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Abstract

In a world of continuously changing business environments, organizations are forced to deal with,
and adjust to the demands for such level of change. To handle this level of change, many companies
use different approaches and tools which include modeling and measuring business processes.
Business Process Modeling provides support on business operations to improve business efficiency
and to find new opportunities for the company. Not all organizations have recognized the added
value of this approach. Especially healthcare organizations do not fully use the benefits of IT support.
This thesis presents the pros and cons of two promising BPM approaches in the healthcare domain,
with the Eye Care Network in Rotterdam as case study. The Eye Care Network is a collaborating
healthcare business network of different players within the ophthalmology domain. There is often a
network manager within a healthcare business network that wants to standardize the way the
different players work. This can improve efficiency within the network and it can improve
communication between the different players. The Eye Care Network, as a network manager,
designed different treatment plans, as desired processes for treating patients in the hospitals
connected to the network. One important aspect of these treatment plans is dealing with exceptions.
Flexibility is required with this, to ensure the network members can continue providing their services,
even when they want or need to deviate from the standardized process. This thesis presents the
further investigated business process that describes the different steps a patient will endure during
the treatment plan for the eye disease glaucoma. This thesis discusses how well two promising BPM
approaches meet with the requirements from the Eye Care Network, based on the construction and
evaluation of two prototypes. To be able to objectively compare the two approaches, the
comparison framework of the thesis consists of seven principles divided over four different levels;
case study level, design level, language level, and tool level. Model Driven Engineering (MDE) and
Case Handling are the two approaches used to deal with the required flexibility by design. BPMone
from Pallas Athena represents a specialized case handling tool, and Mendix represents a MDE tool.
After creating a first version of both applications, BPMone could be seen as the best option out of
the two tools. Mendix’s primary weakness is the lower level of abstraction, compared to BPMone.
This results in the need of a higher specification effort, which leads to the risk of making bad design
decisions. Decisions that are already taken implicitly in BPMone. However, this limitation can be
overcome by changing the Mendix model with a number of novel patterns, based on the apparently
stronger BPMone principles. Similar options are not seen for BPMone (nor is there a need for it). An
improved version of the Mendix model resulted in a comparing situation where BPMone was no
longer the clear winner. This thesis not only gives a description of the abstraction patterns it also
shows how they could be used on other cases as well. The suitability is not limited to this specific
healthcare setting, since the generalizability of the thesis conclusions are demonstrated by
considering a case study from a completely different domain as well.

The goal of this thesis is to examine which BPM approach is best suiting the requirements given by
the Eye Care Network, for their business process. Furthermore, the possibility to generalize these
findings outside of this case study will be checked.
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1. Introduction

Organizations in many domains are always looking for ways to improve the efficiency of their
business processes in often rapidly and continuously changing environments. Business processes can
be described as a set of activities with a common goal (Salimifard & Wright, 2001). All sorts of
organizations find it difficult to deal with the demand for the continuous level of change. An industry
that responds to this organizational issue consists of IT service providing companies. A main
discipline in dealing with this matter is Business Process Modeling (BPM). The use of IT support for
business processes has already been recognized as a tool for staying competitive in a market (Weber
& Reichert, 2010). BPM tools provide the organization with valuable insight into their processes. It
gives the opportunity to make well-structured decisions and, most importantly, it creates options to
make the business processes more efficient (Aalst, Hofstede, & Weske, 2003).

Chapter 1.1 describes BPM in further detail. This is followed by chapter 1.2 where the different goals
and uses of BPM are discussed. Then a number of different BPM approaches are mentioned in
chapter 1.3, alongside with the chosen tools for each approach. Chapter 1.4 describes the
environment in which this research is executed, and it explains the research question of this study.

The goal of this thesis is to examine which BPM approach is best suiting the requirements given by
the Eye Care Network, for their business process. Furthermore, the possibility to generalize these
findings outside of this case study will be checked.

Finally chapter 1.5 is a delineation of the different steps in this thesis.

1.1 Whatis BPM

Business process modeling is the systematic, structured method of representing enterprise processes
in @ model. This is done to analyze, improve, control, and manage the processes. There are a lot of
definitions for a business process in the literature. One definition is given in the previous chapter,
another description of a business process is: “a set of logically related tasks performed to achieve a
defined business outcome” (Davenport & Short, 1990, page 12). Business processes have two
important characteristics: (1) a process has customers — internal or external customers, and (2) a
process crosses organizational boundaries — it can be across or between business units. According to
Davenport & Short (1990), a process model shows which steps are required to execute the business
process, in what order these steps need to be taken, and who needs to take these steps. More
recently, process modeling approaches have emerged to paradigms where the order of execution is
not specified explicitly. An important example of this kind of approaches is case handling, which will
be discussed in more depth in chapter 1.3.

Business process modeling is used to trace and solve problems or to find opportunities to improve
the business processes. There are actually two different kinds of models which can be used;
simulation models and enactment models. To use a simulation model, detailed probabilities and
time-related annotations are needed. For the implementation of the business processes (for
workflow execution purposes), an enactment model can be used, for which operational details, like
data sources and user interface interactions are needed. A definition of enactment modeling is: “the
use of software to support the execution of operational processes” (Aalst, Hofstede, & Weske, 2003).
The focus of this thesis will be on enactment models.



The field of Business Process Modeling exists for quite some time now, but the level of interest is still
high. The interest in using information technology for BPM has grown not only in the business
management community, but also in the computer science community (Badica, Badica, & Litoiu,
2003). These both communities have completely different backgrounds, but as will become clear,
they are moving closer together. Since businesses are complex objects, precise models are needed
for describing, analyzing and/or enacting its processes. Because of this need for carefully developing
models, many different notations have been proposed for business process modeling activities.
According to Badica et al. (2003), these notations can be broadly classified in two groups. First, the
high-level visual notations which are more intuitive — because of the visual readability — and are
mainly used by the business process management community. Second, the low-level foundational
notations which are mainly used by the computer science community. The focus in this thesis will be
on visual notations because of the readability advantage they have over non-visual notations. Visual
notations make it possible for organizations to optimize their inherent business processes and to
communicate them to partners to simplify business to business transactions (Vasko & Dustdar,
2006). A first observation of the converging action of the two different communities, can be linked to
this classification in notations. The Model Driven Engineering (further explained in chapter 1.3)
branch is part of the software engineering or computer science community, but uses increasingly
high-level modeling notations (Hailpern & Tarr, 2006), just like the business process management
community.

The second observation of the converging communities of BPM and software engineering is based on
flexibility. Supporting the different communities are different process support paradigms like
workflow management and case handling. Workflow management systems are most useful for
business processes which are well structured and have a high degree of repetition (Weber &
Reichert, 2010). Players in the healthcare domain often do not recognize their processes as having a
high degree of repetition. This lack of flexibility is more dealt with in the second paradigm; case
handling systems. Case handling is suited for more flexible process execution by avoiding restrictions
which workflow management systems do have (Aalst, Weske, & Griinbauer, Case Handling: a new
paradigm for business process support, 2005). However case handling systems are not perfect either.
They are for example not suitable for fully automated business processes.

At the extreme end of the flexibility spectrum, you have the option to implement a new system from
scratch, using a general purpose programming language. Writing everything from scratch is counter-
productive. Therefore, in model driven engineering one is complementing general purpose
programming languages with Domain-Specific Languages (DSLs) to improve development efficiency
(France & Rumpe, 2007). Besides the rather big BPM field, the software engineering field is also a big
research community, so a combination of both fields could lead to an optimal solution. Therefore,
traditional engineering techniques and paradigms (like object-oriented engineering) should be
combined with engineering principles to improve the support for business processes (like case
handling) (Weber & Reichert, 2010). That is why in this thesis the generic object oriented software
engineering approach was compared with the specialized case handling approach. To find out which
approach gives the best results, to possibly boost the demand for IT support in healthcare as well.

1.2 Goals/uses of BPM

Business process models can be used for many different approaches, for example to support an
organizational analysis, to derive requirements and specifications for building an information system,
or to support automated execution of business processes (Paul, Giaglis, & Hlupic, 1999). Dependent



on the requirements of the method of choice, some modeling techniques are more suitable than
others. Table 1 shows five main business process modeling goals (based on Curtis, Kellner, & Over,
1992) together with their associated BPM requirements. Since these are main BPM goals, the goals
are for simulation models as well as for enactment models. Since some overlap exists and ideally the
created models serve both purposes, all goals are explained briefly. The first two goals are mainly
focused on using BPM as part of organizational change management. So these are more a reflection

Business Process Modeling Goals Business Process Modeling Requirements

- Facilitate human understanding and comprehensibility, communicability, completeness
communication

- Support process improvement component identification, reusability, measurability,

comparability, change impact assessment, decision
support, evolution support

- Support process management reasoning support, forecasting support, monitoring
and coordination support

- Automated guidance in performing process integration with development environments,
documentability, reusability

- Automated execution support cooperative work support, automated performance
measurement support, process integrity check

support
Table 1: Business Process Modeling Goals and Requirements from (Paul, Giaglis, & Hlupic, 1999)

of the goals of simulation models. The last goal is mainly aimed at enactment models.
The first goal shown in Table 1 is to facilitate human understanding and communication. In this
approach, the models are mainly used to support the communication between different
stakeholders. To ensure all players understand the models, comprehensibility and communicability
are part of the requirements. The models are used to visualize the processes. To guarantee correct
communication between the different players, model completeness of the models is another
requirement of this approach.

Using business processes as support for process improvement is the second possible goal. In this
approach, the models are used to define and analyze a process. By means of this analysis, possible
points of improvement can be found, for example, flow times or bottlenecks in the process. To make
sure the complete process is modeled, component identification is a requirement. To be able to do
calculations on the analysis, measurability and comparability are also important. Decision support
and evolution support are needed to implement possible improvements, as well as figuring out how
the process will react on these improvements. Therefore, change impact assessment is also one of
the requirements. Reusability allows reusing parts of the models in the improved situation.
Consequently, it is not necessary to start all over again.

The next goal is supporting process management. In this approach, the process models can be used
as a reference point for management in planning, monitoring and coordination of the business
process. With the requirement reasoning support, the models act as foundation for grounded
decisions by the management. Referring to the requirements forecasting support and monitoring and
coordination support, the models can be used to compare the current with the future situation.
Automated performance process guidance is the fourth goal mentioned. In this approach, the model
is used as assistance for a process, without actually implementing the model. Since it is running
alongside of the actual process, integration with development environments is one of the
requirements. Since the model is capturing and reusing the business process know-how, reusability
and documentability are also requirements of this approach.



The final goal is automated execution support, which indicates that the models are implemented
with support of an information system to control behavior in an automated environment. An
example is a workflow management system. Since the environment is automated, the results can
also be measured automatically by means of automated performance measurement support. Using
the technology to support people in their work is described as cooperative work support. To make
sure all files do what they are intended to do, a process integrity check can be performed.

1.3 Different approaches

With the increasing number of purposes for using business process models, the popularity and,
consequently, the number and variety of users has increased as well. There are a number of different
modeling approaches to handle the different modeling goals. Discussing all of these approaches
would be outside of the scope of this research, therefore only the most important approaches are
discussed in section 1.3.1.

1.3.1 Business process management

The first field of work which uses business process modeling is the business process management
community. Over the years, many information systems have been built to support business
processes. This continuously improving field of research is referred to as workflow management.
Even though workflow management has been used for a number of decades now, the use of
workflow management systems is often limited. Processes in which workflow management systems
are used are mostly very simple. Workflow management systems are either not applicable for
complex processes or they require considerable modeling and implementation efforts (Aalst &
Berens, 2001).

1.3.1.1 Case handling

The goal of the case handling paradigm is to overcome some of the limitations of former existing
workflow management systems (Reijers, Rigter, & van der Aalst, 2003). These improvements are
generally visible in two principles; context tunneling and handling exceptions. Users of earlier
workflow management systems might encounter context tunneling by only being able to see the
work that they should do. It is not possible to access previously executed tasks or the yet to be
performed tasks. The only visible data is data that is directly linked to the current activity, because
most of these approaches are process driven. Case handling is data driven and claims to deal with
this issue by creating awareness to the user. By showing the entire process at all times,
(Vanderfeesten, Reijers, & van der Aalst, 2009) there is no longer a situation of context tunneling.
The second principle — handling exceptions — is mainly a flexibility issue. Traditional workflow
management systems are not good at dealing with deviations from the standardized routing of work.
Case handling deals with this limitation by being data driven instead of process driven and by giving
the user the opportunity to skip or redo a task (Aalst & Berens, 2001). In this way, the user can
deviate from the standardized path. By creating the opportunity to choose the next task to perform,
the case handling is more suitable for flexible process execution. Since it is avoiding restrictions
which workflow management systems do have, by using predefined process control structures to
determine what should be done (Aalst, Weske, & Griinbauer, 2005). Within the case handling
paradigm, the focus is on what can be done to achieve a certain goal, instead of what should be
done.
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BPMone is a case handling tool from Pallas Athena, which is divided into two parts; BPMone Design
and BPMone Control. BPMone Design is similar to Pallas Athena’s prior product Protos (Pallas-
Athena, 2011), whereas BPMone Control is comparable to the prior product FLOWer. BPMone is
used as a workflow management system, but the BPMone Control part specifically supports the case
handling paradigm. A paradigm that is used for supporting flexible and knowledge intensive business
processes (Aalst, Weske, & Griinbauer, 2005). More about BPMone, and why it is chosen, in section
1.3.1.3.

1.3.1.2 Case handling RCM

To have a visual overview of the concepts explained in section 1.3.1.1, a Reference Concept Map
(Rodriguez-Priego, Garcia-lzquierdo, & Rubio, 2010) is used. This technique is based on the well-
known Concept Map approach and shows the big picture of the main concepts and their relatedness
via academic citations. The explanation of case handling mentioned in the previous section is made
visual in Figure 1. The numbers in the figure represent the references, where 1 represents (Pallas-
Athena, 2011), 2 represents (Aalst, Weske, & Griinbauer, 2005), 3 represents (Reijers, Rigter, & van
der Aalst, 2003), 4 represents (Aalst & Berens, 2001), 5 represents (Vanderfeesten, Reijers, & van der
Aalst, 2009), 6 represents (Vanderfeesten, Reijers, & van der Aalst, 2006), 7 represents (Aalst,
Hofstede, & Weske, 2003), 8 represents (Aalst & Hee, 2002), 9 represents (Mutschler, Weber, &
Reichert, 2008), and 10 represents (Guenther & Aalst, 2005).
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Figure 1: Reference Concept Map for Case Handling
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1.3.1.3 BPMone for case handling
The tool chosen to suit the case handling paradigm is BPMone from Pallas Athena. This chapter
describes the tool, some of its competitors and why it is chosen over other tools. “BPMone will

discover, design, automate, and execute all your processes” (Pallas-Athena, 2011).

What is BPMone

As previously mentioned, BPMone is a software solution that is divided in two parts. BPMone Design
is a modeling environment where you can model your processes. Once you have modeled your
processes in BPMone Design, BPMone offers a simple way of seeing whether the processes are
actually implemented in the way they were intended, by converting the model to a workflow model

11



that can be accessed in BPMone Control. BPMone Control makes it possible to keep everything
organized; a different ‘worklist’ (a sort of to-do list) can be created for each user, the level of access
for each user can be defined, the specific forms the user will see can be adjusted and placed into the
desired sequence, skip/redo options can be linked to the specific user who can apply them, and
much more.

In 2010, Garnet made a Magic Quadrant which shows the top 25 vendors for Business Process
Management Suites (BPMS) (Sinur & Hill, 2010). This list of vendors is an update for the research
Garnet performed in 2009. The full Magic Quadrant can be seen in Appendix Figure 1. One of the
vendors that were added in 2010 is Pallas Athena. The quadrant is divided in four sectors;
challengers, leaders, niche players and visionaries. BPMone is situated in the sectors niche players
which are classified as players that are generally new to BPMS market or new to Gartner’s Magic
Quadrant. They are players that have achieved significant-enough market awareness to be in the top
25 vendors. Pallas Athena is described by Gartner as a European vendor that has been growing
quietly but largely, in the Netherlands. “It has the best technology and visualization we’ve seen for
automated process discovery, and also handles the case management process style exceptionally
well” (Sinur & Hill, 2010). Strengths and weaknesses described by Gartner can be seen in Appendix
Table 1, alongside the strengths and weaknesses of a number of competitors. More features on
BPMone can be seen in the description of the BPMone model in chapter 4, as well as in the
comparison framework.

What are the competitors

For creating the Magic Quadrant, Gartner has analysed the BPMS market using multiple criteria and
different weightings. The full Quadrant can be seen in Appendix Figure 1. As described in the
previous chapter, Pallas Athena is one of the niche players, with their tool BPMone. The following
three tools be can be considered as the closest competitors (based on the Quadrant); IBN FileNet,
HandySoft and PNMsoft. To compare these tools with BPMone, Appendix Table 1 shows the
advantages and disadvantages for each suite.

Why BPMone

The reason that Gartner identified Pallas Athena as one of the top 25 vendors in the BPM community
is a good reason to choose BPMone. Since the focus will be on flexible approaches, especially the
addition that it fits the case management principle exceptionally well is worth mentioning. But the
three competitors mentioned in Appendix Table 1 are also listed in the top 25. FileNet is part of the
big IBM network, but as mentioned in the table, it is not as intuitive in its ease of development and
execution. The disadvantage both Sequence and BizFlow is the low brand recognition, which makes
these two tools not suitable for this thesis either. In comparison, Pallas Athena is known for its BPM
product and especially for its case handling tool. Multiple articles are written about case handling
and Pallas Athena by professors from the Eindhoven University of Technical together with Pallas
Athena (Aalst & Berens, 2001; Aalst, Weske, & Griinbauer, 2005), and without collaboration from
Pallas Athena (Aalst, Stoffele, & Wamelink, 2003; Reijers, Rigter, & van der Aalst, 2003;
Vanderfeesten, Reijers, & van der Aalst, 2006; Vanderfeesten, Reijers, & van der Aalst, 2009). This
makes BPMone a suitable tool for this thesis. Since there is a good collaboration between the
Eindhoven University of Technical and Pallas Athena, the required unique development skills as
mentioned in Appendix Table 1 can be dealt with. The remark that there are few installations beyond
the Benelux region is also not relevant as a disadvantage in this study.
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1.3.2 Software engineering

The second field of work in which process modeling is an important aspect, is the field of computer
science, more specifically; software engineering. Software engineering is interested in the business
process field because of the resemblance with software processes. A software process can be seen as
a business process with the goal of developing a program according to a given set of requirements
(Badica & Badica, 2003). The field of software engineering has a completely different background
than the business process management field, but the fields are converging, as described in chapter
1.1.

1.3.2.1 Model Driven Engineering

Model driven engineering (MDE) is a software engineering approach that focuses on creating and
utilizing domain models (Bézivin, 2006) instead of focusing on computing concepts. The goal is
optimizing productivity by creating the opportunity to reuse standardized models, simplifying the
design process by modeling with recurring design patters, and optimizing communication between
the different users of the process by using standard languages (Bézivin, 2006). This standardization is
also shown in one of the important aspects of MDE. MDE focuses on bridges between technological
spaces, and on integrating bodies of knowledge from different research communities (Favre, 2004).

Model driven engineering (MDE) is a software development methodology based on domain models.
A domain model can be seen as a conceptual model of a field of interest. MDE consists of three
major concepts; model, metamodel and transformations (Favre & NGuyen, 2004). A model can be
seen as a set of statements about a system (Seidewitz, 2003). A metamodel can be described as the
relationship between concepts in a given domain. It specifies key semantics and constraints
associated with these concepts (Schmidt, 2006). Transformations are ways to use one or more source
models in order to create one or more target models which follow a set of transformation rules
conforming the metamodel (Sendall & Kozaczynski, 2003).

There are different organizations who claim to support MDE. The main focus will be on Model Driven
Architecture (MDA) since this was one of the first approaches to standardize MDE, and to make it
known to the public. The Object Management Group (OMG) launched MDA in 2000 as one example
of the broader MDE vision (Bézivin, 2006). MDA is not an entirely new specification, but it uses
existing OMG specifications like the Unified Modeling Language (UML), the Meta Object Facility
(MOF), and the Common Warehouse Metamodel (CWM; Truyen, 2006).

For this thesis, Mendix was chosen as the tool to represent MDE. It consists of a domain model,
different forms, secondary documents, and microflows (Mendix, 2010). The microflows use a
graphical notation based on business process modeling notation (BPMN). BPMN is a standard
developed by the Business Process Management Initiative, which has merged with the OMG
(Business Process Management Initiative (BPMI), 2004). This OMG standard defines the notation,
metamodel and format of BPMN. Mendix’s domain models are quite similar to UML class diagrams
(Meertens, lacob, & Nieuwehuis, 2010). The entity that can be created in the domain model
resembles a class, with its name, attributes, and associations. The added significant value is shown
when Mendix automatically creates a data view form out of these created entities. Another feature
of Mendix is the abstraction opportunity. A group of elements can be abstracted, whereas Mendix
can treat the group of elements as one element. After creating the different forms the user can fill
out, custom made ‘microflows’ can be added to navigate through the different created forms. More
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operations that add value become clear in the explanation of the Mendix model in chapter 3. Mendix
is not a typical MDE tool, since it only provides one out of three major concepts; the model.
However, since it is a popular tool with well-known customers (e.g., ABN-Amro, Achmea, Mammoet,
Sandd, Sanoma, TNT, WE) and well-known partners (e.g., Accenture, Atos Origin, and Centric)
Mendix was chosen. More about Mendix, and why it is chosen, in section 1.3.2.3.

1.3.2.2 Model driven engineering RCM

To have a visual overview of these concepts, a Reference Concept Map (Rodriguez-Priego, Garcia-
Izquierdo, & Rubio, 2010) is used again. The explanation of MDE mentioned in the previous section is
made visual in Figure 2. The full Reference Concept Map can be seen in Appendix Figure 2. The
numbers in the figure represent the references, where 1 represents (Favre & NGuyen, 2004), 2
represents (Seidewitz, 2003), 3 represents (Schmidt, 2006), and 4 represents (Peltier, Bézivin, &
Guillaume, 2001).
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Figure 2: Reference Concept Map for Model Driven Engineering

1.3.2.3 Mendix for model driven engineering

The model driven engineering tool that was selected is Mendix. In the next three sections an
explanation of Mendix will be given, some of its competitors will be described, and the choice for
Mendix is explained.

What is Mendix

Gartner listed Mendix, the market leader in model-driven development for business solutions, as a
‘Cool Vendor’ in the category ‘Cool vendors in application development’ in 2009 (Norton, 2009). A
‘Cool Vendor’ is described as a company that offers technologies or solutions which comply with
three characteristics. These characteristics are (Roos, 2009):

- Innovative: it enables users to do things which they could not do before;

- Impactful: it has, or will have, business impact (so it is not just technology for the sake of
technology);

- Intriguing: it has caught Gartner’s interest or curiosity within approximately the past six
months.

Mendix is providing tools to quickly design, build, test, integrate, deploy, manage and optimize
service-oriented business applications within any existing business and IT environment. Mendix
claims that you can build applications 5 times faster, at about half of the cost of traditional
development platforms, by using their tool.
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What are the competitors

Obviously Mendix is not the only tool in its kind. Other companies have similar products available. To
be able to compare a number of them, Appendix Table 2 shows the advantages and disadvantages of
Mendix and three of its competitors; Skelta, Outsystems, and BizAgi. More features on Mendix can
be seen in the Mendix model description in chapter 4, and in the comparison framework.

Why Mendix

As described in section 1.3.2.1, Mendix is not a typical MDE tool, since it misses two out of three
MDE principles (transformations and meta-models), but there are a number of reason to still choose
for Mendix. The first reason to choose for Mendix is because its popularity and it combines user
friendliness — by means of intuitive forms, and the usage of your favorite internet browser for the
web application — with industry standards like BPMN. Besides the intuitive way of working, the user
experience is also rather high because of all the downloadable custom widgets that are available, and
the big online community that can be accessed for help. Besides that, Mendix originated in the
Netherlands and has connections with the Eindhoven University of Technology, which makes it
approachable when we would get stuck modeling. This in contrast to the other three tools which are
all foreign companies. Furthermore the recognition of Gartner, the SAP certification, the well-known
customers, and the well-known partners give the confidence in Mendix as the correct choice.

1.4 Research environment

The environment in which this study takes place is a healthcare environment. Specifically, the
problem owner of this research was the Eye Care Network. Usually a healthcare environment is a
rapidly changing environment where flexibility is one of the requirements. Furthermore,
organizations within this domain have not fully recognized the potential of using IT support for
business processes, so there is a lot of potential for improvements. The Eye Care Network, which has
its origin in Rotterdam, is a collaborating network of different players within the ophthalmology
domain. It is an initiative of the Eye-Hospital in Rotterdam, as a response to the increasing demand
for ophthalmologists, higher quality demands from the patients, and strong competition. To tackle
the long waiting lists for patients and the high working pressure for professionals, the idea arose to
collaborate more intensively with the different players within ophthalmology (Het Oogzorgnetwerk,
2010). These different players include the general practitioner, optician shops, optometrists and
ophthalmologists, working in- and outside of the hospital. All these different players are seen as
partners. To ensure that different players can trust each other’s level of expertise, random checks are
performed to verify if correct decisions are made. The original network is active in Rotterdam, but
the Eye Care Network is growing throughout the Netherlands. By keeping the patient as a focus
point, the network aims to improve the quality of the medical care within the network. All sorts of
protocols are available for creating different treatment paths for a patient. These protocols, and
other background information is stored digitally (a website called “Oogzorgnet”) and can be accessed
by the partners within the Eye Care Network. These protocols can be seen as a standardized process
description. The idea is for all the players to use these standardized processes, but the network
members who are working with these processes sometimes want to or need to deviate from this
standardized path. That is why flexibility is a key requirement in this context.

When a new hospital is linked to the network, their processes are evaluated. Process models are
made for the different treatment paths and possible improvements are discussed. Different hospitals
are situated in different points of time based on the process of connecting to the network. To
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discover which hospital was most suiting for the case study, multiple interviews in different hospitals
connected to the network were performed. After interviewing staff at the Westfriesgasthuis in
Hoorn, it became clear that it concerns a hospital where improvements are being realized at the
moment. An application, within the hospitals EPR, custom built for the ophthalmology department
was used to coordinate all steps a patient goes through. At the other side of the digitalization
spectrum lies the Reinier de Graaf hospital in Delft. Within this hospital most processes are not yet
performed digitally. The processes are evaluated by the Eye Care Network, but no improvements
have been realized yet. Since most possible improvements can be realized here, the hospital in Delft
acts as input for the case study in this study.

The goal of the Eye Care Network of using the application is threefold. First the application should
support automated execution, by using the application to support the hospital staff in its work. In
this way not all tasks require to be performed manually which can save both time and errors. Since
automated execution support is a typical enactment goal (see chapter 1.2), this case is well suited for
this thesis. Besides this goal, the Eye Care Network has some other goals which include facilitating
communication between different players of the network, and possibly supporting process
improvement. Since the doctors can decide to deviate from the standardized treatment path, not
each patient will follow this exact standard path. With a process monitoring facility, calculations can
be done on how many patients follow what specific path. When the BPM applications show that the
standardized treatment path is not the path which is followed most of the times, this standard path
can be adjusted.

The goal of this thesis is to examine which BPM approach is best suiting the requirements given by
the Eye Care Network, for their business process. Furthermore, the possibility to generalize these
findings outside of this case study will be checked.

1.5 Different steps in the study

The structure of the comparison between the two BPM approaches can be seen in Figure 3. The first
step was constructing a BPMone application, influenced by standards and strengths of the case
handling community. Besides this BPMone application, the first step also includes the construction of
a Mendix application, influenced by the standards and strengths of the MDE community. The second
step describes the comparison between the two applications, to find the best approach for this
specific case, in this domain, with the required level of flexibility. Since BPMone appeared to be the
better approach, an improved Mendix application is constructed in step three, based on the
apparently stronger BPMone aspects. This improved application is based on reusable patterns,
constructed in the design level. This improved Mendix application is then compared to the first
version of the BPMone model.
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Figure 3: Structure of the comparison

Besides the specified goals mentioned in chapter 1.4, the Eye Care Network has provided some user
requirements to which the model should comply. These requirements are discussed in chapter 2.1.
For the case study, two possible processes were studied. These two processes are the treatment
plans for the two most prevalent eye-diseases; cataract and glaucoma. After explaining these two
processes in more detail in chapter 2.2, one process was chosen to implement an executable
prototype in chapter 2.3. The comparison framework is formed in chapter 3. Chapter 4 describes the
actual modeling steps taken in this research, combined with the model comparing, based on the
comparison framework. The study concludes with a discussion in chapter 5.
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2. Case study

This chapter describes the case study from the Eye Care Network. It starts with chapter 2.1 where
the user requirements for the business process model, from the Network are summed up. Chapter
2.2 describes the two possible processes that can be modeled, and chapter 2.3 explains which of the
two processes was chosen to model.

2.1 User requirements

The Eye Care Network is a company looking for improvements on their business processes. One of
the uses of the process models will be to communicate with the different players within in the
network. The usage of the models by the hospitals will be to support and/or improve their processes.
The Network has some requirements for such a model, which are shown in Figure 4.

Business Process Model

Planning-access o

Assistant

Full access Full acces

Q (renvew ol 1), Q

Status overview of

. Doctor

Eye Care Metwork Representatjve

Possibility to
deviate from uniform plan

Possibility to add
users

Process monitoring

Figure 4: Use case diagram for requirements

In the diagram, a representative from the Eye Care Network is presented as one player. Within a
partner hospital, two different users can be found; an assistant and a doctor. The assistant only has
access to those parts of the model that include planning new appointments. The other actor —
referred to as ‘Doctor’ - has access to the whole model. This role can be fulfilled by an
ophthalmologist, but also a TOA or optometrist can have access to all the steps. This distinction in
accessibility has to do with patient’s privacy. The less people that have access to the patient’s
information, the better. This role-based access control is proposed by (Motta & Furuie, 2003). Since
the assistant does not need detailed medical information to make an appointment, this role is
restricted from those details. The previously mentioned medical staff (everybody except the
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assistant) does need access to the entire process to make decisions. To verify how the process is
followed in real life, the Eye Care Network also needs full access to the system as well. The Eye Care
Network serves as a kind of administrator to the model, so they should also have the opportunity to
add users that can use the model. The model shows the uniform plan that the different players
should follow. When something unscheduled happens, the medical specialist should be able to
respond to this. In order to respond to these ad hoc decisions, the specialist should have the
possibility to deviate from the uniform plan. The Eye Care Network is aware of the fact that these
deviations take place, but they want to know how often this occurs and which different routes are
taken. Therefore, process monitoring is an important requirement. With this aspect, the Network can
check the different steps taken in a case. If there are major deviations from the uniform plan, it could
possibly be improved. Another requirement is that the medical specialist should have a status
overview of the different cases. This combined with an overview of the entire process gives them the
opportunity to choose the correct case to handle. In this way, the user can see which cases are
finished and how far the unfinished cases are along the process. Then, the user can choose which
case should be performed next.

Besides these user requirements, there are also data requirements from the Eye Care Network.
These requirements can be seen in a class diagram in Appendix Figure 3. Each class can be seen as a
different step in the process. And the attributes of each class can be seen as the data objects that
should be availabe to fill out in that particular step. The process that is described by these
requirements is the treatment path of the disease glaucoma. The explanation of this process, and
why it is chosen is explained in chapter 2.2.

2.2 Two possible processes

As suitable options for building a process model, two processes from the Eye Care Network are
described in this chapter. The two processes under study are the treatment plans for cataract and
glaucoma. Both processes will be described in the following sections (2.2.1 for cataract and 2.2.2 for
glaucoma). Besides the explanation of the disease and a description of the treatment plan, a process
model is included for both processes to make it visual. After the description of both processes, one of
them is chosen in chapter 2.3 to implement an executable prototype. For the Eye Care Network it
should be a process that is performed a lot in the joined hospitals. That is why these two processes
are chosen, since cataract and glaucoma are the number on and number two leading causes for
blindness worldwide (WHO, 2011). The treatment processes are being handled every day in each
hospital. For the chosen BPM approaches it is important that the process requires a certain level of
flexibility, since this is one of the main drivers of case handling.

2.2.1 Cataract

With cataract, a clouding of the lens in the eye makes you see blurry, due to an obstruction in the
passage of light (WHO, 2011). Most of the cataract cases are age-related, but some people are born
with it while others may develop cataract after other eye diseases. According to the World Health
Organization, age related cataract is responsible for 48% of world blindness, which stands for roughly
18 million people. Cataract can be removed by surgery, but it remains the main cause of blindness
worldwide, because of inadequate surgical services in many countries. With about 150.000 surgeries
annually, cataract surgery is the most performed and most successful surgery carried out in the
Netherlands (Oogartsen.nl, 2011). During the surgery, the clouded lens is removed and replaced by a
clear artificial lens (Het Oogziekenhuis Rotterdam, 2009). During the procedure, a small incision is
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made in the cornea, through which the cloudy lens is removed and the new artificial lens is inserted.
The entire cataract surgery takes about 25 minutes. Because the incision is only a few millimeters,
there is usually no need for stitches which is beneficial for the healing time of the wound. When both
eyes require surgery, these are performed separately with enough time in between to recover from
the surgery.

The cataract treatment process a patient undergoes at the Reinier de Graaf Group in Delft was
documented in 2010 (this is not the uniform situation, but the current situation). Based on this
current situation modeling, some possible improvements are documented to have the process more
in line with the uniform situation. This documentation is used to create the uniform process model
shown in Appendix Figure 4.

The process starts with a patient who is referred to the hospital by a GP/optometrist/optician who
suspects the patient of having cataract. The patient needs to call the hospital to make a first
appointment. The receptionist enters the name and date of birth of the patient as well as the date of
the appointment. The receptionist also checks whether the patient is referred to the correct place. If
this is not the case, the patient is referred to the correct place and the case is closed. When the
referral was correct, the patient is first examined by a TOA (Dutch abbreviation for Technical
Ophthalmology Assistant). The TOA runs some tests and enters patient’s eyesight, eye pressure and
some possible notes. After that, the patient sees the ophthalmologist for a first consultation, where
the doctor decides whether the patient has cataract or not and if the patient has other diseases
besides cataract. If the patient does not have cataract or if the patient has other diseases, the
process is ended. If the patient does have cataract, the ophthalmologist informs the patient about
the options. Then, the patient needs to decide whether he/she wants the surgery to be performed. If
not, a new consult is planned for over 6 to 12 months by the receptionist. When the patient agrees
with the surgery, an appointment is planned to carry out an echo and a POS (Dutch abbreviation for
Pre Surgery Screening). The echo is performed and the screening takes place at another department
in the hospital; anesthetics. When these steps are completed, an appointment can be made for the
actual surgery. The surgery takes place at the surgery department of the hospital. After surgery there
is a check whether there were abnormalities during the surgery. If this is the case, the post-op takes
place in the hospital and eyesight, eye pressure and some possible notes are entered. If there were
no abnormalities during surgery, the post-op takes place over the phone. The patient is asked
whether everything went well, and some notes are entered. After each post-op step, a check for
abnormalities is performed again. If everything went according to plan, a final checkup appointment
is made. If some deviations are noticed, a consultation with the ophthalmologist takes place first
(before planning the final checkup). During the final checkup again the eyesight, eye pressure and
some possible notes are recorded. After this final checkup the case is closed.

2.2.2 Glaucoma

Glaucoma can be seen as a group of eye diseases resulting in the slow dying of the eye nerve (Vision
2020, 2005). Approximately 1 to 2 percent of the western population has glaucoma (Korne, et al.,
2009), around 2 to 3 percent of poor sight is caused by glaucoma and around 6.4 to 18 percent of
blindness is caused by glaucoma (Vision 2020, 2005). Glaucoma cannot be fully cured. The treatment
process is only aimed at slowing or stopping the worsening process (Korne et al., 2009; Vision 2020,
2005). As a result, people suffering from glaucoma are patients for life. The possible treatments

20



include medicine to reduce the eye pressure, or laser or general surgery, again to reduce the eye
pressure.

Glaucoma care requires many repeated examinations which can be performed by a variety of parties
within ophthalmology (Korne, et al., 2009; Peeters, 2008). In 2005 there were an estimated 84.700
patients undergoing glaucoma treatment. It is estimated that there will be about 119.100 patients
undergoing treatment in 2020 (Vision 2020, 2005).

The Eye Care Network tries to create a uniform protocol for glaucoma treatment as well. So their
partner hospitals are able to optimize patient wellbeing and process quality. The glaucoma treatment
process a patient undergoes at the Reinier de Graaf Group in Delft was also documented in 2010.
This documentation is used to create the uniform process model shown in Appendix Figure 5.

The process starts again with a patient who is referred to the hospital by a GP/optometrist/optician
who suspects the patient of having glaucoma. The patient needs to make a first appointment by
calling the hospital. The name and date of birth of the patient as well as the date of the appointment
are entered by the assistant. The assistant also checks whether the patient is referred to the correct
place. If this is not the case the patient is referred to the correct place and the case is closed. On the
first visit — when the referral was correct — the patient is examined by a TOA. The TOA runs some
tests and records patient’s eyesight, eye pressure and some possible notes. After that, the
ophthalmologist decides whether the patient has glaucoma, ocular hypertension, or whether
glaucoma runs in the patient’s family. If this is not the case, the process is ended. The next step is for
the ophthalmologist to decide on whether the glaucoma meets the referral criteria. If so, a regular
consult with a TOA or optometrist is planned. If not, a consult with an ophthalmologist is planned.
During this consult some tests are done where the eyesight, eye pressure and some possible notes
are entered. Furthermore, the doctor decides whether the glaucoma is stable or not. If it is not
considered to be stable, a new consult with an ophthalmologist is planned. If it is stable, a regular
consult is planned. Before the regular consult, a GDX scan is performed and some notes are entered.
After this step the consult takes place where the eyesight and eye pressure are measured and some
possible notes are recorded/written down. The next step is to decide whether a HFA test (a vision
test) is required. Once the test is performed — or not — it is checked whether there are some
deviations. If there are no deviations, a next consult — for over 6 months — is planned with either an
ophthalmologist or a TOA. If there are any deviations, a consult with an ophthalmologist is planned,
where the usual tests are performed and entered. After this consult, an appointment is made for a
next consult for over 6 months with either an ophthalmologist or a TOA. Since glaucoma cannot be
cured, this process is repeated until the patient dies or chooses not to be treated anymore.

2.3  Which case is selected

Since both processes are processes that are performed a lot in all hospitals, this criteria is not
sufficient to make a choice between the two cases. The flexibility criterion does make a difference.
The cataract process is a rather straightforward process with not a lot of possible deviations from the
uniform process plan. Not a lot of flexibility is required for this process, since most patients follow
the exact same route. The glaucoma process however requires a lot more flexibility. First of all the
process is repeated every six months, since the disease is not curable. This repetition itself does not
necessarily require more flexibility, but after each run through the process, it can be decided to
follow the next process under supervision of an ophthalmologist, or under supervision of a TOA.
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Furthermore, there are several routes a patient can follow throughout the process which makes the
process monitoring aspect more interesting. Because of the different routes that can be followed,
more flexibility of the model is needed for the users to effectively use it. Since both the chosen
modeling approaches are considered to be more flexible than ‘regular’ approaches, this is the most
suitable option of the two. Therefore, the selected case for implementing an executable prototype is
the glaucoma treatment process.

2.4 Case study characteristics

Flexibility plays an important role in the case study, as previously described. But to classify what kind
of flexibility is required, four distinct types of process flexibility can be investigated. These four types
of flexibility are (Schonenberg, Mans, Russell, Mulyar, & Aalst, 2008):

o  “Flexibility by design: for handling anticipated changes in the operating environment, where
supporting strategies can be defined at design-time.

e Flexibility by deviation: for handling occasional unforeseen behavior, where differences with
the expected behavior are minimal.

e Flexibility by underspecification: for handling anticipated changes in the operating
environment, where strategies cannot be defined at design-time, because the final strategy
is not known in advance or is not generally applicable.

e Flexibility by change: either for handling occasional unforeseen behavior, where differences
require process adaptations, or for handling permanent unforeseen behavior.”

All the possible steps a patient can undergo during the glaucoma treatment are known, only the
decisions the ophthalmologist makes, can vary per patient. So the sequence of steps, and the total
number of performed steps per patient can vary. These deviations can be seen as anticipated
changes, which can be dealt with supporting strategies during the design of the application. In other
words, the required type of flexibility for this case is flexibility by design.
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3. Comparison framework

To have a complete comparison between the two BPM approaches under investigation in this thesis,
a new comparison framework is developed. First chapter 3.1 describes the four different levels that
the comparison can include. Chapter 3.2 describes four existing frameworks, and how their principles
fall in these four different levels. Finally chapter 3.3 explains the new framework based on these four
existing ones.

3.1 (Classifying the approaches on different levels

To provide a full comparison between the two approaches, the approaches are classified on various
levels; the case study level, the design level, the language level, and the tool level (Van Gorp &
Eshuis, 2010). The case study level describes the applications made for the specific case study of this
thesis. The design level describes the decisions the developer of a certain application can make. The
tool level describes the properties and limitations from the tool that the developer uses to construct
the application. The language level can be seen as the underlying modeling language on which the
underlying tool characteristics are based. This classification is required to compare the correct
aspects in the correct context. For example, a limitation of BPMone, as a case handling based
modeling program, can be the consequence of a design decision, instead of being the result of using
a case handling based tool. This study will not present the complete taxonomy, but only those parts
that are of interest to this case study.

3.2 Existing frameworks

Because of the widespread increase in modeling approaches, the number of users who are no
modeling experts is growing as well (Becker, Rosemann, & von Uthmann, 2000). This increases the
importance of the understandability of business process models. Based on this concept, multiple
frameworks have been developed in literature, considering the four different levels. Based on four of
these frameworks, one new framework was created to compare the two modeling approaches.
These frameworks are from (Becker, Rosemann, & von Uthmann, 2000), (Green & Petre, 1996),
(Mendling, Reijers, & Aalst, 2008), and (Bosilj-Vuksic, Ceric, & Hlupic, 2007). First these four
frameworks are described, and a classification is made to decide what level is described by each
relevant principle of the frameworks.

Becker et al. created the Guidelines of Modeling (GoM) framework which is built on six principles
that are of importance for business process modeling. The six principles are: correctness, relevance,
economic efficiency, clarity, comparability, and systematic design. The first three principles are a
necessary precondition for the quality of a model. The last three are more optional (Becker,
Rosemann, & von Uthmann, 2000) and are therefore not further elaborated upon. The correctness is
based on using the correct syntactical rules and terminology. Since syntax rules are set in a modeling
language, this principle belongs to the language level. The idea behind relevance is developing a
relevant model. To measure this principle, the degree to which the application meets the user
requirements is determined for each approach. When all requirements are met, the model can be
seen as a relevant model for the selected case. Since it compares meeting the requirements from this
specific case study, this principle belongs to the case study level. The economic efficiency is based on
the effort it takes to create the models. This principle can be split in two; the number of elements
needed to model the case, and the opportunity to re-use (parts of) the models. The reusability
principle belongs to the design level. When a model is designed as generic as possible, the
opportunity of reusability is greater than when the model is specifically designed for a certain case.
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The number of elements needed to model the same case with the same characteristics depends on
the language used. In this case study, the required skip/redo functionality is built-in BPMone because
it is part of the case handling paradigm. In this way, this functionality requires fewer elements in
comparison to Mendix, since the MDE paradigm does not support the skip/redo functionality, so it
needs to be created manually.

The second framework is based on Bosilj-Vuksic, Ceric & Hlupic (2007), which uses Hlupic, Paul &
Irani (1999) as input. It consists of five main groups of categories, and each group is further classified
into subcategories. Only those categories are used that apply to this context, some subcategories
have been moved to another category, and some additions are made in line with other

subcategories. The framework with the categories and subcategories is shown in Table 2.

Coding aspect Programming Built-in function  Support of
flexibility programming
concepts
-provided -provided -provided
-not provided -not provided -not provided
User support Documentation Training course Demo models, Online help
and tutorial libraries
-provided -provided -provided -provided
-not provided -not provided -not provided -not provided
General features | Experience and Ease of learning  User friendliness = Animation
education
required for
software use
-none -easy -high -possible
-some -not easy -medium -not possible
-substantial -low
Verification Logic checks Error message
support

-provided
-not provided

-provided
-not provided

Explicitness of
process model

Display of the
workflow path at
design time

Display of the

workflow path at

run time

-provided
-not provided

-provided
-not provided

Table 2: Comparison framework

All three subcategories of the principle coding aspect clearly belong to the tool level. The same is true
for the user support principle, as well as for the four subcategories from general features and the two
subcategories from verification support. The two subcategories from explicitness of process model
belong to the design level. The workflow path is, for example, automatically visible at run time in
BPMone, but this can be recreated in Mendix, so it is not dependent on the tool used.

The third framework proposed a set of seven process modeling guidelines (7PMG)(Mendling, Reijers,
& Aalst, 2008). These guidelines are built on strong research foundations and they are designed to be
intuitively to practitioners. The seven guidelines are prioritized by industry experts, which leads to
the following list.
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Model as structured as possible

Decompose a model with more than 50 elements
Use as few elements in the model as possible
Use verb-object activity labels

Minimize the routing paths per element

Use one start and one end event

NoukwnNRE

Avoid OR routing elements

How well you perform on the first guideline really depends on the tool used and the possible options.
Therefore, this principle belongs to the tool level. The second principle clearly belongs to the design
level, since it is just a decision the developer can make during the development phase. The third
principle is in line with the economic efficiency principle from the GoM framework. The idea is
similar, so this principle belongs to the language level. Principles four, five, six and seven are again
decisions the developer can make during the development phase, which make them belong to the
design level.

The final framework is the cognitive dimensions framework (Green & Petre, 1996). This framework is
based on thirteen principles; abstraction gradient, closeness of mapping, consistency, diffuseness,
error-proneness, hard mental operations, hidden dependencies, premature commitment,
progressive evaluation, role-expressiveness, secondary notation, viscosity, and visibility.

Abstraction gradient describes the possibility of abstraction (a group of elements treated as one
entity). As argued by Green & Petre (1996), languages can be described as abstraction-hating,
abstraction-tolerant, or abstraction-hungry. Therefore, this principle obviously belongs to the
language level. The closeness of mapping and consistency principle describe the ease of learning,
which is comparable to the general feature principle from the second framework. The diffuseness
principle describes how many symbols are needed to express a meaning. Just like the economic
efficiency principle from the GoM framework, and the third principle from the 7PMG framework, this
can be linked to the language level. The error-proneness principle explains how languages contain
features that increases the chance of making a mistake, or how difficult it is to find a mistake once
made. Consequently this principle belongs to the language level. Hard mental operations, hidden
dependencies, role-expressiveness, secondary notation, viscosity, and visibility are all related to how
clearly the user can read a model, how easy it is to understand it. According to Green & Petre (1996),
some languages make this easier than other languages, which again places these principles in the
language level. The premature commitment principle describes whether developers have to make
decisions before they have all the required information. Problems can arise when the language
notation contains many internal dependencies, so again this principle belongs to the language level.
The final principle is progressive evaluation, which describes the opportunity of a tool to execute a
partially-complete application to obtain feedback. Therefore this principle belongs to the tool level.
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3.3 New combined framework

The new combined framework contains principles for each of the four different levels. Using this
framework, a broad comparison (based on the highlights of the four other frameworks) can be made
between the two BPM approaches from this study, as well as other approaches that can be
compared in other studies. Especially the efficiency principle can be seen as a highlight of the four
existing frameworks, since it is based on the economic efficiency principle from the GoM framework,
the third principle from the 7PMG framework, and the diffuseness principle from cognitive
dimensions framework. The new framework can be seen in Table 3. With this framework, specific

aspects can be related to a certain level, to have a more structured comparison.

Case study level

Does the model meet the case
study requirements?

-Requirements met
-Requirements partly met
-Requirements not met

Design level

Can (part of) the model be reused?

Is the workflow path displayed?

-Reusability possible
-Reusability not possible

-Displayed at design time
-Displayed at run time
-Displayed at run time and design time

Language level

How many elements are needed to
create the model (efficiency)?

Can a group of elements be abstracted
to one element?

A quantification of needed elements

-Abstraction possible
-Abstraction not possible

Tool level

Is documentation and (online)
support available?

How user friendly is the tool?

-Available
-Not available

-Low
-Medium
-High

Table 3: New comparison framework
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4. Modeling

After selecting the process to model and the two tools to model it in, a first version can be modeled
in both tools. This is explained in chapter 4.1. After the comparison of the two models, BPMone
appears to be the better solution of the two. But there are some possible improvements for the
Mendix model which are described in chapter 4.2.

4.1 First models

A first version of the process model is made in both tools. Section 4.1.1 describes the first Mendix
model, section 3.1.2 shows the first BPMone model, and section 4.1.3 compares the two models. As
described in chapter 1.6, each model is build using the strengths of its used tool, influenced by their
own community.

4.1.1 Mendix model

For the glaucoma process a first model is made in Mendix. All the different steps in the process are
modeled as different forms that can be filled out by the different players in the process. In line with
the requirements, two kinds of users are implemented to meet the security standards. One user
category has the name ‘Assistant’, whose access is limited to the forms where an appointment needs
to be made. The other user category has the name ‘Doctor’. Users in this category have full access to
the model. This can be arranged in the security settings from Mendix. For each created user, you can
decide which forms and microflows this user has access to (see Appendix Figure 6).

To be able to create the different forms the users can fill out, a domain models needs to be created
first. In this domain model all the forms with their attributes are defined, this can be seen in Figure 5.
The names of the entities in the domain model are simply ‘Fxx’ to stress the default execution order,
but the names of the forms that are visible in the application are more recognizable, as can be seen
in Appendix Figure 7, where F02 is named ‘First examination’.

¥ HCcase

PatientName (String) @
BSN (Integer) (]
DateOfBirth (DateTi... @

*]I;" J\ *
[HEcase_Fo1 | [fdeds=_Fok | HCcage_F HCcase_F04

1 ( 1 1

% FO1 2s=_FO3 5 FO2 bse_FO07[ 5 FO3 [# Foa |
CorrectReferral (Enum) EveSight (Integer) [+] GlaucomaDecision (En MeetsReferralCritena (.
AppointmentDate (Dat... EyePressurelLeft (Int.. @ OculairHypertension (E.. OptionNotes (String)
OutOfProcess (Enum) EvePressureRight(I.. o Heredity (Enum) OutofProcess (Enum)
case_Fj| GDXnotes (String) [ F11 DecisionMNotes (String)
Motes (String) OutOfProcess (Enum)
OutOfProcess (Enum)
1 b { s X\
Cease_Fiz | Tureace maal lueeeo 55
¥ FOS ¥ FO6 ¥ FO7 ¥ FO8
PlanOphthalmologistC PlanRegularConsult (D EyeSight (Integer) ] StableGlaucoma (Enum)
OutOfProcess (Enum) OutOfProcess (Enum) EyePressureleft(Int . @ Notes (String)
EyePressureRight(I... © OutOfProcess (Enum)

Motes (String)
OutOfProcess (Enum)

L] L

¥ FO9 ¥ F10 ¥ F11 ¥ Fi12
GDX¥made (Enum) EyeSight (Integer) =] HFArequired (Enum) HFAperformed (Enum)
GDXnotes (String) EyePressurelLeft(Int.. o Notes (String) HFAnotes (String)
OutOfProcess (Enum) EyePressureRight{I.. o OutOfProcess (Enum) OutOfProcess (Enum)
Motes (String)
OutOfProcess (Enum)
1 1 1
¥ F13 % Fl4 % F15
Dewviations (Enum) EyeSight (Integer) [~] MextAppointment (Enu...
MNotes (String) EvePressureleft (Int.. @ FlanMNextConsult (Date...
QutOfProcess (Enum) EyePressureRight(I.. o QutofProcess (Enum)

Motes (String)
OutOfProcess (Enum)

Figure 5: Mendix domain model for Glaucoma First Version
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Attributes can be of different types, like an integer for the eye pressure, or a string for notes, and
Date and Time for the date of birth from a patient. Choices can also be sort of type, which is referred
to as enumerations. These enumerations can be manually defined, which makes it possible to give all
sorts of names to the different options.

The different forms can be generated with the information found in the domain model. To be able to
access these forms when the model is started, each form requires a unique microflow which creates
a form when a new case — a new patient — is entered into the system. This is done by adding an
‘event handler’, a feature which executes all the different microflows that create all the forms, after
creating a new case automatically. The different forms are similar as the example form found in
Appendix Figure 7. All the forms can be accessed through the Home Form (see Appendix Figure 8),
which is also the form that is shown when you start the model. To be able to go to all the different
forms, a unique microflow is needed for each form. To be able to navigate from one form to the
other with the ‘next’ button (see Appendix Figure 7) again a unique microflow is needed for each
form. Finally to be able to see the status of the case, by checking which forms have been filled out
already — the ‘yes’, ‘no’ or ‘OoP’ (short for Out of Process) which can be seen in Appendix Figure 8 —a
unique microflow is needed for each form to check whether all the required information is recorded.
All together a lot of forms, microflows, enumerations, entities, and attributes need to be created. To
quantify this necessity of elements, Table 4 shows an overview of all required elements that are
created manually.

Different elements needed Amount Total
Attributes 57

Entities 16

Enumerations 3

Forms 17

Microflows 60

Elements in microflows 262

Event handlers 30 445

Table 4: Needed elements in Mendix first model

Not all of the different elements will be discussed here, but a few of them will be explained, so the
basics of the model can be understood. The complete Mendix model can be found in Share, which
gives the opportunity to actually use the model. Share is an online sharing environment which can
provide access to a tool which otherwise needs to be installed and configured (Van Gorp, 2011). The
website contains multiple files of documentation on how to use the SHARE system. The virtual
machine with the Mendix models can be accessed via the share website:
http://is.ieis.tue.nl/staff/pvgorp/share/?page=Home

By searching images on description, with the search keyword ‘Muijres’ the correct machine can be
found.

Each form has a unique microflow to check whether the actions on the form has been completed — to
account for the status of the case. This status is based on an enumeration (with the name
OutOfProcess) with the possible values ‘Yes’ (for: this step is completed), ‘No’ (for: this step is not
completed), and ‘OoP’ (for: the case is out of process). As an example of one of the completion
microflows, Figure 6 shows the microflow to check the completeness of form 1 (or FO1 as can be
seen in the parameter symbol). The orange exclusive split is based on the attribute ‘Correct referral’
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from form 1. If this is answered with a ‘yes’ in the form, the action ‘Change object’ (the blue rounded
square on the top), changes the status attribute of form 1 into ‘Yes’. This can be seen at the Home
form, in the completion table from all forms; the completion value for of form 1 is yes. If the correct
referral attribute is answered with a ‘no’, the status attribute is changed into ‘OoP’ (the blue rounded
square on the bottom performs this action), which stands for out of process. If nothing is answered
to the referral question, no status change is performed (the ‘(empty)’ line which does not contain an
action activity). The red diamond at the right of the figure is a merging symbol, to merge the lines
that were split previously. Each form has such a microflow, but based on the number of attributes
that should be filled out on the form, the number of elements on the microflow will increase as well.
Since each attribute should be checked on completion.

¥
Change Object L
Input
Variable [Fm (Glaucoma FO1)
Action
Commit () Yes (@ Yeswithoutevents (C) No
Refresh in client @ ves (C)No
D [ New .° Edit X Delete Move up Move down
Fo1 Member Member type Type WValue
Fo1 pr— Glaucoma. OutOfProcess Yes

i "FO1' (OutOf
Process)

(empty) '|

T Change Object L
Change
L 'FO1' (OutOf
— I t
Process) AR
Variable [Fm (Glaucoma FO1)
Action
Commit Yes 0 Yes without events Mo
Refresh in client @ Yes (C)No
[% New .° Edit X Delete Move up Move down
Member Member type Type WValue
Glaucoma QutOfProgess OoP

Figure 6: Microflow to check the completeness of form 1; from Mendix first version model

The microflows that make it possible to go from the home form to a selected form are fairly easy.
Figure 7 shows the microflow to go to form 1. The first action activity finds the correct form 1 that
belongs to this particular case (the parameter is now the HCcase). The second action activity shows
form 1. If this form had already been opened before and some information was stored on it, this
information is shown now. The microflows to show the other forms are all similar to this one.

>

HCcase
HCcase

Retrieve Show
@ U5 FOl by e e o
$HCcase/H —

FoO1
FO1

Figure 7: Microflow to directly go to form 1; from Mendix first version model

Finally there are microflows to activate the ‘next’ button on each form. Figure 8 shows the microflow
to go from form 1 to form 2 (with the ‘next’ button on form 1). The first action activity (Change ‘FO1’)
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makes sure all the information filled out on form 1 is saved. Next the exclusive split (orange
diamond) splits the action based on what is answered to the question ‘is the patient referred
correctly?’. If this is still empty, an information message is shown which reminds the user to fill out
this attribute. If the answer is ‘no’, the home form is shown, since there is no further treatment
possible, so the patient will be out of the system. When the answer is ‘yes’, the previously generated
form 2 which belongs to this HCcase is retrieved, and shown.

Dy

FO1
FO1

Fill out
67 'corract
referral' ple

Retrieve Retrieve Show
[I5 HCcase (1§ FO2 by 5| ‘Edit FO2"
from databa $HCcaseOri —

HCcaseOriginal F02Destination
HCcase FO2

Show

Figure 8: Microflow to go from form 1 to form 2; from Mendix first version model

. Change
- 'FO1"

Based on the different options on each form the other microflows are similar to this one, or a bit
more extensive. By using the different navigation methods (starting at form 1 and using the ‘next’
button on each form, or using the ‘to Fi’ button to directly go to a form) the entire process can be
followed. At the home form a list of cases can be found, sorted on the patient’s name. There is a
search option to search for a patient based on its name, BSN number, or date of birth.

4.1.2 BPMone model

Just like with the Mendix model, in BPMone a model is created for the glaucoma process. Again all
the different steps in the process are modeled as different forms that can be filled out by the
different players in the process. Also in BPMone two kinds of users are implemented to meet the
security requirements. One user category has the name ‘Assistant’, whose access is limited to the
forms where an appointment needs to be made. The other user category has the name ‘Doctor’.
Users in this category have full access to the model.

The first step in building a working BPMone model is creating the process model in the process
designer. This can be seen in Figure 9, where the screen is divided a ‘process’ part (where the
actually process overview is seen), a ‘data’ part (where all the different data elements and
applications are shown), and a ‘role’ part (where the different users can be seen). After creating the
different roles, the first activity can be created. Each activity can be seen as a form to be filled in by
the user later on. The different parts of the form that should be filled in can be seen as ‘data
elements’, so for each item that should be visible on the screen, a data element is added (for
example ‘PatientName’ in Figure 9). To be able to see these elements on the form, an application
should be added to each activity. After creating the entire process with these activities, data
elements, and applications the steps in the process designer are done.
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Just like with the Mendix models, a lot of different elements are needed to build this model. The

guantification of these elements is shown in Table 5.

Different elements needed

Amount

Total

e Activities

e Applications
e Data elements

e Forms

17
17
43
17

94

Table 5: Needed elements in BPMone model

The next step is to convert the model into a ‘case type model’, see Figure 10. In here the forms are

created automatically, but they can be (and often have to be) adjusted manually. Figure 10 shows
one of the forms, and the entire overview of the process. Each of the red lines indicates a guard on
the line, to go to the correct next step, based on the choices made in the previous step.
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Figure 10: BPMone case type model; Glaucoma model
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When the user logs in to the tool, an overview is seen like in Appendix Figure 9. The cases that are
still in progress (Patient 1 — Patient 4) are seen in the worklist ‘Glaucoma’ as long as the user still has
to perform tasks on that case. When the case is done, it can be found in the worklist ‘Case Instances’.
The flexibility a user has in this model is shown in Appendix Figure 10. For each task a ‘skip’ and a
‘redo’ function can be added. In this way the user is free to choose a new step, or redo a previously
executed step. In this way the user can easily deviate from the uniform plan. An extra function that is
built in with BPMone is the log function, you can access for each case you’re working in. It records
every value entered in the forms (also when the same step is redone), the time of entering the value,
and the user that entered it. This can all be seen in Appendix Figure 11.

The BPMone model can also be found in Share, which gives the opportunity to actually use the
model. The virtual machine with the BPMone model can be accessed via the share website:
http://is.ieis.tue.nl/staff/pvgorp/share/?page=Home

By searching images on description, with the search keyword ‘Muijres’ the correct machine can be
found.

Besides the modeling part of BPMone, there is also a monitoring section where detailed information
can be found about the processes. In this way it can be discovered whether it is possible to adjust the
process, by finding some bottlenecks for example. The monitoring aspect is not tested in this thesis,
since it only gives useful outcome with real input. So after using the process model application for a
while, and having generated a substantial number of cases, the outcomes of the monitoring section
will be useful. Besides all sorts of different graphs and tables with the monitoring information,
BPMone also presents some animation outputs, where the flow of the different cases throughout the
process, or throughout the entire organization can be seen. Some examples of these animations can
be seen in Figure 11.
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Figure 11: BPMone example animations from (Pallas-Athena, 2011)

4.1.3 Verifying the two applications using a S.W.0.T. analysis

This section shows the results of a S.W.O.T. analysis, to verify that the two applications are
representing the same process model, perform the same tasks, and therefore can be compared. Both
models are made to represent as many of the user requirements as possible. The main differences
are on the built-in features, and the programming flexibility. The Mendix user has the possibility to
add XML code, so the programming flexibility of Mendix is provided. Mendix provides the
opportunity to the user to add programming concepts. Both options are not found in BPMone.
BPMone has built-in ‘skip/redo’ functionality supporting the case handling paradigm. Mendix does
not have this build-in functionality. The complete analysis is shown in Table 6.
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Strengths
BPMone:

e Aimed at flexibility

e Built-in ‘skip/redo’ option

e Built-in ‘form completion’ check

e Built-in feature to show workflow path
at design time and run time

e All data requirements processed

Mendix:

e All data requirements processed

e Date reminding pop-up for
appointments

Weaknesses
BPMone:

o No possibility to add date reminding

pop-up for appointments

e Requires unique development skills
Mendix:

e No built-in ‘skip/redo’ option

e No built-in ‘form completion’ check

Opportunities
BPMone:

e Monitoring opportunity after using the

application for a while
Mendix:

e Opportunity to recreate the ‘skip/redo’
option

e Opportunity to recreate the ‘form
completion’ check

e Opportunity to recreate the feature to
show workflow path at design time and
run time

Threats
BPMone:
e Not a lot of programming freedom
Mendix:
e Possibility that there is too much
programming freedom which can lead to
higher chance of errors

Table 6: SWOT analysis

4.1.4 Comparing the two models with the comparison framework

The different principles from the comparison framework described in chapter 3 are discussed in this

section. Table 7 gives the filled out framework for the models made in both tools. The (B) represents

the BPMone model and the (M) represents the Mendix model.

Case study level
study requirements?

Does the model meet the case

(B) Requirements met

(M) Requirements partly met

Design level

Can (part of) the model be reused?

Is the workflow path displayed?

(B) Reusability not possible

(M) Reusability not possible

(B) Displayed at run time and design time
(M)Displayed at run time and design time

Language level
create the model?

How many elements are needed to

Can a group of elements be abstracted
to one element?

(B) 94
(M) 445

(B) Abstraction not possible
(M) Abstraction possible

Tool level
support available?

Is documentation and (online)

How user friendly is the tool?

(B) Available
(M) Available

(B) Medium
(M) High

Table 7: Comparing the two first version models
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The workflow path is displayed at run time and design time in BPMone by a built-in feature. This
feature is created in Mendix. Both tools have an extensive documentation and online support
availability. The possibility to abstract a group of elements is available in Mendix, but not in BPMone.
This feature benefits the user friendliness of the tool, since for example large microflows can be
abstracted into smaller versions with better overview. Also the creation of forms is highly intuitive in
Mendix, whereas for example the size of the different element on a form in BPMone cannot be
quickly changed. The user has to manually insert the height and width in numbers, instead of the
expected drag and drop option. Certain principles require some extra explanation, which is covered
in the following corresponding sections.

Requirements

A quantification of how many of the requirements are met for each tool is shown in Table 8. Some of
the theoretical requirements from chapter 1.2 are cooperative work support, communicability, and
reusability. Reusability is not really provided in either of the tools. Concerning the communicability
aspect, both applications have a clear overview of the process, so both applications can be used to
communicate between the different users. The cooperative work support is reviewed in the S.W.0.T.
analysis. Both applications are representing the correct model and whether the required options
indicated by the Network can be used by the user of the application is shown in Table 8. This table
shows the requirements set by the Eye Care Network. For each requirement it is shown whether
Mendix and/or BPMone meets it. The possible answers are + for ‘requirement met’, - for
‘requirement not met’, and ++ for ‘requirement met very good’.

Requirement Mendix BPMone
Accessibility options for different users + +
Overview of the entire system + +
Status overview + +
Possibility to deviate from the uniform + ++
plan

Possibility to add users + +
Process monitoring - +

Table 8: Relevance comparison based on requirements

Both tools have created different levels of accessibility for the different users. Both tools have
created an overview of the entire system and an overview of the status of each case. The skip/redo
functions give BPMone one more point compared to Mendix’s possibility to deviate from the uniform
plan. In Mendix it is possible to deviate from the standard sequence of steps, but when a step is
redone, the information filled in on a form from the first time, will be lost. In both tools a user can
easily be added. The process monitoring part is only available in BPMone. BPMone also has the
build-in functionality to simulate the use of the process. Based on the input information an animation
can be created to quickly see the cases run through the process. Mendix does not have this option.
Based on Table 8, the requirements principle of the comparison framework is won by BPMone.

Required elements

To actually quantify the differences in modeling effort (efficiency), all the different elements that
were needed to create two working models are summed up in Table 4 and Table 5. Mendix needs
more than four times the number of elements that are needed to create the same model in BPMone,
as can be seen in Table 7. Based on the opportunity to re-use (parts of) the models, both tools fall
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short. When a new model is created, the modeler basically has to start from scratch. So the required
elements principle from the comparison framework is clearly won by BPMone.

Conclusion

In the context of this case study in the healthcare domain, with the required level of flexibility, the
comparison framework in Table 7 shows the application build in BPMone is the better one of the two
applications. More user requirements are met, and this is achieved with less elements. This is with
the assumption made that no strange design choices are made which could have influenced the
needed amount of elements in both applications.

4.2 Improved models

So in the context of this healthcare case study, BPMone proved to be the better of the two tools. a
certain number of aspects of the Mendix application can be improved to see if this improved version
scores better compared with the BPMone application. These improvements are valid for the case
studied in this thesis, in this healthcare domain, with the flexibility by design aspect. Since the only
adjustments that can be made to the Mendix application are in the design level, that level was
adjusted. The adjustments made to the Mendix application were influenced by the stronger features
of the BPMone application. For example ‘skip/redo’ feature is recreated in Mendix. Another
improvement is aimed at improving the reusability aspect of the application, to compensate for the
larger number of required elements. BPMone was already the winner, so no improvements are made
for that model. First the improved Mendix model is explained and then the comparison framework is
used again to make a new comparison.

4.2.1 Mendix model

Mendix’s primary weakness is the lower level of abstraction, compared to BPMone. This results in
the need of a higher specification effort, which leads to the risk of making bad design decisions.
Decisions that are already taken implicitly in BPMone. One example of the need of a higher
specification effort is the lacking process monitoring part. This part is standard in BPMone, but has to
be created in Mendix. The further improvements made to the Mendix model are mainly aimed at
improving the efficiency, and then specifically the re-using possibility. The created patterns are
reusable and even generalizable outside of the healthcare domain, this is shown in section 4.2.1.1.

To recreate the skip and redo feature from BPMone, some additions were made to the Mendix
model. The steps that can be performed more than once have received a logfile activity, so the
information filled out during the first time is not lost, when the step is redone. On the home form
there is the opportunity to directly go to each form the user wants, so when certain steps can be
skipped, this is possible. In this way, the user can choose the skip and redo options at runtime.

The first Mendix model had one microflow for creating each form, so 15 microflows were needed to
create all the used forms. With these 15 microflows, also 15 event handlers were needed to
automatically create these forms after creating a new case. In the improved model, one initial
microflow (‘initHCcase’) is modeled to create all the forms needed in a case. So this is 14 microflows
and 14 event handlers less than in the first version. The microflows to check the form completeness
and the microflows to go from the Home form to a selected form are the same as in the first version.
The other major change is the underlying technique for the ‘to next’ button. Instead of one form for
each button, like in the first version, there is now one microflow ‘proceed’, which either calls a next
form from microflow ‘toNextFormTrue’ or from microflow ‘to NextFormFalse’. These microflows are
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almost the same, so only of them is manually created and the other one is duplicated. In this way the
improved model has more elements in its microflows, but since they are not manually made, this is
not a problem. The only difference between the two microflows is the association that is retrieved in
the beginning (see Figure 12). Either the NextFormTrue or the NextFormFalse association is
retrieved. This is also based on an improvement in this model. All form entities are generalizations of
the abstraction form ‘AbstrForm’. The initial microflow decides the sequence of the flow, which
varies for the NextFormTrue and the NextFormFalse association. The ‘proceed’ microflow checks all
the values entered in the current form, and depending on these values, either the microflow
‘toNextFormTrue’ or the microflow ‘to NextFormFalse’ is called for. In this way for example the ‘to
next’ button on form 8 opens either form 5 or form 6, depending on the information filled out on
form 8. Figure 12 shows part of the ‘proceed’ microflow which makes this happen. When the
outcome of the exclusive split is ‘no’, the microflow ‘toNextFormTrue’ is called, in which form 5 is
given as output, when form 8 is the input (see bottom part of Figure 13).
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Figure 13: Part of microflow ‘proceed’; Mendix improved version model
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An extra sub-microflow is created for the path of choice (like the example for form 8 in Figure 13) for
form 3. This is done since this form is rather big because it includes three options in one form. So in
the ‘proceed’ microflow only a link to the sub-microflow is shown.

Besides these changes, the working of the model is the same as the first version model. The model
starts again with the Home form. A new case can be created there, and the process can be started by
clicking on button ‘to F1’. Or another form can be chosen as a starting form, since all forms can be
directly accessed from the Home form.

4.2.1.1 Generalizable improvements

As mentioned in section 4.2.1 are the patterns created in Mendix reusable in other models, and even
generalizable to domains outside of the healthcare. To prove this claim, the patterns are reused in
another model. The model is based on a process in a bicycle factory. This process is described first,
before the process model is discussed. This process is used exclusively for research and educational
purposes. Adapted from “Towards Designing Modular and Evolvable Business Processes”, Van Nuffel,
Universiteit Antwerpen 2011 (Nuffel, 2011).

Process description

A small company is manufacturing custom build bicycles. As soon as the sales department receives
an order, the business process is started. Each manufacture request is denoted as a separate order.
In the first step, the order is registered and the customer details are noted as well. The next step is to
evaluate the order. At first there is an engineering check and a financial check. First, based on the
number of parts needed and the way to procure them, the order type is determined:

o If the bicycle needs less than 100 parts, either bought or custom made, the order is
categorized as “easy”;
e If the bicycle needs between 100 and 500 parts, the order is categorized as:
0 “easy”:if all parts can be bought;
o “difficult”: if some parts need to be custom built.
e If the bicycle needs more than 500 parts, it is categorized as “complex”.

Next, the financial check depends on the outcome of the engineering check: if the order is easy and
the expected revenue of the order surpasses $5,000, the order receives a financial status “ok”. A
difficult order is only accepted if the expected revenue is at least $7,500; if the revenue ranges
between $5,000 and $7,500, the order is attributed the status “medium”. A complex order will only
be accepted if the estimated revenue exceeds $10,000, and receives the status “medium” when the
revenue is between $7,500 and $10,000.

After the engineering and financial checks, a senior manager verifies the order to check whether it
fits the style of the company. Orders with the financial status “ok” will be accepted, regardless of the
manager’s decision. Orders with a Medium financial evaluation will only be accepted if the
evaluation of the manager is “high”. In case the order is rejected, the customer receives a
notification. When the order is accepted, the engineering department will start including the order in
the production schedule and performs a number of assembly preparation tasks; checking if the
required quantity of each part is available. When all the parts are available, the bicycle can be
manufactured. If not all of the parts are available, the missing parts need to be ordered. At that
moment is check is performed whether it is possible to order the needed parts. If this is not the case,
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the customer is informed that the order cannot be completed at this point in time. When the parts
can be ordered, this will happen, and the manufacturing of the bicycle will start when the parts
arrive. After assembly, the bicycle is shipped and invoiced. When the payment from the customer is
received, the case is closed. Appendix Figure 12 shows the process model of this case, which is used
as an input for the Mendix model.

So the domains of the cases differ, but the same flexibility type (flexibility by design) is required. The
main process flow is known (and shown in the process model in Appendix Figure 12), but some
deviations are possible again. The managerial check is not always necessary, as described, so it
should be possible to skip this step. Also the opportunity to redo certain steps is required in this case.
For example, when something goes wrong during the manufacturing phase, this phase needs to be
executed again. The check whether all parts are available could also be performed more than once.
Especially with the complex bicycles (more than 500 parts), it can happen that the manufacturer
discovers that more parts are needed, during the manufacturing phase. At that moment it should be
checked whether those parts are also available. When these parts are not available, they need to be
ordered, so this process can also be performed more than once. So the same skip and redo
functionality from BPMone, that was recreated in the Mendix patterns can be used in this case. The
steps that can be performed more than once (form 4 and form 6) have received a logfile activity, so
the information filled out during the first time is not lost, when the step is redone. The home form
has the opportunity to directly go to each form the user wants, so when certain steps can be skipped,
this is possible. In this way, the user can choose the skip and redo options at runtime.

Bicycle model in Mendix

The basic idea of this model is the same as for the glaucoma model. There is a Home form (see
Appendix Figure 13) with which the application starts. On it, all the different forms can be accessed
via the ‘To Fi’ buttons. The microflows connected to these buttons are re-used from the improved
glaucoma model. Besides that, the status of the case can be seen on the Home form, by checking
whether each form is completed or not. The microflows doing this are also re-used from the
improved glaucoma model. Next there is also the microflow ‘initCase’ that is performed
automatically when a new case is started. This microflow shows the sequence throughout the
process. This microflow is re-used from the ‘initHCcase’ from the improved glaucoma model. Then
there is the ‘proceed’ microflow which is also adapted from the improved glaucoma model. As can be
seen in Figure 14, the idea is the same. The information filled out in form 4 is checked, and the
exclusive split decides whether ‘toNextFormTrue’ or ‘to NextFormFalse’ is called for. Form 4 checks
whether all the parts are available. If not, ‘toNextFormFalse’ is opened, and as can be seen in the
bottom part of Figure 13, form 6 will be opened next. Form 6 is the check whether it is possible to
order parts. This is all in line with the process model in Appendix Figure 13.
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So actually all of the microflows and the forms used in this bicycle factory model are adjusted
version, reused from the improved glaucoma model, which is a plus for the economic efficiency. This
is further described in section 4.2.2.

4.2.2 Comparing the two models with comparison framework

The Mendix model is changed a lot, so all these values are reevaluated. The BPMone model has not
changed, so these values are the same as in chapter 4.1. The comparison framework is used again to
compare the improved Mendix model, with the first version BPMone model. Table 9 gives the filled
out framework for the models made in both tools. The (B) represents the BPMone model and the (M)
represents the Mendix model.

Does the model meet the case
study requirements?

Case study level

(B) Requirements met
(M) Requirements partly met

Design level

Can (part of) the model be reused?

Is the workflow path displayed?

(B) Reusability not possible
(M) Reusability possible

(B) Displayed at run time and design time
(M)Displayed at run time and design time

Language level

How many elements are needed to
create the model?

Can a group of elements be abstracted
to one element?

(B) 94
(M) 474

(B) Abstraction not possible
(M) Abstraction possible

Tool level

Is documentation and (online)
support available?

How user friendly is the tool?

(B) Available
(M) Available

(B) Medium
(M) High

Table 9: Comparing the improved Mendix model with the first BPMone model

The requirements principle has not changed in Table 9, but it has changed a bit. This can be
qguantified by comparing how many of the previously noted requirements are met for each tool.
Table 10 shows the requirements set by the Eye Care Network. For each requirement it is shown
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whether Mendix and/or BPMone meets it. The possible answers are + for ‘requirement met’, - for
‘requirement not met’, +/= for ‘requirement partly met’, and ++ for ‘requirement met very good’.

Requirement Mendix BPMone
Accessibility options for different users + +
Overview of the entire system + +
Status overview + +
Possibility to deviate from the uniform + ++
plan

Possibility to add users + +
Process monitoring +/- +

Table 10: Relevance comparison based on requirements

The only part missing for the Mendix model in this comparison is the process monitoring part. As
improvement to the improved glaucoma model, some logging activities are added. The forms that
can be accessed more than once per case, have received a log-activity in this version of the model.
Since no built-in process monitoring activities are available, the BPMone model still wins on this
requirement, but the Mendix model has already improved. Based on Table 10, the requirements
principle of the comparison framework is still won by BPMone.

Besides this requirements principle, the only other two principles that have changed are the number
of used elements, and the reusability of the model. To quantify these differences both principles are
discussed in the following section.

Number of elements needed & reusability

To actually quantify the differences in modeling effort, all the different elements that were needed
to create two working models are summed up in Table 11. The numbers between brackets are the
values for the first version Mendix model.

Tool Different elements needed Amount Total
Mendix e Attributes 45 (57)

e Entities 17 (16)

e Enumerations 3(3)

e Forms 17 (17)

e Microflows 35 (60)

e Elements in microflows 341(262)

e Event handlers 16 (30) 474 (445)
BPMone e Activities 17

e Applications 17

e Dataelements 43

e Forms 17 %4

Table 11: Comparing elements needed in both tools for the improved version

Mendix still needs more than four times the number of elements that are needed to create the same
model in BPMone, as can be seen in Table 8. But what is improved in this version is the opportunity
to re-use (parts of) the model. The reusability of the improved model has been proven in section
4.2.1.1. The model is not only reusable for most parts in a similar case, but it is even reusable for a
case from an entirely different domain (from healthcare to manufacturing) but with the same
flexibility by design requirement.
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So maybe more elements are needed in this improved model, which lowers the efficiency, but the
level of reusability is very high, which improves the efficiency. This higher number of elements only
need to be created once, after which they can be used for other models. So added the number of
elements is a one time job, which can save a lot of work in the futures. As described in section
4.2.1.1, almost all elements were reused in the bicycle factory application. Since all attributes,
entities, enumerations, forms, and microflows need to be adjusted, it still requires some work, so
these elements cannot be neglected. The event handlers that were reusable did not require any
adjustments, so these elements can be neglected. But the biggest difference is in the amount of
elements needed in the microflows. Still a lot of those elements needed to be adjusted or even some
elements needed to be added, but a good amount of elements were reusable without adjustment.
Since the amount of elements needed in the microflows depends on the data requirements (which
decides the amount of information on each form), it is difficult to quantify an exact number of
reusable elements in the microflows that will not require any alteration, if the microflows were
reused in another case. But when this application would be reused for a similar sized case, and the
assumption is made that half of the elements in the microflows can be reused, without alteration,
that is already 170 elements. The difference between the required elements in Mendix and BPMone
was 380. When the improved Mendix model is reused for three similar sized cases (with the same
flexibility requirements), the Mendix model is more efficient than the BPMone model, since the
BPMone model falls short on the reusability aspect. Because every activity or data element needs to
be altered for a new model, it is probably faster to start from scratch when making a new model. The
Eye Care Network has different hospitals connected, who treat all kinds of eye diseases according to
standardized treatment paths. From this aspect it is not that difficult to find three similar cases that
can be model reusing the improved Mendix model. Taking this into account, the economic efficiency
principle is won by the improved Mendix model.

Conclusion

In the context of this case study in the healthcare domain, with the required level of flexibility, the
comparison framework in Table 9 shows the application build in BPMone still seems the better one
of the two applications. But when the reusability aspect as described in the previous section is taken
into account, and the Eye Care Network (or any other company that requires process models)
requires more than one process model application, Mendix is also a good alternative, since they also
win on user friendliness. But looking at the user requirements, the process monitoring aspect is still
won by BPMone. So actually no clear winner can be seen with these improvements made to the
Mendix model.
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5. Conclusion

The goal of the present study was to examine which BPM approach is the best in meeting the
requirements for the business process of the Eye Care Network. Furthermore, the study generalized
the solutions outside of this specific healthcare domain. The business process chosen to model was
the treatment path a glaucoma patient would undergo in a hospital connected to the Eye Care
Network. The Eye Care Network had multiple goals for the business process models. First the
application should support automated execution, by using the application to support the hospital
staff in its work. In this way not all tasks are required to be performed manually which can save both
time and errors. Besides this enactment goal, the Eye Care Network has some other goals which
include facilitating communication between the different players in the network, and possibly
supporting process improvement. By using process monitoring, and the option to do some
calculations on these outcomes, the actual standard patient flow can be found out. This can be used
to possibly adjust the standard treatment path when it shows that this is not the most used path.
Some of the requirements linked to these goals are cooperative work support, communicability, and
reusability. These requirements were also considered at the comparing of the two approaches.
Besides these theoretical requirements for the process models, the Eye Care Network has provided
some user requirements for the models to comply to. The first requirement is process monitoring
support. Furthermore, there should be the option to add new users. It should be able to divide these
users into different categories, who have different levels of access to the models. It should be
possible to have an overview of the entire process, as well as a status overview of the different cases
in the process. Finally, there was a flexibility requirement, which demanded the possibility to deviate
from the uniform plan. These deviations can be seen as anticipated changes, that can be dealt with
supporting strategies during the design of the application. In other words, the required type of
flexibility for this particular case was flexibility by design.

To meet (as many of) these requirements, two different BPM approaches were studied and used. The
first approach was the case handling paradigm, which has the goal to overcome the limitations of
former existing workflow management systems. The second one is model driven engineering (MDE),
as a software engineering approach. For each approach, a matching tool was chosen to produce the
model. BPMone from Pallas Athena was selected as case handling tool, while Mendix was the
selected tool for MDE. Although Mendix is not a typical MDE tool, it falls short on two of the three
MDE concepts, it is a popular tool, with Dutch roots, well-known customers and well-known
partners. Therefore, Mendix was chosen.

Based on already existing frameworks, a comparison framework was formed to objectively compare
the models made by each approach. To have a complete comparison the framework described the
following four levels; case study level, design level, language level, and tool level. The seven
principles divided over these four levels were; meeting the requirements, model reusability,
workflow path display, efficiency (amount of elements needed), element abstraction possibility, user
support, and user friendliness.

With both tools, a first version of the glaucoma process model was prepared. All the different aspects
of the models were considered and compared using the comparison framework. BPMone was the
better one meeting the requirements and on the number of elements needed. The principles
reusability, workflow path display, and documentation showed no clear difference between the two
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tools. Mendix was the better one based on the abstraction and the user friendliness principle. The
overall score is in favor of the glaucoma model, made with BPMone.

Although BPMone seems to be the best, the Mendix model could still be improved. The only
adjustments that can be made to the Mendix application are in the design level, so that level was
adjusted. The adjustments made to the Mendix application were influenced by the apparently
stronger features of the BPMone application. For example, the ‘skip/redo’ feature is recreated in
Mendix. Also the reusability aspect of the application was improved, to compensate for the larger
number of required elements. BPMone was already the winner, so no improvements are made for
that model. Both models lacked the reusability aspect, although this was one of the theoretical
requirements. Therefore, this was the main focus for improving the Mendix model. A number of
patterns were added to the Mendix model to improve the reusability of the model. To prove these
patterns were reusable, a totally different case was described and the improved glaucoma model
was reused to model this new case. It was not only a different case, but it was also a case from a
different domain, but with the same flexibility by design. This case was no healthcare case, but it
represented the manufacturing process of a small bicycle factory. All the microflows and all the
forms used in the Mendix model were reused from the improved glaucoma model.

Based on this new Mendix model, and the unchanged BPMone model, a new comparison was
performed. The workflow display, abstraction option, documentation and user friendliness principles
have not been changed, so these values were the same as with the first version models. The changes
made to the Mendix model were visible in the reusability and efficiency principle. Although the
number of elements needed in the improved Mendix model is still a lot higher than the BPMone
model, and even higher than the first Mendix model, the reusability can make up for this issue. All
the comparison principles taken together resulted in the finding that there was no longer a clear
winner. BPMone was only the better one on the requirements principle. The principles workflow
display and documentation showed no clear winner, and Mendix was the better tool based on the
reusability, abstraction, and user friendliness principle. The number of elements required principle
depends on the situation.

The goal of the present study was to check which of the two approaches — case handling or MDE —
meets the requirements from the Eye Care Network the best. Two comparisons were made. Case
handling (BPMone) scored higher than MDE (Mendix) on one of them, while the other comparison
showed no clear winner. Since both approaches were acceptable, it really depends on the situation
which one of them is most suitable. When only one process model is needed (with the same user
requirements and flexibility requirements as stated in this study), modeling with BPMone is highly
preferable based on the required modeling effort. When multiple processes need to be modeled,
Mendix is recommendable based on the reusability aspect. Developing the first model would require
more time compared to the BPMone approach, but all other models can be created by reusing parts
of this first model. With the assumption that half of the number of elements needed in the Mendix
microflows can be reused without alteration, the extra effort required for the first Mendix model is
accounted for after making three similar models. In this case, with the Eye Care Network, who treat
all kinds of eye diseases according to standardized treatment paths, it is not that difficult to find
three similar cases that can be modeled reusing the improved Mendix model.
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Future research

As previously mentioned, the improved Mendix model still falls short on the process monitoring
aspect, which is with a standard option in BPMone. Therefore, some new patterns could be created
in Mendix, to recreate this feature. With this extra feature in place, a new comparison could be
performed to check whether Mendix would then perform better than BPMone.

Another interesting subject for future research is the aspect of Mendix not being a typical MDE tool.
As described in the introduction, Mendix falls short on two out of three main MDE concepts
(metamodel and transformations). Therefore, it could be examined if Mendix would score even
better — compared to BPMone — when it would become a more typical MDE concept.

Moving towards the MDE concept means complying to more than one of the three main MDE
concepts. After creating the different patterns in Mendix, a subject for future research could be
adding transformations to the Mendix solution. For example, when the initially created microflow
‘initHCcase’” would be automatically generated by means of model transformations. In line with the
previous work of Van Gorp and others (Van Gorp & Eshuis, 2010), some modeling efforts can be
avoided. This could possibly lead to even better results for the Mendix model, compared to the
BPMone model.
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49



Tool

+

BPMone
Tool from
Pallas Athena

FileNet Business
Process Manager
Tool from IBM
“FileNet manages
workflow among
people and systems
for content and case-
based processes.”
(IBM, 2011)

BizFlow BPM Suite
Tool from HandySoft
“BizFlow is a full
featured, dynamic
BPM solution
platform. Everything
needed to
collaborative, process-
driven application is
included.” (HandySoft,
2011)

Sequence

Tool from PNMsoft
“Sequence BPM
software enables your
organization to
establish, maintain
and continually
improve efficient and
effective processes for
better business
performance.”
(PNMsoft, 2011)

Highly intuitive for business roles
due to high leverage of visualization
and animation technologies.
Intuitive and unique automated
business process discovery
capability that contributes
significantly to process optimization.
Strong support for process
dynamism in production.
Value-based pricing model that
appeals to clients.

Supports greater change control
over process aspects by business
roles.

FileNet Business Process Manager
emits events.

FileNet offers a very broad and deep
set of industry solutions through its
partner channel.

Well-proven for content-intensive
process interaction patterns, in
which changes to one element
trigger changes to other elements.
BizFlow handles unstructured and
collaborative processes well.
BizFlow is proved with collaborative
human workflows in large-scale,
complex installations.

HandySoft has a strong partner
channel of value-adding resellers.
HandySoft has attractive prices.

Provides good support for
unstructured and highly
collaborative processes.

Highly integrated with Microsoft
Office (because of its Business
Process Alliance membership with
Microsoft).

One of the few to target
professional service providers.

BPMone requires unique
development and system
administration skills.

The modeler is not based on
open standards, like BPMN.
The runtime environment is
not based on open Web
service protocols.

There are few installations
beyond the Benelux region.

FileNet is not as intuitive in
its ease of development and
execution.

FileNet has not maintained a
high level of innovation in its
BPM features.

FileNet is mostly aimed at
content-heavy usage
scenarios.

Most installations are only in
government sector.

Low brand recognition as a
BPMS provider.

HandySoft’s focus on the
BPMS horizontal market has
wavered in the past years.

Geographic presence is
primarily in Europe.

Low brand recognition and
buyer awareness.

Few partners or solution
accelerators available.

Appendix Table 1: BPMone competitors comparison (based on Gartner’s Magic Quadrant (Sinur & Hill, 2010))
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Appendix Figure 2: Reference Concept Map for Model Driven Engineering

4
The numbers in the figure represent the references, where 6 represents (Bézivin, 2006), 7 represents

(Business Process Management Initiative (BPMI), 2004), 8 represents (White, 2004), 9 represents

(OMG, 2008), 10 represents (Truyen, 2006), 11 represents (Fowler, 2004), and 12 represents
(Meertens, lacob, & Nieuwehuis, 2010).
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Tool + -

Mendix Runs on each operating e Since Mendix immediately
system and works with generates a web
every internet browser application, instead of
Mendix App store has lots of actual code, there is a risk
custom widgets to enrich that the modeler pays little
the user interface attention to version
Makes use of open control and release
standards as much as management.
possible e Since there is no code, it is
Cloud services not possible to reuse the
Every change made to the models in another tool.
model is immediately
reflected in the web
application
SAP Certified

Skelta Cloud services e Only aimed at Microsoft

“Skelta BPM provides a solution
for BPM requirements of every
class. Skelta BPM is an
enterprise wide Business
Process Management and
Advanced workflow solutions
product. It provides enterprises
with a strong and collaborative
platform to develop a business
application, using a seamless
and efficient process model.”
(Skelta, 2011)

Outsystems

“Outsystems the Agile Platform
is a complete solution to deliver
your custom enterprise web
apps with high productivity.”
(Outsystems, 2011) It enables
companies to create, modify
and maintain entrepreneurial
applications that can be
changed during each stage of
its life cycle.

BizAgi

Bizagi Business Process
Management solutions makes
modeling, executing and
improving business processes

Advanced BPM workflow
software functionality
Highly integrated into °
Microsoft, which gives to
opportunity to feed tasks to
the user’s Outlook, so user
friendly

Advanced reporting

Cloud services and mobile °
apps

Based on .NET and Java
Continuous integration, so
after implementation, the
processes can immediately

be tested by supplier and
customer

Sap Certified °
Easy access audit trail

Graphical tool that allows °
you to easily model business
processes with the BPMN
notation (Novotny, 2009)

Every change made to the

(.NET) technology

No use of open standards
Low user experience, no
custom apps/widgets to
add

Since Mendix immediately
generates a web
application, instead of
actual code, there is a risk
that the modeler pays little
attention to version
control and release
management.

Since there is no code, it is
not possible to reuse the
models in another tool.
Company originates in
Portugal, first Dutch
consulting partner in 2010

BizAgi is functionally less
complete compared with
other leading pure-play
BPMS tools (e.g., rules and
simulation/optimization)
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easy for everyone, no matter
how small or big the company
is. To manage the complete
process life cycle, the platform
consists of three tools; Bizagi
Process Modeler (diagram and
documentation module), Bizagi
Studio (construction module)
and Bizagi BPM Server
(execution and control
module). (Bizagi, 2011)

model is immediately
reflected in the web
application

Java-based and Windows-
based versions

More suitable for beginners
and presentations

(Sinur & Hill, 2010)

As is to be expected of a
newer product, users
report various weak areas,
including the forms
designer, the integration
layer, documentation, and
few skilled consultants
(Sinur & Hill, 2010)

Does not support
simulation, animation or
analytics

Less suitable for analytics
or larger projects (slower
with large number of
models

Appendix Table 2: Mendix competitors comparison

53



Appendix 3

HCcase

-PatientMame

-BEN

-DateOfBirth

Make appointment

First examination

-CorrectReferral
-AppointmeantDate

Decisions

-EyeSight
-EvePressuraleaft

-EvePressuraRight

-GDXnotes
-MNotes

-GlaucomaDecision
-OculairHypertension
-Heredity
-DecisionNotes

Meets criteria

-MeetsReferralCriteria
-OptionNaotes

Plan Ophthalmologist

Plan regular consult

Ophthalmologist consult

Stable glaucoma

-PlanOphthalmologistConsult -PlanRegularConsult -EyeSight -StableGlaucoma
-EyePressureleft -StableNotes
I-EyeFressureRight
-Motes
GDX Regular consult HFA required HF A
-GDXmade -EyeSight -HFArequired -HF Aperformed
-GDXnotes -EyePressuraleft -HFAnotes -HF Anotes
-EyePressuraRight
-Notes

Deviations Ophthalmologist consult2 Plan next consult Out of system
-Deviations -EyeSight -NextAppointmentType -OutOfSystem
-Notes -EyePressureleft -PlanNextConsult

-EyeFressureRight
-Motes

Appendix Figure 3: Class diagram of data requirements
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Appendix Figure 4: Cataract input process model
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Appendix Figure 5: Glaucoma
input
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Appendix 5

£ Module security ‘Glaucoma’ 1
| Module roles | Form access | Microflow access
~~ Open microflow
Microflow « Navigation Assistant Doctor =l
W I
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Appendix Figure 6: Security settings
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F2: first examination

(L0 [FO2]

Eye sight |[EyeSight]

Eye pressure left |[EyePressureLeff]

Eye pressure right [[EyePressureRight]

GD xnotes [GD¥notes]

Notes [Motes]

|E|] Save ||X Cancel ||O Next|

Appendix Figure 7: Example Mendix form from Glaucoma First Version

/@ Mendix| 25 e e T e e R

€ € O localhost:30¢

Ut mendix

Administration ~ HomeForm

[ searcn] (g Hew | Est| [gDeste @ ToFdl © ToFtz | @ Tord3| © ToFdé |© ToFds @ ToF0s © ToF07 || © ToF8| @ ToFds @ ToF10 @ ToFtt | @ ToF

O ToF13| O ToFu| O ToF15

Patient name -~ BSN  Date of birth F01Done  FO2 Done F03 Done F04 Done F05 Done. FO6 Done FOT Done F08 Done F08 Done F10 Done F11 Done F12Done  Fi3Dome F14 Done F15Done

Patient 2308467 41111980 Yes Yes Yes No Yes N Mo Yes Ves Yes Yes ves 0P

Patientt 3048677 | 4idr1084 Yes Yas No Yoz to o ves No No Mo No No Mo No Ho
Powered by Mendix

Appendix Figure 8: Mendix home form from Glaucoma First Version
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Appendix 6

) BPM | one - Mozilla Firefox

Ele Edit Miew History Bookmarks Tools Help

@ + @ 2 G |8 httpyiflocahost:S000]index. bl

v7 -] [#8- o
| S orrjone [
+ BPM]|one® &5 ophthalimalogist P Help = E-Learning S& settings | () about | © sign out
&
Gase Type [Glaucorna
& search 0
Create
=
Cataract 4
— Create and Start
=
£ case Instances ) | oo
= dlaucoms 4 Start with action
[] Just the action
[] Read-orly
Gearch p!
Marne ||
b search
Patientt ~=
n
Patient2
i Print
L Patienes
n
L Patiened

a worklists =

B ®
& Glaucoma = Cataract

Done

Appendix Figure 9: BPMone worklists
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& search o )
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& cataract 3 Ho
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: X e
£ daucoma 3 R —
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Redo Jeucoma
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GDK
Reguiar corsuft
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. Worklists aﬁlau(nma ;Eatara(l %'zun':/znu 15:38:07 - Case Guide
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Appendix Figure 10: BPMone skip/redo function; Glaucoma model
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) BPM | one - Mozilla Fi
fle Edt View Higory Bockmarks Took  Help

6 - G X @ (8 ntpiflocahostiso00 index.himl

&) BPM|one

7| Google

4 BPM]O arning | 53 Settings | () About | & sign out
[ s Dae: User Event Edt Pos  Stat Name Vahe Ei|
2 search 0Jul 24, 2011 3:38:07 PM reception nace status [ Main Process A
1 Jul 21, 2011 3:38:07 P recegtion node status 4 Register patiert |
o Cataract 20Ul 21,2011 3:3520 PM reception data set Patisrthiame Guyan
3 Jul 21, 2011 33821 P reception data set =0 230948
2 [ Case Instance]
4.0ul 21, 2011 33821 P recegtion node status le v Register patisrt
L claucoma 50Ul 21,2011 313821 P reception notie status 4 Wake appaintment
6 Jul 21, 2011 3:38:24 P reception data set DatedBirth 1 9850806
7 Jul 21, 2011 3:36:27 P recegtion data set CorreciReferral true
6 Jul 21, 2011 313827 PM reception nocle status e v Wake appaintment
9 Jul 21, 2011 3:38:27 P recegtion node status 4 First examination
100Ul 21, 2011 5216 P opfthamalogist  dlata set Patisnthiams Patient!
11 Jul 21, 2011 3:55:53 PM opfthamalogist  dlata set EyePressurelett 3
12 ul 21, 2011 3:56:02 P ophthamologist et set EyePressureRight 2
13 Ul 21, 2011 3:56:42 Pt opfthamalogist  dlata set Eyesight 2
14 Jul 21, 2011 3:56:42 P ophthaimologist  noce status o v First examination
15 ul 21, 2011 3:56:42 Pt ophthaimologist  noce status le v Decisions
16 Ul 21, 2011 3:56:42 P opfthamalogist  noce status + Meets criteria
AT dul 21, 2011 35714 P ophthaimologist U node status le ~ Meets oriteria
] T B3
Print selected ][ Print Il Close |
Click or right-click on buttons
a Worklists Eﬁlau(nma 2 E(atara(l =2 i’zum/zun 15:38:07 - Case Guide 2

Done

Appendix Figure 11: BPMone History; Glaucoma model
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Appendix 7

Appendix Figure 12: Bicycle factory
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Appendix 8

Mendix | 25 x .
e

C | @ localhost:8080/#1311592965083 515

A

(1 mendix

Administration = Start

M Search [ g New | [ Eal

o Delete @ ToF1 © ToF2 @ ToF3 @ ToFd O ToFs © ToFs @ ToF7 @ ToFs

104 ol
Order number A H (7] 2] M s ] 23 [
1 Yas Yes o to Ho No No No
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Powered by Mendox

Appendix Figure 13: Home form for Mendix bicycle factory model
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