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Management Summary 

What does this research explore? 
A Workflow Management System (WtMS) is an automatic system that manages a series of tasks 
within an organization. The system distributes tasks to employees and keeps track of the progress. 
The ever changing world we are living in today has led to the development where researchers are 
continuously inventing new concepts and paradigms to better deal with these changes. By now, a 
large number of workflow systems that follow different paradigms and use a large variety of 
concepts are available. The large variety of those systems and the fact that they are based on 
different paradigms makes it difficult to make a good comparison between them in order to 
choose the best system to serve a specific organisation. 
In an attempt to find a solution to this problem, different researches have been performed. These 
researches were done with the goal to create a framework (tool) that helps enterprises making a 
good comparison between systems. A literature review has showed that none of the frameworks 
proposed in the different papers put emphasis specifically on measuring (evaluating) the system's 
flexibility while flexibility is essential in dealing with the changes required by our ever changing 
world. Moreover, these frameworks are all theoretical approaches in the sense that they are not 
based on empirical studies where the different systems are actually put into operation in order to 
compare their performance with regard to flexibility. 

Therefore this research was carried out in order to find an answer to the following two questions: 

• In which way can the flexibility of workflow systems be empirically measured? 
• Does the empirical measurement of flexibility capture a different aspect (compared to the 

existing frameworks) which affects the selection of the best workflow system for a 
certain situation? 

How is this explored? 
The two research questions stated above were studied as follows. First an empirical evaluation 
method was created which was used to compare a selected sample of workflow systems, and then 
the framework of Berger et al ( 1997) was used to compare the same systems. The ranking that 
resulted from the two methods were compared in order to answer the second research question. 

Empirical method 
The first step of the empirical method was to create two processes (a skin cancer treatment 
process, and an investment process at a bank) which had to be run by the systems that were 
compared. The choice was made to use these two processes because the medical area is a new 
field where the workflow management systems technique is applied and need a considerable level 
of flexibility to cope with uncertainties. And the bank process was chosen because it is one of the 
areas where workflow systems are used the most. Then 8 scenarios were developed to be 
presented when the systems are running the created processes. A scenario is the description of a 
situation where a certain exception occurs and needs a special form of handling. Subsequently 
some cases were created which are the patient arriving at the clinic and the clients requesting a 
service of the investment bank. The scenarios were embedded in the case descriptions. The 
flexibility of the systems were measured using two metrics which are the number of scenarios 
supported by the systems (range) and the time needed to make the changes required in order to 
deal with the scenarios. This method was tested in an experiment were a selected sample of 
workflow systems were evaluated using the processes described here to handled the created cases 
that contained the scenarios. 
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Existing framework 
Besides the empirical method that was created in this research, an existing framework was also 
used to compare the systems. Here the framework of Berger et al. ( 1997) has been used. This 
framework was the framework that was most related to the experiment because as was the case 
for the experiment it also assessed the systems ability to deal with exceptions by making changes 
at runtime. This framework looks for examples at the capability of the system to enter activities at 
runtime, the moving of activities, skipping activities etc. which is related to the change patterns 
used in the empirical method. After the experiment the questionnaire provided by this framework 
was handed out to the vendors to be filled in. 

Participating workflow systems 
The systems that had been chosen to be used in this research were sampled using the purposeful 
sampling technique. This technique was used with the goal to have a sample that could be 
representative for the workflow systems population. The workflow management systems 
population consists of systems following a large variety of concepts and paradigms. Moreover, 
the vendors creating these systems all hold a different market position. 
Therefore, the systems were sampled in such a way that they covered at least half of the different 
paradigms found during the literature study and also the vendors creating the sampled systems 
had to hold distinctive market position. Additionally, these vendors had to be located in the 
Netherlands, and there had to be enough information about the systems available. 
This sampling phase had produced a sample of 8 systems. Four of the vendors of this sample had 
reacted positively to the invitation to participate in the research. These are: Pallas Athena 
(BPMlone), Metastorm, COSA Solution, and Vision-Flow. 

Main results 
The results of this research are presented in two parts. First the result of the experiment is 
presented, and then the result of the questionnaire of the framework of Berger et al. ( 1997). 

Result of the experiment 
The main result of the experiment is presented in the table below. The column, 'Nr not 
supported' , indicates the number of scenarios that was not supported by the different systems. 
The third column, 'Avg time', presents the average time needed to make the changes required to 
deal with the scenarios. 

The first column shows that Metastorm could handle all the scenarios presented during the 
experiment. COSA and Vision-Flow both could not deal with one of the scenarios while 
BPMlone could not deal with three of them. As far as the second column is concerned, a Kruskal
Wallis test showed that there was no significant difference between the times needed to make a 
change to the process schema for the different systems during runtime. Therefore the ranking that 
resulted from the experiment was mainly influenced by the number of scenarios supported by the 
system. 
The experiment produced the ranking presented in the following table: 
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Position System 
1 Metastorm BPM suite 
2 (3) COSA BPM suite I Vision-Flow 
4 Pallas Athena's BPMlone 

Result of the framework of Berger et al. ( 1997) 
The framework of Berger et al. (1997) produced a table containing the answer provided by the 
different WfMS vendors to all the questions stated in this framework. The table showed that 
Metastorm and COSA answered all questions with a "Yes". So, their systems contained all the 
features examined by this framework. Vision-Flow answered one of the questions with a "No" 
while Pallas Athena answered 3 of the question with a "No". This produced the ranking presented 
in the following table: 

Position System 
I (2) Metastorm BPM suite I COSA BPM suite 
3 Vision-Flow 
4 Pallas Athena's BPMlone 

Conclusion 
Concerning the first research question, this research has shown that workflow systems flexibility 
can be empirically measured by using an experiment where the systems are put into operation. 
Here metrics as range and time can be used to measure the systems flexibility. However it has 
been shown that there is no significant difference between the times that was needed to 
implement the changes using the different systems. 
As for the second research question, the result has shown that there was no difference between 
the ranking of the experiment (empirical method focused on flexibility) and the framework of 
Berger et al. (1997). Thus, this research has shown that a framework as the one of Berger et al. 
( 1997) can be used to get the same ranking as an experiment will produce. However, the 
experiment gives a deeper understanding of how the systems works, which cannot be given by the 
framework of Berger et al. (1997). Note that this research is based only on four WfMS, which is 
not a sound sample size to state a hard conclusion. 

Additional finding 
Besides the answer to the two research questions, the results of this study also suggest that there 
might be a negative correlation between short-term and long-term flexibility provided by the 
systems. Short-term flexibility is the ability to deviate temporarily from a standard way of 
working. Long-term flexibility is the ability to easily change the standard way of working (Soffer 
2005). Thus, a system providing short-term flexibility gives users the ability to deviate from the 
normal way of working without having to make any changes to the process and a system 
providing long-term flexibility gives user the opportunity to change the process schema at 
runtime. During the experiment it was showed that there were also systems providing both types 
of flexibility . But remarkably, a system that scored well regarding short-term flexibility did not 
score so well regarding long-term flexibility and visa versa. 
This finding has led to a further research proposal where this correlation should be investigated. 
And in case such correlation has been proved, further research should study how this correlation 
could be surpassed in order to create a system that supports the creation of flexible models and at 
the same time supports all type of changes at runtime. So, in other words providing both types of 
flexibility. 

Page I VI 



Contents 
Table of Tables ................................................................................................................. IX 
Table of Figures ........................................................................... ............. ...... ................... X 
List of terms ..... .............. ........ .............. ............ .. ...... ......................................................... XI 

1 Introduction ................................................................................................................. 1 

2 Related work ............................................................................................................... 2 
2.1 Workflow management systems definition .......................................................... 2 
2.2 Workflow management systems application ........................................................ 2 
2.3 Exceptions in workflow ..... ....... .... ....................................................................... 2 
2.4 Flexibility in workflow ............................................. ................. ........................ ... 3 

2.4.1 IT infrastructure flexibility ............ .............. .... .................. ........................... 3 
2.4.2 Flexibility in manufacturing systems ............................................................ 4 

2.5 Dealing with exceptions (exceptions handling) ................. ........ ........... ..... ... ....... 4 
2.5.1 Expected exceptions .... ........................... ... ......................... ........................... 4 
2.5.2 Unexpected exception ................... ................................................................ 5 
2.5.3 Workflow approaches (paradigms) .......... ..... ..... .... .................... ....... ............ 5 

2.6 Vendors market position (Gartner's Magic Quadrant) ........................................ 6 
2. 7 Comparisons (evaluation) of workflow systems ........... .... ............. .... .... ..... .. ....... 7 
2.8 Scenarios .............................................................................................................. 8 
2.9 Concluding from the related works ...................................................................... 8 

3 Project details .............................................................................................................. 9 
3.1 Problem statement ................................................................................................ 9 
3.2 Research questions ............................................................................................. 10 
3.3 Purpose ............................................................................................................... 10 
3.4 Significance ........................................................................................................ 10 

4 Research methodology .............................................................................................. 11 
4.1 The empirical method ..................... ..... ............................................................... 12 

4.1.1 Processes ......... .... ..... ......................... ........................ ..... .......... ..... ............ .. 12 
4.1.2 Scenario ....................................................................................................... 18 
4.1.3 Cases ........................................................................................................... 26 
4.1.4 Flexibility Measurement ............................................ ............. ........... ... ...... 26 

4.2 Existing frameworks .......................................................................................... 27 
4.3 The workflow systems (Participants) ................................................................. 27 

4.3.1 Collecting phase ... ..... ................... .. .... ............. .. .......................................... 28 
4.3.2 Sampling phase ........................................................................................... 28 
4.3.3 The Candidates ...................... .......................... ....... ..... ....... ..... ..... ....... ..... ... 28 
4.3.4 The participants ....... ........ ....... .... .... ............................................................. 30 

4.4 Data collection & Analysis ................................................................................ 31 
4.4.1 The experiment ........................................................................................... 31 

Page I VII 



4.4.2 The questionnaire ................................ ............................ ................. ..... ... ... 31 
4.4.3 Data analysis .... ..... ...... ...... ...... ...... ...... ......... .. ............. ..... ...... ..................... 31 

5 Results ........... .... ....... .......... ........................... ... ..... ... ....... ........ .... ... ... .......... ....... .. ..... 33 
5.1 Result of the experiments ... ........ .... ....... .... ....... ......... ....... ............................. ..... 33 

5.1.1 Observed Performance ...... ... ..... ..... ............ ...... .. ...... .... .. .. ..... .............. ..... ... 33 
5.1.2 Results of the analysis (ranking) ... ....................... ....................................... 38 

5.2 The Questionnaire ... ........ ... ...... ... ... ....... ................. ... ....... .... .............................. 39 
5.3 Experiment vs. Questionnaire .... ........................................................................ 41 

6 Discussion ......................... ............. ....... ....... ...... .. .... ........ .... ......... .......... .. .... ....... ..... 42 
6.1 The ranking .............................. ............. ..... ... ........ .... .... ..... ..... ................... ........ 42 
6.2 Adapting the metrics .. ..... ..... .......... .... ..... .... .. ....... ......... .......... .... ......... ...... .... .... 43 
6.3 A side discovery .. ... .............. ....... .... ... .. .......................................... .................... 44 

7 Conclusion and Future research directions ........ ... ...... .......... .. ....... ........... ....... ......... 46 
7 .1 The research questions ... ...... ............ ......... ..... ...... ..... .... ..................................... 46 
7 .2 Contribution .. ..... ..................................................................... ...... ................ ..... 47 
7.3 Limitations ................................................. ....... .... ..... ...... ................... ..... ..... ..... 47 
7.4 Proposal for future research .. ....... .... ... ....... ........................................................ 48 
7.5 Conclusion ....... ........................................................... ........ .... ....... .......... ....... .... 49 

8 Reference ... ...... .. ....... ...... ..................................................................... .... .. .. ........ ..... 51 

Appendix I: Skin cancer treatment process ................. .... ....... .......................................... 54 
Appendix II: Application (Investment process) ......... .. ..... .. ..... .. ..... ..... ...... .... .... .. ........ ..... 56 
Appendix III: Foundation order administration process (investment Process) ... ...... ....... 57 
Appendix N: Payment (Investment Process) ...... .. ............... ............ ................................ 60 
Appendix V: Patterns ... .... .. ............................................................... ...... .... .... ...... ..... ....... 61 
Appendix VI: The Cases ............................. ... ....... .... ........ ....... ........ ................................. 63 
Appendix VII: The measurement form ....................................................... ... ........... .... .... 79 
Appendix VIII: Existing framework ..... ...... .... ....... ..................... ...................................... 80 
Appendix IX: Collected Workflow systems ..................................... ..... ........ .... .. ............. 85 
Appendix X: Selected workflow systems (vendors) ........... ..... ......................................... 87 
Appendix XI: Process Description & necessary documents (skin cancer) ... ......... ........ ... 90 
Appendix XII: Process Description & necessary documents (investment) .................. .... 98 
Appendix XIII: Normality check SPSS output.. ................. ................. ................ .......... . 106 
Appendix XN: Result from analysis using adapted metrics ......... ...... ... ... .... ....... .......... 107 

Page I Vill 



Table of Tables 
Table 1: Selected vendors, criteria analysis ........................................................ ....... .. ..... 29 
Table 2: Participants ......................................................................................................... 30 
Table 3: COSA experiment result overview ............................................ .................... ..... 33 
Table 4: Vision-Flow experiment result overview ..... ...................... ........ ........... ........ ..... 34 
Table 5: Pallas Athena's BPMlone experiment result overview ........... .... ........... ........... .. 34 
Table 6: Metastorm experiment result overview .............................................................. 34 
Table 7: Overall results of the experiments ...................................................................... 38 
Table 8: Kruskal-Wallis test result for normal cases ....... ... ..... ..... ..... .... ........................... 38 
Table 9: Number of scenarios not supported & average time needed to make change .... 39 
Table 10: Kruskal-Wallis test results for scenario realization time .................................. 39 
Table 11: Ranking resulted from the experiment ............................................................. 39 
Table 12: Classification and Miscellaneous answers ...................................................... .. 40 
Table 13: Answers to the class "Workflow Exception Handling" ................................... 40 
Table 14: Ranking resulted from the framework of Berger et al. (1997) ... ...... ... .. .. ........ . 40 
Table 15: ranking of experiment and framework .......................... ....... ..... ..... ...... ... ........ . 41 
Table 16: Ranking presented in mathematical logic language (According to metrics of 
section 4.1.4) ............................................................................................... .... ...... ... ..... ... . 41 
Table 17: ranking taking the complete experiment results into consideration ................. 42 
Table 18: Ranking presented in mathematical logic language (Metrics combined with 
insight gained) ................................................................................................................... 43 
Table 19: Adobe assessment result.. ................................................................................. 87 
Table 20: Oracle assessment result ................................................... ......... ..... ... .......... ..... 87 
Table 21: Tibco assessment result .................. ..... ..... ... .......... ....................... .. .................. 87 
Table 22: Pallas Athena assessment result.. ...................................................................... 87 
Table 23: Metastorm assessment result ......................................... ..... .... ......... .... .. .... .. ..... 88 
Table 24: COSA assessment result.. .............. ..... .... ... ....................................................... 88 
Table 25: Ultimus assessment result.. ................................. .... ..... ..... ......... ...... ..... ............ 88 
Table 26: Vision-Flow assessment result ................................................. ........................ 89 
Table 27: Systems performance during experiment (systems are assessed using the three 
level of support explained in section 6.2) ............................. ......... ........ .... .......... ........... 107 
Table 28: Systems performance during experiment (assessed using the scores assigned to 
the support levels) .............................................................................. ............. ....... ... ...... 107 
Table 29: Ranking produced with the new metrics ........................................................ 107 

Page I IX 



Table of Figures 
Figure 1: Gartner 2009 Magic Quadrant.. ............. .... .. ....... ..... ..... .. ... .. ... .. ... ..... .. .. .......... ..... 6 
Figure 2: Overall project overview ...... ........ ........................................................ ... .......... 11 
Figure 3: High level skin cancer treatment process ............................................... ..... ...... 13 
Figure 4: Simplified skin cancer treatment process ....... ..... ....... .. ..... ..... .... ....................... 15 
Figure 5: High level of bank investment process ........... ................ ..... ....... ..... .................. 16 
Figure 6: Investment simplified process ....... ...... ............. ... ..... ............ ... ........ .................. 18 
Figure 7: Overview of identified change patterns .... .................. .... ................. ........ .......... 21 
Figure 8: schematic representation of relation between patterns APl to AP14 ... .. ..... ..... 22 
Figure 9: Patterns for change to predefined regions ...................... ................................... 24 
Figure 10: Patterns where no change is required .............................................................. 24 
Figure 11: The selected workflow vendors presented according to their market position 29 
Figure 12: Changes at process instance 11 •••••••• ••• ••••••••• •••••••• •• •••••••••••• ••••••••••• ••••••••••••.••••••• 35 
Figure 13: Changes at process instance 12 ........... . . . . . .. . . . . . . . . . . . .. . . . . . . ... .. . . . .. . . . ... . . . . . . . . . .. .... . .. .. 35 

Page IX 



List of terms 

Case: 

Process: 

Scenario: 

Super user: 

WfMS: 

A case is an object (product) that goes through a process. 

A process is defined as a business environment or a business process for which 
the systems will simulate. 

Scenario is a description of possible set of event that might reasonably take place. 
In other words, it is the description of the unexpected exceptions that occurs 
during the execution of the processes. 

Because a participation of one representative person is asked of the vendor, it has 
been chosen to define a super user. The super user is the person who fulfils all 
roles necessary to execute the process. 

W orkflow Management System 

Page I XI 



1 Introduction 
Over the last decade we can see a significant shift in our economy from its traditional industrial base to a 
new information based economy. This is a result of the industrial revolution in the l81

h century where 
processes started playing a key role in organizations. This development led businesses to focus more on 
the management of their processes. Many tools have been developed over the last decades, which aid in 
the management of processes, e.g. workflow management systems. A workflow management system is an 
automatic system that manages a series of tasks within an organization. The system distributes tasks to 
employees and keeps track of the progress. By now, a large number of workflow systems that follow 
different paradigms and use a large variety of concepts are available. The large variety of those systems 
and the fact that they are based on different paradigms makes it difficult to make a good comparison 
between them. 

In an attempt to find a solution to this problem, different research has been done with the aim to create a 
framework (tool) that helps enterprises making a good comparison between systems. But none of the 
frameworks proposed in the different papers put the emphasis specifically on measuring (evaluating) the 
system's flexibility. Moreover, these frameworks are all theoretical approaches in the sense that they are 
not based on empirical studies where the different systems are actually put into operation in order to 
compare their performance with regard to flexibility. Furthermore, it is not known why any of the 
frameworks used today do not focus specifically on measuring the different aspect related to system's 
flexibility, and why no empirical method for evaluating workflow systems has been proposed yet. It may 
be possible that existing frameworks already present the same result as an empirical study which focuses 
specifically on the system flexibility. Or perhaps an empirical research may not be feasible concerning the 
complexity related to such research. These are all questions that were still unanswered. 

This report is the result of a Master thesis project where research has been performed with the goal to find 
an answer to the questions stated above. At first, this research studied the usefulness of an empirical 
method to compare workflow systems which focuses specifically on systems flexibility. The second part 
of this research was to find out if the empirical study had a significant contribution in addition to the 
frameworks in use today. 

This research differentiates itself from other researches where a comparison tool was made, in the sense 
that the tool created here is an empirical comparison (evaluation) method. In addition to creating an 
empirical tool, it also studies the usefulness of such method compared to the theoretical methods used to 
compare workflow systems. 

The remainder of this thesis is structure as follows. Chapter 2 entails the result of a literature study of the 
related work that might increase the understanding of the examined topic. Chapter 3 elaborates on the 
project details, stating the context of the research, research questions, purpose and significance of the 
research. Chapter 4, which is the biggest part of this research, presents the methods that were used to 
investigate the topic. Subsequently, Chapter 5 presents the result of the research followed by a discussion 
in Chapter 6. Finally, Chapter 7 will give an overall conclusion and direction for future research. 
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2 Related work 
This chapter gives an overview of the differenced topics discussed in papers related to this topic. It 
provides a clear understanding of the background of this theme, and gives insight to the causes that led to 
this project. 

2. 1 Workflow management systems definition 
W orkflow management systems (WtMS) have gained a great popularity in the last decades. It is a term 
encountered in almost every business types and is very popular under researchers. According to Yu and 
Buyya (2006) workflow is concerned with the automation of procedures whereby files and data are 
passed between participants according to a defined set of rules to achieve an overall goal. A WtMS is 
described by Yu and Buyya (2006) as the system that defines, manages and executes workflow on 
computing resources. Perez and Rojas (2000) described a workflow as a technology whereby business 
process automation is successfully accomplished by means of an assembly of rules imposed by it. A 
definition which looks at it from a slightly different perspective is the one of van der Aalst et al. (2003b) 
which states: "workflow management systems are proactive software systems which support modelling 
and controlling the execution of the automated part of business process". In addition to the other 
definitions, this definition mentions that a workflow management system is a proactive software system. 
This indicates that the system can operate with little intervention from a manager or operator. 

2.2 Workflow management systems application 
In the last decades our economy has rapidly shifted from its traditional industrial base to a new 
information based economy (Basu and Kumar 2002). This is an effect of the industrial revolution in the 
18th century where processes start playing a key role in organizations. Businesses are more service 
oriented and want to deliver the best quality to their clients. This is done by implicating less complicated 
process and most important, through faster handling. To reach this, organizations have to improve their 
process such that they can meet those challenges. It is here that workflow management plays a key role. 
Nowadays WtMS are frequently found in high-service oriented businesses like banks, insurance 
companies and call centres. Besides the Business domain, WtMS have also gained a lot of popularity in 
the scientific domains over the last year (Lacroix and Menager 2005 & Barker and van Hemert 2008). It 
should be noted that each domain has its own domain specific requirements. Therefore a clear distinction 
should be made between those domains when considering them in a research. In the context of this study 
it has been chosen to take the business workflow into further consideration. The reason is that this is the 
area where the application of workflow management systems emerged and it is the area where it is mostly 
applied. In addition to those two domains, we can see an increasing popularity of workflow systems in e
business and e-science (Basu and Kumar 2002 & Yu and Buyya 2006). 

2.3 Exceptions in workflow 
After presenting the different areas where WtMS are applied it should be mentioned that the automation 
of process through workflow systems not only results in benefits. With the automation of process, the 
ever-changing requirements and unpredictable environment that characterizes business today (Weber and 
Wild 2004) raises new challenges. A WtMS must therefore be flexible at runtime so that necessary 
modifications are possible when they arise (Weber and Wild 2004). Also van der Aalst et al. (2003b) 
argue that "enhancing the flexibility of business applications has been one of the main motivations for 
workflow management from the beginning". To be flexible, WtMS should deal effectively with 
unpredictable events that may occur due to the ever-changing requirements and unpredictable 
environment of businesses which is identified by other authors like Russell et al. (2006) as exceptions. 
According to Russell et al. (2006), the assumption is that an exception is a distinct, identifiable event 
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which occurs at a specific point in time during the execution of a workflow and relates to a unique work 
item (Russell et al. 2006). 
Russell et al. (2006) undertook a comprehensive review of the workflow literature and current 
commercial workflow systems and business process modelling and execution languages in order to 
determine the range of exception events that are capable of being detected. 
The exceptions types identified are classified into five distinct groups. The five groups are; 

• Work Item Failure which is the event where a work item is not able to progress any further; 
• Deadline Expiry which indicates the inability to meet a deadline; 
• Resource Unavailability which is the problem that arise when no resource is available to 

perform a tasks or after allocation the resource is no longer able to complete the work item; 
• External Trigger which is a trigger from external sources that impacts a work item and requires 

some form of handling; and 
• Constraint Violation which is the event where the invariants over the elements that needs to be 

maintained to ensure the integrity and operational consistency of the workflow process is violated 
(Russell et al. 2006). 

2.4 Flexibility in workflow 
As seen in the previous section, the word "flexibility" was mentioned a number of times, in the sense that 
WfMS should be flexible. 
In order to make the concept of flexibility more understandable, this paragraph will elaborate on the term 
"flexibility", and will discus how flexibility can be measured. Because of the fast changing business 
world of today, flexibility has become a frequently used term. Organizations must constantly change in 
order to adapt to the changing environment. There are different disciplines, addressing flexibility from 
different points of view (Casati et al. 1999). Flexibility in the workflow context is usually related to the 
capability of a workflow system to handle exceptions (Soffer 2005). In his attempt to provide useful 
insight in the meaning of flexibility of business processes Soffer (2005) mentioned that flexibility bears a 
vague meaning, discussed two types of flexibility, namely short-term and long-term flexibility. Soffer 
(2005) defines short term flexibility as the ability to deviate temporarily from a standard way of working, 
and long-term flexibility as the ability to easily change the standard way of working. But besides an 
extended discussion on flexibility they do not provide any metrics to measure workflow flexibility. 
Further search has led to the paper of Byrd and Turner (2000) which defined the IT infrastructure 
flexibility construct and developed a valid, reliable measurement instrument for this construct. 

2.4.1 IT infrastructure flexibility 
Byrd and Turner (2000) point out that even though flexibility is a very important topic with regards to IT 
infrastructure, no reliable instrument to measure this construct has been mentioned in any literature. For 
this reason they developed a measurement tool consisting of eight dimensions that should measure 
infrastructure flexibility. The dimensions are: IT connectivity, Application functionality, IT compatibility, 
Data transparency, Technology measurement, Business knowledge, Management knowledge, and 
Technical knowledge. 
It is remarkable that their tool does not contain the adaptability dimension mentioned by Soffer (2005). 
This finding is remarkable because as Davenport and Linder (1994) stated: "a good infrastructure adds 
value today and is flexible and robust enough to enable change". So, also IT infrastructures must deal 
with changes which make it assumable that a flexibility measurement tool should also measure the ability 
to adapt to those changes (adaptability). So it can be concluded that this tool is not applicable to measure 
workflow systems, based on the fact that this tool does not contain the adaptability dimension, which is 
mentioned by Soffer (2005) as the main aspect that defines workflow systems flexibility. 
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2.4.2 Flexibility in manufacturing systems 
Since the search for flexibility metrics in the IT infrastructure domain did not produce any valuable 
metrics that can be applied in this research, the search was broadened to other disciplines. Another 
discipline where the construct of flexibility is widely addressed is the manufacturing systems. Soffer 
(2005) which discussed the issue of flexibility in workflow systems also made the link to manufacturing 
systems when it comes to flexibility. According to Soffer (2005) flexibility in manufacturing system 
refers to the capability to react to uncertainty by adaptation. 

Slack (1983) states that (manufacturing) flexibility consist of three dimensions; the range of states a 
system can adopt, the cost of moving from one estate to another, and the time needed to move from one 
state to another. "Yet the range of states a production system can adopt does not totally describe its 
flexibility" (Slack 1983). According to Slack (1983) the ease with which it moves from one state to 
another in terms of cost or organizational disruption is also important. "A production system which 
moves smoothly and cheaply from state A to state B should presumably be considered more flexible than 
a system which can only achieve the same change at greater cost and/or organisational disruption" (Slack 
1983). Slack (1983) mentioned that the cost aspect can be divided into the cost of making the change, and 
the cost of providing the capability of making the change. It is the cost of making the change which is an 
element of a system's flexibility. As far as the time dimension is concerned Slack (1983) states that "a 
system which can move quickly from state A to state B is more flexible then one which takes longer to 
make the same change". 

Other authors such as Gerwin (2005) have done further research on the flexibility of manufacturing 
systems, and provided seven different sets of uncertainty and associated flexibilities. The set of 
uncertainties are not explained in detail here, because they are not relevant for workflow systems. Gerwin 
(2005) used the dimensions presented by Slack (1983) as a basis for measuring each of the flexibility 
types associated to the set of uncertainties. Thus, the study done by Gerwin (2005) shows that the 
dimensions (time, cost, range) provided by Slack (1983) can be used in a different aspect as a basis for 
measuring flexibility. 

2.5 Dealing with exceptions (exceptions handling) 

2.5.1 Expected exceptions 
According to Russell et al. (2006), the manner in which the exception is handled will depend on the type 
of exception that has been detected. Here they refer to the exception types mentioned in section 2.3. 
Considering the exception handling, Russell et al. (2006) starts by describing the exception handling at 
work item level because in general an exception will relate to a specific work item in a case. For the work 
item level they described fifteen different actions that could be taken to handle exceptions. Then Russell 
et al. (2006) looked at the exception handling at case level. According to them, exceptions always occur 
in the context of one or more cases that are in the process of being executed. In addition to dealing with 
the specific work item to which the exception relates, there is also the issue of how the case should be 
dealt with in an overall sense, particularly with regard to the other work items that may currently be 
executing or will run at some future time (Russell et al. 2006). Russell et al. (2006) describes three 
alternatives for handling workflow cases, which are: continue with the workflow case, remove the current 
workflow case with all or a selected group of work items, and remove all cases that correspond to the 
same process. And finally Russell et al. (2006) looked at the recovery action where they proposed three 
actions which are: no action, rollback the effect of the exception, and compensate for the effect of the 
exception. 
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2.5.2 Unexpected exception 
The previous section discussed ways to handle with expected exceptions, but in the daily operation not all 
occurring exceptions are expected. On the other hand there are also the unexpected exceptions which 
Mourao and Antunes (2007) describe as exceptions where nothing similar has happened before from 
which the organization can draw any prearranged behaviour. Mourao and Antunes (2007) refer to these 
types of exceptions as effective unexpected exceptions. To deal with effective unexpected exceptions 
Mourao and Antunes (2007) propose a framework supporting the unstructured activities necessary. Their 
framework consists of exception handling components and two interfaces. The components are the 
necessary part to ensure a good handling of exceptions, and the interfaces are needed to gather necessary 
information in order to handle the exceptions. 

2.5.3 Workflow approaches (paradigms) 
In addition to the different exception handling techniques mentioned above, it should be also mentioned 
that workflow systems are also developed based on various approaches and methods, each trying to deal 
with exception in a different way. These different approaches are referred to by some authors as the 
different paradigms that those workflow systems developers are working in. The traditional way to 
develop workflow systems was to create a well defined model based on the routing of tasks. In the end, 
this approach does not allow much flexibility. 

As a solution for the need for flexibility at run time Weber and Wild (2004) discussed the adaptive 
approach (CBRFlow) to workflow management. CBRFlow builds upon the idea of integrating CCBR 
(conversational case-based reasoning) and workflow management to provide the system with learning 
capabilities and to foster adaptability and flexibility (Weber and Wild 2004). According to Weber and 
Wild (2004) its architecture allows an adaptive approach to workflow management and support many of 
the principles advocated in lean and agile software development. During the modelling phase an initial 
computerized representation of the selected business process is created. When at run time changes to the 
workflow model becomes necessary due to exceptions or changing requirements, the users annotates the 
workflow model with context-specific information in the form of cases (Weber and Wild 2004). Here a 
case is defined as a situation (event) which has presented in the process which cannot be supported by the 
process description. When this process knowledge becomes well-established, the workflow modeller 
abstracts these cases to rules, thus explicitly updating the underlying model (Weber and Wild 2004). 

The agile approach discussed above only uses a different way to create and update the systems in order to 
cope with exceptions. Another approach which goes much further is the product-driven approach 
described in the paper of van der Aalst and Berens (2001). In order to deal with exceptions and flexibility 
van der Aalst and Berens (2001) propose a paradigm shift. Instead of the focusing on the routing they 
argue that the case should drive the workflow. They define the case as the object (product) which is being 
handled. To handle a case, activities should be executed. Van der Aalst and Berens (2001) define activity 
as a logical unit of work. In many workflow systems the routing of the activities is fixed by the process 
specification and workers hardly have insight of the whole. As a result, exceptions are difficult to handle 
because they require unparallel deviations of standard recipe (van der Aalst and Berens 2001). With the 
paradigm shift of PDCH relation between activities is not fixed which give workers more freedom, but in 
here they have to be aware of the whole. Moreover, the case should be considered as a 'product' with 
structure and a current state (van der Aalst and Berens 2001). 

Besides the two approaches (paradigms) presented above, Georgakopoulos (1995) also mentioned the 
activity based, communication based, and object-oriented methods. They define activity based as a 
methodology focusing on modelling the work instead of modelling the commitments among humans. The 
communication based methodology focus on modelling the communication between actors. And the 
object-oriented methodology describes for example how to identify objects that corresponds to actors, 
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identify dependency between objects, use object techniques to organize object specifications, and 
describes "uses cases" which are sequential of tasks needed to complete some business process 
(Georgakopoulos 1995). 
Further, there is also the vortex and the agent-based approaches (paradigms) mentioned by van der Aalst 
et al. (2005). But as was commented by van der Aalst et al. (2005), there was no commercial application 
of the agent-based approach by the time of his publication. And finally there is also the document-centric 
approach discussed by Botha and Eloff (2001). 
Thus, WtMS developers usually chose one of those approaches as the basis for their products. 
Georgakopoulos ( 1995) also mentioned that some systems can also use a combination of approaches. For 
example a system can be based on service oriented architecture and is developed at the same time based 
on the agile approach. 

2.6 Vendors market position (Gartner's Magic Quadrant) 
From the previous chapter it can be noted that there is a large variety of workflow systems all based on 
different approaches (paradigms) on the market today. Another aspect which introduces a great variety 
between workflow systems, or in this case the workflow vendors, is the market position of these vendors. 
The market position variety of the workflow vendors will be discussed in this section using the Magic 
Quadrant of Gartner. 

Hill et al. (2009) provided the 2009 Magic Quadrant as a tool that can be used to evaluate the workflow 
system market. The Magic Quadrant depicts the relative strengths of 22 top vendors offering 
multiregional, cross-industry business process management suites (BPMSs) that interest Gartner clients 
and nonclients the most (Hill et al. 2009) . The systems are positioned in the Magic Quadrant based on 
their capability to support the following four use cases: 

• Implementation of an industry- or company-specific process composition 
• Support for a continuous process improvement mentality 
• A business transformation initiative 
• Redesign for a process-based service-oriented architecture (SOA) 

The Gartner 2009 Magic Quadrant is presented in Figure I. 
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Figure 1: Gartner 2009 Magic Quadrant 
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The Magic Quadrant consists of four segment representing the market leaders, challenger, niche players 
and visionaries. Leaders address all four use cases while niche players excel at one or two only (Hill et al. 
2009). Challengers and visionaries vary in the breadth and depth of support for the use cases (Hill et al. 
2009). 

2. 7 Comparisons (evaluation) of workflow systems 
Because there is a huge variety of WfMS following different paradigms as shown in section 2.5 .3, 
companies seeking a workflow system should take different systems into consideration to choose the 
system that fits their organization the best. The variety between these WfMS complicates the selection of 
an appropriate system for a given situation (Rosemann et al. 1998). There are different authors that 
proposed different comparison (evaluation) tools (frameworks) which help companies make a good 
comparison between WfMS. This part will discuss some of these tools (frameworks) found in the 
different papers read in the context of this research. 

In an attempt to make a good comparison between WfMS Perez and Rojas (2000) proposes a set of 
indicators for the evaluation of W orkflow software-type products. These indicators should aid in the 
selection of the best workflow Software-type product for a certain situation. The indicators are classified 
in two categories, namely, technological indicators which cover the features and functionalities, and the 
organizational indicators which encompass the company aspects (Perez and Rojas 2000). These indicators 
are in the form of a question that can be answered by assigning a score for the specific indicator based on 
the system's fulfilment according to the assessor's opinion. Remarkably, this framework did not include 
any flexibility indicator( s). 

Also Berger et al (1997) developed a similar framework for the evaluation of workflow systems. This 
framework focuses on the requirements for the specific system when making the comparison. Their 
frameworks integrates features of a lot of existing workflow evaluation catalogues and reference models; 
is adaptable to the specific situation of an organization; can be extended; and has an easy to use tool 
support (Berger et al. 1997). This framework classifies the criteria in a number of classes, and for each 
class a number of questions (dependent on the requirements) are composed. Customers will then be able 
to select the best system for their organization based on the answers to these questions. In their paper they 
only concentrated on the classes "classification and miscellaneous" and "workflow exception handling" 
which are also the most interesting requirement class for this research. Even though this framework does 
not measure the systems flexibility (see section 2.4 for discussion about measuring flexibility) still the 
questions related to "workflow exception handling" captures the features required to provide flexibility. 
The questions proposed for the classes "classification and miscellaneous" and "workflow exception 
handling" are presented in Appendix VIII. 

Besides just looking at the requirements and the other external indicators, other authors also looked at the 
internal differences of the workflow systems (modelling techniques and languages). Mentzas et al. (2001) 
defined three base categories of workflow specification languages and related techniques. These are: 
communication-based techniques, which mainly stem from work on the "conversation with action 
model"; Activity-based techniques, which focus on modelling the work instead of modelling the 
commitment among humans; and there is the hybrid techniques which combine the communication and 
activity based techniques. The work of Mentzas et al. (2001) discussed the pros and cons of adopting one 
of these alternatives techniques. So, companies seeking a workflow system may use this paper to weigh 
the pros and cons of WfMS. In defining the pros and cons this paper also looked at the ease to handle 
exceptions. 
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Also Russell et al. (2006) developed an exception handling technique described in section 2.5, did some 
work in order to compare workflow systems. The framework provided by Russell et al. (2006) evaluates 
workflow system, based on the types of exceptions handling they support. Based on the five types of 
exceptions (work item failure, deadline expiry, resource unavailability, external trigger, and constraint 
violation) Russell et al. (2006) made a table indicating the workflow systems to be compared, which 
patterns are supported when the respective exceptions occurs. Their framework focuses on the exception 
handling at work item level, case level, and the recovery action that should be taken. Taking these levels 
into account they looked at the patterns that a certain system supports. For example, the pattern SFF
CWC-COM in case of a work item failure exception, indicates that if a failure of a work item is detected 
after it has started, then the work item should be terminated, have its state changed to failed (SFF) and the 
nominated compensation task should be invoked (COM). No action should be taken with other work 
items in the same case (CWC). The complete framework is presented in Appendix VIII. As was the case 
for the framework of Berger et al. ( 1997), even though this framework does not measure the systems 
flexibility (see section 2.4 for discussion about measuring flexibility), still the number of patterns 
supported in the case of an exception might be a good indicator of flexibility. 

2.8 Scenarios 
The different works presented above, all evaluate workflow systems using only the specifications and 
answering questions. So the systems are only evaluated on paper. This part will give some insight in the 
application of scenarios which might be applicable for the evaluation of workflow systems. 
A scenario is a description of a possible set of events that might reasonably take place (Jarke et al. 1998). 
These possible events are created in a structured way to help assessing (mainly) software's compliance 
with requirements. It is known that prototypes are commonly applied in the software world, to test 
requirements compliance. Anton and Potts ( 1998) mentioned that a survey of projects shows that 
scenarios and prototypes are frequently used together. The software that were used in the research 
referred to by Anton and Potts (1998), are human (and environment) interacted software (i.e. application 
software). Based on the fact that workflow systems are similar to these software (because WfMS are also 
human and environment interacted), it should also be possible to use scenarios to evaluate (compare) 
WfMS. Scenarios may be used to give a detailed description of the behaviour that a WfMS should be 
tested for. 

2.9 Concluding from the related works 
The automation of business processes which is the main objective of workflow management systems 
leads to new challenges like handling exceptions. Nowadays WfMS developers are using different 
paradigms and a variety of concepts which tries to cope with exceptions. This variety of workflow 
systems complicates the selection of a certain system for a given purpose. Many researches have been 
performed in order to create frameworks to compare different systems, in order to help making to best 
decision for a given propose. But remarkably none of these frameworks focused specifically on 
measuring the system's flexibility, and none are based on an empirical evaluation of WfMS. 
On the other hand there is the theory of scenario which is a description of a possible set of events that 
might reasonably take place. This theory has proved to be successful in the development of human (and 
environment) interacted software. Workflow systems are very similar to those types of software, because 
they are also human (and environment) interacted. Therefore scenarios might also be useful to test 
(compare) workflow systems. 
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3 Project details 
This chapter describes the purpose of this project, and what will be investigated. It starts by presenting the 
problem statement which describes the underlying reasons for considering this project. Then the research 
question and sub question are presented. Subsequently, this chapter will present the purpose and the 
significance of this research. 

3. 1 Problem statement 
As mentioned in the previous chapter, a WfMS is an automatic system that manages a series of tasks 
within an organization. By now, a large number of systems that follow different workflow paradigms and 
use a large variety of concepts are available. This huge variety complicates the selection of an appropriate 
workflow management system for any given company. The fact that these workflow management systems 
are based on different paradigms makes it difficult to make a good comparison between systems. As a 
contribution to this field, a research project (as part of a master thesis) was proposed, with the aim of 
developing a tool to make a valuable comparison between systems. 

The literature study of related works in this area showed that different comparison (evaluation) tools had 
been proposed by different authors. But none of the proposed frameworks focuses specifically on 
measuring system's flexibility to make the comparison. Also all the proposed frameworks are theoretical 
approaches in the sense that they are not based on an empirical study where the different systems are 
actually put into practice in order to compare their performance. 
As far as systems flexibility is concerned it should be mentioned that it is remarkable that the proposed 
frameworks do not measure the flexibility, while flexibility is essential in dealing with unexpected 
exceptions. The measurement of flexibility in this context can be understood as measuring, for example, 
the time that it takes for a certain system to deal with a certain exception, and comparing it with the time 
of other systems; or for example summarizing the different types of exceptions that the systems can 
handle (see section 2.4.2). In order to make valuable statements about the system flexibility, these 
systems should be run to see how they deal with the exceptions. As a matter of fact, the unexpected 
exceptions occur at runtime. Therefore, it is only during runtime that these systems can be evaluated on 
their capability of dealing with those exceptions. 
Concluding this part it can be said that, none of the evaluation frameworks found in literatures explicitly 
measures systems flexibility as the basis for comparing workflow systems. And also none of the 
encountered frameworks were based on empirical studies. 
It may be possible that the existing evaluation (comparison) frameworks implicitly capture the systems 
flexibility. In other words, using the existing frameworks may give the same ranking as empirically 
evaluating the systems flexibility. In this case, the empirical evaluation (including scenarios) would have 
no additional significance, because it will not give any new insight. 
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3.2 Research questions 
Based on the fact that as far as it is known, no attempt has been made to empirically measure the 
flexibility of the workflow system, this research is aimed to study the following question. 

• In which way can the flexibility of workflow systems be empirically measured? 

And when the flexibility is measured by looking at for example the time that it takes for a certain system 
to deal with a certain exception, or counting the number of different types of exceptions that the system 
can handle, the following sub-question arises. 

• Does the empirical measurement of flexibility capture a different aspect (compared to the existing 
frameworks) which affects the selection of the best workflow system for a certain situation? 

3.3 Purpose 
The purpose of this research is to provide organizations with a tool that aids in selecting the best 
workflow system for their business. The first goal of this research is to create a method for measuring the 
flexibility of workflow systems. This will be done because no literature could be found, that explicitly 
measures the system's flexibility. Then as sub-goal, it will be investigated, if measuring the systems 
flexibility leads to a different ranking than the existing frameworks. Besides the systems flexibility which 
is not explicitly covered by the frameworks, the frameworks are also not based on empirical studies. 
Therefore this research should study the usefulness of empirical study for workflow systems evaluation 
frameworks. 

3.4 Significance 
This research will be of great importance for organizations considering to apply a workflow system to 
manage their processes. Because of the highly competitive nature of the market today, it will be important 
for organizations to make good judgements in every situation they face. Especially on the choice between 
different workflow systems, which promise to be very advantageous to organizations by reducing costs 
and improving quality of service. Without an empirical research focusing on systems flexibility, it may be 
possible that organizations will continue using frameworks that do not cover all relevant aspects of 
workflow systems, with the result that they may end up pursuing a system that may not be the best 
solution for their business. Thus, because as far as it was known, no similar research had been done yet, 
this research studied the effect of an empirical evaluation focusing on systems flexibility on the selection 
of workflows. The result could be used to improve comparison frameworks in order to guarantee that the 
frameworks that will be used by organizations also take the flexibility aspect of systems, which is 
essential in this our dynamic world (see section 2.4), into account. 
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4 Research methodology 
This chapter will present the methodology that was used during this research. The whole research consists 
of two major parts which are the two methods that were used to compare the workflow systems. An 
overview of the research methodology is given in Figure 2. This chapter starts by describing the two 
methods that were used during this research. Thereafter data collection and analysis will be given which 
explain how the data for both research methods were gathered and analyzed. For the gathering of data a 
selected group of workflow systems were used. Notice that the description of the workflow systems is 
illustrated on the side in Figure 2. This is done because the workflow systems here are not the core part of 
the research, but are only used to study the comparison methods. The next chapter (chapter 5) will present 
the result of both comparisons and will elaborate on the differences between the two comparison methods. 
The evaluation of the two comparison methods will lead to the conclusion of this research. ----------------------
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The empirical evaluation method which is the largest part of this research is described in chapter 4.1. 
Here the emphasis was put on whether these systems are flexible enough to deal with the scenarios, which 
is an aspect not explicitly covered by the existing frameworks used in this research. For this method, two 
processes as described in section 4.1.1 were used. Here a process is defined as a business environment or 
a business process which the system will have to run. Thus, these processes are the context in which the 
systems will be used. When the systems are being run, some scenarios (exceptions) (described in section 
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4.1 .2) was presented which had to be dealt with. A scenario is described here as the description of a set of 
events that will happen during the execution of a process where a case is being handled. Then section 
4.1.3 describes the cases that were used for the execution of the process. A case is defined here as a 
person or a product (object) that goes through the process. The scenarios are embedded in the cases. 
Finally section 4.1.4 will presents the metrics that were used to measure the systems flexibility. 

Existing framework 
The second core part of this research is the existing framework which is the other method that was used to 
compare workflow systems. Here the framework proposed by Berger et al. (l 997) was used. The decision 
to use this framework is explained in section 4.2. 

Data collection & Analysis 
Section 4.4 which is the data collection and analysis describes how data was collected and analysed. For 
the empirical research, the data was collected in four separate experiments done with the workflow 
systems separately. Data for the framework of Berger et al. ( 1997) was collected by letting the vendors 
fill out the questionnaire. 

The result (ranking) 
The results of this research are presented in chapter 5 and discussed in chapter 6. After evaluating the 
workflow systems using both methods, a comparison was made between the two results. Both comparison 
methods produce a ranking of the systems. These rankings were compared to see if it is more or less equal 
or completely different for the two methods. This comparison should and can answer the research 
question; whether the measurement of the systems flexibility leads to different insights which will 
influence the choice of workflow system (in other words the ranking). If the ranking of workflow systems 
which results from the evaluation using the frameworks is more or less equal to the result of the 
experiment, it might indicate that measuring the systems flexibility would probably lead to no new 
insights which might influence the choice of workflow systems. 

4. 1 The empirical method 
As mentioned above, this part will describe the empirical method that was used to compare workflow 
systems. This part is the main part of this research as this method has been developed here in the context 
of this research. First, the processes that were used during this research are described (section 4.1.1 ), 
followed by the description of the scenarios (section 4.1 .2). The scenarios were used to introduce the 
exceptions which have to be dealt with by the systems in order to evaluate their flexibility. Then the cases 
are presented in section 4.1.3 which also includes the scenario described in section 4.1.2. Finally the 
flexibility metric are presented in section 4.1.4. 

4.1.1 Processes 
This part will describe the two processes that were used during the experiment to evaluate (compare) the 
workflow systems. The two processes that were used are a skin cancer treatment process and an 
investment process of a bank. The choice had been made to use these two processes because the medical 
area is a new field where the workflow management systems technology is applied and need a 
considerable level of flexibility to cope with uncertainties. The bank process had been chosen because it 
is one of the areas where workflow systems are used the most. 

It should be mentioned that no resources was defined for the process that are described in this paragraph. 
The reason why no resources was defined is because the aim of this research was to compare the systems 
based only on the flexibility of control flow and not the flexibility to handover a job from one user to 
another. And since this research was performed with only one person sitting at one work unit (laptop) 
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there was no need to specify all the different roles. Therefore it had been chosen to define a super user 
who fulfilled all roles necessary to execute the processes . 
The processes that will be presented in this paragraph are modelled using the Business Process Modelling 
Notation (BPMN) modelling language. This modelling language had been chosen because it is considered 
to be the standard modelling language for business processes (White 2004). 

4.1.1.1 Skin Cancer treatment process 
The first process used during the experiment is a skin cancer treatment process at the Dermatology 
oncology outpatient department at the Catharina Hospital based on the thesis of de Groot (2009). 
Workflow technology is applied in this process as a way to support secondary (administrative) tasks. 
There are five treatment types taking place in this department, depending on the type of cancer, its size, 
its location on the human body etc. For the purpose of this research only the excision treatment was taken 
into account. The excision treatment is conducted when the cancer spot has to be removed from the 
human body. "Mostly this standard excision is performed at locations other than the head/neck and for 
relatively small cancer spots" (de Groot 2009). A high-level representation of this treatment process is 
given in Figure 3. 
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Figure 3: High level skin cancer treatment process 

4.1.1.1.1 The original process 
The following description is based on the thesis of de Groot (2009). New patients or returning patients 
arrive at the 'consult meeting' sub-process. After this consult the doctor can decide (l) that the patient 
does not need medical treatment, (2) the patient needs to be analysed, or (3) the patient has already been 
diagnosed before, requires no additional analysis and can therefore directly commence the next treatment. 

Based on the patient's health analysis, the diagnosis is made and the physician determines the treatment 
that offers the best probability of recovery. Pre-treatment care is required whenever the surgery requires a 
patient to be anaesthetised. In these cases Pre-Operative screening is required if this has not already been 
done in the last three months. Pre-Operative screening is not conducted at the Dermatology outpatient 
clinic, but takes place at the Pro-Operative screening department. 

After the Pre-treatment care sub-process, the execution of a Dermatology's treatment intervention is 
commenced. Under normal circumstances, a patient undergoes one treatment intervention. The selection 
of one of these treatment interventions is defined in the clinical decision. For the purpose of this research, 
only the excision treatment process will be taken into account. 

Treatments that include surgery require Post-treatment care, which mainly consist of a wound check 
and/or the removal of stitches. In the original process a patient will undergo Mohs-surgery to excise 
remaining cancer cells in case the results of the Excisions show that the patient is not cancer-free. But this 
sub-process will not be taken into consideration in this research. Most patients who have suffered skin 
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cancer for the first time have to return to the clinic for frequent health checks. The detailed treatment 
process description is given in Appendix I. 

Contrary to business processes which are usually clearly structured, highly predictable, and consistent; 
healthcare processes may tend to be highly unpredictable. According to de Groot (2009) clinical decisions 
are made by interpreting patient specific data according to medical knowledge, which results in a very 
complex decision process, as medical knowledge includes medical guidelines of various kinds and 
evidence levels as well as individual experience of physicians. This may make healthcare processes 
highly unpredictable. W orkflow systems normally automate the process according to predefined process 
models. But given the possible complexity of medical process, it may be impossible to model all possible 
treatment scenarios beforehand. Therefore, workflow systems should give medical personnel the 
possibility to deviate from initial process structure. In other words, workflow systems should be highly 
flexible to cope with the unpredictability of healthcare treatment processes. 

4.1.1.1.2 Simplified process 
The original process as it is presented in Appendix I is however too large for the scope of this research, 
and had therefore been shortened. In order to shorten this process, certain parts were represented at a 
higher level and other parts have been deleted from the process schema. It should be mentioned that 
removing certain parts and move certain parts to a higher level, already excluded certain scenarios that 
might have been tested if the complete model was taken into consideration. For this reason it had been 
chosen to shorten the process in parallel with the creation of the scenarios. This assures that only parts 
that are not necessary for the selected scenarios were deleted or abstracted. The shortened version of this 
process is presented in Figure 4. 
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Figure 4: Simplified skin cancer treatment process 
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4.1.1.2 Bank investment process 
The second process used for the comparison of the systems was an investment process of a bank which is 
based on the thesis of Sijben (2006). Sijben (2006) only describes the main process in the bank. His thesis 
indentifies three main processes in the organization which are the application, administration and the 
resignation processes. Besides these three main processes there were a number of business processes in 
this bank. Sijben (2006) made a selection of four business processes which takes customers desire into 
account. Also a distinction was made between the intermediary customer, and the end customers. The 
intermediary is an investment specialist which handles the investment procedures for the end customers. 
The distinction between those two types of customer was taking in further consideration in this research. 
The four business processes selected by Sijben (2006) are the account application, purchase and sales 
order (which consists of two processes for two different clients) and the payment process. These four 
processes are presented separately in the thesis of Sijben (2006), but here they are presented as sub
processes of the overall investment process. A high level representation of the main process (investment 
process) is given in Figure 5. The two sub-processes "Foundation order administration" and "Europort 
order administration" are very similar because they both deal with the investment procedure of the client. 
The only difference is that there are some minor steps that should be performed differently for the two 
different client types. The goal of this section was to create a process for handling the investment 
procedures regardless of the client type, because the clients were not further distinguished. Therefore it 
had been arbitrarily chosen to take only the sub-process for handling the investment procedures of the 
foundation clients (the sub process "Foundation order administration") into further consideration. 

Application 

EE 

Foundation 
order 

dministratio 
rn 

Europort 
order 

dministratio 
ffi 

Payment 

ffi 

Figure 5: High level of bank investment process 

4.1.1.2.1 The sub-process application 

End 

The application process describes the procedure for the application for an investment product. First the 
end customer contacts the intermediary to ask for an investment mortgage or a loose investment product. 
If a loose investment product has been requested, the intermediary will subsequently download all the 
necessary documents from the bank. These documents are filled in by the intermediary and then sent back 
to the bank. The bank should then open and activate a new account. 
In case the end customer requests an investment mortgage, an offer is created by the intermediary. To do 
this the intermediary will download all the necessary documents from the mortgage bank. The mortgage 
bank is a subsidiary bank of the main bank. After completing the offer, the documents are sent to the 
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mortgage bank. The mortgage bank will enter this data in their system, and a bank account is created 
which has to be accepted later by the main bank. The mortgage bank also investigates if they can meet the 
offer. Subsequently the data is sent to the main bank by the mortgage bank using an interface. This will 
automatically enter the customer's data as well as the bank account information (which is not released 
yet) in the system of the main bank. As soon as the intermediary is notified by the mortgage bank that the 
offer has been accepted, the intermediary will then download the necessary documents from the mortgage 
bank as well as the main bank. The forms are filled in completely and sent back to the mortgage bank and 
the main bank. When the main bank has all the necessary information at their disposal, they release the 
bank account and inform the mortgage bank about this via the interface. The end customer will then 
receive a welcome package including a form that has to be filled in by the client itself and returned to the 
main bank. When this document is received by the main bank, they are authorized to start investing the 
money that the client will deposit. The complete process is given in the BPMN model that can be found in 
Appendix II. 

4.1.1.2.2 The sub-process foundation order administration 
This sub-process describes the purchase and selling order procedures for the foundation customers. When 
the client submits an application/administration form to the bank, this form is processed by the service 
desk. After the forms have been processed, the bank is immediately authorized to execute the investment 
according to the client's profile. 
But first, the customer administration should check if the task can be performed. Then the back office 
executes a number of tasks necessary to handle the request. Subsequently the purchase and selling take 
place via another system. Then the order forms are being stored in the archive at the customers' 
administration. As has been mentioned above, the different department (resources) were not taken in 
further account, and was therefore not modelled in the BPMN model. The BPMN model presented in 
Appendix III describes the complete foundation order administration process. 

4.1.1.2.3 Sub-process payment 
A client may find it necessary for a payment to take place in case his/her liquid balance is enough. This 
step is usually a follow-up of the selling-order, but is not necessarily the case. Therefore it was separately 
taken into account by Sijben (2006), in other words; it is being modelled as a separate process. At the start 
of this process, the payment orders are received at the service desk. It can also start at the customer 
administration after a selling order has been completed. The customer administration is responsible for 
authorizing the orders. When the orders are authorized, the back office will start the procedure to make to 
payment to the customer. When the payment has been completed by the back office, the customer 
administration will store the order-forms in the archive. The detailed BPMN model of this process is 
given in Appendix IV. 

4.1.1.2.4 Simplified process 
Similar to the skin cancer treatment process, the described investment process was too large for the 
purpose of this research and had therefore been shortened. For the shortening of this process, certain parts 
have been represented at a higher level and other parts have been deleted from the process schema. As 
was the case for the skin caner treatment process, removing certain parts and moving certain parts to a 
higher level, already excluded certain scenarios that might have been tested if the complete model was 
taken into consideration. Therefore this process was also shortened in parallel with the creation of the 
scenarios. This assures that only parts that are not necessary for the selected scenarios are deleted or 
abstracted. 
It had also been chosen to make some small adaptations in the process routing. The overall process 
presented in Figure 5, indicates that after the application a client can do multiple purchase and selling 
orders. And the payment is an optional step after a selling order. But in the simplified process, a client 
starts with the application and subsequently does only one purchase or selling order. And then the 
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payment is performed regardless of order type. The payment process can be interpreted as follows. In the 
case of a selling order it has the same meaning as in the original process. So that the client receive the 
payment of the money that has been gained from the selling. But in the case of the purchase order we can 
interpret this payment process as the step where the client deposits his money that should be invested at 
the bank. The BPMN model of the simplified process that will be used in this research is given in Figure 
6. 

Figure 6: Investment simplified process 

4.1.2 Scenario 
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After describing the processes that were modelled and simulated by the different WfMS vendors, this part 
elaborates on the scenarios that were used to evaluate the systems flexibilities. A scenario is the 
description of a situation where a certain exception has occurred and need a form of handling. One form 
of handling might be for example, a change that should be made (according to some change patterns). 
This part will start by explaining the gathering phase (section 4.1.2. l), which includes the techniques that 
were used to come to the different scenarios. Then section 4.1.2.2 will presents some exception types that 
might occur during the execution of a process. Subsequently, a number of (change) patterns are presented 
in section 4.1.2.3, which are the actions that might have to be taken in the occurrence of one of the 
exceptions. The patterns presented in this section are the potential patterns to be used in the experiment. A 
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selection is made out of these patterns in section 4.1 .2.4. And finally section 4.1 .2.5 presents the scenarios 
that were created to be used during the experiment. 

4.1.2.1 Gathering phase 
For the gathering of potential scenarios, some technique from the requirements engineering was used. 
Requirements engineering is the field that develops the requirements specifications for a system that is to 
be built. Requirement engineering tries to capture the clients needs (Thayer 2000). It has been chosen to 
adopt some techniques of this field, because in the same way requirement engineers asks the question 
'what are the functionalities that their system should contain in order to be a good system', the question 
can be asked 'what are the scenarios this evaluation tool must contain to be a good evaluation tool'. So 
the same techniques that are used to come up with the requirements for a system to be built, were used to 
come to the scenarios for the evaluation tool used in this research. 

Loucopoulos & Karakostas (1995) mentioned a number of six sources of information (domain experts, 
literature about the domain, existing software, similar software in other domains, national and 
international standards, and other stakeholders) that are used in the requirement engineering (RE) area to 
gather requirements. Not all of these sources could be applicable in this research. In the case of 
requirements engineering, existing software and similar software in other domains may be used as a 
source of information to set the requirement for new software to be built. But as far as this empirical 
comparison method is concerned, as was showed in the chapter 2, no other existing similar method has 
been encountered in the literatures. There is also no national or international standard concerned with a 
workflow comparison framework. Stakeholders that could be identified in the context of this research are 
companies that might consider applying a workflow system in the future. Consulting these information 
sources will be too time-consuming. It should be mentioned that there is enough literature defining the 
needs of these types of stakeholders. Based on these two reasons, and since this research was planned for 
five months, it had been chosen to exclude the stakeholders as a source of information. 
The only two sources of information that were adopted from the requirements engineering field is the 
domain experts and literature about the domain. 

In the requirement engineering field, these information sources are combined with certain elicitation 
techniques. Bray (2002) mentioned nine different elicitation techniques that are used in the RE field. The 
usefulness of these techniques is discussed below. The interviewing technique was not considered in this 
research because the source of information (stakeholders) where the interview should extract the 
information was not taken into account. The questionnaire technique was excluded for the same reason as 
for the interviewing. The requirement stripping (should be translated as scenario stripping) which is the 
technique where the scenarios shall be stripped from previous version of this method, could not be 
applied here because there was no previous version of this comparison method. The discourse analysis 
did not seems to be useful to create scenarios, because in the case of RE it is about the observer going as 
undercover to get certain information. As for Use-cases and scenarios Bray (2002) mentioned that the 
role of this technique is not to gather requirements but to check client's acceptance of requirements. For 
that reason this technique was not considered to be useful in this research. The document inspection 
technique was not used in this research because there was no document related to similar methods that 
could be inspected. 
The techniques that were used in this research are: brainstorming, background readings where the 
resource 'literatures about the domain' was used; and the tasks observation technique where the two 
processes were run a few time and observed to identify the possible exception that might present. This last 
technique had to be combined with the brainstorm technique in order to be efficient. 
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4.1.2.2 Exception types 
The scenarios that were used during this research were presented in the form of exceptions. In other 
words the scenarios required the workflow system to deviate from normal operation. Russell et al. (2006) 
identified five exception types, namely: work item failure, deadline expiry, resource unavailability, 
external trigger and constraint violations. The deadline expiry and resource unavailability exceptions 
types were not taken into consideration during this research. The deadline expiry is not taken into 
consideration because there were no deadlines attached to the different tasks. As for the resource 
unavailability, it was not taken into consideration because this research does not put emphasis on the 
resource perspectives of the processes. There was only one super user performing all the different tasks. 
And it is being assumed that he/she was always available and capable to complete the task. The three 
exception (scenarios) types that were used during this research are explained in further details below. 
Work Item Failure: Work item failure during the execution of a workflow process is generally 

characterised by the inability of the work item to progress any further. This can 
be related to a software/hardware failure, user initiated abort etc. 

External Trigger: Triggers from source external to a work item are often used as a means of 
signalling the occurrence of an event that impacts on the work item and requires 
some form of handling. 

Constraint Violation: Constraints in the context of a workflow system are invariants over elements in 
the control-flow, data or resource perspective that need to be maintained to 
ensure the integrity and operational consistency of the workflow process is 
preserved. 

4.1.2.3 Potential Patterns (scenarios) 
The three types of scenarios (exceptions) presented above can effect the control flow in different ways. 
The background reading process of a paper recommended by a domain expert has produced a number of 
change patterns discussed by Weber et al. (2008) that result as a consequent of the different exceptions 
types. In other words, when there is an exception of one of the types discussed by Russell et al. (2006) it 
may require the workflow system to change according to one of the patterns that will be discussed in this 
part. Weber et al. (2008) discussed 18 change patterns that are divided into two groups, the adaptation 
patterns and patterns for changes to predefined regions. Thereby, adaptation patterns support structural 
process adaptation, whereas patterns for changes in predefined regions allow for built-in flexibility 
(Weber et al. 2008). An overview of the identified change patterns are presented in Figure 7. 
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Figure 7: Overview of identified change patterns. 

4 Patterns for Changes 
to Predefined Regions 

PP1 : Late Selection of 
Process Fragments 

PP2: Late Modeling of 
Process Fragments 

PP3: Late Composition of 
Process Fragments 

PP4: Mu lti-1 nstance Activity 

The 18 change patterns presented in Figure 7 are further explained in Appendix V. Here the adaptation 
pattern is indicated by AP and the patterns for change in predefined regions are indicated by PP. The 
description given below is based on Weber et al. (2008). 

After gathering those change patterns from literatures which have been recommended by a domain expert, 
the tasks observation technique was applied. During the application of this technique the processes have 
been run a few times in combination with brainstorm to identify possible exceptions that might occur. 
This technique has produced two exceptions not found in the literatures that have been read. In contrary to 
the change patterns describe by Weber et al. (2008), these exceptions do not require any change to the 
process schema. These unexpected events require only some special handling. The two events that have 
been identified are the aborting of a case and putting a case on hold (see Appendix V for description). 
They are abbreviated with NAE which stand for No Adaptation Event. 

4.1.2.4 Selection phase 
A number of twenty possible exception events (change patters & not adaptive patterns) have been given 
in the previous section. But taking the available time for the experiment into consideration, it was obvious 
that not all of the above mentioned patterns could be analyzed. Therefore, a selection was made for the 
patterns (scenarios) to be used during the experiment. This selection was made using the purposeful 
sampling technique explained below. 

4.1.2.4.1 Sampling technique 
The sampling technique that was used is the purposeful sampling technique which is part of the theoretic 
sampling technique explained by Eisenhardt (1989). Theoretic sampling is explained by Eisenhardt 
( 1989) as a technique to choose cases for theoretic and not statistical reasons. Here the word "case" bears 
a different meaning than the way it is defined in the rest of the report. Here a case is used as a specific 
matter requiring discussion, decision, or investigation. Using this technique, cases are not chosen 
randomly, but should reflect the selection of specific cases to extend the theory. Eisenhardt (1989) states, 
"the cases may be chosen to replicate previous cases or extend emergent theory, or they may be chosen to 
fill theoretical categories and provide examples of polar types". As far as this research is concerned, there 
were no previous cases that should be replicated, and no emerged theory that could be extended which 
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made this technique as it is presented here not relevant. But Coyne ( 1997) explained the difference 
between theoretic and purposeful sampling technique provides some useful insights that could have been 
used to make the selection. According to Coyne (1997) theoretic sampling starts with purposeful 
sampling. The sample is gathered with a specific purpose, because the researcher wants to study a certain 
phenomenon. Then Coyne (1997) makes it clear that theoretic sampling goes much further, because based 
on the results of a research on the selected sample, the scientist will create a certain theory, and will then 
gather more data to test the created theory. The aim of the selection phase in this study was to select the 
patterns that would have been used during the experiment. No theory would have been made on this 
sample which made the complete theoretic sampling process irrelevant. Therefore only the first part, 
namely the purposeful sampling technique, was used here. 

4.1.2.4.2 The selected patterns 
The purposeful sampling technique discussed above indicates that the sampling had to be made according 
to a purpose defined by the researcher. Based on the fact that most of the patterns present above were in 
one way or the other related to each other, the selection had been made with the following purpose: 

The patterns had to be selected in such a way that the selected pattern can cover all the patterns 
explained in section 4.1.2.3. 

Thus, a system that is able to handle all the selected patterns should be able to handle also the patterns 
that have been left out. This could be reached because certain patterns were created for example by 
combining two simple patterns. The relation between the patterns APl to AP14 is presented in Figure 8. 

Figure 8: schematic representation of relation between patterns APl to AP14 
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Figure 8 gives a good overview of the relation between the patterns APl to AP14. The selected Patterns 
are given in the brown/green colour. Those are patterns AP5, AP6 AP9, APlO, APl 1, AP13 and AP14. 
As can be seen, the patterns are represented in differed layers. The pattern in the lower layer, are patterns 
which are not dependent, or do not use any application from any other pattern. The pattern in the higher 
layers can be performed either be combining two patterns of a lower layer (indicated with the solid blue 
line) or is based on the principle of a lower level pattern (indicated with the dotted blue line). In case a 
pattern can be realized by combining two lower layer patterns together, automatically means that a system 
that support this higher layer pattern can also support two lower layer patters. But this is not the case for 
patterns which just use some principle of a lower layer pattern. There are also patterns which are related 
to each other. These patterns may be patterns that are the reverse of each other or do more or less the 
same thing. For these patterns it is not by definition the case that, once a system can support one of them 
it can automatically support the other. But considering the limited time to do the experiment which put a 
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restriction on the number of scenarios (patterns), the assumption was made that a system which support 
certain patterns, also supports its related pattern. This assumption is based on the knowledge that it is very 
common (and logical) that when a developer includes the option of for example extracting a part of a 
process to a sub process, also includes the option of imbedding a sub-process in the main process. The 
choice for the selected patterns will be given below. 

APS has been chosen because this pattern can be realized based on the combined use of APl and AP2. If 
a certain system is capable of performing this pattern, then it is automatically able to perform patterns 
APl and AP2 which it is based on. Also AP3 (which is related to pattern AP5) and AP4 are based on the 
combination of APl and AP2. Patterns APl and AP2 are already tested by using pattern APS. And if a 
system can support these two patterns it can also support AP3 and AP4 because as has been mentioned 
above, these patterns are also realized on the combined use of APl and AP2. 

The patterns AP6 and AP7 are related patterns. AP7 is actually the reverse process of AP6. Since the 
number of scenarios (patterns) had to be restricted, it has been chosen to use only one of the two. The 
choice had been randomly made to take AP6 into consideration. 

The patterns AP8 and APlO are related to each other, and are based on the principles of basically the 
same patterns APl, APl 1 and AP12. In addition to those patterns, APlO can also be implemented based 
on the principles of AP13. For this reason it was chosen to take APlO into further consideration and 
exclude AP8. 

Pattern AP9 is the only pattern dealing with parallelizing processes. For this reason it had been chosen to 
include this pattern in the scenarios to be used during the experiment. 

The patterns AP 11 and AP 12 are very similar to each other. Pattern AP 12 is the reverse process of AP 11. 
In order to restrict the number of patterns (scenarios) used during the experiment, it had been chosen to 
use only one of those patterns. The choice was randomly made to use pattern AP! l during the 
experiment. It should be mentioned the AP12 is also related to AP9 which was already included in the set 
of patterns (scenarios) for the experiment. 

Both the patterns AP13 and AP14 had been chosen to be used during the experiment, because they are not 
covered by any other pattern. AP 13 is not related to any of the other thirteen patterns, and AP 14 uses the 
principles of AP! and APS, but AP14 is different from the other two in the sense that the respective 
fragment is not moved from its original place. 

As far as the group of pattern for changes to predefined regions is concerned, it should be mentioned that 
these patterns are of a different nature than APl to AP14. These patterns all deal with the capability of the 
system to deal with the systems flexibility at designated time. In other words, the definitive process will 
be decided at run time. As can be seen in Figure 9 these patterns have been represented in one block, 
indicating that they are all of the same nature. This research did not go in all the details of all different 
change patterns PP l to PP4 when evaluating the workflow systems, but looked at whether these system 
support flexibility at design time or not. Therefore it had been chosen to select only one pattern to 
represent the whole group. Here the choice had been made arbitrarily to select pattern PP2. 
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Figure 9: Patterns for change to predefined regions 

As for the two events that don't require any change to the process schema, the choice was made to include 
only NAE2. This choice was made because NAE2 is partly based on NAE 1 (see Figure 10). Thus if a 
certain system can put a case on hold and then continuing the case at a later stage (NAE2) it will also be 
able to abort the case (NAEl). Because aborting a case may also be seen as putting the case on hold, and 
never finishing the process. To put a case on hold and continue processing after some time, demands 
more of the system then only aborting the process. Therefore it has been chosen to use pattern NAE2. 

NAE1 

Figure 10: Patterns where no change is required 

The selected patterns were: APS, AP6 AP9, APIO, APl 1, AP13, AP14, PP2, and NAE2. These patterns 
were used to create the scenarios presented in the following section. 

4.1.2.5 The scenarios 
The chosen patterns described above were tested during the experiment using some scenarios. This part 
will give a description of the scenarios that were used. Note that the scenarios are given in the present
tense because they are presented here as they were formulated for this research. 

Scenario 1 (skin cancer treatment process): 
For one reason or another it appeared that there is no record for a certain patient in process. The manager 
identifies this patient as an exceptional case. The process schema does not give any option for handling 
this patient. For this reason the manager has decided that the process schema should be adapted in order 
to make it possible to skip the steps "inform patient (phone)" and "update patient record" in case the 
patient is an exceptional case where there is no record available. This scenario (exception) is of the type 
work item failure, because there is some missing information attached to the patient (work item) which 
requires a special handling. 

Scenario 2 (skin cancer treatment process): 
After some cases have been processed, the manager re-evaluates its process and comes to the conclusion 
that the preparation prior to the surgery is not a primary part of the process and should be extracted to a 
sub-process. Thus the tasks "start preparation", "prepare tools" and "prepare OR" should be extracted to a 
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sub-process. This scenario can be classified as an external trigger exception even though the trigger is 
from an internal manager and not of someone external to the company. But managers usually have a 
supervisory position and are not directly involved in the process and can be considered as an external 
trigger. 

Scenario 3 (skin cancer treatment process): 
In order to save time the manager at the clinic decides to make a small adaptation in the procedures that 
follows after the surgery has been performed. Instead of performing the tasks "treat wound" and "prepare 
and take sample to lab" in sequence, the manager decides that the sample should be prepared and taken to 
the laboratory at the same time that the wound is being treated. So the above mentioned tasks should be 
performed in parallel. The same as for scenario 2, this scenario can be classified as an external trigger. 

Scenario 4 (investment process): 
After the application process for a certain client at the investment bank has been performed, the manager 
at the bank decides to change the process schema in such a way that the account is being released 
immediately after the application is completed. And the archiving is moved to take place after the forms 
have been sent and the client information is updated. In other words, the manager wants to swap the 
processes "archive I" and "release account". Also this scenario is considered to be of the type external 
trigger, because the manager has a supervisory role and is not directly part of the process. 

Scenario 5 (investment process): 
During the processing of a case, the department manager receives a notification from the board of 
directors concerning some new regulations. One of those rules states that a payment is activated only after 
the daily statement has been mailed to the customer. This rule should also count for cases in process for 
which the payment has not been activated yet. This exception event is initiated by the board of directors 
and can also be considered as external trigger exception type. 

Scenario 6 (investment process): 
Another rule out of the sets of the new regulations states that from now on a 'sales order' can only be 
authorized if the balance is 40 thousand Euros or above instead of 30 thousand. This new rule should also 
be applied to case in process for which the sales order has not been authorized yet. This exception event is 
also initiated by the board of directors as was for scenario 5 and can be classified as an external trigger 
scenario. 

Scenario 7 (investment process): 
In the actual process the daily statements are not archived after they are printed at the end of the 
purchasing or sales order. The manager believes that the archiving of these daily statements is essential 
concerning the traceability of these orders, and decides to adapt the process schema in such a way that 
these daily statements can be archived. This means that the tasks "archive 2" should be copied and pasted 
after the task "daily statement". Also this scenario is initiated by the manager and is considered as an 
external trigger type. 

Scenario 8 (investment process): 
A case has gone almost through the whole process, and then suddenly the manager receives a notification 
from Interpol informing that the client is being investigated, and that the case should be put on hold in 
anticipation of the investigation. After all the other cases have been processed, the manager receives 
another notification from Interpol informing him, that the case can be continued because the client was 
not found guilty of any charges. This exception is initiated by Interpol which is an external recourse, and 
is therefore classified as an external trigger exception. 
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As far as the patterns for changes in predefined regions which are represented by pattern PP2 are 
concerned, it can be said that this pattern is tested in the skin cancer treatment process. The sub process 
'Wound control' can consist of three possible tasks, namely: rinse wound; put iodine; and put bandage. 
The tasks that should be executed, in combination with the required order are patient depended. These 
tasks and execution order are therefore decided at run time. 

4.1.3 Cases 
After the process and the scenarios have been described in the previous sections, this part will give a 
description of the cases that have been used during the experiment. These cases are the patients that 
receive the treatment at the Dermatology oncology outpatient department and the clients that make an 
investment at the investment bank. The scenarios described in section 4.1.2.5 have been embedded in the 
cases. 
The cases have been presented on hard copy during the experiment. It has been chosen to describe the 
cases spread over a number of pages. On each page the cases were describe from the start of the process 
(or from the point of a scenario) until the point where the next scenario was presented or the end of the 
process. Thus for example the first page of case-XX starts at the beginning of the process until the point 
where a certain scenario is presented. There the super user was asked to go to the next page before taking 
any further action. At the top of the second page of case-XX, the super user found an explanation of the 
scenario that has presented, and the necessary action that had to be taken. The rest of the second page 
provided the rest of the information necessary to finish processing the case, in case there was only one 
scenario related to this particular case. 
To guarantee smooth progress during the experiment, the information on the case sheets necessary to 
complete the cases has been presented in a structural way. The information has been provided in the same 
sequence as the process sequence in the process models. The tasks names were written in a textbox, and 
the information necessary for that task were given below the textbox. The cases used during the 
experiment are presented in Appendix VI. 

4.1.4 Flexibility Measurement 
After describing the processes that were run by the different workflow systems during the experiment; the 
scenarios that were presented during the execution of those processes; and the cases that were processed 
which includes the different scenarios. This part will describe the flexibility metrics. Or rather, this part 
will give a description of the way in which the systems flexibility was measured. 

The metrics 
The metrics used in this research were based on the three dimensions mentioned by Slack (1983) in 
section 2.4.2. It should be mentioned that the cost dimension was not taken into consideration, since this 
research did not included any cost aspects of the workflow systems. The metrics that were used are: 
Range: The range is defined in this research as the number of change patterns that is supported by a 

given systems. As Slack ( 1983) argued: "a system is more flexible then another if it is capable 
of exhibiting a wider range of states". So in this case, a system which supports more change 
pattern is more flexible then one capable of supporting less change patterns. This metric consists 
of a two point scale (Support and No Support) which is an adapted version of the method 
provided by van der Aalst et al. (2003a). 

Time: The time factor was also taken into consideration in this research because as Slack (1983) 
stated: "a system which can move quickly from a state A to state B is more flexible than one 
which takes longer to make the same change". So the system that can perform a change pattern 
quicker is more flexible then one which will take more time to perform the same change pattern. 
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Using the flexibility metrics describe above, a measurement form has been created which was used during 
the experiment to record the results. This form which can be found in Appendix VII, measures for both 
processes, the degree in which the patterns are supported and the time needed to adapt to those patterns. 

4.2 Existing frameworks 
As has been mentioned above, there are two main parts in this research. The first part is the comparison of 
the systems by means of an experiment, and the second part is the comparison using existing frameworks. 
After the methodology of the experiment has been described above, this part will elaborate on the existing 
frameworks. 
There were three frameworks that have been considered to be used in this research. These are the 
frameworks provided by Berger et al. (1997), Russell et al. (2006) and Perez and Rojas (2000). The 
framework of Perez and Rojas (2000) has been eliminated in the initial phase of the research, because this 
framework is not made specifically for workflow system, and compares the systems on certain factors that 
were not relevant for this research. Examples of such factors are: sale person reputation, systems designer 
reputation etc. 
The frameworks of Berger et al. ( 1997) and Russell et al. (2006) both deal with the systems capability of 
dealing with exception, in other words with systems flexibility, and is therefore more related to this 
research. These frameworks have therefore been chosen to be used in this research. 
Unfortunately, it was not possible to gather enough data for the framework of Russell et al. (2006). This 
framework requires an extensive exploration of the systems and is very time consumjng. Due to high 
work intensity, most vendors were unable to cooperate with the assessment of their system using this 
framework. This framework is given in Appendix VIII-b. 
As a result only the framework of Berger et al. ( 1997) had been used during this research. This framework 
is given in Appendix VIII-a. 
From these two frameworks, the framework of Berger et al. ( 1997) was the framework that was most 
related to the experiment because as was the case for the experiment it also assessed the systems ability to 
deal with exceptions by miling changes at runtime. This framework looks for example at the capability 
of the system to enter activities at runtime, the moving of activities, skipping activities etc which is more 
related to the change patterns. Thus, this framework looks at the capability of dealing with unexpected 
exceptions. While on the other hand the framework of Russell et al. (2006) only looks at expected 
exceptions. Russell et al. (2006) summarizes the handling paths that are supported by the systems in case 
of the occurrence of one of the five exceptions discussed in section 2.3. The handling paths are for 
example in case of a work item failure the work item can be forced to fail, and on case level, the case can 
be continued and as a recovery action the effect of the exception can be compensated. So, it does not look 
specifically how the effect is compensated, either by changing for example the process schema, or by 
mabng some other changes. 

So, even though the framework of Russell et al. (2006) could not have been used in this research, it does 
not lead to a big problem because the framework that was used (the one of Berger et al. ( 1997)) is more 
closely related to the experiment. And in order to compare two methods, it would be better if the methods 
are closely related to each other, which is the case for the framework of Berger et al. (I 997) and the 
experiment. 

4.3 The workflow systems (Participants) 
After the two core parts, which are the two comparison methods have been described in detail, this 
paragraph will elaborate on the workflow systems used to test these comparison methods. This paragraph 
will start by explaining the collecting of workflow systems in section 4.3. l. Then section 4.3.2 will 
explain how the workflow systems are sampled and section 4.3.3 will present the candidates to participate 
in the research. These systems are referred to as the candidates because they have only been chosen based 
certain criteria. But whether they participate in the research or not depended on the willingness of these 
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vendors to take part in the research. Finally section 4.3.4 will present the participants, which are the 
systems of the vendors which have positively reacted to the invitation to participate in the research. 

4.3.1 Collecting phase 
The process to get to the participating workflow systems/vendors started by collecting as much workflow 
systems as possible. These systems have been gathered from different websites as: www.waria.com, 
www.workflowpattems.com, www.bpminstitute.org, www.google.com, www.yahoo.com and lecture 
slides of the 7th lecture of the BPM course (Reijers 2008). This search produced a list of approximately 70 
workflow systems (see Appendix IX). 

4.3.2 Sampling phase 
The fact that this Master project was done in 5 months adds some constraints to the number of workflow 
systems that could participate in the research. For practical reasons it was desirable to have three to five 
(3-5) workflow systems participating in this research. Therefore a selection had to be made out of the 
workflow systems gathered in the selection phase. The selection was made using the purposeful sampling 
technique discussed in section 4.1.2.4. I. 

The need for a comparison (evaluation) tool emerged because there are a large variety of workflow 
systems following different paradigms (see section 2.5.3) which leads to some difficulties in selecting the 
appropriate WfMS for a given organization (Rosemann et al. 1998), (Kiepuszewski et al. 2003), (Barker 
and Hemert 2007). In other words, the market is filled with numerous types of workflow systems. Also 
the vendors developing these systems hold different market positions Hill et al (2009) (see section 2.6). 
The sample that was used to test the comparison (evaluation) method in this research had to represent this 
population. Therefore the selected systems had to differ as much as possible with regard to the paradigms 
they follow and the market position of the developing vendors. 

Selection Criteria 
The criteria used to select the participating candidates are divided in two types, the purposeful criteria and 
the pragmatic criteria. Two criteria are used for each type. This selection phase produced a number of 
candidates that was contacted. 

Purposeful criteria 
I. The workflow systems had to be chosen in order to cover as much of the workflow approaches 

(paradigms) as possible. The workflow approaches desirable to be covered are: agile, activity 
based, communication based, object-oriented, product-driven case handling, agent based, and the 
document-centric approach. 

2. Besides the different approaches (paradigms), the selection also had to try to include workflow 
systems from vendors representing the four different classes of the Gartner Magic Quadrant. 

Pragmatic criteria 
3. The third criterion is that there had to be enough information about the vendors. With a list of 

more then a hundred workflow systems, it would have been too time consuming to trace back 
lacking information for all the workflow systems. Therefore only systems where enough 
information could be found on the web were selected as candidates. 

4. The last criterion was that vendors had to be located in the Netherlands, or at least they had to 
have a partner in the Netherlands. 

4.3.3 The Candidates 
After applying the selection criteria presented in section 4.3.2 eight workflow systems (vendors) have 
been selected. These are the eight systems which met the criteria the best. The choice has been made to 
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select eight WfMS taking into consideration that it was desirable to have 3 to 5 (average of 4) WfMS 
participating in the experiment. And assuming that each workflow vendor would have accepted the 
invitation with a 50 percent chance leads to the amount of eight vendors that had to be contacted. 
The selected workflow vendors are presented in Figure I I. This figure is an adapted version of the 
Gartner Magic Quadrant presented in Figure I. Note that the figure consists of a space equal to the 
Gartner Magic Quadrant and in addition, a space for the remaining systems not included in the Magic 
Quadrant. This extra space has been made because as Hill et al. (2009) said that customers should also 
consider other vendors that did not meet their inclusion criteria. The vendors not included in the Magic 
Quadrant can also deliver good products but are not included in their quadrant because they serve only a 
particular geographic area (Hill et al. 2009). 

<::========Gartner's Space=======~ 
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I' ' ~-
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• • ~ 

• 
• • 

\.. ' 
Niche players Visionaries 

Completeness of vision 

emaining 
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"" 

-
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Oracle (SOA) 

Metastorm (SOA(STAR)) 

Tibco lnconcert (Agile + SOA) 

Adobe (Document-Centric) 

Ultimus 

Pallas Athena (BPMlone] (POCH) 

COSA Solution (adivity
Based) 

Vision-Flow (Data-Driven) 

Figure 11: The selected workflow vendors presented according to their market position 

Table I shows how the different systems (vendors) met the selection criteria presented in section 4.3.2. 
An extensive description of how each of the selected workflow systems met the four selection criteria is 
given in Appendix X. 

Yes Yes 
tleader Yes Yes 

Outside Ma ic Quadrant Yes Yes 
Market leader Yes Yes 

Yes Yes 
Partl Yes 
Yes Yes 
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4.3.4 The participants 
As mentioned in the introduction of this paragraph, the systems selected in section 4.3.3 are referred to as 
the candidates, because whether the vendors participated in the research or not depended on the 
willingness of these vendors. The vendors that reacted positively to the invitation are identified as 
participants. From the list of eight systems selected in the previous section, four vendors have reacted 
positively to the invitation. These vendors are Pallas Athena, COSA Solution BV, Vision-Flow and 
Metastorm (see Table 2). 

Pallas Athena BPMlone 
COSA Solution BV COSA BPM suite 
Vision-Flow D namic Process En ine (DPE) 

Metastorm Business Process Mana ement 

Pallas Athena (BPMlone) 
The Pallas Athena's workflow system BPMlone is based on the Product-driven Case Handling approach 
discussed by van der Aalst and Berens (2001) (see section 2.5 .3). Note that the paper of van der Aalst and 
Berens (2001) refer to FLOWer which is the predecessor of BPMlone. This approach focuses on the case 
as the main thing driving the workflow. Here the relation between activities is not fixed which gives 
workers more freedom (van der Aalst and Berens 2001). BPMlone groups the actor (workers executing 
activities) in three different roles, namely the "execute", "redo" and "skip" role. Users with the execute 
role for a specific activity, can only execute the activity while the redo role can redo the activity, and user 
with the skip role are also allowed to skip the activity. Since the relation between activities are not fixed, 
users have the flexibility to execute activities in an arbitrarily order when possible. The BPMlone system 
uses Protos as the modelling language. 

COSA 
The COSA BPM suite is based on the Petri net modelling language. The two most important components 
of this system used during the experiment were the work screen and the designer. The work screen is 
where the COSA user interacts with the system to execute the different tasks that had to be executed. The 
designer is the component where the process description is defined. Changes to the process schema were 
made in the designer component of the system. 

Vision-Flow 
In contrast to most workflow systems that are based on a visual modelling language, the Vision-Flow 
system is based on DLE (Dynamic Logic Engine) which is a scripting language. Using this language, to
do's can be addressed to several people based on certain logics. These to-do's are managed by the DPE 
(Dynamic Process Engine). The end user interacts with the system via the DME (Dynamic Monitor 
Engine) which is the interface which communicates the to-do's to the end user. Besides these 
components, the system also includes other components which will not be elaborated here as they are not 
relevant to this experiment. 

Metastorm 
The Metastorm BPM suite uses the STAR (Stages, Actions, and Roles) methodology to model processes. 
The most import component of this system that was used during the experiment was the designer and the 
user interface. The Metastorm system operates online meaning that once the models are created; they are 
loaded (published) on the web. Then the users can work with the processes using an interface created in 
Microsoft Internet Explorer. 
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4.4 Data collection & Analysis 
After the two methods used in this research have been described in depth and the selected workflow 
systems to participate in the research has been motivated, this paragraph will elaborate on the data 
collection and data analysis. The data collection consists of the experiment and the questionnaire for the 
framework of Berger et al . (1997). Then the data analysis will explain how the data was analyzed after 
being collected. The outcome of this part will be the material for the next chapter which entails the 
results. 

4.4.1 The experiment 
As mentioned above, four separate experiments have been conducted. This part will elaborate on the 
preparation of these experiments, and on the experiment itself. 

Preparation 
In preparation to the experiment, the relevant documents have been sent to the workflow vendors. The 
documents contained a detailed process description for each process, the necessary documents to run the 
processes and a sample case. The process descriptions as can be seen in Appendix XI and XII consisted of 
a BPMN model and a table for each task describing the steps that had to be taken during the execution of 
the specific tasks. The tasks description, also indicate which document should be used to execute the task. 
Also a sample case has been provided to the vendors to give them an idea of how the cases would have 
been presented during the experiment. These processes have been built by all the vendors in their product 
prior to the experiment. 

The execution 
At the start of each experiment a sample case was run together with the user of the systems (a user is 
defined here as the representative of the vendors controlling the system (executing the steps) during the 
experiment). This has been done to get an idea of how the workflow systems work. Then the real 
experiment was started where the cases as they are presented in Appendix VI have been presented to the 
user. The user then started the processing after receiving the first case and executed all the steps necessary 
for each task until the point where a scenario was presented where some exceptional action had to be 
taken. There the user executed the necessary steps in order to deal with the scenarios, and continued the 
process in case it was possible. The whole experiment was recorded using a Sony HOD handycam and the 
time needed to perform the change patterns have been measure with a Rucanos stopwatch and registered 
on the form presented in Appendix VII. 

4.4.2 The questionnaire 
At the end of each experiment the questionnaire of the frameworks of Berger et al. ( 1997) was handed out 
to the vendors. This questionnaire was filled-in immediately by the contact persons of the vendors which 
took part in the experiment. 

4.4.3 Data analysis 
After the data has been collected as given above, an analysis of the data was made. This part will 
elaborate on the analysis made to come to a conclusion of this research. 

Experiment 
The first analysis was conducted on the data for the execution of the normal cases in the skin cancer as 
well as the investment process. First a normality test was performed to see which analysis method could 
be used. Subsequently a Kruskal-Wallis test was performed to verify if there was no significant difference 
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between systems when it comes to executing a normal case. This test was performed to validate the 
comparison of the selected workflow systems. If there was a huge difference between the execution of the 
normal cases which are equal for all vendors and does not require any form of special handling, it may 
have biased the comparison of the systems. Because if during the experiment a certain system operates in 
a very complex way, for example with the model on a central system and interfering with different 
systems to execute the tasks, this may take more time for the execution of normal tasks as well as making 
changes to the process schema. While on the other hand during the experiment the other systems operated 
only on one work system (laptop) and takes less time to run normal cases and make changes. Note that in 
real-time these systems operate on multiple systems, but here it was chosen to run everything only on one 
laptop. In case there was a situation as described above, this might have lead to an incorrect conclusion. 
Because the system is operating in a very complex way during the experiment it might be rated as very 
inflexible because of the huge time necessary to make changes, while this would had been caused by the 
way it operated during the experiment which is then different for the systems. 

After the validation described above, the data was analysed according to the first metric presented in 
section 4.1.4 which is the range. The more scenarios a certain systems could support, the more flexible it 
IS . 

Subsequently, the second metric of section 4.1.4 was analyzed. Also here a normality check was done to 
determine which analysis method could be used. Then a Kruskal-Wallis test was conducted to check 
whether there was a significant difference between the times necessary to make the changes required in 
the different scenarios. 

The framework (questionnaire) 
The data of the framework (questionnaire) of Berger et al. ( 1997) was analysed by counting the amount of 
questions answered with a "Yes" by the different vendors. Systems with more questions answered as 
"Yes" can do more thing and are considered more flexible than systems with less questions answered with 
a "Yes". 

Experiment vs. Framework 
When the analysis of the data of the experiment and the framework was completed and a ranking was 
obtained from both methods, a comparison was made between the two comparisons. This comparison was 
done only by looking at the two rankings to see if they were the same or not. 
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5 Results 
This chapter will present the results of the above-mentioned experiment and the result of the analysis. The 
chapter is divided into three parts. The first part will elaborate on the result of the experiment. The second 
part will present the result from the comparison, using the framework of Berger et al. (1997). The final 
part of this chapter will compare the two comparisons methods. 

5. 1 Result of the experiments 
This paragraph will elaborate on the results of the experiment conducted with the different WfMS. The 
paragraph will starts by elaborating on the overall result of the experiment, and will then elaborate on the 
analysis of the results which produced the ranking. 

5.1.1 Observed Performance 
As was mentioned above, four separate experiments have been conducted, one with each participating 
WfMS. This part will start by presenting the main results for each experiment in four separate tables, 
followed by an in-depth explanation of those results. The tables consist of eleven columns where the 
second and third column labelled "NC Sk" and "NC In" (Normal Case Skin cancer treatment and 
Investment respectively) presents the time necessary to execute a normal case (a case without exception). 
For the two processes; and also the fourth until the eleventh column presents the level of support for the 
different scenarios and the time necessary to make the required changes. A scenario that is supported by a 
system is indicated with "S" (support) and scenarios not supported by the systems, are indicated with 
"NS" (no support). Further, each table consists of four rows where the third row gives the level of support 
(L.o.S.) discussed above, and the fourth row gives the time (in minutes) required to make the required 
changes. 
The explanation of the result that will follow the main results-tables is structured according to the 
scenarios. This method has been chosen because, in contrast to the explanation according to the separate 
experiments, it gives a better understanding of how the different systems performed for the different 
scenarios in relation to each other. 

The result of the first experiment, which was the experiment conducted with the COSA BPM suite, is 
presented in Table 3. As can be seen in this table, with the exception of scenarios 3, the COSA BPM suite 
supported all scenarios used during the experiment. The supported scenarios where a change to the 
process schema had to be made were scenarios 1, 2, 4, 5, 6 and 7 and took respectively 00:40, 03:32, 
02:00, 01:35, 01:30 and 01:20 minutes to complete the changes. 

L.o.S. 
Time 
(min) 

NC Sk NC In Sc 1 
s 

04:33 03:27 00:40 

Sc 2 Sc 3 
s NS 
03:32 

Sc 4 Sc 5 Sc 7 
s s s s s 
02:00 01:35 01:30 01:20 

The result for the second experiment, which was the experiment conducted with the Vision-Flow system, 
is presented in Table 4. As can be seen in this table, with the exception of scenario 2, the Vision-Flow 
system supported all scenarios used during the experiment. The supported scenarios where a change had 
to be made were scenarios 1, 3, 4, 5, 6 and 7 and took respectively 03:15, 02:41, 03:45, 00:48, 00:42 and 
03:05 minutes to complete the change. 
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L.o.S. 
Time 
(min) 

NC Sk NC In Sc 1 
s 

02:42 01:33 03:15 

Sc 2 
NS 

Sc 3 Sc 4 

s s 
02:41 03:45 

Sc 5 Sc 6 Sc 7 c 
s s s s 
00:48 00:42 03:05 

The results of the third experiment, which was the experiment conducted with BPMlone is presented in 
Table 5. In this table it can be noticed that BPMlone did not support 3 of the scenarios, and that the time 
needed to make the changes for two scenarios is registered as zero seconds, meaning that there were no 
changes required for these scenarios. The other two scenarios (scenario 3 and 5) where a change had to be 
made to the process schema took 01 :00 and 01:30 minutes respectively to complete the changes. 

L.o.S. 
Time 
(min) 

NC Sk NC In Sc l 
s 

02:40 01:32 00:00 

Sc 2 Sc 3 
NS s 

01:00 

Sc 4 Sc 5 Sc 6 Sc 7 Sc 8 

s s NS NS S 
00:00 01:30 (00:54) -

The results of the final experiment, which was the experiment conducted with Metastorm BPM suite is 
presented in Table 6. This table shows that Metastorm BPM suite supported all the scenarios used during 
the experiment. In addition scenario 4 did not require any change to the process schema. The scenarios 
where the process schema had to be adapted were scenarios 1, 2, 3, 5, 6 and 7 and took respectively 
05 :00, 04;40, 04:00, 02:4 7, 00: 10 and 00:45 minutes to complete the changes. 

L.o.S. 
Time 
(min) 

NC Sk NC In Sc 1 
s 

04:00 02:46 05:00 

Sc 2 Sc 3 
s s 
04:40 04:00 

Sc 4 Sc 5 Sc 6 Sc 7 Sc 8 
s s s s s 
00:00 02:47 00:10 00:45 

The first part of the experiments that should be highlighted is the handling of a normal case (cases without 
exceptions). The result of the experiments showed that all four systems handled the normal cases between 
0 l :00 and 04:00 minutes. Furthermore, a normal case for the Investment process was handled faster then 
the normal case for the skin cancer treatment process for all the systems, which is logical because the fact 
that the skin cancer treatment process consisted of more tasks then the investment process (and less 
automatic steps). The gap between the systems has been caused by practical factors as system and users 
speeds and the way the processes were built. For example, some vendors included an integrated agenda in 
the process for making appointments for the patients while other vendors used the agenda provided 
together with process description. And using the agenda provided with the process description took more 
time than an integrated agenda. 

Before elaborating on the result for the different scenarios an overall remark should be made about the 
process instance where changes could be made for the different systems. During the experiments it was 
shown that all of the systems supported (where change is supported) a change at process instance 11 as 
defined by Weber et al. (2008) (see Figure 12). This indicates that when an activity "A" is activated 
another activity can be inserted between "A" and "B" or "B" itself can be removed or adapted without 
any problem. 
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Process Instance 11 

~ .. Change 
Propagation 

Figure 12: Changes at process instance 11 

Activity Slates 

•Activated 

./Completed 

As far as cases which have already reached process instance 12 (see Figure 13) is concerned, some 
systems had to rewind the case back to process instance 11 for some scenarios before the changes could be 
made. In other words, if activity "B" is already activated, no change could be made between activities 
"A" and "B" before the case is completed. The process should then be rewind to the state where activity 
"A" is activated, and only then could the change be made before the cases were completed. Here it should 
be mentioned that for Vision-Flow al cases had to be rewinded to process instance 11 before making the 
changes required by the scenarios. 

Process Instance 12 Process Instance 12 

~.~ .~-"'L-"" .. 

~Change 
Propagation 

Figure 13: Changes at process instance 12 

Activity Slates 

•Activated 

./Completed 

As can be seen in the tables Table 3 to Table 6, the first scenario which deals with the skipping of tasks 
was supported by all four systems. However the way that this was realized varied between the systems. 
BPMlone was the one which performed the best on this scenario because the skipping of tasks is an 
integrated part of this system. However the other three systems also give the possibility of defining a skip 
function for each task in advance. Or in the case of Metastorm, the common stage allowing the skipping 
of tasks can be created before the process-model is released. For COSA and the Vision-Flow system the 
skip option should be defined for each task separately. So here the tasks which are allowed to be skipped 
should be known in advance in order to define this during design time. Thus, the other three systems 
(other than BPMlone) also have the option of having the skip function as an integrated feature. 

Scenario 2 which is the extracting of part of the process to a sub-process was not supported by two of the 
systems, namely Vision-Flow and BPMlone. As will be shown below, these systems have distinctive 
reasons for not supporting this scenario. In the case of BPMlone, it is possible to make such a change to 
the process schema, but it was not possible to handle cases that were already in process. In the case of 
Vision-Flow, because this system is based on the logic script language, there is no difference between 
main and sub-process. The to-do's for the users stays the same. However it is possible to make to-do's for 
a specific part of the process as a whole, but this does not make any difference for the process. As far as 
the two other systems are concerned, both supported this scenario in a similar way. For the COSA BPM 
suite the change required in this scenario was realized by creating a new sub-process with the same 
routing as the original tasks. Subsequently, the content of the existing tasks was copied and pasted in the 
newly created tasks in the sub-process. For Metastorm, the change needed to support this scenario was 
realized by deleting the existing part in the process, and then creating a sub-process where the tasks had to 
be remodelled. When it comes to large processes, this procedure is not as efficient as the procedure used 
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in BPMlone to move part of a process to a sub-process. In BPMlone the parts that had to go to a sub
process were selected and dragged to a created subpage. This is more efficient as the process gets larger, 
because it is not necessary to remodel the whole sub-page. But as was already mentioned before, 
unfortunately the changes in BPMlone could not be applied to cases already in process. 

As far as scenario 3 where a part of the process which was executed in sequence had to be changed to a 
parallel routing is concerned, COSA was the only system that did not support this scenario. It should be 
mentioned that it is possible to make this change in the process schema at runtime, but not when one or 
more of the tasks that should be changed has already been activated, which was the case here. In order to 
get a better understanding why it could not support this scenario, the process in Figure 12is taken into 
consideration. Imagine that the tasks "c" and "d" were executed in series and had to be changed to 
parallel. After executing tasks "b", task "c" will be immediately activated. In case tasks "c" and "d" are 
then changed to parallel, it will not be possible to activate both tasks anymore. From the other three 
systems, BPMlone was the one where the tasks could have been changed very easily, because it was a 
matter of changing the arrows (connectors) between the transitions. Also the change in Vision-Flow was 
realized very straightforward; just by changing the script for the two tasks that had to be changed to 
parallel in such a way that both tasks were simultaneously shown on the to-do list. But in this case, the 
person making this change should have the knowledge about the script language. The change in 
Metastorm BPM suite was more complicated because here the old tasks had to be deleted, and the new 
tasks had to be remodelled. For each task that should be modelled in parallel in Metastorrn BPM suite, an 
extra map should be created which makes the changing more complex compared to the other systems. 

Scenario 4 which includes the swapping of tasks was supported by all four systems. Moreover BPMlone 
and Metastorm BPM suite did not require any changes to the process schema in order to support this 
scenario. BPMlone by default gives users the possibility to decide on the execution order of activities as 
long as the tasks are independent. Because the tasks used in this scenario were independent, they could 
have been executed in different orders without having to make any change to the process schema. On the 
other hand if it was desirable to have a model that forces the process to be executed in the order described 
by scenario 4, then the model should have been adapted. This adaptation is not possible at runtime, but 
should be done when the system is not operational. In the case of Metastorm, the process was modelled in 
such a way that once the process reaches a certain stage, the actors got a number of tasks that can be 
executed. It is common that especially serial tasks that are independent of each other are modelled in this 
way when using the Metastorm BPM suite. This gives the user to opportunity to choose the order that the 
tasks are executed, and therefore did not require any change to the process schema. As for the two other 
systems, the tasks were swapped in COSA by exchanging the contents of the two tasks. And in Vision
Flow, the logic-script of the tasks was adapted such that the task "archive l'' was executed in place of 
"release account" and visa versa. 

Also scenario 5 where a control dependency should have been entered between two tasks was supported 
by all four systems. The change in BPMlone and COSA was the same. Here the arrows (connections) 
between the transitions was changed in the designer (also called studio for BPMlone) in such a way that 
the tasks were executed in series, which assured that the tasks "activate" was only executed after the mail 
has been send. The change in Vision-Flow was also realized in a simple way, just by adapting the script 
for the task "activate" such that it could be executed only after the mail had been sent. The change in 
Metastorrn required more steps than the other systems. Here the task "activate" had to be deleted and a 
new task "activate" had to be created in series with the other tasks. The tasks had to be deleted in 
Metastorrn because as mentioned above, a new map must be created for all tasks that are constructed in 
parallel in Metastorm. 

As far as scenario 6 where the conditions had to be updated during runtime is concerned, BPMlone was 
the only system not supporting this scenario. As was the case for most of the scenarios with BPMlone, the 
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change could have been made but it was not possible to handle cases already in process according to the 
new process definition. Here it should be mentioned, that in practice such conditions are usually modelled 
using business rules linking to external resources. This means that at the decision point, the business rule 
is specified, and this business rule uses data from an external database. Taking the Investment process as 
an example, they would model the specific decision point using the business rule that if the balance is 
higher then a "certain value" the case can continue, else the balance is not enough and the case should be 
aborted. The "certain value" referred to, is then specified in an external database. This method is very 
similar to the way the decision value was defined in Metastorm BPM suite. Here the decision value was 
defined as a variable that could have been changed in the user interface. This provides the flexibility of 
updating the decision value without having to open the designer. As for the other two systems, the 
updating of decision condition was realized by changing the decision condition in the script and in the 
designer for Vision-Flow and COSA respectively. 

As far as scenario 7 which dealt with the copying of tasks is concerned, also here BPMlone was the only 
system that did not support this scenario. Also here it is possible to make copies of tasks during runtime, 
but the existing cases could not follow the updated process. As far as the other systems are concerned, the 
copying was realized in COSA by inserting a new transition at the designated place, and copying all the 
contents of the task that had to be copied, in the newly created transition. The copying in Metastorm BPM 
suite was realized by copying the complete transition in the designer, and pasting it at the designated 
place. The copying of tasks in Vision-Flow was realized in a slightly different way than the other systems. 
Here the copying of a task was realized by changing the script of the tasks, in this case the task "archive 
2", in such a way that this task was used two times in the process. So in other words, the task itself was 
not copied, but it was used in two places in the process. In the script language, tasks do not have a specific 
place, but in the script it is indicated where the tasks should be used in the process. Therefore the script 
could just be adjusted so that the specific task could be used in two places in the process. 

Scenario 8 where a case had to be put on hold was supported by all four systems. It should be mentioned 
that in principle, this scenario does not require any change in the process schema. It can be better 
classified as a feature of the system. All four systems supports the handling of more cases in parallel, so 
that one case can be put on hold and user can continue handling other cases while the case on hold is on 
the work list, or on a hold list. The way the cases are put on hold varies between systems. During the 
experiment, the case that was put on hold was realized with COSA and BPMlone just by leaving the 
indicated case on the work list while other cases where handled. It was also possible to block the case that 
had been put on hold so that it could not be reached by anyone, until it was not on hold anymore. For the 
other systems, Vision-Flow and Metastorm BPM suite, a special feature was created during the 
experiment. During the experiment with Vision-Flow a "hold" to-do was created (in the script), which 
once executed puts the case on a hold list. Once the specific case is put on hold, every user can see that 
the specific case is on hold and cannot do anything on that case. A similar function was also defined for 
the Metastorm BPM suite. 

As far as decision making at run time which was tested with pattern PP2 during the experiment is 
concerned, it can be said that all four system supports this pattern. Also this can be considered as an 
integrated feature of the systems. This feature was support by COSA and Vision-Flow in a similar way. In 
both systems, the user will receive a dropdown menu once he/she reaches the task(s) where the choice 
should be made. Then the user will choose the tasks in the desired order, that he/she wants to execute. 
Subsequently these tasks will appear on the to-do list in the selected order to be executed. As for the other 
two systems, they also had a feature very similar to each other. For both systems, when the process 
reaches the tasks where a decision should be made, the user will see the optional tasks that can be 
executed. Subsequently the user will click on the tasks he/she wants to execute first, which immediately 
executes that task. When ready, the system will return to the menu where the same optional tasks are 
shown again, the user then chooses the task he/she wants to execute as second and afterwards returns to 
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the same menu. When all desired tasks have been executed, the user will choose the option to finish that 
sub-process and continue with the main process. 

5.1.2 Results of the analysis (ranking) 
The results of the four separate experiments have been combined in one table (see Table 7) in order to do 
the analysis. This table represents for each scenario, the time needed to make a change or whether the 
scenario was not supported. 

04:33 03:27 00:40 NS 02:00 01:35 1 :30 01:20 s 
02:42 01:33 03:15 NS 02:41 03:45 00:48 00:42 03:05 s 
02:40 01: 2 0:00 NS 01:00 00:00 01:30 NS NS s 

The data of the normal cases for the different systems consists of only two entries (namely the normal for 
the skin cancer treatment process and for the investment process) which make it impossible for the data to 
be normally distributed. A Kolmogorov-Smirov normality-check performed in SPSS did not produce any 
value for the significance of the test. Also the descriptive statistics did not produce any value for the 
Skewness and Kurtosis metrics see Appendix XIII. Based on the finding that the data were not normally 
distributed, a Kruskal-Wallis test which is recommended by Field (2005) as an alternative for comparing 
means when the normality assumption is violated has been performed. The Kruskal-Wallis test on the 
normal cases for skin cancer treatment and the investment process has showed that there is no significant 
difference (sig > 0,05) between the workflow systems when it comes to handling a normal case (see Table 
8). As was discussed in section 4.4.3, this finding validates the comparison of the selected workflow 
systems because they operate more or less equal under the normal conditions (handling normal cases). 

Table 8: Kruskal-Wallis test result for normal cases 
Test Statlst1cs•A 

rank 
Chi-Squaro 5,667 

df 3 

Asynp . Sig. ,129 

MontB Carlo Sig . Sig. .on• 
99% Conndenre Interval Lower Bound ,070 

Upper Bound ,084 

a. Eiased on 10000 sampled tables with starting seed 2000000. 

b. Kruskal Wallis Teat 

c. Grouping Variable: &)Stem 

After validating the result, the next step was to look at the first flexibility measurement criteria as 
discussed in section 4.1.4, which is the range. Here the range is defined as the number of scenarios 
(change patterns) supported by the systems. According to this metric, the most flexible system is the one 
with the highest number of supported scenarios, or in other words the lowest number of scenarios not 
supported. The second column of Table 9 gives the number of scenarios not supported by the different 
system. Looking at this table it can be said that Metastorm is the only system supporting all the scenarios 
presented in the experiment. COSA and Visio-Flow both do not support one of the scenarios used during 
the experiment, and Pallas Athena's BPMlone does not support three of the scenarios. 
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As for the second flexibility metric which was the time needed to the make changes in the process schema 
(see section 4.1.4 ), the data was first tested for normality. The time needed to make a change for each 
workflow system is given per scenario in Table 7, and an average is given in Table 9. The Kolmogorov
Smirov normality check did not produce any value, while the Shapiro-Wilk test did produce a value 
which showed that the data for Metastorm, COSA and Vision-Flow were not normally distributed (see 
Appendix XIII). As a result it has been chosen to perform a Kruskal-Wallis test on the data which is 
recommended by Field (2005) as has been mentioned above. The Kruskal-Wallis test has shown that there 
was no significant difference (sig>0.05) between the times needed to make the changes for the different 
workflow systems (see Table 10). Based on this result it can be concluded that the time factor did not 
have any influence on the ranking of the systems. 

Table 10: Kruskal-Wallis test results for scenario realization time 
Test Statisticsb.c 

ran le 
Chi-Square 3,463 

df 3 

As')'lllp. Sig. ,326 

Monte Carlo Sig. Sig. ,349" 

99% Confidence Interval Lower Bound ,337 

Upper Bound ,361 

a. Based on 10000 sampled tables with starting seed 299883525. 

b. Krusk.al Wallis Test 

c. Grouping Variable: S)$tem 

The ranking 
The results of the experiments discussed above, leads to the following ranking presented in Table 11 
which is mainly influenced by the number of scenarios supported (range). 

Metastorm BPM suite 
2 (3) COSA BPM suite I Vision-Flow 
4 Pallas Athena's BPMlone 

Note that the second (and third) place in this ranking is shared by COSA BPM suite and Vision-Flow 
because both systems could not support one scenario. 

5.2 The Questionnaire 
This part will elaborate on the result of the comparison between the workflow systems made using the 
framework of Berger et al ( 1997) as discussed in section 4.2. The first part (Table 12) of this framework 
only classifies the frameworks according to their types, and does not influence the ranking (because the 
ranking is made according to the flexibility). An example of a question asked in this part is: "Which sort 
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of workflows can be supported by your system?"; and can be answered by choosing from a number of 
options like: a) production workflows b) administrative workflows c) ad hoc workflows. 

a), b), c) 

a), b) 

(state and 
scri t based) 
a) 

Yes 

a) No 

a) Yes 

As far as the "W orkflow Exception Handling" class is concerned, Berger et al. ( 1997) composed eleven 
questions which could be answered with a "Yes" or "No". An example of such question is: "Is it possible 
to insert a task during run time?". The answers provided by the different WtMS vendors are presented in 
Table 13 . See appendix VIII for the complete questionnaire related to the answers given in this table. 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Yes Yes Yes Yes Yes Yes No Yes Yes Yes e 
No Yes Yes Yes No Yes Yes Yes No Yes Yes 

As can be seen in Table 13 Metastorm and COSA answered all the questions with a "Yes" meaning that 
they include all the features used by Berger et al (1997) to predict a system's flexibility. Vision-Flow 
lacks only one feature (Q-VII), which is the feature where a modification of a workflow instance results 
in a consistency check. As far as BPMlone from Pallas Athena is concerned, in Table 13 it can be noticed 
that three of the questions were answered with a "No". The first is that this system does not support the 
insertion of a task at runtime (Q-I). Secondly, it is not possible to create an ad hoc workflow during 
runtime (Q-V). Finally, this system does not support the moving of activities during run time (Q-IX) . 

The ranking 
The result presented in Table 13 leads to the following ranking of the workflow systems. 

1 (2) Metastorm BPM suite I COSA BPM suite 
3 Vision-Flow 
4 Pallas Athena's BPMlone 

Note that the first (and second) place is shared by Metastorm BPM suit and COSA BPM suite. Both 
systems included all the features assessed by the questionnaire of the framework of Berger et al. ( 1997). 
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5.3 Experiment vs. Questionnaire 
After discussing the result for the experiment and the framework above, this part will compare the two 
rankings in order to answer the sub-question stated in section 3.2. The ranking of both, the experiment 
and the framework are given in Table 15. The workflow systems are represented in this table by their 
abbreviation. MS stands for Metastorm, CS stands for the COSA BPM suite, VF stands for Vision-Flow, 
and BO stands for BPMlone. 

MS/CS 
CS/VF 

VF 
BO BO 

The ranking presented in Table 15 are compared using the mathematical logic principal (see Table 16. 
Here MS>CS means that Metastorm BPM suite is better then COSA BPM suite. 

x MS>CS x CS>VF 
./ MS>VF ./ MS>VF 
./ MS>BO ./ MS>BO 
./ CS>BO ./ CS>BO 
./ VF>BO ./ VF>BO 

In Table 16 it can be observed that there is no conflicting order between the two rankings. In other words 
there is no situation where for example MS>VF for the first ranking and at the same time VF>MS for the 
second ranking. Further is can be observed that at least 80% ( 4/5) of the orders in the two rankings are 
equal. Based on this 80% resemblance it can be concluded that the two comparison methods produced a 
ranking which are almost equal. This result answers the question presented in section 3.2 which read: 
"Does the measurement of flexibility capture a different aspect (compared to the existing frameworks) 
which affects the selection of the best workflow system for a certain situation". The result shows that 
even though the experiment might capture some aspect not covered by the framework (e.g. time) this does 
not have that much influence on the workflow systems selection. 
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6 Discussion 
This chapter will discuss the result of the experiment presented in the previous chapter. The first part will 
elaborate on the ranking achieved from the experiment and the framework of Berger et al. (1997). The 
second part of this chapter will elaborate on an additional work that has been done to study the effect on 
the ranking when other metrics are used. In the third part a side discovery will be discussed. 

6. 1 The ranking 
After looking at how the different system performed, a ranking was made between the systems according 
to their flexibility. Quantitatively this ranking was mainly influenced by the number of scenarios 
supported by the systems as mentioned in section 5.1.2, because as was proved in section 5.1.2 the 
number of patterns supported was the only significant metric out of the two metrics given in section 4.1.4. 
The number of patterns supported showed a clear preference for the Metastorm system, as this is the only 
system which supported all the scenarios. Subsequently COSA and Vision-Flow which both did not 
supported one scenario shared the second place, followed by BPMlone which did not support 3 scenarios 
at fourth place. 
However the experiment provides a deeper understanding of the way the different systems performed 
which can be used to further refining the ranking. In contrast to the metrics, the detailed description of the 
result (see section 5.1.1) provides the insight to make a clear distinction between COSA and Vision-Flow. 
Using this insight in addition to the metrics, result in the ranking showed in Table 17. 

the complete experiment results into consideration 

VF 
BO 

The main reason why the COSA system has been chosen to hold the second place and the Vision-Flow 
system the third, is because as has been mentioned in section 5. I .1 , the Vision-Flow system had to 
rewind to process instance 11 (see Figure 12) before making the changes while this was not the case for 
the COSA system. However, it should be mentioned that the rewinding of cases took a short time (matter 
of seconds) to complete. 
As far as BPMlone from Pallas Athena is concerned, this system has been ranked number four because it 
did not support three of the scenarios (see section 5.1.2). This result is surprising, since BPMlone is 
deliberately built according to the Product-Driven Case Handling paradigm to enhance the flexibility of 
the system. The fact that this system is built to be as flexible as possible during operation is also showed 
in the result of this study. Table 7 shows that two of the scenarios (scenarios I and 4) supported by 
BPMlone did not require any change to the process schema. Thus, this system is flexible enough to 
support these scenarios by default (built-in flexibility) . But where a change had to be made in the process 
schema, it showed that this system is less flexible than the other systems in dealing with such change. So 
in other words, this system is very flexible at runtime providing users freedom to choose execution order 
and skipping tasks, but is very inflexible to change the process definition. Using the metric presented in 
section 4.1.4 which does not take the flexibility a runtime like providing users freedom to choose 
execution order and skipping tasks into consideration, this system had been rated as the worst option. See 
section 6.2 for a discussion about the effect when as well as the flexibility to make changes as the 
flexibility a runtime like providing users freedom to choose execution order and skipping tasks is taken 
into consideration. 
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As far as the ranking resulted from the questionnaire of Berger et al ( 1997) is concerned, it can be said 
that there was no additional information provided which can be used to refine this ranking. So, using this 
ranking will not give any difference between the two systems (Metastorm & COSA) sharing first place. 

Table 18 presents the ranking produced when taking the insight gained from the experiment into 
consideration and the ranking the questionnaire of Berger et al. (1997). When comparing those ranking it 
can be noticed that these two rankings are more similar to each other than the rankings presented in Table 
16. Here 83% of the logic-orders in ranking of the experiment match the logic-order of ranking of the 
questionnaire of Berger et al. ( 1997) and l 00% of the logic-order of the questionnaire matches the logic
orders of the experiment. 

CS>VF CS>VF 
,/ MS>VF ,/ MS>VF 
,/ MS>BO ,/ MS>BO 
,/ CS>BO ,/ CS>BO 
,/ VF>BO ,/ VF>BO 
x MS>CS 

6.2 Adapting the metrics 
As was discussed in section 4.1.4, two metrics namely range and time (effort needed to make the changes) 
had been used to compare the workflow systems. However the result of the research showed that there 
was no difference between the times needed to make the changes to the process schema. In addition, there 
were some scenarios where no additional changes had to be made to the process schema by certain 
systems in order to deal with those scenarios. Using the metrics presented in section 4.1.4, it has been 
registered as if the changes required to deal with these scenarios took zero seconds. But this metric is not 
completely correct, because it is not the case that the specific system took for example 10 or 20 seconds 
less than the other systems to make the changes, but these specific systems contain built-in flexibility to 
support those scenarios without having to make any change to the process schema. So these systems have 
a different orientation regarding flexibility which could not be correctly captured using the metrics of 
section 4.1.4. For a specific scenario, a system that had the built-in flexibility to cope with the scenario 
was rated equal (only as supporting the scenario, since there was no significance difference in time) to 
one where changes had to be made to the process schema; while the built-in flexibility gives the system 
an extra value when it comes to flexibility. As a result of the used metrics, a system which for example 
supports 95% of scenarios by its built-in flexibility and can not cope with only 5% of scenarios is rate 
lower than one which does not have any built-in flexibility (have to make changes to the process for each 
scenario) and can not deal with 4% of scenarios. 

Based on the finding which showed that some systems had the built-in flexibility which was not captured 
by the original metrics, a different metric had been used to study the effect on the ranking when the built
flexibility is taken into consideration. Since there was no difference in time, the new metric does not 
includes the time required to make changes, but only looked at whether the system had a built-in 
flexibility (BI) to cope with the scenario, if it could deal with the scenario but require some extra work 
(CH) (change to the workflow schema), or whether it did not support the scenario at all (NS). The metric 
used was an adapted version of the metrics used by van der Aalst et al. (2003a) by assigning a score of 
"l" in case of a build-in flexibility, a score of "O" in case a change had to be made to the process schema, 
and a score of "-1" in case there is no support for the specific scenario. The score of "l" has been 
assigned to the built-in flexibility because this feature positively effects the system's overall flexibility, 
and the score of "-I" had been assigned in case there is no support because it negatively effects the 
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system flexibility. As for the case where changes had to be made, the value of zero was assigned because 
it is considered to be not good and not bad, and must lye between the two levels mentioned above. Van 
der Aalst et al. (2003a) assigned a"+/-" to the middle level. 

The result of the comparison using the new metric which is presented in appendix XIV showed that, 
making the distinction between the three levels of support leads to a different ranking than the one 
obtained with the metrics presented in section 4.1.4. The new ranking still has Metastorm at the first place 
but is followed by the three other systems, all sharing the second place. This result represents a ranking 
which is more closely related to the performance observed during the experiment. In other words, during 
the experiment it was observed that BPMlone had several built-in flexibility features but was rated poor 
compared to other systems which did not have any built-in flexibility features. According to the experts 
consulted during the experiment, the adaptation of process schema is not very common in practice, but 
rather process modellers are asked to create very flexible models (the flexibility level is defined per 
client). Such flexible models can be reached with systems containing built-in flexibility. Therefore, 
BPMlone which includes built-in flexibility regarding various scenarios would be considered as a useful 
tool by expert and would not be rated as the last option in the ranking. So the metric used here take as 
well as the positive as the deficient aspect into account. Based on the expert's (consultants) opinion which 
indicated that customers asks for very flexible model (which can be reached with systems containing 
build-in flexibility) and occasionally ask for the option of changing the process model at runtime, it can 
be concluded that the ranking obtained here which weighed both factor against each other is more 
acceptable by WfMS experts. 

6.3 A side discovery 
In addition to the answers to the two research questions stated for this research (see section 3.2), the result 
of the experiment also led to a remarkable finding. The result showed that a distinction could be made 
between two types of flexibility observed during the experiment. These flexibility types are explained 
below. 

Short-term (operational) flexibility 
The first type of flexibility observed during the experiment was the type identified by Soffer (2005) as 
short-term flexibility. According to Soffer (2005) short-term flexibility is the ability to deviate 
temporarily from a standard way of working. So for example if the standard way of working is to execute 
task "A" then "B" and then "C", systems providing short-term flexibility has the ability to execute these 
tasks in another sequence, for example "B", "C" and "A". So it can be deviated from the standard way of 
working without the necessity to make additional changes. This type of flexibility is identified as 
"Operational Flexibility" by van der Aalst and Berens (2001). To relate this discussion to the build-in 
flexibility discussed in section 6.2, it should be mentioned that systems including the build-in flexibilities 
are able to provide this type of flexibility. 

Long-term flexibility 
On the other hand there is the type of flexibility indentified by Soffer (2005) as the "Long-term 
flexibility". Long-term flexibility is the ability to easily change the standard way of working (Soffer 
2005). So here it deals with the ability to change the process schema which is the description of the 
standard way of working. This flexibility type is closely related to the change patterns discussed by 
Weber et al. (2008) which deals with the changing of the process schema, in other words the standard way 
of working. 

The scenarios in combination with the metrics used during this research were aimed only at measuring the 
long-term flexibility (as was shown in section 4.1.2 the scenarios were made with the assumption that a 
change should always be made, and the metrics were created specifically to capture the time needed to 
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make the changes). But during the research it was showed that there were also some systems (namely 
BPMlone and Metastorm BPM suite) that also provided short-term (operational) flexibility. These 
systems did not require any change to the process schema to cope with certain scenarios. This was 
registered as if zero seconds was required to make a change to the process schema using that system. So, 
the result showed that both flexibility types were provided by these two systems. 

The correlation 
In addition to the presence of those two flexibility types related to the systems, it was very remarkable to 
observe a possible negative correlation between the two. This means that systems performing well on 
short-term flexibility performed less on long-term flexibility and visa versa. BPMlone which is based on 
the Product-Driven Case Handling paradigm which according to van der Aalst and Berens (2001) is 
developed to enhance workflow flexibility was found to be very flexible when it comes to short-term 
flexibility but performed less as the other systems regarding log-term flexibility. The systems COSA and 
Vision-Flow performed quite well regarding long-term flexibility , but not so good when it comes to short
term flexibility . So there seem to be a negative correlation between those two types of flexibility. The 
Metastorm BPM suite can be considered to be an outliner to this finding, because it performed well 
regarding long-term flexibility, and moderately on short-term flexibility. 

However this finding can not be made hard here because of the limited number of systems used in this 
research. A subsequent research should be done which must be based on a statistically sound sample size 
to prove or reject the possible negative correlation between those flexibility types. 
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7 Conclusion and Future research directions 
This chapter will concluded the research and gives direction for future research. It will start by 
elaborating on the research questions. The second part will elaborate on the research's contributions. 
Subsequently, the research limitations are presented and are then followed by the proposal for future 
researches. Finally the chapter ends with an overall conclusion of the research. 

7. 1 The research questions 
As mentioned above, this paragraph will elaborate on the two research question stated at the start of this 
research (see section 3.2). Here it will be showed how this research answered those research questions. 

The first research question 
As far as the first research question stated in section 3.2 which read: "In which way can the flexibility of 
workflow systems be measured?" is concerned; it can be said that this research question was composed 
based on the finding that until the start of this Master Thesis project, no attempt had been made to 
empirically measure the flexibility of the workflow system. This research project has shown that the 
system's flexibility can be empirically measured (and compared), by creating an experiment where a real 
life environment is simulated. In such an experiment, a business environment where software will 
probably be used should be recreated. In this research, it had been chosen to use a process in a banking 
system and a medical institution. The banking systems had been chosen because it is one of the areas 
where workflow systems are mostly used, and the medical process had been chosen because this is an 
area where a great interest in the usage of workflow is growing. Based on the comments of authors like 
Soffer (2005) which stated that flexibility in the context of workflow is usually related to the capability of 
a workflow system to handle exceptions, it has been chosen to introduce some exception during the 
running of the processes. These exceptions were presented in the form of some scenarios that might take 
place when the system is operating. The metrics used were the range of scenarios supported and the time 
needed to make the changes required in each scenario. 
The result of this study showed that this method can be a useful way of measuring the system's flexibility. 
The range of scenarios was a good metric in differentiating the workflow systems. 
The second metric which is the time needed to make changes in the process schema, however did not 
show any significant difference between the systems. Also this method has resulted to be very useful in 
the sense that it gives a good understanding and insight of how the systems function. This can be 
concluded from the extensive discussion given in section 5.1, which would not be possible by using only 
a table or a questionnaire. 

The second research question 
After the first research question was answered which showed that WfMS can be empirically compared by 
using experiments as described above, this part will elaborate on the sub-question which read: "Does the 
empirical measurement of flexibility capture a different aspect (compared to the existing frameworks) 
which affects the selection of the best workflow system for a certain situation?". In chapter 5 and 6 it has 
been shown that the experiment covers other aspects not covered by the comparison framework of Berger 
et al. (1997). Example of such aspect which was not covered by the framework was the time needed to 
make a change in the process definition, and the experiment gave more insight in how the changes are 
made and how the systems performed. Note that the number of scenarios supported (range) is not 
mentioned here as an aspect not covered by the framework. The reason is that although the framework 
does not use the scenario, it asks some questions which the answers can be used to define the supported 
scenarios (change patterns). 
On the other hand, Table 16 showed that although the experiment covers different aspects, it produced a 
ranking which is for 80% equal to the ranking of the framework. Thus, in spite of the different aspects 
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covered by the experiment, it did not result in a ranking that is much different than the ranking of the 
framework of Berger et al. ( 1997). 

7.2 Contribution 
This part will present the project's contributions. The contributions are divided in two parts. First the 
contribution that is meaningful for practice will be presented, followed by the contribution for science in 
the field of Workflow Management systems. 

Practical relevance 
The practical relevance of this research is defined as the benefit this study has for organizations seeking 
the application of a WfMS. At first the research has shown that these organizations may continue using 
frameworks consisting of a questionnaire, like the one proposed by Berger et al. (1997) because as the 
result of this study has shown, these frameworks can produce a ranking more or less equal to the ranking 
produced by the empirical comparison method. Taking this result into consideration one might conclude 
that it would be useless to invest such effort in performing an experiment with the different system while 
a simple questionnaire can do the same work. But even though the experiment led to a ranking almost 
equal to the ranking of the framework, the experiment as mentioned above provides a deeper 
understanding of the way the different systems operate, which can not be gained by using the framework. 
Take for example the result of the framework presented in section 5.2. There it was shown that there was 
no difference between number one and two since all the questions for both systems were answered with a 
"Yes". This is a good illustration where the framework did not provided enough information to make a 
choice between two systems sharing the same rank, while the experiment on the other hand gave a clear 
distinction between these two systems. Even in the case where there was a tie between the systems based 
on the metrics used, the experiment still gave enough insight in the way the systems operates which can 
motivate the choice for a certain system as was shown between the Vision-Flow and COSA. Therefore, 
even though the two methods provided almost the same result, the experiment is still a useful way of 
comparing workflow system, providing deeper understanding of the difference between systems. 
Thus in case, organisations seeking a workflow system still want to make an empirical evaluation 
specifically focused on the systems flexibility, this research provides them a tool that can be used to make 
such comparison. 

Theoretical contribution 
An additional finding from this study was that there seems to be a negative correlation between the ability 
of a system to provide short-term flexibility (ability to deviate from standard way of working) and the 
long-term flexibility (ability to change standard way of working at runtime). This finding might result to 
be very useful for science in the field of workflow systems. If a future study proves that there is a 
correlation, it will be a challenge to scientists to study the reason for this correlation, and how it can be 
surpassed in order to create an optimal system regarding flexibility. 

7.3 Limitations 
As is the case for any study, this research also suffers from limitations. In this study a comparison was 
made between workflow systems, in order to choose the best systems for the two processes used. Since 
the scope of workflow management systems is too broad to be completely studied during a master thesis 
project, it has been chosen to concentrate specifically on the systems flexibility, as this factor is very 
important in our ever-changing world. But as important as this factor might be, the choice for a specific 
workflow system depends on more factors than just on the systems flexibility. A good comparison tool 
should also include other factors as the price of the system, support provided by the vendor, compatibility 
etc. 
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It should also be taken into account that the result of this research is based only on four workflow systems 
while there are at least more than 70 workflow systems available on the market (see section 4.3. l). Even 
though the systems had been chosen in such a way they represent more or less half of the workflow 
paradigms described in section 2.5.3 and all the different market position described in section 2.6; four 
systems can not be considered a statistically sound sample size of the WtMS population. The result may 
be a coincidence dependent on the selected systems. In other to give more significance to the result a 
larger (statistically sound) sample size should be used. 

Another limitation of this research concerns the persons that took part in the experiment. This is because 
the performance of the WtMS observed during the experiment depends also on the skills of the person 
operating it. It may be possible that a system was rated as not supporting a certain scenario only because 
the person operating the systems did not had the knowledge to made the changes required (in case a 
change was required). This limitation could have been eliminated by involving a group of people 
(consisting of consultant manager and systems developers) for each system into the experiment. This 
would ensure that the group has all the knowledge necessary to handle every scenario. 

Also the result of the questionnaire of Berger et al. ( 1997) was dependent on the people participating in 
the research. Due of the limited time, this questionnaire was filled-in by the contact person of each 
vendor. As a consequence it might be possible that certain vendors purposely answered the questions 
positively in favour of their system. This limitation could have been eliminated if those systems were 
examined and the questions were answered by the researcher performing this research (the author of this 
report). 

7.4 Proposal for future research 
This part will present the proposals for future research. Here two future researches will be proposed. A 
research to study the difference between the framework of Russell et al. (2006) and the empirical study 
(experiment); and a research to study the correlation between support for creating flexible models, and the 
adapting of the model at runtime. 

Russell et al. (2006) vs. Experiment 
The framework of Russell et al. (2006) has also been considered to be used in the research to compare the 
different systems. The questionnaire (table) related to this framework was also handed out to the vendors 
after the experiments. The vendors were supposed to reply this questionnaire a few days afterwards by 
mail. But in the end, it resulted that it would have taken to much time to complete this framework, with 
the result that most of the vendors rejected this framework. 
Since this framework only focuses on the expected exceptions (no unexpected exceptions); it will be 
interesting to study the ranking that will result from this framework compared to the ranking of the 
experiment. The exceptions used during the experiment were unexpected exceptions, which according to 
Mourao and Antunes (2007) are exceptions where nothing similar has happened before from which the 
organization can draw any prearranged behaviour. The resemblance between the two rankings shown in 
this research might be dependent on the fact that the framework of Berger et al. ( 1997), the same as the 
experiment focuses on the unexpected exceptions (in a theoretical way). Therefore it would be interesting 
to verify if the framework of Russell et al. (2006) which differentiates itself from the one of Berger et al. 
(1997) because it focuses on expected exceptions and rate the systems based on the number of patterns 
supported, also results in the same ranking as the experiment. 

Correlation between flexible model and adapting model at runtime 
As discussed above, an additional discovery of this study was that there seems to be a negative correlation 
between the ability to provide short-term flexibility (ability to deviate from standard way of working) and 
long- term flexibility (ability to change standard way of working at runtime). But because of the limited 
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number of systems used during the research, it was not possible to prove if there is indeed a negative 
correlation. Therefore, further research should be done to prove whether this negative correlation indeed 
exists. In case there is a negative correlation, the research should study the reason for this correlation and 
how it can be surpassed in order to create an optimal system regarding flexibility. A system that supports 
the creation of models as flexible as BPMlone does (short-term flexibility), and on the other hand 
supports all type of changes of the standard way of working at runtime (long-term flexibility). 

7.5 Conclusion 
As was mentioned at the start of this report, until the start of this Master thesis project, no comparison 
framework could be found which focuses specifically on measuring systems flexibility. Also, none of the 
comparison frameworks were based on empirical studies. As a result this research was conducted with the 
aim to study the usefulness of an empirical method to compare workflow systems based on flexibility. 
And the second part of this research was to find out if the empirical study had a significant contribution in 
addition to the frameworks in use today. 

To study these questions, first an empirical comparison method had been created. For the empirical 
method two processes (medical and investment bank) were created which had to be run during an 
experiment. Then a number of scenarios were created that were presented during the experiment. The 
scenarios were exceptions that could occur during the normal operation of a process, which required some 
special way of handling. Then cases were created which are the patient arriving at the clinic and the 
clients requesting a service of the investment bank. The scenarios were embedded in the case 
descriptions. 

Subsequently, an experiment was organised where a number of selected systems (COSA BPM suite, 
Vision-Flow, BPMlone and Metastorm BPM suite) were compared using the processes in combination 
with the cases (including scenarios) explained above. The flexibility of the systems were measured using 
two metric which were the number of scenarios supported by the systems (range) and the time needed to 
make changes required in order to deal with the scenarios. The result of the experiment showed that there 
were no significant differences between the times needed to make a change for the different systems. The 
result of this experiment had produced a certain ranking between the systems. 

Then the same systems mentioned above were compared, but this time using the framework of Berger et 
al. (1997). The ranking that resulted from this comparison was surprisingly 80% equal to the ranking of 
the empirical evaluation method (experiment). 

As for the two research questions, this research has given a clear answer to those questions. As for the 
first question, it has been shown that the systems flexibility can be empirical measured by using an 
experiment where the systems are put into operation. As was mentioned above, here metrics such as range 
and time can be used to measure the systems flexibility. However it has been shown that there is no 
significant difference between the times needed to make change for the different systems. 
As for the second research question it has been showed that the experiment and the framework of Berger 
et al. (1997) produced a ranking more or less equal. So, it can be concluded that a framework as the one 
of Berger et al. (1997) can be used to get the same ranking as an experiment will produce. However, the 
experiment gives a deeper understanding of how the systems work, which can not be given by a 
framework as the one of Berger et al. ( 1997). 

Besides the answer to the two research question, this research has also indicated that there might be a 
negative correlation between the capability of a system to deviate from standard way of working (short 
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term flexibility), and the capability to adapt a model at runtime (long-term flexibility). As a result of this 
finding, a further research was proposed which should prove if there is indeed a correlation. 

So, it can be concluded that this research was successfully conducted, and has answered both questions to 
be studied. In addition it has also raised a new question that leads to new future researches. 
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Appendix I: Skin cancer treatment process 
A) Overall process 

+. 
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B) Excision sub-process 

Endtru1men1 
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Appendix II: Application (Investment process) 
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Appendix Ill: Foundation order administration process 
(investment Process) 

A) Main process 
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B) Processing (sub
process) 

""' 
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C) Europort blocktrade 
(sub-process) 

start 

check rate 

calculate 
amount 
stock 

buy stocks 

x >---------' 
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Appendix IV: Payment (Investment Process) 

-
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Appendix V: Patterns 

A. Change Patterns 

AP 1: Insert process fragment 
The Insert Process Fragment pattern can be used to add process fragment to a process schema. 
Depending on the system, fragments may be allowed to be serially entered between succeeding activities 
or user may be allowed to insert fragments between two sets of activities meeting certain constraints. 

AP2: Delete process fragment 
The Delete Process Fragment pattern can be used to remove a process fragment. This pattern may be 
implemented by allowing the process node to be deleted, or by replacing it with a silent activity. 

AP3: Move process fragment 
The Move Process Fragment pattern allows user to shift a process fragment from its current position to a 
new one. The move pattern can be realized by the combined use of API and AP2. 

AP4: Replace process fragment 
This pattern enables the replacement of a process fragment by another one. The same as for AP3, this 
pattern can be realized by the combined use of APl and AP2. 

APS: Swap process fragment 
The Swap Process Fragment pattern allows users to swap a process fragment with another one. This 
adaptation pattern can be implemented based on pattern AP3, on the combining use of APl and AP2, or 
on change primitives. 

AP6: Extract sub-process 
The pattern Extract Sub-Process allows users to extract an existing process fragment from a process 
schema and to encapsulate it in a separate sub-process schema. This pattern can be used to add a 
hierarchical level to simplify a process schema or to hide information from process participants. 

AP7: Inline sub-process 
This pattern is a reverse of AP6. Pattern Inline Sub-Process allows users to inline a sub process schema 
into the parent process. 

AP8: Embed process fragment in loop 
Using this pattern an existing process fragment can be embedded in a loop to allow for its repeated 
execution. This pattern can be realized based on API APl 1 and AP12. 

AP9: Parallelize processes fragments 
This pattern enables the parallelization of process fragments which were confined to be executed in 
sequence. 

AP 10: Embed process fragment in conditional branch 
Using this pattern an existing process fragment can be embedded in a conditional branch, which will be 
only executed if certain conditions are met. This pattern can be implemented based on AP 1, AP 11, AP 12 
and AP13 . 
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AP 11 Add control dependency 
When applying this pattern a control edge (e.g. for synchronizing the execution order of two parallel 
activities) is added to the given process schema. When applying this pattern it must be taken into 
consideration not to violate the process soundness. 

AP 12: Remove control dependency 
Using this pattern a control dependency and its attributes can be removed from a process schema. Also 
here the process soundness should not be violated. Notice that this pattern is the reverse of pattern APl 1. 

AP13: Update condition 
This pattern allows users to update transition conditions in a process schema. Usually an implementation 
of this pattern has to ensure that the new transition condition is correct in the context of the given process 
schema. 

AP14: Copy process fragment 
This pattern allows users to copy a process fragment. In contrast to AP3 the respective fragment is not 
removed from its initial position. 

PPl: Late selection of process fragments 
This pattern allows deferring the selection of the implementation of a particular process activity to run
time. Prior to execution only a place holder has to be provided, the concrete implementation is selected 
during run-time either based on predefined rules or on user decisions. 

PP2: late modelling of process fragments 
This pattern offers more freedom and allows for modelling selected parts of the process schema at run
time. Prior to execution only a placeholder has to be provided and its implementation is modelled during 
run-time. 

PP3: Late composition of process fragments 
This pattern enables the on-the fly composition of process fragments from the process repository. There is 
no predefined plan, but the process instance is created in an ad-hoc way by selecting from the available 
activities in the repository. Decisions about the exact control flow structure are differed to run-time. 

PP4: Multi-instance activity 
This pattern allows for deferring the decision on how often a specific activity should be executed during 
run-time, while the activity itself need to be predefined. It allows for creation of multiple activity 
instances during run-time. 

B. No adaptation event 

NAE I: Abort case 
In the occurrence of this event, the case that is being handled should be aborted and the process should 
continue with other case that follows. 

NAE2: Put case on hold 
This event requires the case to be put on hold, and the system should continue with the handling of other 
case. At a later stage this case should be finished. 
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Appendix VI: The Cases 
a) Skin cancer treatment 

Case 1 
Patient name: John Smith 
Patient number: 01 0 1 
Birth day: 04-06-1 934 

I Make appointment fo r consult 

Want a consult fo r Monday 10:00 (week-I 2009) 

I Analyze patient 

Symptoms: Mole that changes colour 
Pai n 
Bleeding 

Diagnose, propose treatment process 

Choose: "excision" 
You should just remember this choice fo r later tasks 

In form patient (phone) 

Patient is reachable 

Contact patient, make appointment (phone) 

Appointment fo r Wednesday 10:00 (week- I 2009) 

I Schedule post treatment checks 

Check will be the fo llowing week on Monday 14:00 (week-2 2009) 

I Wound Control I 
The tasks that should be performed for this patient are as fo llows: 

Result from laboratory = cancer free 
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Case 2 (sheet 1) 

Patient name: Adam Tay lor 
Patient number: 0202 
Birth day: 07-05-1950 

I Make appointment for consult 

Want a consult for Tuesday 11 :00 (week- I 2009) 

I Analyze patient 

Symptoms: Mole that changes colour 
Pain 
Bleed ing 

Diagnose , propose treatment process 

Choose: "exc ision" 
You should just remember this choice for later tasks 

After this step has been performed you should see the next page before taking any further action 

(Continue on next page) 
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Case 2 (sheet 2) 
For one reason or another it appeared th at there is no record for this patient The manager 
identifies thi s patient as an exceptional case. The process schema does not give any option for 
handling this patient. For this reason the manager has decided that the process schema should be 
adopted in such a way that the tasks "inform patient (phone)" and "update patient record" 
can be skipped for exceptional cases. See figure bel ow (red line). (this adaptation should be 
made before this case can be fini shed) . 

. ::=~ 
'°"~" 

Contact patient, make appointment (phone) 

Thursday 09:00 (Week- I 2009) 

I Schedule post treatment checks 

Check will be the fo llowing week on Tuesday 13:00 (week-2 2009) 

I Wound Control I 
The tasks that should be performed for this patient are as fo llows: 

Rinse 
wound 

Put 
bandage 

Result from laboratory =cancer free 
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Case 3 

Patient name: James Williams 
Patient number: 0303 
Birth day: 13-06-1 966 

I Make appointment for consul t 

W ant a consul t fo r Wednesday 12:00 (week- I 2009) 

I Analyze patient 

Sympto ms: Red spot on the skin 

4 
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Case 4 (sheet 1) 

Patient name: Shawn Jansen 
Patient number: 0404 
Birth day: 23-1 2-1970 

I Make appointment for consult 

Want a consult for Thursday 1 l:OO (week- I 2009) 

I Ana.l yze patient 

Symptoms: Mole that changes colour 
Pai n 
Bleeding 

Diagnose, propose treatment process 

Choose: "excision" 
You should just remember thi s choice for later tasks 

j lnform patient (phone) 

Patient is reachable 

I Contact patient, make appoi.ntment (phone) 

Treatment on Friday 12:00 (week- I 2009) 

After this step has been performed you should see the nex t page before taking any further action 

(Continue next page) 
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Case 4 (sheet 2) 

The manage r has re-evaluated its process and 
came to the conclusion that the preparation 
prior to the surgery is not a primary pait and 
can be ex tracted to a sub process. The tasks 
''sta rt preparation'', "prepare tools'', and 
"prepare OR" should be extracted to a sub 
process. (See fi gure at the right sight) 

I Schedule post treatment checks 

Check will be the fo llowing week on Friday 
.ll:.Q!! (week-2 2009) 

Wound Control 

The tasks that should be performed for this patient are as fo llows: 

Rinse 
wound 

Put 
bandage 

Result from laboratory = NOT cancer free 

Diagnose, propose treatment process 

Choose: "excision" 
You should just remember this choice for later tasks 

I tnfo rm patient (phone) 

Patient is reachable 

Contact patient, make appointment (phone) 

Treatment on Monday 12:00 (week-3 2009) 

After the tasks "receive patient and perform surgerv" has been performed you should see the 
next page before taking any further action 

(Continue on next page) 

6 
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Case 4 (sheet 3) 
ln order to save time the manager at the clinic decides to make a small adaptation in the 
procedures that follows after the surgery has been performed. instead of performing the tasks 
"treat wound" and "prepare and take sample to lab" in sequence, the manager decides that the 
sample should be prepared and taken to the laboratory at the same time that the wound is being 
treated. ln other words, the tasks " treat wound" and " prepare and take sample to lab" 
should be executed in parallel. 

I Create surgery report 

Save as: <patient name 2> 

I Schedule post treatment checks 

Check will be the fo llowing week on Fridav 10:00 (week-3 2009) 

I Wound Control 
The tasks that should be performed for this patient are as follows: 

Result from laboratory= cancer free 

7 
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b) Investment rocess 

Cases 1 

Name: Jack Jansen 
Age: 34 
Occupation: Teacher 

I Release account 

Account number is: I 01 -444 

Check order type 

Purchase order 

I Check balance 

Balance is 35 000 

I Authorize and process order 

C lient wants to purchase :~ 
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Case 2 (sheet 1) 

Name: John Bauer 
Age: 40 
Occupation: Entrepreneur 

Start processing the first two tasks 

After the task ·'perform application process" has been performed you should see the nex t page 
before taking any further action 

2 
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Case 2 (sheet 2) 

The manager at the bank has decided to change the process schema in such a way that the 
account is be ing re leased immediately after the application process has been completed, and the 
archi ving is moved all the way to the end . In other words, the processes "archive l" and 
" release account" should be swapped. 

Release account 

Account number is: 222-909 

Check order type 

Sales order 

I Process ing 

C lient wants to sell its: Restaurant 

After the task "Start pavment & certify" no further action should be taken because: 

You have received a notification from Interpol th at thi s c lient is being investigated , and the case 
should be put on hold . 
Now you should continue with client 3 until you receive further notification from Interpol. 

3 
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Name: 
Age: 
Occupation: 

Bob de Bouwe r 
30 
Manager 

Release account 

Account number is: 747 - 123 

Check order type 

Purchase order 

I Check balance 

Balance is 50 000 

I Authorize and process order 

Case 3 (Sheet 1) 

C lient wants to purchase share in a: hotel 

After the task "daily statement" has been performed you should see the next page before taking 
any further action 

4 
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Case 3 (sheet 2) 

The manager has noticed that no archive is being he ld of the calculated stock amount and the 
daily statement, and wants to change this. He wants the task "archive 2" to be copied and 
pasted after the tasks "daily statement" . See fi gure below. 

~ I LJ 

Then cont inue with the other steps until you reach the task "Check balance & Authorize 
payment". After this task is performed you should see the next page before taking any further 
action. 

5 
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Case 3 (sheet 3) 

You have received a notification from the board of di rectors concerning some new mies. One of 
those rules states that a payment is activated only after the daily statement has been mailed to the 
customer. Thus a control dependency should be added (see picture below). This rule should also 
be applied to cases already in processes from which the payment has not been activated yet. 

europon 

After making this change you can continue handling the case. 

6 



Case 4 (sheet 1) 

Name: Sharon Smith 
Age: 45 
Occupation: Lawyer 

I Release account 

Account number is: 334-767 

After executing the task "start foundation process & certify" you should see the next page 
before truc ing any further action 

7 
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Case 4 (sheet 2) 

Another part of the new regulation states that from now on, sales order can only be authorized if 
the balance is 40 000 or more instead of 30 000 or more. This new rule should al so be applied to 
case in process which the sales order has not been authorized yet. So you should update the task 
description of task "check balance" . (scenario 6) 

Check order type 

Purchase order 

J Check balance 

Balance is 35 000 

After archiving, this process has fini shed 

8 
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Case 2 (sheet 3) 

Now you have receive a notificati on from Interpol that John Bauer (client related to case 2) is no 
longer a suspect, and that you can fini sh processing his case. 

9 
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Appendix VII: The measurement form 

Measurement Form 

Na1ne Vend or: ........... .............. .......... .. .. 

Skin cancer 
Case I Case 2 Case 4-a Case 4-b 

Level of support 
Time (min) 
Comments 

Pattern PP.:! 
System is capable of modelling m>eess at runtime Yes/no 
Case I 12 13 4 
Modelling time I I 

Investment 
Case I Case 2-a Case 2-b Case 3-a Case 3-b Case 4-b 

Level of 
support 
Time (min) 
Comments 
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Appendix VIII: Existing framework 
a) Berger et al. (1997) 

Framework provided by Berger et al. (1997) 

The class "Classification and Miscellaneous" 

I. How would you classify your product (WtMS, 
OMS, workgroup, OMS with WFh4S-functionality , 
etc.)? 

H. Which sort of workflows can be supported by your 
system 

a) production workflows 
b) administrati ve workfl ows 
c) ad hoc workflows. 

HI. Which co-ordination model is the basis of your 
system: ls the workflow modeled 

a) as a process 
b) as a flow of documents 
c ) as a conversation 

structure'? 

IV . ls the basis of your product 
a) a database 
b) a mai ling system? 

V. Do you support the interfaces of the WtMC 
reference model? 

The Class "Workflow Exception Handling" 

0) Who has the right to change a just enacting work fl ow instance? 

l. ls it possible to insert a task during run time? 

n. ls it possible to suspend worktlow instances? 

III. Is it possible to break off instances' ? 

IV . Has the user the possibility to reject the execution of a task? 

V. ls it possible to create ad hoc worktlows during run time' ? 

Page 180 



VI. Is it possible to reset certain executed activities ' ? 

VIl. Does a modi fi cation of a workflow instance result in a cons istency check? 

VIII. Does your product support the jumping over a ce rtain amount of tasks during run time? 
IX. Does your product suppo1t the moving of activities during nm time? 

X. Does your product support horizontal delegation (forwarding a task to a colleague at the 
same hierarchy level)? 

XL Does your product support vertical delegation (forward ing a task to a colleague in a level 
upper and lower level)? 
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b) Russell et al. (2006) 

Russell et al (2006) 

The goal of this evaluation framework is to have an overview of aJI the paths that your system 
supports in the event of an exception. In the table below, you can fill in (using the letter "x") 
which of the following patte rns you system can support in the occurrence of the five different 
exception types. The abbreviations are explained below. The patterns first start by describing 
what happens at case work item level, then at case level, and then the recovery action that can be 
ta.ken . 

Example 
For example, the pattern SFF-CWC-COM specified for a work item failure exception indicates 
that if a failure of a work item is detected after it has started, then the work item should be 
terminated, have its state changed to failed (SFF) and the nominated compensation task should 
be invoked (COM). No action shou ld be ta.ken with other work items in the same case (CWC). 

1. T he patterns 

Here you should select the patterns that your system can support in the occurrence of one 
0 fhfi tit t e 1ve excep on rypes. 

Work Item Work Item Resource External Trigger Constraint 
Failure Deadline Unavailability Violation 

OFF-CWC-NIL OCO-CWC-NIL ORO-CWC-NIL OCO-CWC- NIL SCE-CWC-NIL 

OFF-CWC-COM ORO-CWC-NIL OFF-CWC-NIL OFF-CWC-NIL SRS-CWC-NIL 

OFC-CWC-NIL OFF-CWC-NIL OFF-RCC-NIL OFF-RCC-NIL SRS-CWC-COM 
OFC-CWC-COM OFF-RCC-NIL OFC-CWC-NlL OFC-CWC-NIL SRS-CWC-RBK 

AFF-CWC-Nll OFC-CWC-NlL ARO-CWC-Nll ACA-CWC-Nll SFF-CWC-NlL 

AFF-CWC-COM ACA-CWC-NIL ARA-CWC-NIL AFF-CWC-NIL SFF-CWC-COM 
AFC-CWC-NIL ARA-CWC-Nll AFF-CWC-NlL AFF-RCC-NIL SFF-CWC-RBK 

AFC-CWC-COM ARO-CWC-NIL AFF-RCC-N!L AFC-CWC-NIL SFF-RCC-NIL 

SRS-CWC-NIL AFF-CWC-NIL AFC-CWC-NIL SCE-CWC-NlL SFF-RCC-COM 
SRS-CWC-COM AFF-RCC-NlL SRA-CWC-NlL SRS-CWC-NIL SFF-RCC-RBK 

SRS-CWC-RBK AFC-CWC-NIL SRA-CWC-COM SRS-CWC-COM SFF-RAC-NIL 
SFF-CWC-NIL SCE-CWC-NIL SRA-CWC-RBK SRS-CWC-RBK SFC-CWC-NIL 

SFF-CWC-COM SCE-CWC-COM SRO-CWC-NIL SFF-CWC-NIL SFC-CWC-COM 

SFF-CWC-RBK SRS-CWC-NIL SRO-CWC-COM SFF-CWC-COM 
SFF-RCC-NIL SRS-CWC-COM SRO-CWC-RBK SFF-CWC-RBK 

SFF-RCC-COM SRS-CWC-RBK SFF-CWC-NIL SFF-RCC-NlL 

SFF-RCC-RBK SRA-CW C-NlL SFF-CWC-COM SFF-RCC-COM 
SFC-CWC-NIL SRA-CWC-COM SFF-CWC-RBK SFF-RCC-RBK 

SFC-CWC-COM SRA-CWC-RBK SFF-RCC-NIL SFF-RAC-NIL 

SFC-CWC-RBK SRO-CWC-NIL SFF-RCC-COM SFC-CWC-NIL 

SRO-CWC-COM SFF-RCC-RBK SFC-CWC-COM 

SRO-CWC-RBK SFF-RAC-NIL 
SFF-CWC-NIL SFC-CWC-NIL 

SFF-CWC-COM SFC-CWC-COM 
SFF-CWC-RBK 

SFF-RCC-NIL 
SFF-RCC-COM 
SFF-RCC-RBK 
SFC-CWC-NIL 

SFC-CWC-COM 
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WORK ITEM LEVEL CASE LEVEL RECOVERY ACTION 

1 Exception types 

Work Item Failure: work item fai lure du1ing the execution of a worktlow process is general ly 
characterised by the inabili ty of the work item to progress any fmther. This may manifes t itself 
in a number of possible forms including a user-initiated abo11 of the executing program which 
im plements the work item, the fa ilure of a hardware, software or network component associated 
with the work item or the user to whom the work item is assigned signalling fai lure to workflow 
eng ine. 
Deadline Expiry: it is very common to assign a completion deadl.ine or occasionall y a 
commence deadline to a work item in a worktlow process model. The deadline expiry i.ndicates 
the inabil.ity to meet this deadline. 
Resource Unavailability: in the workflow environment a work item can be processed 
automatically by the system, but usuall y includes tasks that shoul d be executed by humans. So in 
other words, these work items are being allocated to the human resources. Very often, work 
items also require access to one or more data resources. Problems with work item allocati on can 
arise if ( I) at distribution time, no resource can be found which meets the specified al location 
criteri a for the work item or (2) at some time after a llocation, the resource is no longer able to 
undertake or complete the work item. 
External Trigger : triggers from source external to a work item are often used as a means of 
signalli ng the occmTence of an event that impacts on the work item and requires some form of 
handling. Although a work item can anticipate events such as triggers and prov ision fo r dealing 
with them can be included at work time, it is not predictable if or whe n such events will occur. 
For this reason, the issue of dealing with them is not suited to normal process ing withi n the work 
item implementation and is better dealt with via exception handling. 
Constraint Violation : constraints in the contex t of a worktlow system are invariants over 
e leme nts in the control-fl ow, data or resource perspective that need to be maintained to ensure 
the integrity and operational consistency of the workflow process is preserved. 

2. Exception handling at work item level 

I. continue-offer (O CO) - the work item has been offered to one or more resources and there is 
no change in its state as a consequence of the exception; 
2. reoffer (ORO) - the work item has been offered to one or more resources and as a 
onsequence of the exception, these offers are withdraw n and the work item is once again offered 
to one or more resources (these resources may not necessarily be the same as those to which it 
was offered prev iously); 
3. force-fail-o (OFF) - the work item has been offered to one or more resources, these offers are 
withdrawn and the state of the work item is changed to failed. No subsequent work items on this 
path are triggered; 
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4. force-complete-o (OFC) - the work item has been offered to one or more resources, these 
offers are withdrawn and the state of the work item is changed to completed. All subsequent 
w01k items are triggered; 
5. continue-allocation (ACA) - the wo1k item has been allocated to a specific resource that will 
execute it at some futu re time and there is no change in its state as a consequence of the 
exception; 
6. reallocate (ARA) - the work item has been allocated to a resource, this allocation is 
withdrawn and the work item is allocated to a different resource; 
7. reoffer-a (ARO) - the work item has been allocated to a resource, thi s allocation is withdrawn 
and the work item is offered to one or more resources (this group may not necessarily include the 
resource to which it was previously allocated); 
8. force-fail-a (AFF) - the work item has been allocated to a resource, this allocati on is 
withdrawn and the state of the work item is changed to failed. No subsequent work items are 
triggered; 
9. force-comt>lete-a (AFC) - the wo1k item has been allocated to a resource, this allocation is 
withdrawn and the state of the work item is changed to completed. AJI subsequent work items 
are tri ggered; 
I 0. continue-execution (SCE) - the work item has been started and there is no change in its 
state as a consequence of the exception; 
11 . restart (SRS) - the work item has been started, progress on the current execution instance is 
ha.lted and the work item is restarted from the beginning by the same resource that was executing 
it previously; 
12. reaUocate-s (SRA) - the work item has been staited, progress on the current execution 
instance is halted and the work item is reallocated to a different resource for later execution; 
13. reoffer-s (SRO) - the work item has been strut ed, progress on the current execution instance 
is halted and it is offered to one or more resources (this group may not necessarily include the 
resource that was executi.ng it); 
14. force-fail (SFF) - the work item is being executed, any further progress on it is halted and its 
state is changed to failed. No subsequent work items are triggered; and 
15. force-complete (SFC) - the wo1k item is being executed, and further progress on it is halted 
and its state is changed to completed. All subsequent work items are triggered. 

3. Exception handling at case level 

I. continue worknow case (CWC) - the. worktlow case can be continued, with no interve ntion 
occurring in the execution of any other work items; 
2. remove current case (RCC) - se lected or all remaining work items in the case can be 
removed (i ncluding those curre ntl y executing) ; or 
3. remove all cases (RAC) - selected or all remain ing work items in all cases which correspond 
to the same process model can be removed. 

4. Recovery action 

1. no action (NIL) - do nothing; 
2. rollback (RBK) - rollback the effects of the exception; or 
3. compensate (COM) - compensate for the effects of the exception. 
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Appendix IX: Collected Workflow systems 

In 
Workflow systems NL Enough Information Paradigm 

3G Interactive No No info Unknown 

Action Technologies Inc. No Not enough Unknown 

Advantys No Not enough Unknown 

Aliroo - Solutions for Workflow Security No Not enough Unknown 

Avatar Group Inc No Not enough Unknown 

Bizagi No Yes Agile 

Blueridge Technologies No Yes Document Centric 

CASEwise Systems No Not enough Unknown 

CHALEX Corp No Not enough Unknown 

Computron Technologies No Not enough Unknown 

COSA solution BV Yes Yes Activity-Based 

Drala Software Inc No Yes Object oriented 

DST No Not enough Unknown 

DynaFlow Modeling & Workflow Solutions Inc Yes no Unknown 

Electronic Image Designers, Inc. No Not enough Unknown 

FileNet Corporation Yes Yes SOA 

FloSuite No Yes Agile 

Fornax No Not enough Unknown 

Fujitsu Software Corporation Yes Not enough Unknown 

GFI Ltd. No Not enough Unknown 

Global Enterprise Managers, Inc. (GEM) No Not enough Unknown 

Groiss Informatics GmbH No Not enough Unknown 

HandySoft Corp No Not enough Unknown 

Hatton Blue Limited No Not enough Unknown 

Object oriented/ 
IBM Corporation Yes Yes agile 

IBM FileNet (P8)platform Yes Yes object lifecycles 

Image Fast Software Systems Inc. No Not enough Unknown 

lmagesoft Corporation No Not enough Unknown 

lnsession Technologies No Not enough Unknown 

JTS Limited No Not enough Unknown 

Lan Ce pt No Not enough Unknown 

LaserData No Not enough Unknown 

Lexign Yes Not enough Unknown 
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Logical Software Solutions No Not enough Unknown 

Memetex, Inc. No Not enough Unknown 

Metaphase Technology, Inc. No YEs Object-oriented 

Meta storm Yes Yes SOA (STAR) 

Micrografx, Inc. No Not enough Unknown 

NHANZ Ltd No Not enough Unknown 

Novius Group No Not enough Unknown 

Oak Grove Systems No Not enough Unknown 

Pallas Athena BV Yes Yes POCH 

ProcessSoft No Not enough Unknown 

Proforma No Not enough Unknown 

Promatis No Not enough Unknown 

Quask No Yes Form Driven 

Sherwood Government No Not enough Unknown 

Singularity No Not enough Unknown 

Staffware Ltd No Not enough Unknown 

Star Information Technology No Not enough Unknown 

Taligent No Not enough Unknown 

TeamWARE No Not enough Unknown 

Technology Deployment International, Inc. (TOI) No Not enough Unknown 

Technology Economics Inc. No Not enough Unknown 

The Salamander Organization Ltd No Not enough Unknown 

The Workflow Automation Corporation No Not enough Unknown 

Tibco lnconcert (iProcess Suite) Yes Yes Agile +SOA 

Timephaser Corporation No Not enough Unknown 

Ultimus No Yes SOA 

Unisys Netherlands Yes Not enough Unknown 

Vision-Flow No Yes Data-driven 

W4 No Not enough Unknown 

WindFire Technology No Not enough Unknown 

Workflow, Inc. No Not enough Unknown 

Workgroup Technology No Not enough Unknown 

Worktiviti No Not enough Unknown 

Oracle Yes Yes SOA 

Ultimus Yes Yes Unknown 
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Appendix X: Selected workflow systems (vendors) 

Table 19: Adobe assessment result 
Vendor: Adobe 
Product: Liveqcle Enterprise Suites (ES) 
Criterion 1 Selecting the Adobe product, introduces the document-centric approach in the research, 

which is the approach this product is based on. 
Criterion 2 Adobe has been classified as a visionaries in the Gartner Magic Quadrant. 
Criterion 3 The third criterion has been met, because there was enough information about this 

product to be found. Most of the information could be found on the Adobe website. 
Criterion 4 The fourth criterion has also been met based on the fact that Adobe has an office in the 

Netherlands (Amsterdam). 

Table 20: Oracle assessment result 

Vendor: Oracle 
Product: Oracle BPM suite 
Criterion I As far as the first criterion is concerned, Hill et al. (2009) states that oracle's BPMS 

VISIOn reflects BPM's adoption of SOA and service oriented development of 
applications. 

Criterion 2 Oracle is classified in the challengers segment of the Gartner' s Magic Quadrant. 
Criterion 3 There was enough information about this product to be found, as well as on the Oracle's 

website as in scientific papers. 
Criterion 4 The fourth criterion has also been met because Oracle has an offices in three different 

locations in the Netherlands. 

Table 21: Tibco assessment result 
Vendor: Tibco Software 
Product: iProcess Suite 
Criterion I The Tibco iProcess Suite is based on a Service Oriented Architecture and build 

according to the agile approach. The agility of the system is mentioned on the Tibco 
website, and also van der Aalst and Berens (2001 ) stated that Tibco software allow for 
ad-hoc routing of workflow instances. However, these systems require on-the-fly 
modifications of process models by end-users (van der Aalst and Berens 2001). 

Criterion 2 This vendor is classified as a market leader in the Gartner Magic Quadrant. 
Criterion 3 The third criterion is met because there was enough information about this product 

available. The information was found on the Tibco website as well as in scientific 
papers. 

Criterion 4 The fourth criterion is also met because Tibco has an office in the Netherlands 
(Rotterdam). 

Table 22: Pallas Athena assessment result 
Vendor: Pallas Athena 
Product: HPl\llone 
Criterion 1 

Criterion 2 

According to van der Aalst and Berens (2001 ) which studies the application of product
driven case handling approach to workflow systems, the BPMlone is a good example of 
a workflow acka e based on the roduct-driven case handlin a roach. 
Pallas Athena is not included in the Gartner' s Ma ic Quadrant because it has not et 
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Criterion 3 

Criterion 4 

Criterion 1 

Criterion 2 
Criterion 3 

Criterion 4 

gained significant interest from Gartner clients (Hill et al. 2009). Therefore this vendor is 
placed in the space for vendors not included in the Gartner Magic Quadrant, which is 
also an area which is desired to be included in the research. 
It meets the third criteria because there was enough information to be found about this 
product. The information was found on the Pallas Athena's website as well as in 
scientific papers. 
Pallas Athena is an originally Dutch company with it's headquarter in the Netherlands, 
which obviously means that it meets the fourth criterion. 

This workflow package is based on a Service Oriented Architecture which is one of the 
a roaches ( aradi m) that is desired to be included in the research. 
Metastorm is classified as a market leader accordin to the Gartner Quadrant 
As far as criterion one three concerned, it can be said that there was enough information 
about this product available on the web. An English as well as a Dutch brochure was 
found on the website of Metastorm 
Metastorm also meets the fourth selection criteria because they have an office in the 
Netherlands (Utrecht). 

Table 24: COSA assessment result 
Vendor: COSA Solution BV 
Product: COSA 
Criterion 1 COSA (Code for Observing Social Activity) has been chosen to represent a system based 

on the activity-based approach, which is the approach this product is based on. 
Criterion 2 COSA is not included in the Gartner Magic Quadrant, and has therefore been classified 

in the group of product not included by Gartner. 
Criterion 3 The third criterion is met because there was enough information about the product to be 

found 
Criterion 4 As far as the fourth criterion is concerned, this vendor also meets this criterion because it 

has an office in the Netherlands (Vianen). 

Table 25: Ultimus assessment result 
Vendor: Ultimus 
Product: Ultimus Adaptive BPM suite 
Criterion 1 The approach (paradigm) where this system is based on is not known. So this systems 

does not met the first criterion. 
Criterion 2 Ultimus is classified as a niche player in the Gartner Magic Quadrant. 
Criterion 3 The third criteria is not met completely, because as can be seen in the assessment result 

of criterion one, there was not enough information about this product. 
Criterion 4 The fourth criterion has been met because Ultimus has an representing partner in the 

Netherlands, namely The One B.V. 
Comment Although the Ultimus system does not met all the criteria, it has been chosen because it 

is the only system of the niche player segment of the Gartner Magic Quadrant with a 
representative in the Netherlands. 
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Table 26: Vision-Flow assessment result 
Vendor: Vision-Flow 
Product: Dynamic Process Engine (DPE) 
Criterion 1 This product is based on the data-driven approach, which is one of the approaches 

desirable to be included in the research . 
Criterion 2 This vendor is not included in the Gartner Magic Quadrant, and has been classified in the 

space for vendor not included in the Gartner Magic Quadrant. 
Criterion 3 The third criterion is also met because there was enough information of this product to 

be found. It should be mentioned that the information was not found on the website or in 
scientific paper, but there was a contact person who could provide all the necessary 
information. 

Criterion 4 As for the fourth criterion, it should be mentioned that this vendor is not located in the 
Netherlands, but nonetheless they have shown interest in participating in the research 
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Appendix XI: Process Description & necessary documents 
(skin cancer) 

a) Process description 

Process (skin cancer treattnent) 

In troduction 
Thi s document describes lhe skin cancer treatment process that will be used during lhe 
experiment (the game). Work:flow technology is applied in thi s process as a way to support 
secondary (administrative) tasks. This process along wilh lhe inves tment process should be 
constructed in your workflow system prior lo the experiment (the game). The control flow 
perspective of this process is modelled in BPMN, because BPMN is considered to be the 
standard modelling language. See figure I for the BPMN model of the skin cancer treatment 
process (a PDF vers ion of lhis model is included in the z ip file). Details of the different tasks are 
given in lhe tables on page 3 to 5. 

Note that there are no resources (roles, actors etc) defined in the process. This has been done on 
purpose because, the goal of this research is to compare the systems only based on Lhe flex ibility 
of control flow and not the flex ibility to handover a job from one user to another. And because 
you are only asked to take one person to perform the tasks in your work:flow package, the choice 
has been made to define a "super user" who fulfills all roles necessary to execute lhe process. 

As can be noticed in the tasks descriptions, thi s process makes uses of certain documents for lhe 
execution of the tasks. These documents are also attached to thi s document. 

At lhe start of the game you will receive lhe cases that should be processed. Attached to this 
document you wi ll find a sample-case which gives an idea how the cases wi ll be presented 
during the experiment (the game). 
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Figure I: Conlrol-Oow or I.i n CllllC(' r I realmenl. process 
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Task Descriptions 

Tasks name Make appointment fo r consult 
Steps - Open agenda 

- Write patient name at the indicated day and time 
- Write patient nr 
- Save 
- Close agenda 

Document attached Agenda.doc 

Tasks name Start Consultation meetin 
Ste s Automatic ste 

Tasks name Analyze patient 
Steps Check patient ymptoms 

If: 
- Patient has mole that change colour 
- Patient fee ls pain on the spot 
- Bleeding 

Then 
Patient needs treatment 

Otherwise 
Patient do not needs treatment 

After this step patient goes back home (this part is no modelled explicitly) 

Tasks name Diagnoses, propose treatment process 
Steps There are five treatment processes 

- Self treatment 
- Mohs anaesthetized 
- PDT 
- Mohs 
- Excision 

A choice should be made for the type of treatment the patient should 
receive. 

Tasks name Uodate patient record 
Steps - Open patient records 

- Search fo r patient name 
- Write: " .. .. <treatment type> .. . Scheduled" 
- Save 
- Close patient records 

Document attached Patients Record.doc 
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Tasks name 
Ste s 

Tasks name 
Steps 

Document attached 

Tasks name 
Ste s 

I Tasks name 
Steps 

I Tasks name 
Steps 

Tasks name 
Ste s 

I Tasks name 
Steps 

Tasks name 
Ste s 

Tasks name 
Steps 

Document attached 

Tasks name 
Steps 

Contact patient, make appointment (phone) 
- Open agenda 
- Write patient name at the indicated day and time 
- Write patient nr 
- Save 
- Close agenda 

A2enda.doc 

Start re aration 
Automatic ste 

I Prepare tools 
Automatic step 

I Prepare OR 
Automatic step 

Receive patient and perform sur ery 
Automatic ste 

I Treat wound 
Automatic tep 

le to lab 

Create surgery report 
- Open surgery report template 
- Fill-in patient name & number 
- Fill-in surgery type 
- Choose "complete" 
- Save as: <Patient name> 
- Close 

Surgery report template.doc 

Schedule oost treatment check 
- Open agenda 
- Write patient name at the indicated day and time 
- Write patient nr 
- Save 
- Close agenda 
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I Document attached I Agenda.doc 

Tasks name Receive result from laboratory 
Steps Automatic ste 

Sub-process Wound control 
The tasks that should be performed depend on the patient situation, and is decided at run l.ime. 
A selection is then made between the tasks given below. 

Put 
bandage 

Rinse 
wound 

(put iodine] 

These tasks are automatic tep. Thus no further action should be taken for the execution of 
those tasks. 

Tasks name Remove stitches 
Ste s Automatic ste 

Tasks name Finish short term treatment care 
Ste s Automatic ste 
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b) Agenda 

Agenda 
20()() Week I 

Monday Tuesday Wednesday Thursday Friday 
Name Nr Name Nr Name Nr Name Nr Name Nr 

09:00 

10:00 

11 :00 

12:00 Carla 0023 

13:00 

14:00 Ana 4520 

15:00 

20()() week 2 
Monday Tuesday Wednesday Thursday Friday 
Name Nr Name Nr Name Nr Name Nr Name Nr 

09:00 

10:00 

11 :00 Dill 9382 

12:00 

13:00 

14:00 

15:00 

20()() week 3 
Mondav Tuesdav Wednesdav Thursdav Fridav 
Name Nr Name Nr Name Nr Name Nr Name Nr 

09:00 

10:00 

11 :00 

12:00 

13:00 

14:00 
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c) Patient' s record 

Patient's record 

A 

I Ana Maria 
i;,.,;,;.,. Schoduled 

B 

c 
Carla Monte 
2001 - Suffered sunburn 
2007 - Preventive check (Cancer free) 
Excision Scheduled 

D 
Dill Thomas 
200 I - Excision treatment 
2007 - Excision treatment 
Excision Scheduled 

E 

F 

G 

H 

J 
John Smith 
2002 - Preventi ve check (Cancer free) 
2003 - Strange spot on the sld n (result to be sunburn) 

James Williams 
1980 - preventive check (cancer free) 
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K 

L 

M 
Mike Smith 
2000 - Suffered sunburn 
2002 - Excision treatment 
Excision Scheduled 

N 

0 

p 

Pedro Andres 
1989 - Preventive check (Cancer free) 
2002 - Excision treatment 
Excision Scheduled 

Q 

R 

s 
Shawn Jansen 
1980- Preventive check (Cancer free) 
2000 - Strange spot on the skin (result to be sunburn) 

T 

u 

v 

w 

x 

y 

z 
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Appendix XII: Process Description & necessary documents 
(investment) 
a) Process description 

Investment process 

In troduction 
This document describes the investment process at the bank that will be used during the 
experiment (the game). This process along with the skin cancer treatment process should be 
constructed in your workflow system prior to the experiment (the gnme). The control flow 
perspective of this process is modelled in BPMN. See figure .1 for the BPMN model of the 
investment process. Details of tJ1e diffe rent tasks are given in the tables on page 3 and 4. 

Note that the re me no resources (roles, actors etc) defined in the process. This has been done on 
purpose because, the goal of thi s research is to compare the systems onl y based on the flexibilit y 
of control flow nnd not the flex ibi lity to handover a job from one user to another. And because 
you are onl y asked to take one person to perfo rm the tasks in your workflow package, the choice 
has been made to define a super user who fu lfi lls all roles necessary to execute the process. 

As can be noticed in the tasks descriptions, this process makes uses of certain documents for the 
execution of the tasks. These documents are also attached to this document. 

At the start of the game you will receive the cases that should be processed. Attached to this 
document you will find a sample-case which gives an idea how the cases will be presented 
during the experiment (the game). 
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Figure I: Investment process model 
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Tasks name Start rocess and check re istration 
Ste s Automatic ste 

Tasks name Petform aoolication process 
Steps - Open application template 

- Fill in: client name, age, occupation 
- Save as: <Client name> 
- Close 

Document attached Application Template.doc 

Tasks name Archive I 
Ste s Automatic ste 

Tasks name U date info 
Ste s Automatic ste 

Tasks name Send & receive forms 
Ste s Automatic ste 

Tasks name Release account 
Steps - Open account list 

- Insert client name, and clients account number (the number is 
given in the case) 

- Save & close 
Document attached Account list.doc 

Tasks name Start foundation rocess & certif 
Ste s Automatic rocess 

Tasks name Check order type 
Steps Check if order type is "sale order" or "purchase order". This 

information is necessary for the choice th at should be made at the or-
split. 

Tasks name Check balance 
Ste s Balance should be above 30 000 

Tasks name Process ing 
Steps - Open sales order record 

- Fill in: client name & property client wants to sell 
- Save & close 

Document attached Sales order record .doc 
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Tasks name Send letter 
Ste s Automatic ste 

Tasks name Archive 2 
Ste s Automatic ste 

Tasks name Authoiize and process order 
Ste ps - O pen purchase order record 

- Fill in : cl.ient name & propert y cl ient wants to purchase 
- Save & close 

Document attached Purchase order record.doc 

Tasks name Calculate amount and buy stock 
Ste s Automatic ste 

Tasks name Dail statem ent 
Ste s Automatic ste 

Tasks name Start a ment & certif 
Ste s Automatic ste 

Tasks name Check balance & Authorize a ment 
Ste s Automatic ste 

Tasks name Print dail statement 
Ste s Automatic ste 

Tasks name Send b mail 
Ste s Automatic ste 

Tasks name Acti vate 
Steps - Open appl ication form that has been saved under the client 

name 
- Write "activated" after "status:" 
- Save & close 

Document attached Application template saved under the clients ' name. 

4 
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b) Application Template 

Name 
Age 
Occupation 

Application Template 

The cl ient payment statu s is enter of the payment process has been conducted. 
Status 
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c) Account list 

Name : Mark de Vries 
Account nr. : 493-839 

Name : Erik Lincoln 
Account nr. : 882-243 

Name : Bart Doug las 
Account nr. : 348- 343 

Name 
Account nr. 

Name 
Account nr. 

Name 
Account nr. 

Name 
Account nr. 

Nrune 
Account nr. 

Account list 

Page I 103 



d) Purchase order record 

Purchase order record 
This document is composed with the aim the keep record of all the properties that the clients 
have purchased. 

Name 
Property 

Name 
Property 

Name 
Property 

Name 
Property 

Name 
Property 

: Erik Lincoln 
: Apartment 
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e) Sales order record 

Sale order record 
This document is composed wi th the aim the keep record of all the properties that the clients 
have sold. 

Name 
Prope1ty 

Name 
Property 

Name 
Property 

Name 
Property 

Name 
Property 

Name 
Property 

: Mark de Vries 
: Farm 

: Ba.it Douglas 
: Yacht 
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Appendix XIII: Normality check SPSS output 

a) Normal Cases 

Teata ofNorm.&ty 

Kolmoaorov-Smimov' 

S"'lstie df Sia 
Meta ,260 2 

COSA ,260 2 

Vision ,260 2 

Pallas ,260 2 

a. Lilliefors Significance Correction 

Descriptive Statistics 

N Minimum MaJCimum Mean Std. De\'iation Skewneu Kurtosis 

Slalstic Statistic Statistic Sia.Isle Statistic Statistic Std. Error Statistic Std. Error 
Meta 2 2,77 4,00 3,3850 ,86974 

COSA 2 3.45 4,55 4,0000 ,77782 

VisionFI 2 1,55 2.70 2.1250 ,81317 

Pallas 2 1,53 2,67 2,1000 ,80610 

Valid N (listwise} 2 

b) Scenarios 

Tests of Normality 

Kolmoaorov-Smimov' ShaDiro-Wilk 

Sb!fislc df Sia. Sbltistie df Sia, 

Meta ,197 3 ,996 3 ,675 

COSA ,263 3 ,955 3 ,593 

VisionFI .326 3 .873 3 .304 

Pallas ,385 3 ,750 3 ,000 

a. Lilliefors Significance Correction 

Descriptive Statistics 

N Minimum l\AaJCimum Mean Std. De\'iation Skewneu Kurtosis 

Sia.Isle Statistic Statistic Statistic Statistic StatisHe Std. Error Statistic Std. Error 
Meta 7 ,00 300,00 148,8571 129,68221 -,067 ,794 -2,321 1,587 

COSA 6 40,00 212,00 106,1667 58,03591 1,343 ,845 2,710 1,741 

VisionFI 6 42.00 225.00 142.6667 78,41088 -,675 ,845 -1 ,810 1.741 

Pallas 4 ,00 90,00 37,5000 45,00000 ,370 1,014 -3,901 2,619 

Valid N (llstwlse} 3 
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Appendix XIV: Result from analysis using adapted metrics 

Table 27: Systems performance during experiment (systems are assessed using the three level of support 
ex lained in section 6.2) 

03:27 CH CH NS CH CH CH CH 
01:33 CH NS CH CH CH CH CH s 
01:32 BI NS CH BI CH NS NS s 

-1 0 0 0 
01 :33 0 -1 0 0 0 0 0 
01:32 -1 0 0 -1 -1 0 

Metastorm BPM suite 
Vision-Flow I COSA BPM suite I Pallas Athena's BPMlone 
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