown along the X-axis. The next section describes how this particular dotted chart application can be
used in order to identify client groups.

Within this paragraph another application of the dotted chart diagram generated by ProM will be
explained. This concerns a dotted chart analysis from the ‘task perspective' (instead of from the ‘case
perspective’). Appendix I figure 35 shows an example dotted chart analysis of closed care trajectories
filtered on a level 1 naming level of the GGzE Centre child and adolescent psychiatry. In this diagram
the main activity groups ordered at ascending number of events are depicted along the Y-axis. The
time option ‘relative time’ has been used, which shows the duration from the first activity to a certain
next activity, i.e. the diagram tells us something about the spread of the activities along their care
trajectories recorded in the log file. As a summarization table 4 depicts the activity groups, the
number of occurred activities, and the time measures: first activity occurrence (which is in this case
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always 0), last activity occurrence, average interval, minimal interval between two successive
activities, and maximum interval between two successive activities. Unfortunately, no variability
statistics (variance of standard deviation) are presented in the dotted chart analysis plug-in. From table
4 can be concluded that most activities are of the category ‘behandeling’, ‘algemene indirecte tijd’,
and ‘verblijf’. The activities ‘begeleiding’ and ‘dagbesteding’ usually occur within the first year of a
care trajectory, other activities have a higher spread over time. Especially the high spread of ‘pré
intake’ activities is notable, since it was expected that this type of activity only occurs at the very
beginning of a care trajectory.

Table 4 Main activity groups and their time measures based on ‘relative time’ dotted chart diagram

Activity group Number of Time first Time end Average Minimal Maximum
occurrence (days) (days) interval interval interval
(days) (days) (days)

Begeleiding 131 0 346 2.66 0.00 19.00
Crisisopvang 189 0 671 3.57 0.00 94.96
Dagbesteding 387 0 414 1.07 0.00 21.00
Pré intake 429 0 907 211 0.00 253.96
Diagnostiek 3941 0 927 0.23 0.00 84.96
Verblijf 10025 0 574 0.06 0.00 90.00
Algemene indirecte tijd 16742 0 949 0.06 0.00 22.92
Behandeling 18507 0 969 0.05 0.00 28.00

Originator by task matrix

Another interesting analysis application, which is also supported by the MagnaView PAS project, is
the originator by task matrix. This analysis plug-in shows how frequently each originator conducts
specific activities. In appendix I figure 36 the originator by task matrix with level 2 activities and
level 2 originator coding is depicted. Note that activities executed by more than 1 resource are
grouped and resources are renamed as “multiple_name levell activity”. Furthermore, this matrix is
generated from a log file where the following filters are applied: pervasive diagnosis only, care
trajectories containing more than 5 activities, and no waiting times longer than 60 days. In the matrix
the most frequent executed tasks by a specific originator group are colored dark green; the less
frequent the particular combination occurred, the lighter the cell is colored. The matrix in figure 36
depicts that combinations with activity 3.1, which is ‘communicatieve behandeling’, occur most often.
Especially AG.SF, PB.BG, VB.BG, VB.SF, and multiple behandeling are executers of activity 3.1.
The meaning of this profession codes are included in appendix G ‘Coding activities and employees’.

Log summary

An analysis plug-in which certainly should not be absent when discussing ProM analyses is the ‘log
summary’. The log Summary provides an overview about meta data and simple frequency statistics
for a log. The most important statistics used in the next section are: relative and absolute occurrence
of log events, i.e. activities; relative and absolute occurrence of starting log events of a care trajectory;
relative and absolute occurrence of ending log events of a care trajectory; and relative and absolute
occurrence of originators. Because of the size of a ((html) log summary no illustration is depicted in
this report. Like already mentioned the processed results from the log summaries are discussed in
section 4.3.

4.3 Identification of client groups

In the previous section has been shown that MagnaView and ProM provide a number of analyses in
order to clarify process characteristics, bottlenecks and process patterns. However, Vissers (2006)
argues that from an operations management perspective, a product classification approach is required
when aiming at healthcare process improvement. Ultimately, iso-process groups should be identified,
meaning that patient groups are distinguished fulfilling the homogeneity criteria in terms of process
and market performance (section 2.3.1). In order to make an attempt to identifying iso-process groups
a closer look at the ‘Relative duration of care trajectories’ visualization of MagnaView (section
4.2.1.3) has been taken. By means of a brainstorm session with GGzE project manager care logistics
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management, there has been hypothesized that differences between trajectories exist with regard to
the characteristics throughput time and (total) processing time, i.e. direct and indirect client bounded
time. This hypothesis is based on the conspicuous difference in shape of the ‘Number of activities per
care trajectory’ (appendix L, sheet 17-19) on the one hand, and the ‘‘Relative duration of care
trajectories’ (appendix L, sheet, 22-26) on the other hand. Like already explained in section 4.2.1.3
the ‘Number of activities per care trajectory’ —curve is characterized by a negative exponential
distribution, i.e. concave shaped, whereas the ‘Relative duration of care trajectories’—curve is
characterized by a belly distribution, i.e. spherical shaped.

4.3.1 Distinction by throughput times and number of activities

By means of visual grouping the diagram in figure 20 has been constructed. In this diagram the total
group of clients is divided into four main groups based on throughput time and total processing times
(i.e. number of activities) characteristics. The diagram implies that the following four main client
groups can be identified: rapid discharge, long-term no treatment, diagnostic complex severe
psychosocial and psychiatric disorders, and general severe psychological and psychiatric disorders.
An explanation of the characteristics of these client groups is given below the graph.

Long

Long-term no treatment!

Throughput time

Rapid
discharge

Short

Low High
# of activities

Figure 20 Client groups classified on number of activities and throughput time

Rapid discharge

This group of clients is not part of the target group of GGzE since their disorders are not in line with
GGzE’s core business/best practices. It is expected that this group of clients accounts for only a few
DBC activities; this means low total processing time. Furthermore it is expected that the total
treatment time (i.e. throughput time) is generally very short and has little variation. If the throughput
time appears to be longer than logically this is caused by waiting time but not by the number or the
duration of activities. Moreover, the expectation is that the activities within the ‘rapid discharge’-
group are mostly indirect, that is without presence of client, and that those activities mostly
comprehend consultation of specialists together. The directive of discharge of these clients should be
one week.

Long-term no treatment

This group of clients is regarded as inferior for treatment processes at GGzE Centre child and
adolescent psychiatry: they enter the centre and are not seen by a specialist for a long time because it
is assumed that it is not needed or that they already finished their treatment. However, at a later point
in time they enter the treatment processes again.
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It can be visually analyzed that this group is represented in the bottom of the ‘relative duration of care
trajectories’ —graph since some open spots have appeared due to low density of activities in time.
However, it is expected that this group of clients is present through the whole chart. Since it is
expected that this group of clients accounts for a major part of Patient in Process (PIP), i.e. a concept
analog to the Work in Process (WIP) measure in manufacturing which focuses on reducing
throughput time, more efficient resource utilization, and cost saving (Kujala et al.,2000), it is very
important to detect this group of patients. Typically, in lean thinking terms, this group of clients
causes ‘waste’ in the care delivery processes of GGZzE, i.e. they interfere a conveniently arranged
overview of the processes.

General severe psychosocial and psychiatric disorders

This group of clients is regarded as the target group of GGzE, that is, these clients suffer from severe
psychosocial and psychiatric disorders and need treatments offered by GGzE. Although their
disorders are complex the treatment process is relative clear; in the best case they can be easily
diagnosed and the treatments following are obvious. In terms of processing times it is expected that
those clients have a high total processing time, characterized by many contacts (i.e., activities 3, 4, 5,
6 which are defined in appendix G) and less consultation of specialists together (i.e., activities 1 and
7). The throughput times can be short or middle long but are generally shorter than those of clients
which are diagnostic complex.

Diagnostic complex severe psychosocial and psychiatric disorders

This group of clients is the second target group of GGzE. Like ‘General severe psychosocial and
psychiatric disorders’, these clients suffer from severe psychosocial and psychiatric disorders and
need treatments offered by GGzE. Although there are several similarities between these groups, they
differ in the complexity of the treatment process. For this groups of clients it is difficult to determine
the right diagnosis (the first time), moreover the treatments the clients should follow are not obvious.
In terms of processing times it is expected that those clients have a high total processing time,
characterized by many contacts (i.e., activities 3, 4, 5, 6). It is expected that for this group more
consultation of specialists together (i.e., activities 1 and 7) is done than for the group “General severe
psychosocial and psychiatric disorders”. Furthermore, the dotted chart diagram shows us relative
frequently appearance of “act 2” activities which point to the abundance of diagnostic activities. The
throughput times are middle long or long.

Although there are other possibilities of client grouping, e.g. diagnosis, ambulant/clinical, etc.), first
the “target group” of GGzE Centre child and adolescent psychiatry should be identified. This is done
by dividing the total group of clients into four main groups based on the characteristics throughput
time and number of activities (i.e. direct and indirect client bounded time).

4.3.2 Verification of client groups

In order to verify if the hypothesized client groups really exist, an analysis based on the method
described in section 3.1 has been performed. The steps executed are depicted in figure 21. In the
remaining of this section the results of step 1 and step 8, which are ‘client group process indicators’,
‘classification of client group’, and ‘analysis of client groups’, will be discussed.

(1) Define client group process indicators.

(2) Based on these indicators, filter care trajectories out of ‘relative duration of care trajectories’'—graph in MagnaView.

(3) Export .txt files, containing attributes in line with MSAccessPlugin for ProM, by means of MagnaView.

(4) Import .txt files in MSAccessPlugin for ProM.

(5) Convert data into MXML log file.

(6) Load MXML log files in ProM and generate the following analyses: Log summary, Dashboard statistics, and dotted chart
analysis.

(7) Copy data from log summaries in MS Excel in order to compare the characteristics of the client groups.

(8) Present results by means of summary graphs in MS Excel.

Figure 21 Steps in order to verify hypothesized client groups
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4.3.2.1 C(Client group process indicators

During brainstorm sessions with GGZzE project manager care logistics management and discussions
during presentations with experts (see further section 4.4), a number of process indicators are selected
in order to identify client groups. These process indicators are mainly based on the filter options of the
MagnaView PAS-GGZ project defined in section 3.6, and are the following:

e Primary diagnosis performance, that is, no distinction in diagnosis versus pervasive diagnosed.
Client age, that is, younger than 12 years versus 12 years old and older.

Care trajectories which contain five or less versus more than five activities.

Care trajectories with waiting times between two activities shorter than 30/60/90 days versus at
least 30/90 days.

Since taking all combinations of these filer options into account would be excessively and too time-
consuming, a selection has been made. The chosen combinations are depicted in table 5. Furthermore,
there should be noticed that for this analysis only closed care trajectories are considered, the activities
and professions are set a level 2 coding level, and activities executed by more than 1 resource are
grouped and resources are renamed as ‘multiple_name levell activity’ (which has been described in
section 3.3). Table 5 depicts a colored rectangle for all processed log files. Moreover, these rectangles
contain the number of care trajectories and the number of activities present in the log file.

Table 5 Client group process indicators and main log file characteristics

Primary diagnosis: pervasive
All
All
> 5 activities
< 60 days
waiting time
< 90 days #CT 761 #CT 274 #CT 155 #CT 119
waiting time # act 35418 # act 9674 # act 6934 # act 2740
= 30 days ‘ #CT 1205 #CT 521
waiting time # act 32409 # act 11764
> 90 days
waiting time
< 5 activities #CT 731 #CT 331 #CT 175 #CT 156
# act 1851 # act 782 # act 401 # act 381

In the next two paragraphs the log files of table 5 will be used in order to classify client groups
(section 4.3.2.2) and perform an analysis of these groups (section 4.3.2.3). However, from table 5
already some interesting conclusions can be stated about the relative size of the client groups. For
example, the care trajectories’ group in which all diagnostic groups and all activities are present
contains 2127 closed care trajectories. From this total group, about one-third only contains 5 or less
activities. Furthermore, less than 15 percent of this other two-third has a maximum waiting time of 30
days between two successive activities, and (complementary) more than 85 percent of the care
trajectories which have more than 5 activities contain at least one succession with a waiting time
longer than 30 days. Moreover, for about half of the care trajectories containing more than 5 activities
holds that at least one succession of activities takes more than 90 days.

4.3.2.2 (Classification of client groups

In order to classify client groups the statistics from each log file depicted at the ‘Dashboard’-analysis
in ProM (for an example screenprint see figure 13 section 3.5.2) and the ‘Dotted chart’ -analysis in
ProM (for an example screenprint see figure 14 section 3.5.3.2) , are summarized in a MS Excel table,
which is depicted in appendix J table 7. In this table the following statistics for each log file are
presented: # of care trajectories, # of DBCs, # of activities, # of activity types, # of originators, # of
activities per care trajectory (mean, min, max), # of activity types per care trajectory (mean, min,
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max), and throughput time of care trajectories in days (mean, min, max). Furthermore two additional
statistics are calculated which are: mean throughput time of a care trajectory divided by the mean
number of activities per care trajectory, and the mean number of activities per care trajectory divided
by the mean throughput time of a care trajectory. Moreover, the colors depicted in table 5 are also
added to each row (representing a log file) in table 6 appendix J.

Client groups classified on # of activities and throughput times
450

400 ap
350
e®g

- 8
% 300
g .
° ,
£ 250 @ . o o [§] >5a 0 days waiting time
s ol @ S i, <60 s e
H
g 200
3 ® o°
£ 150
=

100 e

50

0

0 10 20 30 40 50 60 70 80 90 100

Number of activities
Figure 22 Client groups classified on # of activities and throughput times

By means of table 7 the classification diagram depicted in figure 22 has been designed. In this
diagram the client groups are classified on the mean number of activities per care trajectories
(depicted on the X-axis) and the mean throughput times in days of a care trajectory (depicted on the
Y-axis). In this diagram the assigned colors form clusters, indicating that care trajectories in these log
files are characterized by roughly the same mean throughput time and number of activities. Indexed
by color the following conclusions from the diagram in figure 22 can be stated:

e Vertically centered at the left side the red cluster has been depicted. This cluster represent log
files where ‘all’ activities are depicted, meaning that no distinction has been made between care
trajectories with more than 5 activities, or less and equal than five activities. This cluster indicates
that no major differences exist, concerning mean throughput time and number of activities,
regarding pervasive diagnosis and clients which are younger/older than 12 years. This
phenomenon is not only represented by the red cluster, but actually all clusters indicate that there
are no major differences regarding clients having a pervasive diagnosis and are younger/older
than 12 years.

e Fairly close to the red cluster the is depicted. The care trajectories within this
cluster all contain more than 5 activities and have no waiting times between two successive
activities longer than 90 days. Being that close to the red cluster indicates that the yellow cluster
best represents the average care delivery processes of GGzE Centre child and adolescent
psychiatry.

e Looking at the upper part of the graph, the purple cluster, dark blue cluster, and light blue cluster
could be identified. These clusters all contain more than five activities and are characterized by
more than 90 days of waiting time, more than 30 days of waiting time, and no waiting time
specifications, respectively, between two successive activities in a care trajectory. From this could
be concluded that the higher the maximum waiting time between two successive activities, the
higher the mean throughput time of that care trajectory.

e The cluster with by far the lowest throughput time and number of activities is depicted in

. Like we already could suspect, this cluster is characterized by care trajectories which have
no more than five activities.
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e The dark green cluster lies farthest from the red cluster, which indicates that this cluster causes
most variation in the number of activities when considering ‘all’ care trajectories. Typically, the
green cluster is characterized by care trajectories containing more than 5 activities and have no
waiting times longer than 30 days between two successive activities.

Based on the above classification, it is interesting to state some conclusions about the ‘efficiency’ of
client groups. The measure used for efficiency is the mean number of activities per care trajectory
divided by mean throughput time in days of a care trajectory. As a result an efficiency of 1.00 means
that on average one activity per day is registered, likewise, an efficiency of 0.10 means that on
average one activity per 10 days is registered. The graph in figure 23 depicts the efficiencies of client
group care delivery processes. Taking a closer look at this graph it can be concluded that care
trajectories containing more than 5 activities and have no waiting times longer than 30 days between
two successive activities (dark green cluster) are far most efficient compared to the other client
groups. The less efficient are the care trajectories part of the light green cluster, which are
characterized by care trajectories containing no more than five activities, i.e. rapid discharge defined
in section 4.3.1.

Efficiency of client group care delivery processes
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Figure 23 Efficiency of care delivery processes classified on client group characteristics

4.3.2.3 Analysis of client groups

In the previous section a classification of client groups has been made and aggregated performance
data with regard to these groups have been calculated and visualized. Within this section the client
groups will be analyzed in more detail. In particular, first the activities and originators present in each
group have been identified, and second an analysis concerning variability within client groups has
been performed.

Activities and originators of client groups

In order to identify which activities and originators are present in the client groups (i.e. log files) the
‘log summary’-anaysis has been used. For each log file the following statistics have been summarized
in MS excel tables: relative and absolute occurrence of log events, i.e. activities; relative and absolute
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occurrence of starting log events of a care trajectory; relative and absolute occurrence of ending log
events of a care trajectory; and relative and absolute occurrence of originators. A number of these
tables are depicted in appendix J. In figure 24 the relative occurrence of activities at a level 1 coding
level ordered at client groups are depicted in a bar chart.
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Figure 24 Relative occurence activities at a level 1 coding level ordered at client groups

From this graph the following conclusions can be stated:

e Activity 1 ‘Pré intake’ accounts for only 0.85% of the activities when all close care trajectories
are considered. The relative occurrence of this event is highest for the group containing 5 or less
activities, i.e. rapid discharge, and amounts 3.30% of the activities. The relative occurrence is
lowest for the group which is characterized by care trajectories containing more than 5 activities
and have no waiting times longer than 30 days between two successive activities, that is 0.24%.

e Activity 2 ‘Diagnostiek’ accounts for 7.83% of the activities when all closed care trajectories are
considered. Again the relative occurrence of this event is highest for the rapid discharge group,
and amounts 17.94% of the activities. The relative occurrence is lowest for the group which is
characterized by care trajectories containing more than 5 activities and have no waiting times
longer than 30 days between two successive activities, that is 3.38%.

e Activity 3 ‘Behandeling’ accounts for most activities when all closed care trajectories are
considered, that is 36.76%. The relative occurrence is highest for the group which is characterized
by care trajectories containing more than 5 activities and have at least once a waiting time
between two successive activities longer than 30 days, that is 40.67%. The relative occurrence is
lowest for the group which is characterized by care trajectories containing more than 5 activities
and have no waiting times longer than 30 days between two successive activities, that is 29.51%.

e Activity 4 ‘Begeleiding’ accounts for only 0.26 % of the activities when all close care trajectories
are considered. The relative occurrence of this event is lowest for the group containing 5 or less

48



activities, and amounts 0.05% of the activities. Comparing the other client groups, the relative
occurrence of activity 4 does not differ much.

e Activity 6 ‘Crisisopvang’ accounts for only 0.38% of the activities when all close care
trajectories are considered. The difference in relative occurrence is not large between the several
client groups.

e The second frequent occurred activity is activity 7 ‘Algemene indirecte tijd’, and accounts for
33.25% when all care trajectories are considered. For the client groups characterized by care
trajectories containing more than 5 activities and have at least once a waiting time between two
successive activities longer than 90 days, and the group containing 5 or less activities, activity 7
has the highest relative occurrence with 40.23% and 46.41%, respectively. The relative
occurrence is lowest for the group which is characterized by care trajectories containing more
than 5 activities and have no waiting times longer than 30 days between two successive activities,
that is 22.58%.

e Activity 8 “Verblijf” accounts for 19.91 % of the activities when all close care trajectories are
considered. Remarkable is that this activity occurred by far most within the client group
characterized by care trajectories containing more than 5 activities and have no waiting times
longer than 30 days between two successive activities, that is 41.27%. Like could be expected
‘Verblijf” does not frequent appears in the client group rapid discharge (0.59%).

e Activity 9 ‘Dagbesteding’ is not often present in the log files, when all closed care trajectories are
considered ‘Dagbesteding’ occurred in 0.77% of all activities. This activity was most present in
care trajectories which do not have high waiting times between two successive activities.

In order to validate the client group analysis, figure 24 has been presented and discussed to managers
and experts of GGzE Centre research and development (O&O). This is depicted in appendix L sheet
30. In addition the presentation contained analysis graphs of the relative occurrence of activities at a
level 2 coding level (sheet 31) and the relative occurrence of originators at a level 1 coding level
(sheet 32). From these analyses can be concluded that the largest difference between client groups
with regard to activities compounding and resource constellation exist in the clusters which are
characterized by care trajectories containing 5 or less activities (i.e. rapid discharge), and by care
trajectories containing more than 5 activities and have no waiting times longer than 30 days between
two successive activities. From these client groups the variability of processes characteristics are
discussed next.

Variability within client groups

For gaining more insight in the variability of the processes of distinct client groups the ‘Dashboard’-

analysis and ‘Dotted chart’-analysis of ProM can be consulted. Appendix K depicts these analyses for

the following client groups:

e All closed care trajectories

e (Care trajectories with 5 or less activities (rapid discharge)

e (are trajectories containing more than 5 activities (complement of rapid discharge)

e (are trajectories with more than 5 activities and waiting times smaller than 30 days

e Care trajectories with more than 5 activities and at least one succession with waiting times larger
than 90 days (long-term no treatment)

Taking a closer look at the dotted charts it can be concluded that almost all care trajectories are closed
within one year when it concerns the rapid discharge group and when the waiting times between two
successive activities is always smaller than 30 days. Like already concluded, the later also has the
highest activity density and can therefore be considered as the most efficient care delivery process.
Containing most ‘Verblijf” activities, it is expected that most priority is ascribed to this client group
by GGzE. Comparing this result to the dotted chart characterized by care trajectories with more than 5
activities and at least one succession with waiting times larger than 90 days, some major differences
can be seen. The care trajectories of the client group which faces long waiting times often takes longer
than one year, although these care trajectories on average contain less activities.
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To conclude this section, it can be stated that indeed a distinction of client groups can be made based
on the number of activities and the throughput time of care trajectories. In particular, the client groups
‘rapid discharge’ and ‘long-term no treatment’ can be distinguished. The rapid discharge group
accounts for 34% of the total care trajectories, and only 4% of the total performed activities included
in the dataset. The long-term no treatment, i.e. time between two succesive activities > 90 days,
accounts for 30% of the total care trajectories, and for 26 % of the total performed activities. The
remaining 36% of the care trajectories are expected to be the target group of GGzE, which are named:
‘General severe psychosocial and psychiatric disorders’ and ‘Diagnostic complex severe psychosocial
and psychiatric disorders’ (section 4.3.1). However, within this group another interesting group can be
distinguished which is the group of client processes characterized by care trajectories with more than
5 activities and where the time between two successive activities is always smaller than 30 days. In
particular, this group amounts only 9% of the total care trajectories, but accounts 38% of the total
performed activities in the data set. By means of comparing the activity compounding and originator
constellation within the client groups processes, it is found that the group with small waiting times
between activities are characterized by a relative high number of ‘verblijf” and ‘dagbesteding’
activities, whereas client groups with at least one high waiting time between activities are
characterized by a relative high number of ‘diagnostiek’, ‘behandeling’, and ‘algemene indirecte tijd’
activities. Although the ‘rapid discharge’ group only amounts a relative few activities, it can be
concluded that for this group relative a lot time is spend at ‘diagnostiek’ and ‘algemene indirecte tijd’
activities. In order to gain more insight of the characteristics of the target group of GGzE additional
analyses should be done.

4.4 Validation of case results

In order to validate the case results a number of presentations including discussions with several
stakeholders and involved parties have been organized. In particular the MagnaView visualizations
discussed in this chapter and the identification of client groups has been presented. The target groups
of the presentations where: managers and professionals of GGzE Centre child and adolescent
psychiatry (K&J), managers and professionals of GGzE Centre research and development (O&O),
GGzE project manager care logistics management (Tom Joosten), TU/e supervisors (Monique Jansen-
Vullers and Ad Kleingeld), and MagnaView experts. In order to validate the analyzed results in an
organized manner, there is chosen to present the results by means of a MS Powerpoint presentations.
The structure of the presentation remained to a large extend unchanged. Only adjustments as result of
feedback and more in dept research (i.e. client group identification) have been added over time.

Table 6 lists the sheets depicted in appendix L ‘Cliéntstromen in GGzE Centrum Kinderen en
Jeugdpsychiatry (client flows in GGZzE Centre child and adolescent psychiatry)’. Vertically the
audience is listed, and in the table the sheets presented and/or discussed are marked. In particular
there is evaluated whether the results of the analysis are understandable, relevant in order to analyze
care delivery processes, and contribute to future process improvement. Furthermore, additional
attention is payed at the verification of filter measure, i.e. (dis)aggregation of activities and
employees, care trajectory characteristics, client characteristics, and chain logistics characteristics
(section 3.6).

Unfortunately, the case results of specific ProM analysis (besides client group identification) are not
validated by means of a presentation. These results only are presented and discussed with GGzE
project manager care logistics management, and are evaluated positively. This will be further
discussed in the next section ‘evaluation of method’.
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Table 6 Validation of case results by means of presentations and discussions

Intermediate presentation TU/e

Discussion with specialists GGzE Centre child and adolescent psychiatry

Title page

Inhoud

Introductie

Aanleiding onderzoek

Doel onderzoek

Scope

Zorgproces

Wachttijden veroorzaakt door variantie in

Aankomstpatroon cliénten centrum K&J

Doorlooptijden cliénten centrum K&J

Data analyse

Data analyse gebaseerd op DBC data

Complexiteit van zorgprocessen K&J

Procesmodel alle processen centrum K&J

Procesmodel klein stukje ingezoomd

Conclusie

Hoe kunnen we meer inzicht verkrijgen?

Proces karakteristieken — overview

Aantal zorgtrajecten per primaire proces

Activiteiten en hun uitvoerders

Aantal activiteiten per primaire diagnose

Eerste activiteiten van een zorgtraject

Laatste activiteiten van een zorgtraject

Bottlenecks

Wachttijden per activiteit

Wachttijden per medewerker

Procespatronen

Aantal activiteiten per zorgtraject

Aantal activiteiten per zorgtraject — Aandachtstekort- en gedragsstoornissen (ADHD)
Aantal activiteiten per zorgtraject — Pervasieve ontwikkelingsstoornissen (autisme)
Relatieve tijdsduur van zorgtrajecten

Schematische weergave cliéntgroepen

Relatieve tijdsduur van zorgtrajecten — Filter > 5 activiteiten

Relatieve tijdsduur van zorgtrajecten — Filter > 5 act. en wachttijd tussen act. < 60 dagen
Relatieve tijdsduur van zorgtrajecten — Filter > 5 act. en wachttijd tussen act. > 60 dagen
Relatieve tijdsduur van zorgtrajecten — Filter > 5 act. en w.t. tussen act. < 60 dg. autisme
Relatieve tijdsduur van zorgtrajecten — Filter > 5 act. en w.t. tussen act. > 60 dg. Autisme
Cliéntgroepen

Aanvullende analyse cliéntgroepen

Client groups classified on # of activities and throughput times

Efficiency of client group treatment processes

Relative occurrence activities

Relative occurrence originators

Vragen / discussie

SEI DD DD DN NN DD MN NN NN N NN NN XXX XXX XX XXXXXX x| Discussion of progress with GGzE supervisor (project manager care logistics management)

EXXXXXXXXXXXXXXXXXXXXXXXXXXXX

MM RN RN RN NN NKNK N NN NKNNNNKNNXNNXXXXNXNXNXXXNXXXX| Presentation GGzE Centre child and adolescent psychiatry

EXXXXXXXXXXXXXXXXXXXXX 1

BN XX XX XXX X XXX XX XX X X X X X X X X X X X X X X X X| Presentation and discussion MagnaView experts

DX XXX XX XXX XX XXX XX XXX XXX XXX XXX XXX XXNXXXXXX| Presentation GGzE Centre research and development

Legend:
X = presented and/or discussed;
- = not presented or discussed.
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4.5 Evaluation of method

The data-based method described in chapter 3 and applied during a case study at GGzE Centre child
and adolescent psychiatry has been positively evaluated by managers and professions during
presentations and discussions; this has been described in the previous section.

Furthermore, an additional meeting with GGzE supervisor T.C.M. Joosten (who also is GGzE project
manager care logistics management at GGzE Centre research and development) was planned in order
to evaluate particular aspects of the method. First the following criteria set by Riemers (2009) were
evaluated:

The 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.

Accordmg to Joosten all criteria were met; the presentations Cliéntstromen in GGzE Centrum
Kinderen en Jeugdpsychiatry (client flows in GGzE Centre child and adolescent psychiatry)’, serve as
proof. In particular there was concluded that the main advantages of data visualization are: (i) a better
understanding about the process; and (ii) a better understanding about bottlenecks within the process.

R

In addition, the results have a positive effect on managing processes at GGzE Centre in child and
adolescent psychiatry, because: (i) Managers and profession gained insight about what really
happened in their processes by means of analyses of data they registered themselves (for the first
time); and (ii) these insights support the desire for structural process improvement and better
registration of what really occurred during care delivery processes.

With respect to the content of the method, it was already stated that validation mainly has been based
on results gained by means of MagnaView. However the combination of visual analytics and process
mining has been evaluated positively, since there is agreed that application of ProM offers an
additional advantage compared to MagnaView due to the fact that process mining offers process
related information by looking at the inside of the process, while MagnaView mainly has been used to
present statistical information in a clearer way. For GGzE Centre research and development in
particular, the data-based method is of relevance, because: (i) it enables researchers to logically
aggregate process data and obtain purposeful process analyses, and (ii) based on these analyses, care
delivery processes could be better controlled, which serves as starting point for future process
improvement. Moreover, the great potency of visualizing process characteristics has already leaded to
implementation of the PAS project at GGzE. Based on the PAS-GGZ project, including the designed
dataset during this master thesis project, MagnaView B.V. has started to offer their serves to GGzE in
order to analyze the most recent and future DBC-GGZ data.

In general it could be stated that both the case results as well as the method are evaluated positively.
Nevertheless, there are still some points of discussion with regard to the method. Next, two points
with regard to the choice of the process indicator waiting time and those used for clustering and
filtering are discussed.

The first point of discussion concerns the choice of the process indicator waiting time. In the PAS-
GGZ project the waiting times has been calculated by means of the time difference between two
activities. Although this is the only possible measure when DBC-GGZ data is concerned the indicator
cause a deal of controversy because of two reasons. First, typically mental healthcare delivery deals
with passive care times and positive waiting times like discussed by Kujala et al. (2006). Second, this
waiting time measure typically calculates the time between two successive events, however, it does
not tell the difference between demand and delivery. If for example a specific diagnostic activity has
been requested, but a client has been putted on a waiting list and in the mean time some other
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activities take place, the calculated measure does not give an accurate description of the actual waiting
time.

The second point of discussion concerns the choice for the process indicators used for clustering and
filtering. Although auditors reacted positively on the presented results, it is recommended to take into
consideration whether for example the ‘primary diagnosis’ groups lead to sufficient accurate results
for classifying care trajectories with regard to defining iso-process client groups. Furthermore the
distinction clinical and ambulant should be made when classifying client groups. Moreover, one can
wonder if classification at the care trajectory level is most appropriate, or that perhaps classification
on a DBC level offers much more opportunity (e.g. by means of code lists) to identify iso-process
patient groups. Very recently, GGzE Centre research and development has started to define treatment
programmes. With those treatment programmes GGzE aims at analyzing and controlling care delivery
processes at a meso-level which is situated between the macro-level represented by care trajectories
and the micro-level representing the several activities. An example of a newly defined treatment
program is ‘coaching ADHD’. Remark that when implementation of such treatment programmes is
mature, the process analysis method can be used to in order to compare the output of the processes
before and after process improvement initiatives.
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5 Conclusions and recommendations

Managers and professionals of GGzE Centre child and adolescent psychiatry are of the opinion that
more measures, especially about specific processes and process phases, are desired for managing their
processes. In order to deal with this problem the following research question has been formulated:

"Which method can be used to analyze data about care delivery processes in GGzE Centre child and
adolescent psychiatry at a level that client flows can be identified and design solutions for logistical
improvement can be developed?"

In order to answer the research question a number of project phases have been passed through, which
are initiation, identification, analysis, design, and evaluation. During the identification phase first
recent developments with respect to describing mental healthcare processes in general, and care
delivery processes at GGzE Centre child and adolescent psychiatry in specific are described.
Secondly, an existing method to analyze healthcare process has been introduced. Although this
method developed by Riemers (2009) and validated by (Ramos Torres, 2009) has been designed for
hospital settings, it has been based on DBC data, and therefore regarded as suitable for mental
healthcare process analyses. The main advantage of the method developed by Riemers (2009) and
validated by Torres Ramos (2009) is that it both utilizes process mining and visual analytics
techniques. The combination of these techniques supposes complementary results due to the fact that
process mining offers process related information by looking at the inside of the process while visual
analytics can present this information in a clearer way. The tools proposed in the method for process
mining and visual analytics are ProM and MagnaView, respectively. Furthermore, Riemers’ method
has proven to be relevant for both the control and diagnosis phases of the Business Process
Management life cycle. However, for improving care delivery processes with regard to operational
measures, a more specific logistical approach for process improvement should be used. A promising
stepwise method for improving healthcare processes has been introduced by Vissers (2006). In
particular Vissers (2006) emphasizes the need for identifying iso-process patient groups, for which a
specific organization of services is developed. In addition the focused factory approach is discussed,
which is in particular relevant since it is a widely tested concept in industry which emerges as a model
for designing integrated care pathways (Joosten et al., 2008) and homogenous patient groups
(Bertrand and de Vries, 2005).
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During the analysis phase a case study at GGzE Centre children and adolescent psychiatry has been
performed. Based on a reflection of the results obtained during the identification phase and analysis
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phase, a data-based method for mental healthcare analysis has been designed. The method is to a large
extent based on the method of Riemers (2009), but differs in two important aspects: (1) for this
method mental healthcare process data instead of hospital process data have been used; (2) where
Riemers (2009) typically approaches a preliminary analysis and executes one iteration, the model
designed for this master thesis project attempts to prescribe the required steps by means of a system
approach, which is characterized by verification and validation steps and allows iteration. Typically,
the method is designed in order to perform a case study which starts with initiation and ends with
closure, like with projects in general. A graphical presentation of the method is shown at the previous

page.

The first step depicted in the method is “build database’ in order to do so, first a database in MS
Access should be designed and constructed. Input for this database is the DIS (DBC information
system) files which are used for GGZ-DBC registration. In addition attributes from the code lists (CL
codelijst) defined by the DBC systematic could be added in order to provide more specified and
categorized information about the data elements. In order to make the database suitable for measuring
operational aspects about client flows, some preprocessing activities should be performed. The
method prescribes the concepts ‘closed care trajectories’ and ‘multiple resources’. Next a choice for
the branch of analysis should be made. In order to get the advantage of combining visual analytics and
process mining, of course both branches should be passed through. In case of visual analytics by
means of the MagnaView (MV) tool steps 3 and 4 should be performed. Step 3 consists of: (a)
transforming the information stored in the MS Access database into the MagnaView data format
‘mvn’, and (b) linking the attributes of the MS Access database to the attributes of the MV PAS
project. Although the PAS project seemed ultimately suitable for application within a healthcare
setting, some views did not completely fit the DBC-GGZ data. Therefore some modifications had to
be carried out. This resulted in a new PAS project called ‘PAS-GGZ’. In step 4 the MagnaView
analyses should be performed. Based on discussions with stakeholders a selection of views of the
PAS-GGZ project has been made, in order to visualize the most relevant aspects of mental healthcare
processes.

In case of process mining by means of the ProM tool the steps 5 and 6 should be performed. Step 5
consists of: (a) transforming the case information and information about the executed tasks stored in
the MS Access database into the ProM MXML format, and (b) loading the from step ‘a’ resulted log
files in ProM. In step 6 the ProM analyses should be performed. Based on other case studies applying
ProM and the capabilities with regard to complexity of the mental healthcare processes a selection of
mining plug-ins and analysis plug-ins has been made in order to discover the processes.

Particular attention should be paid on step 7 ‘filtering and clustering’. Due to complexity and
inconveniently arrangement of healthcare processes, filtering and clustering techniques are needed in
order to state conclusions about the processes and approach them more convenient. Ultimately,
filtering and clustering techniques can be used in order to distinguish client groups fulfilling the iso-
process patient group criteria (homogenous in terms of process and market performance). The
filtering and clustering approaches applied on DBC-GGZ data are the following: (dis)aggregation of
activities and employees, care trajectory characteristics, client characteristics, and chain logistics.
Although filtering and clustering in principle can be applied at any moment on several parts of the
method, filtering and clustering decisions are often a result of validation of previous analyses by
stakeholders. Step 8 explicitly depicts this validation step. The method proposes that validation should
be done by means of presentation and discussion of the process analyses results with involved parties
such as managers and professionals of GGzE. By means of their feedback choices for new analyses
(i.e. views or plug-ins), other filter/cluster capabilities, etc. could be made.

The data-based method for mental healthcare process analysis has been applied by means of a case
study at GGzE Centre child and adolescent psychiatry. The application is based on DBC-GGZ data
recorded at GGzE Centre child and adolescent psychiatry and delivered to DIS from November 2007
till November 2009. The results of the case study have been divided over four categories, which are:
MagnaView analyses, ProM analyses, identification of client groups, and validation of case results.
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The MagnaView analyses presented in the method are divided over the categories process

characteristics, bottlenecks, and process patterns.

e Process characteristics related views are : arriving pattern of clients, throughput times of clients,
number of care trajectories per primary diagnosis, activities and their originators, number of
activities per primary diagnosis, and first and last activities or care trajectories.

e Bottleneck related views are: waiting times per activity, and waiting times per employee.

e Process patterns related views are: number of activities per care trajectory, and relative duration
of care trajectories.

The selected plug-ins of ProM present in the method are the following:

e The selected mining plug-ins are: heuristic miner and fuzzy miner.

e The selected analysis plug-ins are: performance sequence diagram, dotted chart analysis,
originator by task matrix, and log summary.

For identification of client groups a combination of both visual analytics and process mining has been
used. The first step for the identification of client group was to visually analyze the ‘relative duration
of care trajectories view’ during a brainstorm session with GGzE project manager care logistics
management. Based on this analysis a diagram, containing four distinct client groups classified on
throughput time and total processing times (i.e. number of activities) characteristics, has been
designed. The four hypothesized client groups are: rapid discharge, long-term no treatment, diagnostic
complex severe psychosocial and psychiatric disorders, and general severe psychological and
psychiatric disorders. In order to classify the hypothesized client groups the filtering capability of
MagnaView has been used to select care trajectories with certain characteristics. In particular the
following filters are used: care trajectories containing more/less than 5 activities, longer/shorter
waiting time (in days) between two successive activities, primary diagnosis, and client age. The first
filter used is based on distinguishing care trajectories with more/less or equal than 5 activities. In
particular the number 5 is chosen because route 1, i.e. the first operational phase of GGzE Centre
child and adolescent psychiatry consists of 5 activities (Linkens, 2009). The cutoff point of 90 days
has chosen, because there has been made the appointment within GGzE Centre child and adolescent
psychiatry that clients who do not face treatment for 3 months should be deregistered and eventually
later on registered with a new care trajectory ID. The measures 30 and 60 days are chosen intuitively,
in order to get a better understanding about the efficiency and the composition of the processes with
these characteristics. The primary diagnoses ‘pervasieve ontwikkelingsstoornis’ (autisme) has been
chosen as filter option since this is with 44% of all care trajectories the largest diagnosed group.
Finally, filtering on the client age 12 years and 12 years old and older is in line with classification
used in organizing processes within GGzE Centre child and adolescent psychiatry.

In order to validate the case results a number of presentations including discussions with several
stakeholders and involved parties have been organized. In particular the MagnaView visualizations
and the identification of client groups have been presented. The target groups of the presentations
where: managers and professionals of GGzE Centre child and adolescent psychiatry (K&J), managers
and professionals of GGzE Centre research and development (O&O), GGzE project manager care
logistics management, TU/e supervisors, and MagnaView experts. In order to validate the analyzed
results in an organized manner, there is chosen to present the results by means of a MS Powerpoint
presentations. The structure of the presentation remained to a large extend unchanged. Only
adjustments as result of feedback and more in dept research (i.e. client group identification) have been
added over time. In particular there is evaluated whether the results of the analysis are understandable,
relevant in order to analyze care delivery processes, and contribute to future process improvement.
Furthermore, additional attention has been paid at the verification of filter measure, i.e.
(dis)aggregation of activities and employees, care trajectory characteristics, client characteristics, and
chain logistics characteristics.

Unfortunately, the case results of specific ProM analyses (besides client group identification) are not

validated by means of a presentation. These results are only presented and discussed with GGzE
project manager care logistics management during an evaluation of the method. During this
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evaluation has been agreed that application of ProM offers additional advantages compared to
MagnaView due to the fact that process mining offers process related information by looking at the
inside of the process, while MagnaView mainly has been used to present statistical information in a
clearer way.

Below some considerable findings of the case study are listed:

The first finding concerns MagnaView analysis and is part of the process characteristic category
presented by means of the ‘throughput times of clients’ —view. Remarkable about this graph is
that the majority of care trajectories lasts less than 100 days, and only a few lasts a couple of years
(up to 960 days). Furthermore, two bending curves can be distinguished; one at 365 days and one
at 730 days. During discussions with experts it has been concluded that these shapes are due to
administration causes, i.e. care trajectories are often closed when this is compulsory by the DBC
systematic, and not when the actual care delivery process has been finished.

The second finding also concerns MagnaView analysis and is part of the process patterns
category, and regards the contrast between the ‘number of activities per care trajectory’ —view and
the ‘relative duration of care trajectories’ —view. In particular the ‘number of activities per care
trajectory’ —view shows the sequence of activities of the care trajectories without waiting times.
The shape of the resulting curve is characterized by a negative exponential distribution, i.e.
concave shaped. This indicates that relative many care delivery processes in GGzE Centre child
and adolescent psychiatry contain only a few activities, and that for only a few client flows lots of
activities have been registered. In contrast we have the ‘relative duration of care trajectories’ —
view, in which waiting times between activities are present. Typically the shape of that curve is
characterized by a belly distribution, i.e. spherical shaped. This remarkable finding has lead to
additional analysis of the ‘relative duration of care trajectories’ —view, which strives to identify
client groups.

The most considerable finding from ProM concerns convenient arrangement when making use of
log files containing more or less aggregated data. For example the process model containing all
closed care trajectories in GGZE Centre child and adolescent psychiatry obtained by means of the
heuristic miner plug-in is typically characterized by complexity and inconvenient arrangement,
i.e. a spaghetti model. Typically, a more convenient arranged process model can be achieved by
making use of aggregating the activities (or originators) to a higher level, for example a level 1
naming level. Moreover, ProM is also able to deal with unstructured processes by means of
certain mining plug-ins. The method contains the fuzzy miner approach which uses a mixture of
abstraction and clustering techniques.

The most considerable finding concerning the identification of client groups is that, based on the
mentioned indicators, indeed a distinction of client groups could be made. In particular, the client
groups ‘rapid discharge’ and ‘long-term no treatment’ can be distinguished. The rapid discharge
group accounts for 34% of the total care trajectories, and only for 4% of the total performed
activities. The long-term no treatment, i.e. time between two successive activities > 90 days,
accounts for 30% of the total care trajectories, and for 26 % of the total performed activities.

A second finding about the identification of client groups is that another interesting group can be
distinguished. This is the group of client processes characterized by care trajectories with more
than 5 activities and where the time between two successive activities is always smaller than 30
days. In particular, this group amounts only 9% of the total care trajectories, but accounts 38% of
the total performed activities in the data set.

A third finding from the identification of client groups is that by means of comparing the activity
compounding and originator constellation within the client groups processes, it is found that the
group with small waiting times between activities are characterized by a relative high number of
‘verblijf” and ‘dagbesteding’ activities, whereas client groups with at least one high waiting time
between activities are characterized by a relative high number of ‘diagnostiek’, ‘behandeling’, and
‘algemene indirecte tijd’ activities. For the ‘rapid discharge’ group relative a lot time is spend at
‘diagnostiek’ and ‘algemene indirecte tijd’ activities.
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The most considerable notifications of the case study are:

e With regard to the dataset it should be noted that recent process improvement initiatives cannot be
recovered from the data yet, because this concerns relative little cases and moreover these care
trajectories are often not closed yet, i.e. clients are still present in the treatment processes.

e  With regard to the application of ProM at DBC-GGZ data. This concerns the timestamp
information present in DBC-GGZ data. Usually timestamps contain besides a date also a start and
completion of an event by means of including the point in time (hours, minutes, eventually
seconds). Since this information is not included in the DBC-GGZ timestamp no computations
with regard to duration of activities, e.g. processing times, can be made; this obstructs the
usability of quite a number of plug-ins in ProM.

e In MagnaView the waiting times has been calculated by means of the time difference between
two activities. Although this is the only possible measure when DBC-GGZ data is concerned the
indicator cause a deal of controversy because of two reasons. First, typically mental healthcare
delivery deals with positive waiting times like discussed by Kujala et al. (2006). Second, this
waiting time measure typically calculates the time between two successive events, however, it
does not tell the difference between demand and delivery. If for example a specific diagnostic
activity has been requested, but a client has been putted on a waiting list and in the mean time
some other activities take place, the calculated measure does not give an accurate description of
the actual waiting time.

e Another point of discussion concerns the choice for the process indicators used for clustering and
filtering. Although auditors reacted positively on the presented results, it is recommended to take
into consideration whether for example the ‘primary diagnosis’ groups lead to sufficient accurate
results for classifying care trajectories with regard to defining iso-process client groups.
Furthermore the distinction clinical and ambulant should be made when classifying client groups.
Moreover, one can wonder if classification at the care trajectory level is most appropriate, or that
perhaps classification on a DBC level offers much more opportunity (e.g. by means of code lists)
to identify iso-process patient groups.

In order to evaluate particular aspects of the data-based method for mental healthcare process analysis
the following criteria set by Riemers (2009) where evaluated:

The 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.

Accordmg to Joosten all criteria were met: “the presentations and discussions Cliéntstromen in GGzE
Centrum Kinderen en Jeugdpsychiatry (client flows in GGzE Centre child and adolescent psychiatry)’
serve as proof”.

R

In particular there was concluded that the main advantages of data visualization are: (i) a better
understanding about the process; and (ii) a better understanding about bottlenecks within the process.
In addition, the results have a positive effect on managing processes at GGzE Centre in child and
adolescent psychiatry, because: (i) managers and profession gained insight about what really
happened in their processes by means of analyses of data they registered themselves; and (ii) these
insights support the desire for structural process improvement and better registration of what really
occurred during care delivery processes. For GGzE Centre research and development in particular, the
data-based method is of relevance, because: (i) it enables researchers to logically aggregate process
data and obtain purposeful process analyses, and (ii) based on these analyses, care delivery processes
could be better controlled, which serves as starting point for future process improvement.

Although, in general it could be stated that both the case results as well as the method are evaluated

positively, there are still some points of discussion concerning the research questions. The first point
of discussion is that the part of the the research question, “at a level that client flows can be identified
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and design solutions for logistical improvement can be developed” has not totally achieved. To a large
extend it succeed to identify client groups; however more detailed divisions and analyses with regard
to activity compounding and originator constellation within the client groups processes is desired.
Therefore more iteration in the method could be passed through. Eventually, other more advanced
clustering techniques could be used to identify client groups based on their characteristics. In any case
clear indicators for process identification should be defined on forehand; one should know where to
look for.

With regard to “developing design solutions for logistical improvement” there should be concluded
that this stage is not yet reached. Although a good start has been made it is not yet possible to improve
the processes. According to Vissers (2006) five steps should be completed in order to complete a
process improvement project. These are: (1) identification of iso-process patient groups, for which a
specific organization of services is developed; (2) description of these processes in a way that allows
analysis of the service and resource use impacts of processes; (3) definition of a production control
per patient group, taking into account the characteristics of the process considered; (4) setting
objectives for the performance of the process to enable its monitoring; and (5) taking the
responsibility for process management in order to make improvements process sustainability. When
evaluating the case results it can be concluded that a good attempt with regard to the first and second
step has been taken. However, steps three, four, and five still needs to be done in order to improve
care delivery processes at GGzE Centre child and adolescent psychiatry.

Furthermore, it is recommended to managers of GGZE to pay attention at the requirements of

healthcare processes with regard to the focused factory approach, which are:

e With a predictable process, after the specification, and after a treatment plan is set up;

With a low variety in the delivery processes;

With common requirements in quality and service;

That are homogenous in resource requirements;

That do not require high flexibility.

When one can manage to identify (parts of) process with these characteristics, it is expected that the

focused factory concept is at least partially applicable in healthcare organizations:

e To a part of the total service chain, between well-defined decoupling points;

e To specific aspects, such as service, of the total set of requirements to be met;

e Processes should be transparent and defined in such a way that they can be analyzed in terms of
their homogeneity.
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Appendix A: Research methodology
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Figure 25 Qualitative research methodology (adapted from Jonker and Pennink, 2000)
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Figure 26 Quantitative research methodology (adapted from Jonker and Pennink, 2000)
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Appendix B: Care programming in GGzE

Information and | _Towards patients and
advice referrers No

Enlistment l——— Referral

I Administrative:

Screening Yes

Medical:
Information complete?
—_— his organisation?
Crisis-patients are
referred to crisis

Matehing ves services
Intake
Indication-advice Intaker |I';22i6:i§*:-
- Short treatment
- Guideline oriented

- Longer treatment
- No Guidelines

Multi-disciplinary team

Indication-
decision:
treatment plan

l

Effectuation

Source: Derived from van Bokkem er a/. (2003)

Figure 27 Admission process steps in GGzE CPs (adapted from Joosten et al., 2008)



Appendix C: Conceptual production control framework for health OM

STRATEGIC PLANNING

patient flows resources

Specalities & product range. | 2.5 years

Patient groups as business (e Shared resources

Collaboration & outsourcing.

]

Feed forward on impacts
of changes in population &
technology. Feedback on
realized patient flows.

P

]

units supply
match
Restrictions an Restrictions on
types of patients types of resources
PATIENT VOLUME PLANNING AND CONTROL
patient flows resources
Volume contracts. 1-2 Years | mpoygh cut capacity check
# patients per patient group. | Targe! cccupancy levels
Senvice levels. supply
meateh
Restrictions Restrictions on
on total

patient wvolumes amount of resources

Feed forward on service
level standards. Feedback
on fargets for resource
utilization

RESOURCE PLANNING AND CONTROL I
patient flows resources
3 months
Expecled # palients per —1 year Allocabion of Teading shared
patient group. __ o FESOUNDEsS,
Capacity requiraments per "Dws:d-" Batching rules for shared <—|
1 50
patisnt group m"d a{y ES0LINDES.
Fead forward on available
Restrictions - capacity per patient group
an datalled Restrictions on & specialty. Feedback on
patient volumes resource availability capacity use by specialty
& patient group.
PATIENT GROUP PLANNING & CONTROL I
patient flows wesks — resources
3 months
Projected number of patients Availability of specialist
per period e capacity
supply |
BEGIEINE
Faad I'U_rwsrd on batr.:_h
Restrictions on Restrictions on composition & scheduling
thi timing of the timing of rules. Feedback on
patient flows rESOUMCeEs capacity use readjustment
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patients resources
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-
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Figure 28 Conceptual framework of health OM planning and control processes (adapted from Vissers, 2006)
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Indication
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Plans
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progress
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(Care) Plans

Figure 29 Treatment cycle in GGzE CPs (adapted from Joosten et al., 2008)
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Appendix D: Example code list

CL_ACTIVITEIT

Code Data Type Beschrijving

CL_ACTIVITEIT_BEGMNDATUM nLmaricial Datum begin geldigheid in natatizvarm
EELMMDD

CL_AZTIITEIT_EINCOATUM numeric(al Datum =ind geldigheid in notatizyom
EELMMDD

CL_ACTIVITEIT_CODE varcaar(2o) Unieke code voOor ge activieit.

CL_ACTIVITEIT_GROZPCODE VAarciar(20) Code voor grosp waar deze codz toe behoor.

CL_AZTIVITEIT_ELEMENT rvarcharizss) | Beschrijying van de cude (sub nivedu).

CL_ACTIVITEIT_BESCHRINING

rvarzhar{255)

Uitcgbreide beschrijving van de activitziten code.

CL_AZTIVITEIT_HIERARCHIENIVEAL

int

Higrarchisch niveaw van de activiteit. (0 minst
qesaecificccrd).

CL_AZTIVITEIT_SELECTEEREAAR int 0 - niet selecteerbaar.
1 -wel selecteerbaar, diepste niveau.
2 -wel selecteerbaar, maar ook digper
selectesrdaar niveau mogelijk.
CL_AZTIVITEIT_SORTEERVOLGORDE int Sorlzemvcigords van de activiteitzn thy
rangschikking.
CL ASTIVITEIT SYSID int Sysieem sigen sleutel voor de activiteten code.
CL_ACZTIVITEIT_SOOAT Varciar(20) Tijdschrijven, Verblijfsdag, Dagbesteding of
Verrichting
CL_ACZTIVITEIT_MAG_DIRECT char1) Betraft 22n activiteit waarop wel of niet dirzcte tijd
Mag wordzn geschrsean.
Jorragwel directe tijd worden geschreven voor
e aulivileil.
M: mag geen directe tijd worden geschraven voor
activiteit
CL_ACZTIVITEIT_MAG_INDIRECT char1) Betraft 22n activiteit waarop wel of nigt algemeen

indirscts 1algemene) tijd mag wordsn geschreven
J:rragwel indirects tijd worden geschreven voor

http://www.nza.nl/binaries/7113/12291/100.047-bijlage.pdf
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Appendix E: ProM MXML format

E_Prncesslnstance 3’

{
"

.
...... - [

Figure 30 MXML format (adapted from van Dongen et al., 2005)

— (1.1) : (O,N) &xﬁ

Audit_Trai_ Duls
Eniries I'aﬂ: Entrias

Figure 31 Entity Relation diagram for the four Process Mining tables (adapted from Mans, ?)




Appendix F: Data attributes MagnaView

Field name Data Type |Data source Table Application

DBC identification number Text DBC database DBC trajectory do not use

Care type code Number DBC database DBC trajectory candidate filter care type
CL_zorgtype_element Text GGZ Codelijsten CL_ZORGTYPE2009 description care type
CL_zorgtype_beschrijving Text GGZ Codelijsten CL_ZORGTYPE2009 description care type

Circuit code Number DBC database DBC trajectory filter circuit
CL_circuit_beschrijving Text GGZ Codelijsten CL_CIRCUIT2009 description circuit

DBC product group code Text DBC database DBC trajectory do not use
CL_productgroep_omschrijving_verblijf Text GGZ Codelijsten CL_PRODUCTGROEP2009 description product group
CL_productgroep_omschrijving_behandelin| Text GGZ Codelijsten CL_PRODUCTGROEP2009 description product group
CL_productgroep_beschrijving Text GGZ Codelijsten CL_PRODUCTGROEP2009 description product group
CL_productgroep_setting Text GGZ Codelijsten CL_PRODUCTGROEP2009 filter setting
CL_productgroep_categorie Text GGZ Codelijsten CL_PRODUCTGROEP2009 description product group
Care trajectory identification number Text DBC database Care trajectory class_id

Primary diagnosis code Text DBC database Care trajectory formal diagnosis code
Primary diagnosis date Date/Time DBC database Care trajectory do not use

Care trajectory starting date Date/Time DBC database Care trajectory CT starting date

Care trajectory final date Date/Time  |DBC database Care trajectory CT final date

Reference number Text DBC database CT; Patient object_id

ZA date of birth Date/Time DBC database Patient filter age

ZA sex Number DBC database Patient filter sex
CL_diagnose_beschrijving Text GGZ Codelijsten CL_DIAGNOSE2009 formal diagnosis description
CL_diagnose_groepcode Text GGZ Codelijsten CL_DIAGNOSE2009 formal diagnosis description
CL_diagnose_element Text GGZ Codelijsten CL_DIAGNOSE2009 formal diagnosis description
CL_diagnose_prestatiecode_t ving |Text GGZ Codelijsten CL_DIAGNOSE2009 ilter di

Color legend

Red = Activity related

Blue = Profession related

Green = Care trajectory (or DBC) related
Yellow = Client related
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Appendix G: Coding activities and employees

Activities and operations

Activiteiten en verrichtingen

o
.

atbrg ebonden
2k D e

[Direct p

ncliret

oD ek 2o Taite
jrersiagiea ing
nclirects S, rel sy

ponnaden | e aiien

Versie 2009, F1.0

1 Pré infake

|2 Dilagrosiisk

Tipsregisiratie behandelaars

[~ rworrtigzmgsiatis
:- Irvper aaniallen | senheden

1

nake &n screening

Wersersen Infonmaiie wan esrdiers behandelaars

Aramnese | 'rﬁa!ﬂ shen

Hetsro snamne

Fsychisisch ondemosk

@ [mfe]ra]=

Fsychodiagn ondezoek

nizil i! te

1
[2 |meuropsychoicgizen

3 _|Fersoonlkheid

T Crhcdldactizch :-'-cem:z_l.

B |Vaklheapsuisch onderzcek

B _|Conbewtusel ondermosk {gezin, school et

W |Uchamellk oncerzoek

11 | Aanvullznd onderzosk (ab, rad, Hinreur s, ruclger)

12 |Acwisering

13 | Owerige diagrosiische activieilzn

[3  Behandsing

[1_[Communicatievs benandsling

[1_]=olicw up bshancescontast

pati®rs Indhicueel

£ In groep

geEdnosarioucers) med palEnt

geznioaariouders) zonder patidnt Indviduss

¥} EZIN'DSrFOUIETS) Zonosr patkent In onoen

snad &n sirugharerend Dehandsicontot

patikrt Indhicueel

pabi®rt In grosp

sysieem {gezinosariuders) met patisn

EFei gezin‘ossriouders) monder patiint indviduss

[
T 0 ) T
|
I
5

5y gezin'oaariouders) zonder patint In gro=n

[z Poyonotnarapls
1 Thoaralyse

atidrt Indviduesl
- patiark In grosn

systzem (pezinioaariouders) met patitng

e (perin'pearioucers ) zonder patint rolviduss

mamm (| pezininsarioucers) Zonder patint i grosp

MaE

[7]
B

penocynamische peychofherapls

patidrt Indviduesl

Eﬂ"!rtlﬂ i'J!:\ —

3 |Is & | pezin'paarioucers | mat patiing

4 am (perinipaariucars) 2ondar paint indlviduss

5l B erm (perin'peariouders | zondsr palint in grosp
IE (GedragiTerapis

i

aliert Induidues|
patidrt in grosn

=m (pezinizaaniouciers) met patitnt

inpasriouders ) zondsr patdnt inchidussd

=m (gezinipaariouders) Zonder patiént in grosp

Foeglsiratie door
adminisiratie
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4

nitieve gedragsiharapie

[g

atiint Indyvidues|

patidrt In grosn

= |pezinioaariouders) met patin:

= | pazin'oaarioucers ) zonder patént irchidussd

= {pezin/paarioucers) Zonder patiént e groep

: berparsconijte tharapis

e

palifnt Indvidues|

patiart in gross

sysizem {pezinimeariaacers) met pab&ng

4
L-..“r pezin‘oaariysders) zonder paiént in groep

T J‘E'_H'I'MET'?.CEI': j zonder patEnt mchiduzsd

CIMnk gerichie therapie

atiint Indyvidues|

palifrt In groes

= |pezinioaariouders) met patin:

riipaariosciers) zonder patEnt inclviduzsd

= {pezin/paarioucers) Zonder patiént e groep

Systeemtherapkes
1 Jeatifnt Indvidueel

Eﬂ"!rt In ij':\

= {pezin/paaniouders) met pabiing

22 (pead
s | pezinnaariounders) zonder pai@Ent in groep

riipaariosciers) zonder paiEnt inclvidussd

(Oreerp psychotherapls

1 atidnt Indwidussl
Z |eatifnt In groen

tzem |pezinioaariusders) met patitnd

= {pezin'paarioucers) zonder patint inclviduss

marm |pezin/paarioucers) Zonder patiEnt I grosp

|£ |Dverigs [oommuricatieve) bshandsling

pabing Ind heidueel

patitnt in groep

sysieem {gezinosariouders) mef patisnt

sysizem {gezinnaariouders] zonder patiént indvidues

e o

sysizem {gezinpaariouders] zonder patiént in grosp

|2 [Farmaocolnerapis

|2 [Fyeicche tharapls

El=Ebrocomns

2l eiharanie

LichErerap

Transcrani®ie magnatsche st

[ O O

Dwerig I::_ha'\:‘e Ing fysische §

chnlzken

Vaktheraple
1

eatieys heraple [drama, besicend, muZiek, cans, un, eic

patiing Indhicwesl

patisnt in groep

m {gezininaariouders] met patiEBnt

Ezininsarioudars | zond=r patidnt indvidyss

m |gezinioaariouders] zonder patidnt In grosn

[z

=

omotorische theraple {beweging, expressie, nferacte)

£ Indhvicuesl

m |gezinioaariouders] zonder patiint Indviduss

DE O BN OO DE
=l
il

=zin'osaripuders | zondsr patiént In grosn

vakiherapie overig

pabint Indhekdueel

patisnt in prosp

m {gezininazriouders) met patiBm

I 3 O
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yebotherapls

patiEnt Indhidueel

pal&nt in groep

I O S

Systesm :HEZ nipssrouders) met ral EI'

therapls

patiEnt iIndhidusel

patisnt in groep

wlu =

systeem [gezin‘paariouders] met pafEnt

[ JEsgeisicing

|1 |A=tiverand begslsidingeoontac
1 |patiEnt indhvidueel
|2_|paigstin groap
3 |systesm [geznipsstouders] met padEnt
4 |yl [gesinipaatnudars] zondar patidnt indwiduss|
£ |systeem [gezin‘pasciouders) zonder patiéet In groen
[2_|ondersisunand bagalsidingroantand
1 |patiEnt indhidueel
2 |pati&ntin groep
3 _|systesm [gesin‘pasrioudars) met padEm
4 Syshe [gezinfpssouders] onder patieng Indvidussl
s Igezinipaarouders] zonder patitnt In groen
|E_ Verpieging
[+ Tversi=gre

|E Cricikcopyang

1 Crislscomact tl'l'ir r.ﬂ'i'.JICI'J'!_ﬂ
2 [ coriact buken kardooraren

I7

lgameen Indirecis lﬁu

Zorgoosednatie

Mo show

nterne pafiEnibespreking (MO0

Exizm owerieg met derden (bulten de Fsielrg)

zlagleppirg algemeen (k.. ontslagoref, comesponderts

Acthfizilen km ridische procedures (kv 185, BOPZ)

1
2
El
4
3
]
7

Regeien

@ Werbdlt [per verbllfodag)

T F.ruer\er en E'-':ﬂ 2T
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[z [erzinr cugzren
T-5. verol] cudenen 1, 2, 3, %, 5, =F
|8 |versill voimassenen kot
T8 Veroll wowassenen kot 1.2 2. 4, &, BF
[& versir versiavingszorg
1-5; Veroilf w=Tsiavingszon 1, 2, 3, £, 5, &%
|6 [warsilf forsmsisch
T Weroll lorersion 1. & 5, o, &, &Y
|E Verol|f vawazzensn lang

T-5; Veroll womassenen 2rg 1, 2, 3, &, 5, 57

E Dagbectading (per uury

Dagbesi=dng socksal [ontmeeting)

Dagbesieding acivering (dagacivibefizn

CIRE

Dagtesizdng educabs

|

Dagtesizdng arteldsmalig

Oapbesiedng overg

[#0 Wesriohting

|

|Eleciraconvalzieiheraple

12

| Mi=smadon {ambulanbe vers=kking per maand)

* werblfsdag categorie € 1= geresenvesrd voor de regisirafie van verbifsdagen zonder ovemaching

aamia uren

aantal uren
A3y uren
A3y uren
aanial uren

aantal behandeirgen

enislinkl rg por Frased
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Employees

FUNCTIE CODE  [HEHRTE AUMNCTIE BESCHRLIWVING |lHTL'-EBHEIZE FUNLTIE BESCHRLIWVING
MB Medische heraepen Medische heroepen

MB.BG Bacizheroep Gezondheidszom (BE) Biagisheroep Sezond heidszarg (BE)
MB.BF.0 asis B - Ars ArLS it aarard gr A i Rnio

MBS Specialsatie ) inch edifereniat e (5F) [Specialisatie Fonchis oime rert gtz (5F)
MBLSF velats ME - Ars vers| Arts werslavingszon

MB.SF . sgar B - SOCcgerater Sociqal geriater

MBSF e MH - BF e Owarig i edisch 5F

MBS Specialisme (SF Specialisme [5F)

MB.SF. psych MB - Psychiaier Feychiaber

PT Pevchonld apeinische horoapen Psychotherapeutischo bedospen
PTEG Basisharoep Gammnohel dszok (BE) Basishernep Gezohd heldazary Ei=)
PTEG psth PT-Fsycholh F=ycholherapeut

AG Agoaisclie o depan Aguiische boroapen

AG.BI Basiske roep nifleel (B Basisheraep nfael @)

A0 H L A0 - D W ats cha ppelijk werkend e (D
AG.Blsph A5G- 5FH Sociaal Pedagogisch Hulpwerlener (SFH)
AGBG B sisb foep Gozon dhei dszong (55 B st gp Gezond haidszo e (B
A0 HG agoog A0 - Agoan G G- Booa g

AG.5F Specialisalie ) funcl ediffereniialie (SF)  [Specializatie f funclis dife renti zliz (SF)
AG.EFarslgen AG - varclgehand. A0 00 werslanda ik g handicapien
AGEFkpseh  [AG K psvehlabie A0 o HE pasyenlatrie

L0 8F . ouer A0 - OF auengy Crwarig Aogisch 5F

PE Psycholegische heroepan Psychelogische baroepen

FE.BI Basisharmep nltiesl [(BD Basl shesa ep i fie el (BI)

PHHLped PH - Pedagoong Fedagoog (waaronder othopedagoog)
FB.Bl.gzkd PB - Gezndheidskundige G 5Z gezon dheid sk ndigs

FE.BLpSY PB - Peyiholoog Pk olon 3 dged nyverdan spa cialisatie)
PE.BG Basishermep Gemnohel dszoty (HE Basl sherd ep Gezond heldam ry (A
PEHG mmpey PH - Glp=ycholong Oo-psyeholoor

FB.EF Specialisatio) iinc ediforentialie (5F [Specialigatie S unclia diferent 2lia (SR
FPHGF.0adth PH - gedrapst Gedragstharapeut

PH.SF kih PH - kitherap K d-therap eut

PH.5F.overig FPHB - 8F owerig Owarig peychologisch 5F

FB.EP Specalisme (5P Specialisma [5F)

FE.SF Kinps PH - klinpsEyen 5[ L= )

WH Vaktherapeutische herospen ‘aktherapeutische bercepen

VEEI Bacigharoep initiesl (BN Bagicheraep iniiael 81

VH BLp it VH- FMT Yakthe rapeut psia iotmoionsch EMT
W BLt WH-CT wakihe rapeut cre atis] (CT)

VEBG Bacizheroep Gezondheidszom (BE) Biagisheroep Sezond heidszarg (BE)
W BIG vakth Yk - GZwaldh GZ-wakdherap eut

WELSF Specialisalie ) funcl ediffereniialie (SF)  |Specializatie / funclie dife renti slis (SF)
VEEF bakih Wk - G GZ vakih GLEZ-wakiherapaul

WHEF.0wE WH - BF owarid Tl vaktherapeutise n 5F

VB Werpleenkimidige beroepen Verpleagkundige beroepen

WB.BG Bacizheroep Gemndheidszorg (BE) Bagisberogp 3ezond heidszorg (BiE)
VB BG vl WH -werplK Ve leegkundige (B3]

WH.BF Specialisatie | funch ediferenfiaiie (SFy | Specialisatie §unctie diffe rent sfie (5F)
WH.ESF.spw VE - SFY Sociaal Psyeh. Werpleegkundige [SFY]
VB.EF.cim VB - Py G ongu latier Psych, Verpla sgkundi pe (CRY
VB .EF.ip VH - FPY Forgnsiach Paychiatrisch varples ghundigs (FFY
WB.SF.owarig VB - 5F owarig Qwarig verpleegkundig 3F

VB.EFP Specialisme (5P Spacialisma (5P

VHEFNplEp VH -wErplk.Sn e GG Ve leegkundige Gp el EliE

W Somatische heraspen {wet BIG) Saomnatische beroepen (wet BIG)

o B G Baeisheroep Gemndheidszom (BE) Basisberoep Gezond heidszorg (BiE)
Chf B A o - Fyeioth Fysioiherapeut

OV HG EfG0 - Erpoti Ergotnerapeut

O B G diet it - D etisd Clieti=t

i B 5. loga o' - Logopedist Logopedist

WGP Speclalsme (5P Speclallsme [5P)

o' 5P neur it - Heuroloog Heuroloog

i 5P harts Civ' - Huisarts Huisars

O BP kars o - Kindarans kinderarts

Ot 5P kger ' - Klin erater Klinisen garizter

o 5P arsmp O - Arts rnaatsel pzh As maischappi) en gezond heid
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Appendix H: Views available in MagnaView PAS-GGZzE project

1. Analyses

2. Organizational Analysis
1. Job description (employees)
2. Job description (roles)
3. Latent skills
4. # care trajectories per diagnosis

3. Overview activities
1. Activities occurence
2. Activity occurence per primary diagnosis
3. First activities_primary diagnosis
4. First activities_care trajectory
5. First activiities_care trajectory
6. First activities_primary diagnosis prestatiecode
7. Last activities_primary diagnosis
8. Last activities_care trajectory
9. Last activities_primary diagnosis prestatiecode
10. Last activities_care trajectory

4. Patterns

Dotted chart - actual time

Dotted chart - relative time

Dotted chart - logical

Dotted chart - concurrency matrix
Patterns - sequential

Patterns per diagnosis - sequential
Patterns - multi-set

Patterns - lead time

P

© N VA WN

5. Dependencies activities
1. Previous activities
2. Next activities

6. Important activities

7. Bottlenecks - Activities
1. Waiting times
2. Top 10 highest waiting times
3. Processing times
4. Top 10 highest processing times
5. High standard deviation - processing times

8. Bottlenecks - Activities - Causes high processing times
1. Slow employees
2. Slow employees that completed the activity
3. Outliers processing times

4. Number of times performed (emp completed act)

5. Number of previous activities
6. Processing times after previous activities
7. Processing times compared to WIP

9. Bottlenecks - Activities - Causes high waiting times
1. Outliers waiting time
2. Slow employees (1)
3. Slow employees completed activity (1)
4. Number of times performed
5. Number of previous activities (1)
6. Waiting time after previous activity
7. Waiting time compared to WIP

10. Bottlenecks - Employees

1. Processing times
2. Total direct client bounded time per profession

3. Total direct client bounded time per profession per year
4. Total indirect client bounded time per profession
5. Total indirect client bounded time per profession per year

6. Total client bounded time per profession

7. Total client bounded time per profession per year

8. High standard deviation processing times
9. Top 10 highest processing times

10. Top 10 highest processing times

11. High standard deviation processing times
12. Waiting times

13. Top 10 highest waiting times

14. High standard deviation waiting time

11. Bottlenecks - Employees - Causes high processing time

1. Outliers processing times
2. Difficult activities
3. Processing times after previous activities

12. Bottlenecks - Employees - Causes high waiting time

1. Outliers waiting time

2. Type of activities

3. Waiting time after previous activities
4. Work in Process (1)

13. Bottlenecks - Cases

1. Lead time per case (closed only)

2. Waitingtime per case

3. Waitingtime W1

4. Waitingtime per case

5. Rework

6. Waitingtime kiesbeter.nl

7. Total client bounded time per care trajectory

14. Bottlenecks - Cases - Rework

15. Bottlenecks - Work in Process

1. Work in Process (per week of year)
2. Patients entered GGZ per week
3. Activities in Process (per week of year)

16. Employees

1. Processed cases

2. Top 10 employees processed most cases

3. Top 10 employees processed least cases

4. Activities performed

5. Top 10 employees processed most activities
6. Top 10 employees processed least activities

17. <No group name>

1. Case specificview
2. Activity specific view
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Appendix I: ProM analyses

Heuristic model

e Closed care trajectories only
e Activities level 1 and professions level 1

e Activities executed by more than 1 resource are grouped and resources are renamed as

“multiple_name levell activity”

(start)
387

Daghesteding (per uu

0,99
287

Diagnostiek
(start) 0,999
3941 2616
0,917 0,732
64 279
Pré intake
(start) 0,98
429 56
0,889) 0,75 0,75 0.8
51 34 15 73
Behandeling Werbliff (per verbli
(start) 1 (start) 1 0.5
18507 16870 10025 9792 28
h
0,63 0,875 0,857 0,857 0,286
52 52 29 52 16
Begeleiding Crisisopvang
(start) 0,962 (start) 0,957
131 59 189 17
0,251
157
Algemene indirecte t
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Figure 32 Heuristic mined model with activities at the highest aggregation level
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Fuzzy model

uzzy Model Toalkit

Closed care trajectories only

Activities level 2 and professions level 2

Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”

Other filters: pervasive diagnosis only, care trajectories containing more than 5 activities, no
waiting times longer than 60 days.

Figure 33 Fuzzy mined model for client group characterized by pervasive diagnosis, more than 5 activities, no waiting

times longer than 60 days
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Performance sequence diagram
e Closed care trajectories only
e Activities level 1 and professions level 1
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”
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Figure 34 Performance sequence diagram with activities at the highest aggregation level
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Dotted chart analysis
e Closed care trajectories only
e Activities level 1 and professions level 1
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”

(80°30 0430 |
‘er ‘ ez |

| e
" "
zom ) | wommn

Zoom s |

Figure 35 Dotted chart analysis 'task perspective'

Originatory by task matrix
e Closed care trajectories only
e Activities level 2 and professions level 2
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”
e  Other filters: pervasive diagnosis only, care trajectories containing more than 5 activities, no
waiting times longer than 60 days.
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Figure 36 Originator by task matrix for client group characterized by pervasive diagnosis, more than 5 activities, no

waiting times longer than 60 days
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Table 12 Relative occurrence originators at a level 1 cod
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Appendix K: Specifications client groups

All closed care trajectories
e Closed care trajectories only
e Activities level 2 and professions level 2
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”
o #CT:2127,# DBC: 2515, # activities: 50351
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Care trajectories with 5 or less activities (rapid discharge)
e Closed care trajectories only
e Activities level 2 and professions level 2
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”
o #CT: 731, #DBC: 772, # activities: 1851
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Care trajectories containing more than 5 activities (complement of rapid discharge)
o Closed care trajectories only
e Activities level 2 and professions level 2
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”
o #CT: 1396, # DBC: 1743, # activities: 48500

(] tesgs_Process_instancesil ORAL mand

Dotlod Chart | St

e
(g 00 W 00 TRlows 500 TMioen 000 J60dms 008 ki 000 Sl 000 Bl 000 TG00 Fidar il ilem 000 -

Tima wart jmetricsk: £
s -

Compemert Type: iistance ©
b

03 | (10T
m-)ni o |
o ||

[ -1 :L ™

room (X) room i)

Zoom oun




Care trajectories with more than 5 activities and waiting times smaller than 30 days
e Closed care trajectories only
e Activities level 2 and professions level 2
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”
# CT: 191, # DBC: 197, # activities: 16091
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Care trajectories with more than 5 activities and at least one succession with waiting times
larger than 90 days
e Closed care trajectories only
e Activities level 2 and professions level 2
e Activities executed by more than 1 resource are grouped and resources are renamed as
“multiple_name levell activity”
o #CT: 635,#DBC: 918, # activities: 13082
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Appendix L: Presentation - Cliéntstromen in GGZE Centrum Kinderen
en Jeugdpsychiatry

Cliéntstromen in GGzE
Centrum Kinderen en
Jeugdpsychiatrie

15 april 2010.

Lenneke van der Zanden

7

Technische Universiteit
e Eindhoven

University of Technology

/ Where innovation starts
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Introductie

* Aanleiding en doel onderzoek

+ Aankomstpatroon en doorlooptijden cliénten
Complexiteit van zorgprocessen K&J

* Proces karakteristieken

+ Overview van activiteiten en medewerkers

+ Bottlenecks

* Procespatronen

+ Cliéntgroepen

Vragen / discussie

[ ]

Technische Universiteit

Introductie |

+ Aanleiding onderzoek:
+ Hoge wachttijden voor cliénten

+ Weinig inzicht in de flow van cliénten door het
behandeltraject.

* Doel onderzoek:

+ Kwantitatieve analyse van cliéntstromen binnen GGzE
Centrum Kinderen en Jeugdpsychiatrie.

* Inzicht verkrijgen in processen en verlagen van
doorlooptijden en wachttijden.

* Scope:
+ Cliéntstromen (zorgtrajecten in DBC data).

Technische Universiteit
e Eindhoven
University of Technelagy
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Introductie Il

« Zorgproces

Wachttijd Wachttijd

Aanmelding Behandeling o
[ i / V. ] ]
/' Eventuesl /
| Venwijzing, patiént Intake, eerste / / Stan
—— nostiel f—
| bait voor afspraak zorgoontact Vi ::::E /‘_/ diag K / behandeling
F— 1 £ R A |

Schematisch weergave wachttijden ggz
{bron: http:iiwww.qgznederland.nliscrivo/asset.php?id=289315)

* Wachttijden veroorzaakt door variantie in:
+ Aankomst proces van cliénten

* Proces tijden (intake, screening, diagnose en
behandeling)

* Proces routing!

Technische Universiteit
Eindhoven
University of Technalagy

Introductie lll

+ Aankomstpatroon cliénten centrum K&J

+ Aantal startdatums van zorgtrajecten per week in 2007
en 2008:

T {11 | | [ [ M | ey | 8| R

El 234567830 NRBUBETBEBRIIARIUBIXTAINARNBIINBI T2 LAL280U4880885%35%R

0

f o I
o] l ' ll.....-.l.l..-...-.-.--.l--
1234567891001 1020 21 2223 24 25 26 27 28 20 30 31 32 33 34 3536 37 35 30 40 4L &2

13 14 15 16 17 18 40 41 43 44 45 46 47 45 45 50 51 2

Technische Universiteit
Eindhoven
University of Technalagy
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Introductie IV

* Doorlooptijden cliénten centrum K&J
* Van start- tot einddatum van gesloten zorgtrajecten:

Data analyse

- Data analyse gebaseerd op DBC data:

+ Informatie over: cliént, zorgtraject, DBC traject,
diagnoses, activiteiten, dagbesteding en verblijf

 DBC data van november 2007 tot november 2009.
- Eerste startdatum: 31 oktober 2005.
- Laatste einddatum: 29 december 2009.
« Aantallen:
- Cliénten (aankomst): 3511
- Zorgtrajecten (geopend): 3607
- Zorgtrajecten (gesloten): 2127
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Complexiteit van zorgprocessen K&J |

* Procesmodel alle processen centrum K&J

niversiteit

{proces model verkregen met Heuristic miner ProM)

Complexiteit van zorgprocessen K&J Il

* Procesmodel klein stukje ingezoomd

0s
1
act_3.1.3.7.1
{start) (552
T4 i1
0857 057
9 1
act_3.1373
0,667 0,667 (start) ALY
9 9 54 15
0,857 0857
5 10
act_3.1.34.1
(start)
685
0.25 1 0.667 0,75
2 1 1
act_3.1.34
0.667 0.667 (start) 0667
3 12 2 4
¥

{proces model verkregen met Heuristic miner ProM)




Complexiteit van zorgprocessen K&J Il

+ Conclusie:
+ Typisch spaghetti model
* Processen zijn complex en onoverzichtelijk
* Hoe kunnen we meer inzicht verkrijgen?
+ Systematische benadering d.m.v. Visual Analytics

* Processen filteren op bijvoorbeeld: primaire diagnoses,
ambulant / klinisch, ...

+ Activiteiten en medewerkers analyseren vanuit een
hoger niveau

Technische Universiteit
Eindhoven
University of Technelagy

Proces karakteristieken — overview |

Aantal zorgtrajecten per primaire diagnoses

# of care trajectories per diagnosis

1800

Conclusie:
a4 + 44% van alle trajecten pervasieve ontwikkelingsstoornissen
+ 23% van alle trajecten aandachtstekortstoornissen
en gedragsstoornissen

1200

o8k

=

# of care trajectaries per diagn

) ﬂ'l
R _1__.3..=---ﬂ1ﬂﬂ
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Proces karakteristieken — overview I

Activiteiten en hun uitvoerders

Latent skills
EE= EE
joE= =5,

Zorgeogrdinatie
Verslaglegging algemeen
Vaktherapie

Vaktherapeutisch onderzoek
Regelen talken
Pgychodiagnostisch onderzoek

=
Paychiatrisch onderzosk | | =
Pré intake .
Ovenge diagnostische acuvitsiten | =
=
=

nder ct
Ne shaw EE -. .-
Lichamelijk onderzoek
Interne patiéntbespreking (MDO) | ]
Interma patidnthespraking (MDO)
Intake en screening ..- .
Hetero anamnese
Farmacotherapia [ | =
Extern overleg met derden (buiten de insteling) [ I .- . [ ] BEE
Crisiscontact buiten kantooruren
Cnsiscontact bennen kantooruren
Communicatieve behandeling

Anamgesa [ wragenlijston e=r
advisering | . = =
Activitestan ivm jurisdische proceduras
Activerend begeleidingscontact
F'E
s:3%:
2 £
g _ e . i35 . & g e s -
EE tE 2 B ¢ B T E s % 5 5 &
B EEE RS ELHESEETE NS E : 3
8 5 4 8 & & E2EER 8 z & & 3 8 & b
2 2 2 % 8 8 E £ E E & 8 £ 82 2 F 28 X

Aantal activiteiten per primaire diagnose

Activity occurence per primary diagnosis

sche Universitelt

" wen
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Proces karakteristieken — overview IV

Eerste activiteiten van een Laatste activiteiten van een
zorgtraject zorgtraject
& . - A
R l 1 G wm

Opvallend:

*Vaak wordteen traject begonnen en geéindigd met overleg.

* De eerste activiteit is vaker een behandeling dan pré intake TU Technische Unlversiteit
e

3 2 Eindhoven
of diagnostiek. Univarsity of Technolagy

Bottlenecks |

Wachttijden per activiteit

£

Waiting times
mo
10
(1)
50
Conclusie:
. De cliént moet het langste wachten voor
s diagnostische activiteiten en pré intake.
a0
n
1 12522 50138 100 M4 12
A ae a0 & 9"
41 41
wanzzzzﬂiiu;*lllll
I (BT -1 8 . 86 o B e s S B G B B T B L B TR
::‘.:::aaaanar.'r.'::':a::ann:f_.r-.gggggig:r_-f:f‘-z‘g' Iniversitelt
2 Technelogy
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Bottlenecks I

Wachttijden per medewerker

Walting times
50
a5
Opvallend:
“ » De gemiddelde wachttijd voor de kinderarts is ruim 45 dagen.
a8 » De gemiddelde wachttijd voordat een team van medewerkers
pré intake activiteiten verricht is 32 dagen. a9
20 e
=, i3 :
I ns
. 0 1o 184 E !
l?.ﬂi !.
L =-m
“ A ! B
o 82 82 18 b
s ap-as- 45 22 '9, g!' i i
P s 15 BN .i i
uwiﬁaéﬂi--ll i : :
HESHHETHIT T4eitds
& I niversiteit
s83 fibpigiacigicd 383438 v
LI H H B oS sf Technelogy

Employes completed activity

Procespatronen |

Aantal activiteiten per zorgtraject

Patterns - sequential

Karakteristieken:
+ Holle grafiek.
+ Zorgtrajecten zonder wachttijden.

© Universiteit

n
¢ of Technelogy
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Procespatronen li

Aantal activiteiten per zorgtraject
Aandachtstekortstoornissen en gedragsstoornissen (ADHD)

s
Patterns - sequential

Technische Universiteit
Eindhoven
University of Technalagy

Procespatronen lli

Aantal activiteiten per zorgtraject
Pervasieve ontwikkelingsstoornissen (autisme)

Patterns - sequantial

Eindhoven
University of Technalagy

J Technische Universiteit
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Procespatronen IV

Relatieve tijdsduur van zorgtrajecten (van start tot eind)

(P 0otted chart - relative time

Karakteristieken:
+* Bolle grafiek
« Zorgtrajecten met wachttijden

Inlversiteit

Technelagy

Schematische weergave cliéntgroepen

Lang

Doorlooptijden

Kort

- e Technische Universiteit

Laag Hoog TU Emvereiy of Technol
Directe en indirecte cliént bbbl kbl

gebonden activiteiten
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Procespatronen VI

Relatieve tijdsduur van zorgtrajecten (van start tot eind)

Filter > 5 activiteiten
f! Dotted chart - relative time

echnische Universiteit

ty of Technology

Procespatronen Vi

Relatieve tijdsduur van zorgtrajecten (van start tot eind)

Filter > 5 activiteiten en wachttijd tussen activiteiten < 60 dagen.
/’Omrd chart - relative time

chnische Universiteit
wdhoven
2 iversity of Technology
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Procespatronen VI

Relatieve tijdsduur van zorgtrajecten (van start tot eind)

Filter > 5 activiteiten en wachttijd tussen activiteiten > 60 dagen.

B otted chart - relative time

echnische Universiteit

tindhoven
ey [ NivErsity of Technology

Relatieve tijdsduur van zorgtrajecten (van start tot eind)

Filter > 5 activiteiten en wachttijd tussen activiteiten < 60 dagen. Autisme

B otted chart - relative time

echnische Universiteit
tindhoven
y Iniversity of Technology

> I...' .I:. Ve el I-: ;v I: 2" ...'
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99



Procespatronen X

Relatieve tijdsduur van zorgtrajecten (van start tot eind)

Filter > 5 activiteiten en wachttijd tussen activiteiten > 60 dagen. Autisme

f"mmd chart - relative time

Technische Universiteit
2 Eindhoven
= University of Technology

All

= dan 5 activiteiten

<60dgwit.

=90dgw.t #CT 761 #CT 274 #CT 155
# act 35418 # act 9674 # act 6934 # act 2740
230dg wt #CT 1205 # CT 521

# act 32409 #act 11764
=90 dgwit

= dan 5 activiteiten

Technische Universiteit
e Eindhoven
University of Technology
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Cliéntgroepen Il

Client groups classified on # of activities and throughput times
450
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Relative occurence originators
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