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Abstract 

In this master thesis the applicability of general-purpose and application-oriented simulation 

software in the healthcare domain is examined by means of an refined evaluation framework. 

The basis for this refined framework is the Method Evaluation Model of Moody (2003), an 

evaluation framework for Information Technologies. Other input to the framework was obtained 

from a hierarchical evaluation framework of Nikoukaran et al. (1999), which is a framework for 

evaluating technical features of simulation software packages. This hierarchical framework has 

been refined on the two categories model and input and animation. Features in the refined 

hierarchical framework of Nikoukaran et al. (1999) can be mapped to constructs in the Method 

Evaluation model of Moody (2003). 

The evaluation framework which has been designed, is applied to a general-purpose and 

application-oriented simulation software package which have been used to conduct two case 

studies, a patient process and supporting process. The case studies resulted in an overview of 

differences between the general-purpose and application-oriented simulation software package. 

These differences are used to acquire the level of understanding of the simulation software from 

the healthcare practitioner perspective. A questionnaire for this purpose was developed and 

refined based on the differences. The Analytical Hierarchical Processing methodology is applied 

to assign priorities to features in simulation software packages and to analyse the efficiency and 

effectiveness of the general-purpose and application-oriented simulation software package. The 

results show that an application-oriented simulation software package is more appropriate than 

general-purpose simulation software to model a patient process, whereas no obvious 

preference is found for a particular type of simulation software to model the supporting process. 

The animation of the application-oriented software is assigned a higher score for both types of 

processes than the general-purpose simulation software. 
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Management summary 

The healthcare domain currently faces complex challenges regarding the quality, affordability, 

accessibility and acceptability of healthcare. “Healthcare providers are expected to cure more 

people, to be more flexible and to provide safe and high quality care, with less resources in a 

more competitive environment” Vanwersch (2010). Business Process Re-engineering (BPR) 

focuses on the improvement of efficiency and effectiveness of business processes. BPR 

initiatives in the healthcare domain should result in solutions to the complex issues and 

challenges hospitals cope with.  

The quantitative analyses of the impact of best practices and redesigns can be performed with 

the use of simulation software packages. Simulation is useful in redesigning processes since 

the real-world is too complex to analyse with analytic tools, e.g. queuing models. General 

streams of software packages are classified as 1) general-purpose simulation package and  2) 

application-oriented or object-oriented simulation package. Recent development in language-

oriented simulation packages has been focused on the implementation of graphical features in 

software. The two streams of simulation packages mainly differ in ‘model building aspects’ and 

‘graphical interfaces’: in other words the visualisation and object-oriented approach of 

simulation. A framework to evaluate simulation packages regarding the applicability in the 

healthcare domain is missing so far in the current literature.  

The application of simulation in BPR initiatives has been widely addressed by several authors. 

Implementation issues when applying simulation in the healthcare domain vary however from 

resistance by the healthcare domain, the ‘terminological gap’ between the simulation consultant 

and the  healthcare manager, the high level of technical and sophisticated knowledge required 

for common understanding at employees level, to the lack of easy-to-use tools. The potential of 

applying simulation in the healthcare domain depends on the understanding of the process 

models and modelling techniques by a majority and variety of healthcare employees, e.g. 

specialists, head of departments, nurses, board of directors. The knowledge about simulation 

differs between healthcare organisations in The Netherlands. The practical part of this thesis 

has been carried out in the Maastricht University Medical Center (MUMC+).  In University 

Medical Center Groningen (UMCG), and Medical Center Leeuwarden (MCL) dedicated logistic 

departments exist which specialise more in technical challenges, e.g. simulation. In the MUMC+ 

no department is specialised in these types of BPR techniques.  

 

This research focuses in a practical way on two simulation tools in each category, general-

purpose software CPN-tools and application-oriented software Flexsim Healthcare (HC), striving 

to find out “How different types of simulation software packages, especially, CPN-tools and 

Flexsim HC,  can support Business Process Redesign initiatives in healthcare”. In this respect 

the scientific research objective is defined as: “Constructing a framework which can support the 

evaluation of simulation software packages, in terms of actual efficiency and actual 

effectiveness, used in Business Process Redesign initiatives in the healthcare domain and 

apply this framework to evaluate CPN-tools and Flexsim HC.” This refined framework consists 

of an evaluation method for Information Technologies from Moody (2003) which focuses on the 

constructs perceived ease of use, the usefulness and the intention to use. In addition a wide 

variety of  rather specialistic aspects for simulation models focusing on the techniques of model 

building and ways of animation are derived from a framework of Nikoukaran et al. (1999).  
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Those aspects which have been analysed in detail for CPN-tools and Flexsim HC can be 

mapped to constructs in the framework of Moody (2003). The main constructs in this refined 

framework have been assessed for CPN-tools and Flexsim HC during workshops and analysed 

with the Analytical Hierarchical Processing methodology.    

 

Answers have been acquired by means of two exploratory, intensive and time consuming case 

studies on CPN-tools / Flexsim HC in MUMC+):  1) related to a primary process including 

patient flows at the Gastro-enterology endoscopy department (in Dutch: Maag, Darm, Lever: 

MDL) and 2) related to a supporting process of the medication preparation and supply process 

of the hospital pharmacist, named the Feniks project. This complex twofold set up comparing 

two simulation software packages in two completely different departments is based on a wide 

variety of proven theoretical modelling guidelines and frameworks. In addition to data collection 

and analysis, interviews, capacity calculations and departmental workshops have been 

conducted in order to verify received data, refine and enrich the information from different 

perspectives. 

The simulation of the two case studies provided new insights in the way of working in the MDL 

and medication preparation (Feniks) departments in terms of efficiency, refurbishing projects, 

planning methodologies and required capacity. This influences decision making on 

reorganisations, planning of time slots, staffing requirements and also partly reconfirms actual 

understanding in a more quantitative approach than ever before via existing departmental “gut 

feeling”. In this respect simulation techniques have really contributed as a next step in making 

better business planning in a healthcare environment. 

The refined hierarchical evaluation framework enabled the interpretation of the case studies 

findings in terms of basic understanding of simulation models and their practical results and 

serves well as a selection and evaluating method for simulation software packages. Important 

factors in judging the applicability in daily practice have been investigated checking e.g. with 

potential users the perceived ease of use, the usefulness and the intention to use. The pro’s 

and con’s between CPN-tools and Flexsim HC balance each other to great extent. However, 

results of the workshops have to be seen as a very first indicative orientation as a kind of pilot 

study. For CPN-tools / Flexsim HC the perceived ease of use and actual effectiveness is almost 

equal as seen by medical practitioners with a slight preference for Flexsim HC. Also for 

animation and perceived usefulness Flexsim HC seems to be preferred. Scores on intention to 

use are only advantageous for Flexsim HC in the case study of the patient process. Future large 

research with a larger sample will be needed for obtaining more reliable results. 

Animation is likely to be a key differentiator when making decisions to use a particular 

simulation package, though the complete offering in terms of ease of use and understanding 

from input tot output has to be taken into consideration. Nevertheless whereas simulation 

models in a healthcare environment are just at the eve of being implemented, much work 

remains to be done for obtaining the true acceptance by practitioners for realising breakthrough 

large scale use. For a successful market development of simulation tools in the healthcare 

industry this thesis provides a set of ideas and suggestions for a variety of next  process steps 

and future research that have to be taken. These range from product development aspects to 

organising and educating customers and their in-house users.  
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Abbreviations, glossary and definitions 

 

 

  

Abbreviation Explanation 

MUMC+ Maastricht University Medical Center 
BPR Business Process Redesign / Business Process Re-

engineering 
MDL Gastro-enterology department (in Dutch: ‘Maag, Darm, 

Leverziekten’)  
Feniks Business Process Redesign project of hospital 

pharmacist 
VTGM Voor Toediening Gereed Maken 
EVS Elektronisch VoorschrijfSysteem 
DES Discrete Event Simulation 
BPMN Business Process Modelling Notation 
CPN tools General-purpose Simulation software package 

‘Coloured Petri Nets’  
Flexsim HC Application-oriented Simulation software package 

‘Flexsim Healthcare’  
AHP Analytical Hierarchy Processing 
ME Method Evaluation 
LAF-cabinet Laminar Air Flow cabinet 
KFM Clinical Pharmaceutical Employee (Klinisch 

Farmaceutisch Medewerker) 
ML language Meta language 
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1. Introduction 

In this chapter the problem context of the healthcare domain is described. Based on this 

problem context research questions are formulated and a research objective is proposed. 

Subsequently the research design of this master thesis project is presented. This chapter 

concludes with an overview of the project organisation.   

1.1 Problem context 

The healthcare domain currently faces complex challenges regarding the quality, affordability, 

accessibility and acceptability of healthcare. Important causes are: demographic developments 

(ageing), shortage of healthcare employees, avoidable mistakes and complications/ more 

demanding patients, controlling of costs, gap between supply and demand in care. 

Vanwersch (2010) defined the challenges in the healthcare environment as: “Healthcare 

providers are expected to cure more people, to be more flexible and to provide safe and high 

quality care, with less resources in a more competitive environment.” 

The increasing challenges in the healthcare domain that organisations face, encourage them to 

search for more efficient and effective management structures and business processes. A 

process-based organisation will increase the efficiency of a healthcare organisation (Vera & 

Kuntz, 2007).  Business Process Re-engineering (abbreviated as BPR) is one of the topics in 

the Information Systems Research Group of the Industrial Engineering and Innovation Sciences 

department at the Eindhoven University of Technology that focuses on the improvement of 

efficiency and effectiveness of business processes. Many definitions of BPR are available, e.g. 

Paul, Hlupic, & Giaglis have defined BPR as “the fundamental rethinking and radical redesign of 

an entire business system to achieve significant improvements in performance of the company.” 

Note that the business system in this definition should be read as the department, organisation 

or process of interest.  

A (very) similar definition was provided by Hammer & Champy (1993) who define BPR as “the 

fundamental rethinking and radical redesign of business processes to achieve dramatic 

improvements in critical contemporary measures of performance, such as cost, quality and 

speed.”  

 

Similar to these definitions other definitions of BPR include the ‘fundamental’ and ‘radical’ 

aspect of changes to the business process and the improvements that are a result of these 

changes. 

 

Several BPR methods are available: some examples are Just-In-Time (JIT), Total Quality 

Management (TQM), Six Sigma and Lean (Näslund, 2008). Furthermore other performance 

management systems are developed: 1) performance measurement matrix, 2) 

results/determinants matrix, 3) balanced scorecard and 4) performance prism and 5) European 

Foundation for Quality Management model. Each of those methods includes different measures 

for process performance.  
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A paper of Reijers & Mansar, (2005) presents best practices which can be evaluated on four 

process dimensions which are included in the Devil’s quadrangle developed by Brand & Kolk 

(1995): cost, time, quality and flexibility (Figure 1). Jansen-Vullers, Loosschilder, Kleingeld, & 

Reijers (2007) state that the Devil’s quadrangle is relatively the most suitable method to 

measure the performance of a workflow.  

BPR initiatives in the healthcare domain should result in solutions to the complex issues and 

challenges hospitals and other healthcare organisations cope with. The outcomes of these 

solutions should be carefully analysed for their impact on the dimensions costs, time, quality 

and flexibility because of the complex organisational structure and processes in hospitals. The 

Devil’s quadrangle implicitly shows that often trade-offs have to be made between improving 

certain process dimensions, e.g. improving the time dimension by adding extra resources may 

result in higher costs implied by those resources. The black quadrangle represents the 

evaluation of the four dimensions in the AS-IS situation. The blue quadrangle depicts an 

example of the evaluation of the four dimensions after applying a best practice or redesign and 

shows that three dimensions are improved (quality, time and flexibility) and the cost dimension 

has become worse.  

 

Figure 1: Devil's quadrangle redesign evaluation 

The analyses of the impact of best practices and business process redesigns can be performed 

with the use of information technologies such as simulation software packages. Simulation is a 

method which has shown proven to be useful for BPR-projects and appears to be an 

appropriate method for obtaining improvements in efficiency and effectiveness of complex 

healthcare processes as shown by case studies of Khurma, Bacioiu, & Pasek (2008) and (Su & 

Yao (2006). In section 2.1 the role of simulation in BPR projects is further elaborated. In section 

2.3 the application of simulation in the healthcare domain is discussed in more detail.  

 

Simulation software packages have been developed from basic and abstract tools to more 

sophisticated and domain-specific tools for the healthcare domain. Those simulation software 

packages can be classified as general-purpose (e.g. Arena, CPN-tools) or application-oriented 

(e.g. Medmodel, Flexsim Healthcare) software. This classification of simulation software is 

further described in 2.2. A high level analysis in section 2.3.2 will show differences in model 

building and graphical interfaces between these two types of software.  
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A comprehensive framework to evaluate the applicability of different types of simulation 

software packages in the healthcare domain is missing in the current literature. In the current 

literature, in the context of this master thesis, frameworks are either focused on the evaluation 

of technical aspects of simulation software packages or on the user acceptance of an 

information technology in general. A combination of these frameworks may provide more insight 

in the applicability of particular types of simulation software packages to cope with the 

challenges in the healthcare domain. Scientific background on these different types of 

frameworks can be found in sections 2.4, 2.5 and 2.6.  

1.2 Research questions and research objective 

In previous section the challenges the healthcare domain should cope with are introduced. The 

contribution of examples of BPR methods, amongst others simulation, are briefly introduced, 

next to the evaluation of the Key Performance Indicators in the Devil’s Quadrangle. However 

scientific research does not provide an extensive analysis of the applicability of general-purpose 

simulation versus application-oriented simulation in the healthcare domain.  

Therefore, considering the introduction on BPR techniques and especially simulation in the 

healthcare domain, the following scientific research question is formulated: 

 

The following sub research questions are defined: 

 What are the benefits and drawbacks of using general-purpose and application-oriented 

simulation packages in Business Process Redesign initiatives in healthcare? 

 What features should software packages contain to make them useful and usable 

according to an evaluation framework of information technology, demonstrating an 

increased “intention to use” at the completion of this project? 

 Which framework can support the evaluation of general-purpose and application-

oriented simulation packages applied in Business Process Redesign initiatives in 

healthcare?  

 How can this evaluation framework be included in the decision-making process of 

simulation software packages when performing Business Process Redesign initiatives? 

In section 1.1 it was noted that simulation is one of the methodologies which can be applied to 

obtain improvements in efficiency and effectiveness. However the understandability of 

characteristics of simulation software packages is a design issue which is not addressed for the 

general-purpose and application-oriented software. The scope of this master thesis project is 

narrowed to the simulation software packages CPN-tools and Flexsim HC. A framework may 

support the evaluation of the efficiency and effectiveness of simulation software for the 

healthcare domain since important characteristics in this framework can be used as a kind of 

assessment list.   

How can different types of simulation software packages, especially CPN-tools and 

Flexsim Healthcare, support Business Process Redesign initiatives in healthcare?  
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Therefore the scientific research objective is defined as:  

 

 

 

The framework can be adopted by an end user of simulation or decision maker of a BPR project 

group and by a software developer: 

- The framework can support the evaluation of simulation software packages in terms of 

efficiency and effectiveness and decision making process of selecting the best matching 

simulation software for the organisational processes, by employees in the healthcare 

domain. 

- The results of the framework can be used by the developers of the software as an input for 

refinements and improvements in developments of CPN-tools or Flexsim HC. A point of 

interest can be improving the level of understandability of simulation models and the 

usability of the software. Software developers may think of improving the least performing 

features or integrating both types of simulation software. Finally an increase of the usability 

of the software may result in an increase of implementation of simulation in decision 

making. The research scope of this master thesis will not cover the possible increase in 

implementation. 

1.3 Research design 

In this chapter different research stages and the methodologies I applied during the execution of 

this master thesis project are introduced.     

Research stage I: Preparation stage 

The aim of the preparation phase was to obtain an in depth understanding of the background of 

the problem context, domain, trends, visions on current state-of-practice of simulation and 

Business Process Redesign in healthcare (Chapter 1). I conducted a literature study to obtain 

this knowledge and subsequently, based on interviews, I formulated a research proposal 

which covers the research questions and a research objective (section 1.2).  In the research 

proposal more information can be found regarding goals, expectations, research questions, 

research objectives and methodologies. 

Deliverables: literature study and research proposal 

Research stage II: Research design 

The main methodology I used to answer the research questions in the previous section are two 

case studies. The methodology of case studies is amongst others grounded in an article of 

Voss, Tsikriktsis, & Frohlich, (2002) that proposes a roadmap for case-based research. In this 

paper three main advantages of case based research are defined (Meredith, 1998): 1) a 

phenomenon is studied in its natural setting and therefore the results are more meaningful, 2) 

most of the questions (why, what, how) are answered with nearly a full understanding of the 

nature and complexity of the phenomenon and 3) the case study approach is meaningful for 

exploratory research in which variables and the context of the phenonenon is not fully 

understood. Moody (2003) indicates that the external validity of findings about the method’s 

“Constructing a framework which can support the evaluation of simulation software 

packages, in terms of actual efficacy and perceived efficacy, used in Business 

Process Redesign initiatives in the healthcare domain and apply this framework to 

evaluate CPN-tools and Flexsim HC.” 
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intention-to-use in practice is increasing. The external validity refers to the degree of which 

conclusions of the framework would hold for certain situations, e.g. case studies. The case-

based method is furthermore applicable for theory testing, which is typically done in combination 

with other different methods to diminish the weakness of one single method (Cook & Campbell 

(1979); Campbell & Fiske (1959); Jick (1979)).  

The objective to analyse how general-purpose and application-oriented simulation software can 

be applied for Business Process Redesign in the healthcare domain, is most appropriate to test 

in the natural settings with a full understanding of the healthcare domain since processes are 

complex and these should be modelled in practice with simulation software packages. The 

simulation software packages I chose are CPN-tools (general-purpose) and Flexsim Healthcare 

(Flexsim HC, application-oriented). More information on the decision to use Flexsim HC and 

CPN-tools for the comparison of simulation software can be found in Appendix A – Simulation 

software package selection.  

The method of a case-based research is, considering the objective to perform a comparison 

between a general-purpose (CPN-tools) and application-oriented (Flexsim HC) simulation 

software package, extended to a comparative case-based research. The availability of 

simulation models for different types of processes (patient process and supporting process) is 

likely to result in a more detailed analysis of differences between the simulation software 

packages. More detailed information on the comparative case studies, e.g. data collection and 

organisation with a master course of the Industrial Engineering and Innovation Sciences 

department (TU/e) and another master thesis project can be found in Appendix B – 

Organisation of comparative case-based research. In section 3.1 the selection of the case 

studies is discussed. 

The modelling guidelines presented in the book of Law (2007) depicted in Figure 2 have been 

followed when conducting the case studies and to construct the simulation models. In chapter 

4.3 the scientific findings for the evaluation framework are presented. In chapter 3 the results of 

the case studies and implications are described.  

1) Formulate 
problem and plan 

the study

2) Collect data and 
define a model

3) Assumptions 
document valid?

4) Construct a 
computer program 

and verify
Yes 5) Make pilot runs

6) Programmed 
model valid?

7) Design 
experiments

Yes

8) Make production 
runs

9) Analyze output 
data

10) Document, 
present and use 

results

No No

 

Figure 2: Modelling guidelines Law (2007) 

During the master thesis project informal meetings were scheduled with process owners of the 

case studies to acquire further insight in the processes and available data in order to model the 

processes in Flexsim HC (Van Aken, Berends, & Van der Bij, 2007). Formal meetings to discuss 

the progress have been scheduled with employees of both the case studies. 

Deliverables: results case studies, Flexsim HC models and CPN-models of case studies 
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Research stage III: Design of evaluation framework 

In the third research phase I have decided to use two basic frameworks as a starting point for 

the final evaluation framework of simulation software packages for the healthcare domain. The 

first framework is an evaluation methodology which can be used for the validation of Information 

System technologies. The second framework is an evaluation framework which includes 

technical features of simulation software packages. In chapter 4 I have elaborated the decision 

for instances of these frameworks. Furthermore I performed a brief literature review to analyse 

scientific findings and definitions of new characteristics which can be used to refine the 

evaluation framework (Van Aken, Berends, & Van der Bij, 2007). Finally in this research stage a 

measurement and evaluation methodology regarding the frameworks is defined.  

Deliverables: refined evaluation framework, measurement and evaluation methodology.  

Research stage IV: Application of the evaluation framework 

The models of the case studies of the second research stage gave insight in the differences 

between the general-purpose and application simulation software packages CPN-tools and 

Flexsim HC. The analysis consists of comparing and observing differences (between) the 

simulation models made in CPN-tools and Flexsim HC and will result in an overview of 

differences between the software. Subsequently a hypothesis regarding the differences and 

applicability of the simulation software packages is proposed. Furthermore I organised 

workshops with employees of the two case studies classify the applicability of simulation 

software packages used during the master thesis project, CPN-tools and Flexsim HC. The 

evaluation framework is used to assess the appropriateness of the simulations tools in the case 

studies and results in understanding of problems with the state-of-the-practice (Van Aken, 

Berends, & Van der Bij, 2007). 

Deliverables: overview of differences between software for the case studies, hypothesis about 

differences, evaluation analysis of CPN-tools and Flexsim HC 

 

Research stage V: Refinements of framework and recommendations for simulation software 

design 

The implementation results identified during research stage 5 are used to refine the evaluation 

framework and  formulate recommendations for the software developers of CPN-tools 

and Flexsim HC. The recommendations can be found in section 6.2. 

Deliverables: refined framework and recommendations software developers. 

Overview research stages 

In Figure 3 an overview of the previous research stages is depicted in chronological order.  

 

The remainder of this thesis is structured as follows: 

In this first chapter the problem context, research questions and research design, formulated in 

the research proposal, are presented. In chapter 2 scientific background on simulation, 

evaluation methods, evaluation frameworks and measurement methods is introduced. In 

chapter 3 the case studies I conducted are discussed. In chapter 4 the design of the evaluation 

framework is presented. Subsequently the application of this refined evaluation framework is 

discussed in chapter 5. In chapter 6 conclusions are drawn and recommendations, limitations 

and subjects for future research are formulated. 
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1.4 Project organisation 

In Appendix C – Project organisation, the Maastricht University Medical Center (MUMC)+, 

TALUMIS Logistics Simulation Solutions B.V. (distributor of Flexsim HC in The Netherlands), 

supervisors of the TU/e and MUMC+, are briefly introduced. Moreover an overview of the 

project organisation and stakeholders is presented.   
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Figure 3: Overview research stages, methodologies and deliverables master thesis project 
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2. Scientific background 

In this chapter the role of process simulation in Business Process Redesign projects is 

presented. Subsequently a classification of simulation software packages which can be used for  

BPR projects is introduced. Next to this the application of simulation in the healthcare domain 

and design issues of simulation in healthcare are discussed. Furthermore in this chapter 

scientific background is provided on evaluation methods of information technologies and 

evaluation frameworks of simulation software packages. As indicated in section 1.1 these are 

the main two categories of evaluation frameworks in the Information Systems domain for 

evaluating a simulation software package. This chapter concludes with an overview of the 

measurement methods for assessing simulation software packages.   

2.1 The role of simulation in Business Process Re-engineering 

Business Process Re-engineering is intended to result in improved performance results, 

although there are many related process re-engineering projects: the impact of changes to the 

process is difficult to predict, problems related to the visualisation of the process from different 

perspectives of stakeholders, costs of implementing the changes and process and the complete 

system view without overlooking parts of the process (Paul, Hlupic, & Giaglis, 1998). Although 

not stated explicitly whether simulation software is used during these projects, according to 

these authors a lack of methods exists in general to support correct decision making in the 

redesign of processes, resulting in decreased performance and increased costs.      

Paul et al. (1988) suggest that simulation software packages can provide solutions for these 

problems. The application of simulation in BPR initiatives has been widely addressed by several 

authors.  Law (2007) indicates that simulation is useful in redesigning processes since the real-

world is too complex to analyse with analytic tools, e.g. queuing theories. The main findings 

about the usefulness of simulation and software packages in BPR projects are as follows: 

 Simulation can be used to model process dynamics and can be a supportive tool for 

organisational processes and information systems (Giaglis, Paul, & O'Keefe, 1999; Hlupic & 

Robinson, 1998). 

 Stochasticity can be implemented in models: the effect of changes in random variables can 

be examined (Paul, Hlupic, & Giaglis, 1988); Hlupic & Robinson, 1998).  

 Changes in the results of Key Performance Indicators can be analysed, e.g. throughput 

time, quality, resource utilisation (Giaglis, Paul, & O'Keefe, 1999). 

 Although not only explicitly related to simulation studies since it also holds for mathematical 

models, costs of testing in ‘real-life’ are being reduced with the use of simulation models. 

Testing new work structures in reality is often not possible due to regulations and 

continuation of processes, which implies high costs (Hlupic & Robinson, Business process 

modelling and analysis using discrete-event simulation, 1998). 

 Processes can be visualised and communicated amongst the different stakeholders 

involved in these processes. Especially 3D simulation software packages, e.g. Flexsim HC 

of Flexsim Software Products Inc., Automod of Visual8 or Enterprise Dynamics of InControl 

Simulation solutions, may be of use for communication amongst employees, training of 

employees and to present results to interested parties and other health care organisations 

(Hlupic & Robinson, 1998).        
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The basic elements in a queuing network, e.g. arrival process or event list, can also be found in 

simulation models, although queuing networks are more difficult to construct and analyse 

complex systems because of the interactions between the elements in the model. Law (2007) 

describes the important characteristics of a queuing model from an event-scheduling 

perspective which often can be modelled more efficiently in a simulation software package: 

relationship between simulation clock and event list (activities to be performed), automatic 

update of entities in the process and policy rules.  

2.2 Classification of simulation software packages 

The first generations of software packages available in the market can be classified into two 

general streams: 1) simulation languages and 2) application-oriented or objected-oriented 

simulators (Law, 2007): 

1) The simulation language packages in the past, from around 1970 till 2000, were general-

purpose products (Medeiros, Watson, Carson, & Manivannan, 1998): the models were 

developed by using programming languages (C++, Java). The generality and therefore implicitly 

flexibility of use in different domains is a main advantage of this type of software packages. A 

drawback of language-oriented simulation packages is the complexity of the model building. 

Scientific literature regarding the understanding and ease-of-use of the simulation language 

packages has not been found. Examples of literature focusing on these subjects are related to 

the understanding and ease of use of information technology in general. Lubars, Potts and 

Richter (1992) only describe the importance of interaction between the developer of a system 

and user on a high level.  

2) Application-oriented simulators are more specific domain-oriented simulations packages, 

using graphical interfaces and dialog boxes in which parameters can be filled out. This type of 

simulation packages was relatively easy to learn and easy to use, but is less flexible because of 

the focus on a particular domain.  

However in the recent years developers of language-oriented simulation packages have 

focused on the implementation of graphical features in their software (Law, 2007). With this 

development these new language simulation packages are approaching the application-oriented 

simulators. On the other hand developers of application-oriented simulators are focusing more 

on introducing flexibility of programming in their software by using programming languages, e.g. 

C++ in Flexsim Healthcare.  

The distinction made between the two streams of software packages has become less clear due 

to the recent developments. The two existing general streams of software packages are 

nowadays classified following Law (2007) and previously introduced in section 1.1:  

1) general-purpose simulation package and  

2) application-oriented or object-oriented simulation package.  

A general-purpose simulation package can be used for any purpose or application and several 

features have been implemented to be able to use the simulation package in specific 

domains/applications. Examples of general-purpose simulation packages are Arena and 

Extend, respectively developed by Rockwell Automation and Imagine That Inc. Another general-

purpose simulation package is CPN-tools, in which processes are modelled visually and a 
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functional programming language called CPN ML language (metalanguage) is used to specify 

declarations and net inscriptions (Westergaard & Verbeek, CPN tools Publications, 2011).    

Application-oriented simulation packages are developed to be used in specific domains and 

applications, e.g. healthcare or manufacturing. Instances of application-oriented simulation 

packages for the healthcare domain are Flexsim Healthcare developed by Flexsim Software 

Products Inc., ED Simulator and Medmodel developed by ProModel (Law, 2007). 

2.3 The application of simulation in the healthcare domain 

In this section first an overview of previous research to the application of simulation in the 

healthcare domain is presented. Secondly issues and statements of healthcare practitioners 

regarding the design of simulation techniques are introduced.    

2.3.1 Overview of research: simulation in the healthcare domain 

A literature review conducted by Jahangririan, Eldabi, Naseer, Stergioulas and Young (2010) 

showed that simulation is not very often used in the healthcare domain compared to other 

industries. The authors defined three categories to assess the level of how simulation was used: 

Class A (simulation is used to solve a real problem with real data. This case study implies the 

engagement of employees in the simulation part), Class B (simulation is applied to solve a real 

problem, but with no real data. These kind of simulation studies are performed to design generic 

solutions) and Class C (the aim is to improve the methodically part of simulation as technique. 

In this class of simulation studies no real case studies are performed in a company). 

Table 1: Case studies classification literature review Jahangririan (2010) 

Case 
study 

Real problem Real data Observation 

Class A X x engagement of employees 
Class B X - performed to design generic solutions 
Class C - - to improve the methodological part of simulation as technique 

  

The literature review included 20.000 relevant papers, of which 257 were relevant for this 

research. The results show that although discrete event simulation (DES), a step-by-step 

simulation technique, was used for 40% of the papers, the technique was mainly used in the 

manufacturing and business industry, but not in the healthcare sector with approximately 15 

class A case studies. The authors point out however the appropriateness of DES for tactical and 

operational decision making levels. In more detail, Jahangirian et al. (2010) suggest DES is an 

appropriate technique for process analyses, resource utilisation, queuing and short-term 

analyses. As indicated in section 2.1 these advantages could possibly also be obtained for the 

healthcare domain because of the similarities of scope and objectives regarding improving the 

efficiency and effectiveness of processes. However the findings of this literature study did not 

support these proposed advantages.   

The findings of Jahangirian et al. (2010) can be aligned with the results of the literature study 

performed prior to this master thesis project. The number of papers found in the literature study 

in which simulation was used as technique to analyse BPR initiatives in the healthcare domain 

was relatively low (2 out of 67 papers). 
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Although simulation seems not very often to be applied in the healthcare domain compared to 

other industries, an indication of the percentage of use of the different types of simulation 

software packages at universities and in the industry was provided by Nikoukaran & Paul 

(1999), following the distinction between simulation languages and (application-oriented) 

simulators: 

Table 2: Use of different types of simulation software 

Type of software Universities (%) Industry (%) 

Simulators (application-oriented)  51.7 72.7 
Simulation languages (general-
purpose) 

  3.5   9.1 

Both 44.8 18.2 

 

Note that in the context of this master thesis Nikoukaran & Paul (1999) also report their findings 

on the use of Petri-nets: Petri-nets support all the features needed to model processes. No 

trend was found in the use of this technique, but Petri-nets were used in a variety of applications 

and industries, namely manufacturing, workflows and transportation systems. The concurrent, 

asynchronous, distributed, parallel and stochastic characteristics of these systems can be 

explicitly included in a Petri-net. 

Critical remarks to the literature review of Jahangirian et al. (2010) and literature review prior to 

this master thesis project should be made: the literature review of Jahangirian et al. (2010) 

focused on papers which were not only related to discrete-event simulation techniques (DES), 

e.g. system dynamics. Similar to this, the literature review prior to this master thesis project did 

focus on BPR methods in general and not in particular on the application of discrete-event 

simulation in the healthcare domain. This may implicate that certain relevant papers were not 

selected for the literature reviews. Therefore the author of this thesis selected an additional 

report of Thorwarth & Arisha (2009), based on the detailed description of the relationship 

between simulation and healthcare processes. The authors have analysed previous literature 

reviews which are related to this topic and the results are shown in Table 3. 

Table 3: Overview previous literature reviews simulation and healthcare 

Authors Number of referenced 
articles / time interval 

Focus 

Jun, Jacobson, & 
Swisher, (1999) 

8 (1973-1977) 
62 (1993-1997) 
Total: 117 (1952-1997) 

Single/multi-facility health care clinics, patient flows, allocation of 
resources, future directions 

Preater, (2002) - Queues in health care: e.g. appointments, outpatients, waiting 
lists, departments, ambulances etc. 

Cayirli & Veral, 
(2003) 

- Methods of outpatient scheduling 

Fone, et al., (2003) 182 (1980-1999)  Applicability of computer simulation modelling in healthcare 
Eldabi, Paul, & 
Young, (2007) 

- Flexibility of simulation develops towards a single-solution based 
method 

Streufert, Satish, & 
Barach, (2001) 

- Limitations of simulation and overview of projects 

Wilson, (1981) 200 (±1970-1981) Overview simulation projects in healthcare and implementation 
success 

Thorwarth & Arisha, 
(2009) 

118 (1995-2008) Application domains of simulation in healthcare 
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Other authors are similarly presenting results about the application of simulation in the 

healthcare domain: 

 

Thorwarth & Arisha (2009) conducted a new literature review to analyse the number of 

publications regarding discrete-event simulation applied in the healthcare domain, from 1995 to 

2008 (last row of Table 3). The structure of their literature review was similar to the review 

performed by Jun et al. (1999), but focused more on the different application domains within the 

healthcare industry, e.g. hospital, emergency depart, outpatient clinics, demographic health 

provision, health care supply chain environment. In September 2008, 117 articles were found to 

be relevant, a relatively large increase per time interval compared to the review of Jun et al. 

(1999). The number of articles used for the analysis phase of the research was around 70.  

 

A similar large increase in number of papers was notified by Eldabi, Paul, & Young, (2007), but 

this increase included all different simulation techniques and not discrete-event simulation in 

particular: 1990-1994 (± 300 articles), 1994-200 (±1250 articles) and 2000-2004 (±3600 

articles). The potential for the applicability of simulation for improving operational and 

management processed is accepted by the healthcare industry (Barjis, 2011). This can also be 

observed from the increase of papers focusing on simulation in the healthcare domain by 

Thorwarth & Arisha (2009) and Eldabi, Paul, & Young (2007). 

 

An increase of potential applicability should however result in higher adoption or implementation 

of simulation in the healthcare domain to point out that simulation can be successful for 

Business Process Redesign projects in the healthcare domain. In the scientific literature the 

percentage of implementation of findings by means of simulation is approximately 8% (Wilson, 

1981; Fone, et al.,2003; Jahangirian, et al., 2012). Thorwarth & Arisha (2009) found however a 

implementation percentage of 30%, but this is contradicting the findings of Jahangirian, et al. 

(2012)). The level of implementation seems to be in general low. Eldabi, Paul, & Young (2007) 

denote that the relationship between simulation and policy-making and decision-making at the 

operational level in the healthcare domain is weak, while this relationship is more obvious for 

defence and manufacturing systems. 

2.3.2 Simulation in the healthcare domain: design issues   

The results at the end of the previous section showed large differences of implementation 

percentages, which may be addressed by the level of understanding of process models or 

simulation. The potential of applying simulation in the healthcare domain depends on the 

understanding of the process models and modelling techniques by a majority and variety of 

healthcare employees, e.g. specialists, head of departments, nurses, board of directors. Laguna 

& Marklund (2004) defined the understandability of process models as “representative, easily 

understood, easy to use, optimized in the level of details, and support abstraction. The ability to 

use a process model for communication decreases if modelling specialists are the only people 

who understand the models. Therefore models should be representative enough to be 

understood by all model users such as healthcare administrative or clinical stakeholders.” 
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In contrast to IT-specialists in the healthcare domain, these employees are performing a 

medical profession which is significantly different from an engineering profession in which 

(process) models have centralized role in designing solutions. The lack of understanding of 

process models is according to Broek (2010) partially diminished by the experience of the 

healthcare practitioner in the process. 

Note that the knowledge about simulation differs between healthcare organisations in The 

Netherlands (Kolfin, 2012); in organisations such as University Medical Center Groningen 

(UMCG), and Medical Center Leeuwarden (MCL) dedicated logistic departments exist which 

specialise more in technical challenges, e.g. simulation. According to the Maastricht University 

Medical Center (MUMC+) they do not have a department in the organisation which is 

specialised in these types of BPR techniques.       

In the literature statements are formulated about implementation issues when trying to apply 

simulation in the healthcare domain. The following statements obviously relate to the aspects 

‘easily understood’ and ‘easy to use’ in the previous citation of Laguna & Marklund (2004):  

 Resistance by the healthcare domain due to 1) the gap between healthcare practitioner with 

aversion of queueing models etc. and the technical affinity of the simulation consultant, 2) 

the lack of training which raises a barrier to use simulation (Dodds, 2005). 

 The ‘terminological gap’ between the simulation consultant with engineering background and 

the manager with a healthcare background (Lowery, et al., 1994). 

 The high level of technical and sophisticated knowledge that is required for common 

understanding with the employees in the healthcare domain which is a ‘major barrier'. This 

creates resistance to use simulation and will not result in a successful application of 

simulation when applying a Business Process Redesign project. Barjis (2011) indicates the 

high effort and time that are required for performing simulations in the healthcare industry.  

 Recognition of required change of the current business process, commitment of the owner 

of the business process, availability of input data, communication with employees involved in 

the process, validity of model and confirmation to the deadline (Wilson (1981); Lowery, et 

al., 1994); Jun, Jacobson, & Swisher (1999)). 

 ‘Lack of robust, easy-to-use tools that could readily be used by clinicians and hospital 

managers’ (Eldabi, Paul, & Young, 2007). 

In the above statements difficulties of the ‘model building aspect’ of simulation are addressed in 

general. The statements below refer to ‘graphical interfaces’, in other words the visualisation 

and object-oriented approach of simulation. At a higher level it covers the representativeness in 

the citation of Laguna & Marklund (2004). 

 The application of object-oriented simulation modelling is increasing, resulting in flexible and 

detailed modelling which can reduce the complexity of business process redesigns and 

finally may result in an increase of applying simulation in the healthcare domain (Baldwin, 

Eldabi, & Paul, 2005) 

 Barjis (2011) suggests that new innovative developments can help simulation to be more 

accepted, e.g. by the use of libraries/reuse of models, graphical interactive development 
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environment, but indicates that this is a field of technical simulation aspects for which more 

research is desired. 

 Visually oriented graphical outputs may improve the verification and validation of simulation 

models and accompanying results, although it does not guarantee the correctness of a 

model. Furthermore visualisation can be used to provide (to the owner of the process) 

detailed insight in the process(es) and the object-oriented approach helps the modeller 

building a process model without writing a code. This reduces the resistance to 

implementation. The visualisation is increasingly being implemented in general-purpose 

simulation software (Jun, Jacobson, & Swisher, 1999). 

 An older article indicates that visualisation is not an entirely new topic in operations 

research: “Visual simulation model advantage is the virtual instant comprehensibility” and it 

is “helpful” in case studies involving physicians in the healthcare domain (Jones & Hirst, 

1986).  

A guest lecture of Van Gorp (2010) at the University of Hasselt was more specific about the 

above issues of ‘easy to use’, or in other words model building, and ‘graphical interfaces’ in 

relationship to general-purpose and application-oriented simulation software packages CPN-

tools and Flexsim Healthcare (Van Gorp, 2010). In Table 4 his general observations regarding 

CPN-tools and Flexsim Healthcare are presented. In addition to this guest lecture note that 

Flexsim Healthcare contains the formal programming language C++.  

Table 4: Expert's view on CPN-tools and Flexsim Healthcare (Van Gorp, 2010) 

Perspective CPN-tools Flexsim Healthcare 

Model building + Formal programming language: ML language, easy 
to learn, powerful analysis techniques 

+ Formal programming language: 
C++ 

 + Explicit process flows - Implicit process flows 
 + Explicit resource assignment - Implicit resource assignment 
 + Statistics: white box (transparant) - Statistics: black box (less 

transparent) 
Graphical interfaces 
/ visualisation 

-  Low semiotic clarity, defined as “the one-to-one 
correspondence between semantic constructs and 
graphical symbols” (Moody, 2009) 
(representativeness of objects in model) 

+ advanced editors for healthcare 
domain 

 - Less comprehensive/transparent for healthcare 
domain: model transformations required 

 

 

The above disadvantages and advantages are formulated by assistant professor at the 

Eindhoven University of Technology Dr. P.M.E. Van Gorp, specialised in the Model Driven 

Engineering and Healthcare domain. In his opinion a more detailed research and evaluation of 

the simulation software packages in the healthcare domain, by means of real-life cases and the 

involvement of healthcare practitioners, is required.   

The simulation software package Flexsim Healthcare has been on the market in The 

Netherlands since November 2009 (Talumis, 2009) and is available at the sales representative 

organisation TALUMIS, Logistics Simulation Solutions B.V. Since this software is relatively new 

for the healthcare domain in The Netherlands the added value, e.g. from the model building 

perspective or graphical perspective, has not been tested in greater detail in the healthcare 

domain. The above (dis)advantages are from a designer/model builder perspective, but it is 

doubtful whether this perception is shared by healthcare practitioners. 
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2.4 Evaluation frameworks for user acceptance of information technology 

The technical aspects of an Information Systems (IS) design method, e.g. simulation software 

for the healthcare domain, are not the only primary issues for success. Wynekoop & Russo 

(1997) showed in their research that the development of an IS design method is often relying on 

normative design issues (e.g. inclusion of particular feature in simulation software). However the 

evaluation of those criteria may result in a misinterpretation of the applicability of simulation 

software packages because the gap between the healthcare practitioner and the simulation 

consultant (section 2.3.2) is probably not simply closed by adding new (non) product related 

features, e.g. new features in the software or new types of customer support. 

Scientific research has focused on the different evaluation frameworks of user acceptance of 

information systems technologies (Venkatesh, Morris, Davis, & Davis (2003); Rescher, (1977)). 

According to these authors three categories can be distinguished based on the included 

constructs: a category on the individual acceptance of an information technology, a category on 

the implementation success at the organisational level and a category for methodologies 

describing the fit between an information technology and the daily practice. In Table 5 an 

overview of different evaluation methods and their constructs measuring the acceptance of an 

information technology is shown. 

Table 5: Overview of evaluation frameworks for information technology 

Developers 
evaluation method 

Evaluation method Category Constructs 

Sheppard, Hartwick, & 
Warshaw (1988) 

Theory of Reasoned  
Action (TRA) 

Individual 
acceptance 

Attitude toward behaviour, 
subjective norm 

Davis (1989) Technology Acceptance 
Model (TAM) 

Individual 
acceptance 

Perceived usefulness, Perceived 
ease of use, intention to use 

Davis, Bagozzi, & 
Warshaw (1992) 

Motivational Model (MM) Individual 
acceptance 

Extrinsic motivation, intrinsic 
motivation 

Ajzen (1991) Theory of Planned 
Behavior (TPB) 

Individual 
acceptance 

Attitude toward behavior, subjective 
norm, perceived behavioral control 

Taylor & Todd (1995) Combined TAM (C-TAM-
TPB) 

Individual 
acceptance 

Attitude toward behaviour, 
subjective norm, perceived 
behavioural control, perceived 
usefulness 

Thompson, Higgins, & 
Howell (1991) 

Model of PC Utilization Fit IT and daily 
practice 

Job-fit, complexity, long-term 
consequences, social factors, 
facilitating conditions 

Moore & Benbasat 
(1996) 

Innovation Diffusion theory 
(IDT) 

Organisational 
success 

Relative advantage, ease of use, 
image, visibility, compatibility, 
results demonstrability, 
voluntariness of use 

Bandura (1986) Social Cognitive theory 
(SCT) 

Organisational 
success 

Outcome expectations – 
performance, outcome expectations 
– personal, self-efficacy, affect, 
anxiety 

Rescher (1977) Methodological 
Pragmatism (MP) 

Organisational 
success 

Actual efficacy, Adoption in practice 

Moody (2003) Method Evaluation Model 
(ME model) 

Individual 
acceptance 

Perceived usefulness, Perceived 
ease of use, intention to use  (TAM 
model - Davis (1989)), Actual 
efficacy, Adoption in practice (MP - 
Rescher (1977)) 
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Moody (2003) refers in his scientific paper to research of other authors commenting on the low 

adoption or acceptance in practice of the IS design method. Moody (2003) suggests that 

‘pragmatic success’ of an IS design method is also partially determined by the usage of the 

method in practice, in order to realise and obtain the potential benefits of the method. 

Note that Moody (2003) integrated the Methodological Pragmatism of Rescher (1977) with the 

three constructs of the TAM model (Table 5) of Davis (1989). This results in the Method 

Evaluation model, which combines the evaluation of the organisational success and the 

individual acceptance of an information technology. He subdivided actual efficacy of Rescher 

(1977) in the constructs actual efficiency and actual effectiveness. Furthermore he linked actual 

usage of Rescher (1977) and intention to use in the TAM model with adoption in practice. The 

constructs perceived ease of use and perceived usefulness of the TAM model reflect the 

perceived efficacy of a method. Moody (2003) conducted experiments to evaluate the 

correlations between the constructs in the ME model. The following correlations were found to 

be significant (Moody, 2003):  

 Actual Efficiency – Perceived Ease of Use 

 Perceived Ease of Use – Perceived Usefulness 

 Perceived Usefulness – Intention to Use 

 Perceived Ease of Use and Perceived Usefulness – Intention to use. 

2.5 Evaluation frameworks of simulation software packages 

Several authors have attempted to develop a general evaluation framework for simulation 

software packages, but an univocal framework for the healthcare domain does not exist 

regarding the evaluation process and features to be reviewed. An overview of some of the 

existing frameworks are presented in Table 6.  

Table 6: Overview of evaluation frameworks 

Authors Evaluation of features simulation software packages 

Hlupic, Irani, & Paul (1999) 
Haider & Banks (1986) 

Input flexibility, modelling flexibility, hierarchical modelling, standard 
statistics generation, data analysis, animation, support provided by the 
supplier and cost of simulation software.  

Verma, Gupta and Singh (2008) 
Bovone, Ferrari, & Manuelli (1989) 

Flexibility, ease of use, speed of modelling, reliability and execution speed 

Hlupic, Irani, & Paul (1999) 
Kochhar & Ma (1989) 

Modelling assistance, graphics, learning curve and required skills for use of 
software, simulation speed, and integration with other systems/software 

Law (2007) General capabilities, hardware and software considerations, animation, 3D 
animation, statistical features, customer support and documentation, output 
reports and plots.  

Verma, Gupta and Singh (2008) Hardware and software considerations, modelling capabilities, simulation 
capabilities, Input/Output issues 

Nikoukaran, Hlupic, & Paul (1999) Vendor, Model and input, Execution, Animation, Testing & Efficiency, 
Output, User 

 

In contrast to most of the frameworks described in Table 6, the framework of Law (2007) 

explicitly denotes the benefits of 3D animation: training of and communication to employees, 

validation of the simulation model and retrieving process redesign opportunities. The benefits of 

the publishing results of 3D simulation software in the media are not addressed by Law (2007), 

but could be interesting for strategic projects. The advantages of 3D animations can probably 

also be retrieved from a project with a more internal focus in the hospital and with less publicity. 

The use of a 3D simulation package and publishing results of the 3D model of the internal 
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focused project might however be less beneficial, since the use of a 3D simulation package 

implies different costs, e.g. purchase of the simulation package, maintenance fees, upgrade 

fees, and costs for purchasing additional software and hardware (Law, 2007). Therefore a more 

abstract model in CPN-tools could be potentially be more interesting for internal focused 

projects. The total cost of ownership approach is not further elaborated in this master thesis. 

  

Nikoukaran, Hlupic, & Paul (1988) denote explicitly that they have looked especially at the 

number of categories in their framework. They indicate that too many categories will result in 

difficulties to assign features to a particular category, whereas a too low number of different 

categories, selection of simulation software is less understandable. Furthermore they suggest 

that a non-comparable feature, e.g. a feature is included or not included, should be assessed 

only for the simulation software packages which have the feature.  

2.6 Assessment and evaluation methodologies for simulation software packages 

When the features, in other words criteria, of a simulation software package are determined, the 

evaluation of simulation software can be performed by different methods of which some are 

shown in Table 7. These methods basically consist of an assessment (scoring) method and an 

evaluation method to calculate a final score for the simulation software package.    

Table 7: Assessment and evaluation methods 

Author Name method Main concept 

Gupta, Verma, & Singh, (2009) Weighted Score Method (WSM) Weight criteria, score each 
criteria and calculate final score 

 Technique of Order Preference by 
Similarity to Ideal Solution (TOPSIS) 

Select software closest to ideal 
situation and farthest away from 
worst situation based on 
positive and negative criteria 

Davis & Williams (1994)  Analytical Hierarchy Processing (AHP) Divide decision in hierarchical 
levels of criteria and assign 
prioritities and scores at each 
level 

Gupta, Singh, & Verma (2010) Combination of Analytical Hierarchy 
Processing (AHP) and Weighted Score 
Method (WSM) 

Calculate relative evaluation 
score of each feature in a 
category and apply AHP  

 

In addition to the above assessment and evaluation methods, Vargas (1990) and Roper-Lowe & 

Sharp (1990) denote the strengths of the Analytical Hierarchical Processing (AHP) method: 

 AHP can be used to evaluate tangible and intangible attributes, i.e. fixed and subjective 

characteristics in a simulation software package. 

 Evaluation of the decision-making process can be conducted with categories of simulation 

software features which are hierarchically structured. 

 The consistency of the judgement of the decision maker can be monitored since the 

method separates the evaluation decision into hierarchical levels and reduces 

inconsistencies in human judgements. 
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3. Case studies 

In this chapter a classification of the two case studies I conducted within this master thesis 

project is introduced. Subsequently the case studies are discussed following the modelling 

guidelines of Law (2007), as depicted in Figure 2 in section 1.3. In this chapter the main focus is 

on step 1 and step 10 of the modelling guidelines of Law (2007). The intermediate eight steps 

(2-9) are described in Appendix J – Case study MDL and in Appendix K – Case study Feniks.  

3.1 Case selection: classification of case studies   

The two case studies for a Business Process Redesign (i.e. problem process) were identified by 

by the Maastricht University Medical Center (MUMC+): one case study is related to a primary 

process including patient flows at the Gastro-enterology endoscopy department (in Dutch: 

Maag, Darm, Lever, in the remainder of this thesis abbreviated as MDL) and one case study is 

related to a supporting process of the medication preparation and supply process, named the 

Feniks project. The two case studies I conducted in MUMC+ can be classified according to a 

taxonomy of Wemmerlöv (1990). In his paper the author proposes a classification scheme for 

service processes which are typical for the healthcare domain. Three descriptive variables were 

selected by him for assessing a service process: 1) type of customer contact, 2) degree of 

standardised process and 3) objects handled during the process(es). In Appendix E – 

Taxonomy of case studies more information can be found on these variables. Moreover in this 

appendix the main characteristics, which I found prior to the executing of the two case studies, 

regarding these variables are included in a table. 

It can be observed from the table that these characteristics refer to different parts of the 

taxonomy of Wemmerlöv (1990). The evaluation of Flexsim HC and CPN-tools will therefore be 

more comprehensive than when the case studies only would focus on one part of the taxonomy. 

This is a reason that is supported by Miles & Huberman (1994) who state that cases with 

significant contrasting elements will highlight differences in the outcomes being investigated. 

Furthermore the case studies conducted can be classified as exploratory case studies, which 

focus on theory development, or in the context of this master thesis project on the development 

of an evaluation framework (McCutcheon & Meredith, 1993). The authors suggest that for 

exploratory research case studies should reflect different settings with contrasting conditions, in 

order to reassure that the final evaluation framework is valid and applicable to various settings. 

A distinction between the case studies, although not supported by the taxonomy of Wemmerlöv 

(1990), can be made based on the differences in focus and features to be used in Flexsim HC 

and CPN-tools. The redesign of the endoscopy-process is a project with a more internal focus in 

the hospital, while the Feniks project is a more strategic project with external exposure. In 2010 

the National Patient Safety Award of the Ministry of Health, Welfare and Sports was assigned to 

this project and Feniks was recommended as a ‘best practice’ (Van de Plas & Goessens, 2010). 

Therefore media coverage of this project and to communicate the best practice to patients and 

other hospitals a 3D simulation model, in e.g. Flexsim HC, can perhaps be interesting for the 

project Feniks, in addition to the short movies available on the internet (Maastricht UMC+ 

Project Feniks, 2010). This was previously introduced in section 2.5. Furthermore the two case 

studies are different in terms of modelling features required in CPN-tools and Flexsim HC (e.g. 

‘patient tracks’ for the MDL case study versus transitions and places in CPN-tools, ‘item 
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modelling’ as medication request and ‘resources’ for the Feniks case study in Flexsim versus 

tokens, transitions and places in CPN-tools).     

3.2 Case study MDL 

The department involved in the first case study is the Gastroenterology-Hepatology department 

(MDL). The MDL-department is specialised in diagnosing and providing treatments for illnesses 

related to the digestive system, liver, biliary tract and pancreas (Academisch Ziekenhuis 

Maastricht, 2011). The MDL department is located in the MUMC+ and in an outpatient clinic of 

the academic hospital: Annadal. The main distinction between these locations is the complexity 

of the treatments performed. In MUMC+ more complex treatments are performed, while in 

Annadal simpler and more routine procedures are being executed. 

Subject of interest is the endoscopy process at both locations, for which redesign scenarios will 

be analysed, based on findings during a previous master thesis project (Habif, 2011). This 

master thesis report contains a detailed description, data analysis and analysis of the processes 

of the MDL department in Annadal and MUMC+ which have been the basis for conducting this 

case study. The author has followed the master program Business Information Systems at the 

Eindhoven University of Technology and performed his graduation project at the MDL 

department of MUMC+ (Habif, 2011). The endoscopy section of this department performs 

different types of procedures, e.g. colonoscopy, gastroscopy and sigmoidoscopy. The daily 

number of procedures is approximately 30-40.  In Appendix J1 – General information MDL,  

figures of the procedures performed by the Gastroenterology-Hepatology department are 

presented. Moreover an overview of the current procedure rooms in MUMC+ and Annadal is 

provided. 

3.2.1 Formulate problem and plan the study MDL 

Research has shown that the number of patients requesting endoscopic procedures is 

increasing (Figure 4). The problem is currently no solutions are simulated in order to cope with 

the higher number of procedures. Also the number of less common procedures, e.g. 

emergency, is increasing (Habif, 2011), but the latter is not within the scope of this case study.   

 

Figure 4: Number of endoscopy requests MDL department MUMC+ and Annadal 

 

Therefore redesign of processes at the MDL department are required. Redesign scenarios have 

been evaluated by Habif (2011) according to the four process dimensions of the Devil’s 

quadrangle. Furthermore it resulted in a simulation model of the endoscopy process in CPN-

tools.  
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However this CPN-model has not been finished by him and is not used for analysing redesign 

scenarios. The implementation of the redesigns in CPN-models and Flexsim HC models shall 

provide detailed evaluations of the redesigns at the operational level. 

Scope: 

This project is concerned with the endoscopic processes at MUMC+ and Annadal and 

procedures (colonoscopy, gastroscopy and sigmoidoscopy) only.  

Practical research questions 

The above description of the case study of MDL results in the following practical research 

questions to be addressed with this master thesis project: 

 “How can a reorganisation of the endoscopic process at Annadal, modelled in Flexsim HC, 

provide understanding of and insight in a more efficient way of working?” 

 “How can a reorganisation of the day care at the MDL department in MUMC+, modelled in 

Flexsim HC, provide understanding of and insight in a more efficient way of working?” 

The practical research objective is defined as: 

To provide the MDL departmental management with relevant information regarding outcomes of 

possible redesigns of the processes in Annadal and MUMC+. 

Relevant information in this practical research objective is related to capacity required and 

involved costs to perform requested procedures. This information is partially derived from the 

simulation models.  

3.2.2 Document, present, and use results MDL 

Redesign and improvement of processes, which is possible by conducting a simulation study as 

indicated in section 2.1, is fundamental in order to understand how to handle the complexity of 

the increasing number of requests by decreasing lead times, controlling costs and optimise the 

use of resources, e.g. nurses and rooms (Habif, 2011). For each location, Annadal and 

MUMC+, a lot of data, many models and redesign scenarios are analysed, e.g. by adding 

capacity, renovating the building, adding an own day care unit at the MDL department, or 

resequencing the process. The redesign scenarios should finally contribute to decision making 

on capacity scenarios and the ability of the MDL department to cope with a higher number of 

endoscopic requests. An overview of the final redesign scenarios of Habif (2011) and additional 

redesigns is presented in Table 8.  

Two redesign scenarios (redesign scenario 1 and 5) are proposed by Habif (2011). Those 

have been confirmed to focus on by two process owners (specialists) of the MDL department. 

More detailed information on these redesign scenarios can be found in Appendix J1 – General 

information MDL. Their perspective on redesigning the endoscopy processes is a split in 

supporting activities (e.g. preparation of patient, recovery) and the actual procedure in the room 

and the distribution of tasks accordingly to different employees. In other words, in the procedure 

room only procedures are performed and no preparation tasks. Furthermore based on 

discussions with process owners redesign scenarios 1-4 have been designed. Note that the 

redesign scenarios 1-4 are part of the comparative case study performed by TU/e master 

students and myself in CPN-tools and Flexsim HC. These are considered as base case 

redesigns.   
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The redesigns and the contributions to the improvement in efficiency of the endoscopic 

processes are: 

- Redesign scenario 2: lockers can be used to store clothes of patients, may result in a 

more efficient process (decreased throughput time) since the next patient may be prepared 

earlier, since he / she does not have to wait till the dressing room is available. In the current 

situation the dressing room remains closed till the patient has dressed again after the 

procedure. 

- Redesign scenario 3 and 4: the extra nurse (s) (up till 3 or 4) is / are an option, since in 

practice the two nurses should divide their attention amongst patients who are recovering, 

patients having a procedure, patients who have to be prepared for the procedure and the 

set-up of the cleaning machine for the endoscopes. 

- Redesign 6: this redesign scenario is derived from redesign scenario 5. The nurses in the 

day care unit will be responsible for the preparation and recovery of the patients and in the 

procedure rooms only procedures are performed and no preparation tasks (e.g. sedation). 

In redesign scenario 5 same time slots are used. However the time spent in the procedure 

room is likely to be shortened and slots may be adapted for this, resulting in more patients 

that can be treated per day. 

Table 8: Redesign scenario's MDL  

Redesign scenario Explanation / description 

Comparative redesign scenarios  

1) Redesign Annadal (Habif, 2011) Extra procedure room, additional nurse and 
physician 

2) Redesign Annadal: no reservation of dressing 
room  

Lockers or clothes with patient in procedure room 
such that dressing room is available for next patient 
who can be prepared 

3) Redesign Annadal: one extra nurse Extra nurse for supporting procedure, cleaning, 
periodical checks of patients 

4) Redesign Annadal: two extra nurses Two extra nurses for supporting procedure, 
cleaning, periodical checks of patients 

Non-comparative redesign scenarios  
5) Redesign MUMC+ (Habif, 2011) Renovation day care unit, new patient schedule 

(comparable end times), additional procedure rooms 
and closing outpatient clinic Annadal 

6) Redesign MUMC+  
 

Similar redesign as (5), but with adapted time slots 
based on time in procedure room only since 
preparation is not performed anymore in the 
procedure room 

 

During the master thesis project more details became available about the processes and 

redesign scenarios which influenced the execution of the project.  

When analysing the original data and discussing it with process owners of MDL the following 

observations regarding the input data have been noticed:  

1) no distinction is made between preparation time of a patient having sedation or no sedation in 

combination with undressing in the dressing room. 2) recovery time followed a beta distribution 

of minimum: 50 minutes, most likely: 60 minutes and maximum: 105 minutes whereas the 

process owners set a hard maximum of 60 minutes. 3) the process owners set a maximum of 

30 minutes on the time spent for each procedure, whereas the longest procedure time 

(colonoscopy) has a maximum of 40 min. Moreover in this procedure time no preparation time is 

incorporated, thus more than 40 minutes spent in the procedure room per patient would be 



33 
 

possible. 4) number of nurses involved differs between sedated (2 nurses) and non-sedated 

patients (1 nurse) 5) the 1400 patients for a screening colonoscopy only are treated in the 

MUMC+ and not in Annadal. This was in contradiction with the master thesis of Habif (2011). 6) 

Moreover the outpatient clinic Annadal will be closed in the near future.  

Therefore output results of the initial Annadal Flexsim HC model based on the data of Habif 

(2011) showed higher throughput times compared with the perceived situation of the process 

owners (difference: ± 30-60 min).  

The above differences in the input data were notified in a late stage of the project (around April 

– May in which the second case study of Feniks should be started) and it was not preferable to 

confuse the students with new data in order to keep the assignment of the comparative case 

study of Annadal (redesign scenarios 1-4), resulting in CPN-models for the comparison between 

CPN-tools and Flexsim HC, intact. This hampered the analysis of redesigns and for the 

scientific research and redesign scenarios 1-4 it implies that only at a general level, in terms of 

changes in only throughput times, possible improvements in efficiency of the processes at 

Annadal can be proposed. A redesign with new patient schedules would not be appropriate 

since no patients for a screening colonoscopy are referred to Annadal.  

 

In order to present more valuable results to the MDL department in MUMC+, other just only 

throughput times, the redesign scenarios 5 and 6, which were not part of the comparative 

case study, have been performed by myself only. For some of the activities of Annadal 

(preparation, recovery, procedure) I adapted statistical distributions of time durations. This 

refined input has been discussed with and validated by process owners (gastro-enterologist and 

nurses) and be found in the Flexsim HC models. New patient schedules have been developed 

for these redesign scenarios and end times of procedure rooms, day care and utilisation rates 

have been analysed.     

Comparative redesign scenarios 

The results of the comparative redesign scenarios are obtained from the CPN-models of the 

TU/e students and Flexsim HC models by myself. The comparisons of the results have been a 

(successful) validation technique to indicate that the models of CPN-tools and Flexsim HC are 

comparable. In Appendix J8.1 – Comparison production runs Annadal the comparison of the 

results of the models can be found. As can be observed from this table the confidence intervals 

of the throughput times of the CPN-models and Flexsim HC models are overlapping for the 

different scenarios and amongst different CPN-models and the Flexsim HC model. Moreover 

one group of students presented relatively comparable results of end times of the first patient 

and end time at the end of the day in Annadal between the CPN-model and Flexsim HC model.  

  

The first redesign of an extra procedure room would result in a significant decrease of the 

throughput time for each of the three types of procedures. The second redesign regarding the 

use of lockers does not result in an significant decrease of the throughput time probably since 

the dressing room will become available earlier but still a nurse needs to prepare the patient in 

the dressing room. The third redesign of employing an additional nurse in Annadal results in a 

significantly decreased throughput time, especially for colonoscopy patients. The extra nurse 

could be responsible for the set-up of the cleaning machine and periodical checks of the 
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patients recovering from their procedure. The fourth redesign of two extra nurses does not 

show an improvement. The fourth redesign More details can be found in Appendix J8.1 – 

Comparison production runs Annadal. 

Non-comparative redesign scenarios 

The following findings are based on simulation experiments which I conducted in Flexsim HC 

only: 

 Initiative for renovation: the construction of a day care unit should be prioritised since the 

time per patient in the procedure room is shortened since the preparation / sedation is 

performed at the separate daycare unit. Therefore more patients can be treated per day in 

case the time slots are shortened. The separate day care unit shortens the time per patient 

in the procedure room: slots can be shortened (e.g. patients are planned closer together, 

colonoscopy from 40 min to 30 min, gastroscopy sedated from 20 min to 15 min, 

sigmoidoscopy sedated from 20 min to 15 min) resulting in higher throughput times of 

patients, although not significantly, because of additional waiting time. Furthermore it results 

in unscheduled time at the end of the day. The shortening of the slots would increase the 

utilisation of the rooms in terms of procedure related tasks. The unscheduled time can be 

used for administrative or supporting tasks at the department or to satisfy additional 

procedure requests (not estimated, depending on change of prognosis 2016). In case slots 

are not shortened this results in the same end times of the procedure rooms, end times of 

the endoscopy section and lower utilisation rates of the rooms.  

 Required number of procedure rooms to handle the increase in procedure requests (incl. 

relocation of procedure room Annadal in MUMC+): 5 rooms.  

 The day care unit for the pre- end post procedure care should, considering the new patient 

schedule, contain 10 beds. The gastro-entrologist of the department supports this 

calculation since five patients can be prepared for sedation and five patients can recover 

simultaneously. 

The recommendations below are not based on simulation experiments but on hard calculations: 

 Two intervention rooms for emergency patients are personnally preferred by the staff 

members of the department: the current room 3 and a new additional intervention room. This 

is not further validated since no emergency procedures are taken into account because of 

the lack of data. 

 Number of nurses needed for procedures: 17,1 FTE, instead of 13,0 in the current situation, 

an increase of 4,1 FTE for the new procedure rooms (new room 1 and new room 2). An 

underlying assumption used for this calculation and supported by new regulations, is that 

two nurses should be allocated to each room, which is also a preference of the head of the 

endoscopy department. 

 Number of specialists required for procedures: 5,7 FTE, instead of 3,9 FTE in the current 

situation. Alternatively when the procedures in room 2 and room 4 are performed by AIOS 

(Arts In Opleiding tot Specialist) and supervised by a specialist the number of FTE required 

increases by 1,1 FTE. 

 Number of nurses needed for day care: 2,4 FTE. This calculated number is confirmed by 

head of the endoscopy department Mr. T. Mestrom, though he expects this will eventually 

result in 2.0 FTE. Regarding the new patient schedule this might be a better decision, since 
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patients requesting sedation are mainly scheduled in the morning and it is recommended to 

schedule one nurse for the whole day (Monday, Tuesday, Wednesday, Thursday and 

Friday: 8:00-16.00 hours and two additional hours) and two nurses only in the morning 

(mon, tue, wed, thu and fri: 8.00-13.00 hours). In Table 9 the FTE calculations are 

summarised.  

Table 9: Summary FTE calculation MDL department MUMC+ and Annadal 

Current situation          FTE New situation 2016  Increase in FTE 

10 nurses 13 FTE 14 Nurses 17,1 FTE 4,1 FTE 
4 staff members 3,9 FTE  

6 Staff members 
5,7 FTE (no super 
vision of AIOS) 

1,8 FTE 

No day care nurses 0 FTE 6,8  FTE (super 
vision of AIOS) 

2,9 FTE 

  Day care nurses 2,4 FTE 2,4 FTE 

 It is recommended to implement a new patient schedule / block planning (Appendix J7.2 – 

New patient schedules MDL) to satisfy the number of endoscopic requests: attempt to plan 

patients for the same type of procedure (colonoscopy, gastroscopy and sigmoidoscopy) and 

origin (regular, wards, sedation) closely together, satisfying: 1) educational purposes AIOS, 

2) orderly overview and execution, 3) patients from wards are seen within three working 

days and 4) learning curve effects and decrease of errors. In 2015 or 2016 pilot runs should 

be started with the new patient schedule (including the same slot lengths and shortened slot 

lengths) to refine the operational processes. An overview of the prognosis of 2016 made by 

the MDL department and number of procedures which can be performed with the new 

schedule is shown in Table 10 and Table 11. Differences are caused by rounding off 

decimals of number of procedures, which follow from percentages denoted by Habif (2011).  

 Transfer time for staff member from Annadal to MUMC+ and vice versa is not needed 

anymore. In the beginning patients have be notified on the change / centralisation of the 

department at one location, MUMC+. 

 The upcoming years the forecast should be monitored carefully so changes and adaptations 

can  be made to the calculations and patient schedule.  

 The increase of requests for endoscopy procedures, except for the number of requests 

handled at Annadal, requires the renovation of the department and an increase of FTE. In 

Table 10 an overview of the number of procedures which can be performed with the old 

planning and new planning is shown. Note that the number of procedures in the new 

situation exceeds the prognosis, but may be necessary to reduce the waiting list (which is 

currently more than 6 weeks, but should be around 3 weeks, out of the scope) if it still exists 

in 2016. In Table 12 the cost and benefit analysis is summarised. Appendix J9.3 – 

Calculation costs and revenues MDL more detailed information can be found on this cost 

and revenue analysis. 

The results of the redesign scenarios are presented to a gastro-entrologist and head of the 

endoscopy department. The findings have provided them with more insight in the possible 

redesigns of the operational processes at the endoscopy department, since the current capacity 

(number of procedure rooms and number employees) is likely not to be sufficient to satisfy the 

increase in demand for endoscopy procedures. The head of the endoscopy department 

indicated that from a product-technical perspective he fully agreed with the results obtained from 

the simulations of the redesign scenarios. All results are as objective as possible and to the best 
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of the knowledge of the author and reflect to a great extent the most realistic and appropriate 

scenario for the MDL department. A final meeting was planned to present the final results and 

check whether the supervisors of MDL agreed with the results. 

Table 10: Overview number of procedures 

# of procedures      

Annadal   Room Annadal in MUMC+  
Current situation(2012) 44 weeks % total New situation(2016) 44 weeks % total  
Colonoscopy 924  14,9 Colonoscopy 880 8,9 

Gastroscopy 660  10,6 Gastroscopy 528 5,4 

Sigmoidoscopy 528    8,5 Sigmoidoscopy 220 2,2 

Total 2112  34,0 Total 1628 16,5 

MUMC+      
Current situation(2012) 44 weeks  New situation(2016) 44 weeks  
Colonoscopy 2112  34,0 Colonoscopy 3740 37,9 
No screening 
colonoscopy 

      0  Screening colonoscopy 1408 14,3 

Total  colonoscopy 2112  34,0 Total colonoscopy 5148 52,2 
Gastroscopy 1188  19,1 Gastroscopy 2244 22,8 
Sigmoidoscopy 792  12,9 Sigmoidoscopy 836 8,5 

Total 4092  66,0  8228 83,5 

Total Annadal + MUMC+ 6204 100,0  9856 100,0 

 

Table 11: Prognosis and number of procedures with new planning 

Prognosis 2016 % total Total procedures with new planning 
(2016 

% 
total 

Regular colonoscopy 4551 47,7 4620                                46,9 
Screening colonoscopy 1400 14,7 1408                                14,3 

Total colonoscopy 5951 62,4 6028  61,2 
Gastroscopy 2650 27,8 2772  28,1 
Sigmoidoscopy 930 9,8 1056  10,7 

Total 9531 100,0 9856                                     100,0 

 

Table 12: Summary cost and revenue analysis MDL department Annadal and  MUMC+ 

 Current situation 
(2012) 

New situation (2016)  

Redesign 1 (new planning, similar slot 
lengths) 

 No super vision 
of AIOS 

Super vision of AIOS 

Total revenue procedures  € 1.799.160,00  € 2.858.240,00  € 2.858.240,00  

Costs all employees € 1.092.070,40  € 1.608.747,73  € 1.779.819,73  

‘Contribution margin’ MDL department € 707.089,60 € 1.249.492,27 € 1.078.420,27 
Difference with current situation  € 542.402,67  € 371.330,67  
    
Redesign 2 (adapted slot lengths)     
Total revenue procedures   € 2.858.240,00  € 2.858.240,00  
Costs all employees  € 1.513.189,45  € 1.684.261,45  

‘Contribution margin’ MDL department  €1.345.050,50 €1.173.978,55 

Difference cost employees – redesign 
1  

 € 95.558,28 € 95.558,28 
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3.3 Case study Feniks 

The second case study of the project, called ‘Feniks’, focuses on the improvement of the quality 

of medication preparation (especially parenteralia) and the administer of medication amongst 

the nursing wards in the hospital. Parenteralia are medicines which are administered by an 

Intravenous (IV), perfusor or injection and not orally or rectally. Feniks is one of the Business 

Process Redesigns implemented in the academic hospital Maastricht and is related to the 

preparation of medication for the nursing departments.  

Usually, at nursing departments, medication was prepared by the nurses, but in the new 

situation the hospital pharmacist will control the preparation phase of the VTGM process ( in 

Dutch: ‘Voor Toediening Gereed Maken’). This refers to the best practice ‘specialisation’ 

described by Reijers and Mansar (2005) since the hospital pharmacists are especially qualified 

for producing medicines. At the nursing departments, resources can be allocated more 

efficiently to primary care processes. This however could be perceived as a restriction of the 

profession of nurses, since nurses do not have to take care of the medication preparation 

anymore and leads to decreasing required expertise (Van de Plas & Goessens, 2010). The 

preparation phase of the VTGM process conducted by the pharmacists includes different steps 

using precise protocols, calculations, labels and double-checks. The requests for medication, 

registration and distribution of medication are supported by the electronic medication 

registration system (Elektronisch Voorschrijf Systeem, EVS). 

The Feniks project was started in 2008 at four nursing departments (A5, B5, C5, C5 (medium 

care), D5, A3 and A3 (medium care)) of three different specialisms at MUMC+: internal 

medicine, pulmonary disease and neurosurgery. The daily number of medicines produced by 

Feniks is around 210-220 for four distribution rounds (fixed times patients get their medication, 

7.00 hour, 11.00 hour, 16.00 hour and 22.00 hour). The goals of Feniks were defined as: 1) 

improvement of medication safety; 2) improvement of medication quality through the 

specialisation (e.g. reducing contamination); 3) transferring the pharmaceutical tasks to 

specialised clinical pharmaceutical employees (Klinisch Farmaceutisch Medewerkers, KFM) and 

4) reduction of costs.  

 

The new procedure implemented by the Feniks project team resulted in (Van der Plas & 

Goessens, 2010): 

 Controlling the preparation of the VTGM process and the administering of medication by the 

pharmacist has resulted in a decrease in the number of medication errors from 40% to 1%. 

 The harmful consequences of those medication errors decreased from 10% to 0%. 

 The nurses at the nursing departments are satisfied with the results: approximately 80% 

perceives the new work structure as an improvement of the intensity of the work, but 

around 50% of the nurses notice a restriction of the profession. 

 The total costs decreased with approximately 15% (Van de Plas, 2010). A detailed cost 

analysis shows that some costs increased and other costs decreased. The increase of 

costs was due to the investment in renovation and equipment of the pharmacist’s unit. The 

decrease in spillage of medication and since storage of medication on the wards is not 

required anymore resulted in a cost reduction. Finally since the length of a hospital stay has 

decreased less medication has to be produced, resulting in lower production costs. 
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The Feniks project has resulted in improvements on the dimensions of the Devil’s quadrangle 

as depicted in Figure 1 in section 1.1, namely on overall costs (although initially investment for 

renovation as depicted in the quadrangle), flexibility of the work and time allocation at nursing 

departments, quality (reduction of contamination and medication safety). The promising results 

are a reason for the initiators of the project Feniks to implement this redesign at other nursing 

departments as well. 

3.3.1 Formulate problem and plan the study Feniks 

The introduction of the case study results in the following problem definition, scope, practical 

research questions and practical research objective: 

Problem definition 

A challenge is that extending Feniks to other departments is not analysed from a process-

oriented view. The extension of Feniks implies that the number of medication produced by the 

Feniks department increases, but it is unknown what the effect will be on the required capacity, 

the batching of medication and utilisation rates of the Feniks department. More information 

regarding problem definitions discussed prior to this master thesis project is included in 

Appendix K1 – General information Feniks. 

Scope of the project:  

Based on the interviews with the hospital pharmacist and the project leader of Feniks, the scope 

of the project will include the first step described in the report about extending the Feniks project 

(Stuurgroep Feniks, 2011). The following project scope is derived from this report and is defined 

as: 

 The subject of interest consists of the activities performed, starting from requesting 

medication at a nursing department up to and including the delivery of the medication to the 

nursing department. The production of medication is performed per distribution round and is 

not overlapping. In the current situation for regular departments the production of medication 

for distribution round 3 and 4 are combined. 

 The extension of Feniks on the current departments includes a time interval of 6.30-15.00 

hours on Saturdays and Sundays. For simplicity the time interval of 6.30-23.00 hours is used 

as a starting point.  

 The extension to other departments involves the implementation of Feniks on three 

Intensive Care Units (ICUs: department D3, E3 and F3) from Monday till Friday, 6.30-23.00 

hours. 

 Only the medication which is produced at the Feniks location is included in the scope of this 

research. This medication has a normal priority level. The medication with a high priority 

level and which are needed to administer within 5 minutes will always be produced at the 

nursing departments and are not included in the VTGM process of Feniks. 

The following questions are related to problem definition: 

 “What is the optimal capacity per role in the Feniks-department after expanding the current 

project to IC nursing departments?” 
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 “What is the optimal capacity per role in the Feniks-department after expanding the current 

project on regular departments to the weekend?” 

 “Can the medication preparation be performed per distribution round?” 

 “What is the effect of extending the project to additional nursing departments and to the 

weekend shifts on utilisation rate?” 

The practical research objective is defined as:  

“To provide the project management with relevant information regarding the extension of the 

project to additional wards and to the weekend and night shifts.” 

Relevant information in this practical research objective is related to capacity required to extend 

the Feniks project. The Flexsim HC model is used as a starting point to obtain insight in the 

performance, e.g. utilisation rate of the capacity (Laminar Air Cabinet, LAF-cabinets) and end 

times of production rounds, of the current situation and redesign scenarios. 

3.3.2 Document, present, and use results Feniks 

In order to construct the models of the Feniks process, data is analysed / implemented and 

meetings with the process owners have been organised.The redesigns presented in Table 13 

are comparative redesign scenarios (1 and 2) which I have analysed using the CPN-models and 

Flexsim HC models in order to provide an answer to the questions. The redesign scenario’s are 

discussed with and confirmed by the process owners of Feniks.  

Table 13: Redesign scenario's Feniks  

Redesign scenario Explanation / description 

Comparative redesign scenarios  
1) Change the order of production of regular 

nursing departments:  
The medication requests of distribution rounds 3 and 
4 are produced separately / per distribution round 
(instead of 3 and 4 after 11.00 hours simultaneously) 

2) Extend Feniks project to IC departments  Add capacity: new Feniks location for 3 IC 
departments including LAF-cabinet for Intensive Care 
(IC) departments and current eight distribution rounds 
for IC departments 

Non-comparative redesign scenarios  
3) Extra check in medication requests An additional check for change in a request before 

production 
4) Automatic planning system Automatic planning system which regulates planning 

of production 
5) Education Training of nurses to remain proficiency in medication 

preparation 

The first redesign scenario is a preference of the process owners. They prefer to produce 

medication per distribution round, instead that distribution rounds 3 and 4 are made 

simultaneously. The second redesign is derived from the Stuurgroep Feniks (2011) of which the 

first step (involve IC departments at new Feniks location) is of interest. In Appendix K7– Design 

experiments the redesign scenarios (1-5) are discussed in more detail. In the remainder of this 

section only the results of the comparative redesign scenarios are discussed, since these have 

been explicitly analysed with the simulation models in Flexsim HC.  

Comparative redesign scenarios 

The simulation results of the current situation and redesign scenarios can be found in Appendix 

K5 – Pilot runs Feniks and Appendix K9 – Results redesign scenarios Feniks.  
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As can be observed from the tables, and previously for the results of the pilot runs, the 

confidence intervals of most of the end times of production and utilisation rates of the CPN-

models and Flexsim HC models are overlapping for the different scenarios. The comparisons of 

the results have been a successful validation technique to indicate that the models are 

comparable.  

The results show that the production of the regular departments could be performed for each 

distribution round separately. Neither the end times of the production per distribution round nor 

the utilisation rates change significantly compared to the scenario in which distribution round 3 

and 4 are produced simultaneously after 11.00 hours. The batching of medication per 

distribution round is probably still required when producing per distribution round instead of 

producing distribution round 3 and 4 simultaneously.  

The production of medication for the three IC departments can be handled in one LAF-cabinet 

and thus one team of clinical pharmaceutical employees. The daily number of produced 

medication is around 170-180. The utilisation rates show that more departments could be added 

to this LAF-cabinet, but not for the fourth distribution round at 14.00 hours with a high utilisation 

rate of 120%, meaning demand exceeds capacity. In practice medication is often delivered at a 

later moment in time. The hospital pharmacists may produce medicines for other departments in 

the distribution round 1-3 and 5-8 if desired. 

Apart from the simulation results an answer to the capacity question of required number of 

employees is derived without simulation models. I assumed, following the Collective Labour 

Agreement (CLA), the number of working hours per year is 1544. Furthermore according to the 

process owners a compensation factor of 1.36 is appropriate to take into account absence and 

illness of employees. In Table 14 the FTE calculations are summarised. The number of FTE 

required to produce the medication requested by the three IC departments is 10.0 for the clinical 

pharmaceutical employees (KFM). I assumed that the medication is produced per distribution 

round separately (6.30-22.00 hours), leading to a working day of 14.5 hours. The capacity 

required for extending Feniks of the regular wards to the weekends results in an increase of 2.2 

FTE in case and adapted working day schedule (6.30-15.00 hours) is used and thus results in a 

total number of 12.2 FTE. This reflects the calculations in the Uitrolplan of Stuurgroep Feniks 

(2011). In these calculations a total number of FTE in the operational production process was 

around 12,3 (Apothekersassistenten: 10.6 FTE, Operational Manager: 0.7 FTE, Quality, 

Planning and Coordination: 0,7 FTE). In case the weekend days have a similar adapted work 

schedule (6.30-23.00 hours) the number of FTE’s is 4.1. 

Table 14: Number of FTE production medication IC departments 

Capacity IC's   Capacity regular wards   

Working days 260  Weekends 100 100 
Hours / day 14,5  Hours / day 15,5 8,5 
3 KFM (1 LAF cabinet) 3  3 KFM (1 LAF cabinet) 3 3 
Total hours / year 11.310  Total hours / year 4650 2550 
      CAO - hours / year 1544  CAO - hours / year 1544 1544 
FTE - KFM 7,3  FTE - KFM 3,0 1,7 

Factor (absence, illness) 1,36  Factor (absence, illness) 1,36 1,36 
Total FTE – production IC departments 10,0  Total FTE – extension regular wards 4,1 2,2 
Total FTE required    14,1 12,2 
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4. Design of evaluation framework 

The results of the case studies in the previous chapter show that simulation is a BPR technique 

which can provide insight, by means of quantitative results, in healthcare processes. However 

not only the final quantitative results are decisive for applying simulation as indicated in section 

2.3.2. Final results are not generated automatically, but requires understanding of simulation 

software packages to construct models and design experiments. In this chapter I return to the 

fundamental research questions (section 1.2) by designing a new comprehensive framework for 

evaluating simulation software packages.  

The framework for evaluating simulation software packages is designed based on previous 

methods and findings in scientific research. This deductive approach has as advantage that 

existing expertise and knowledge regarding the evaluation of information technologies and 

simulation software packages are taken into account and in general improves the quality of the 

research. The deductive method in this master thesis project is the analysis of available 

literature regarding evaluation frameworks and assessment and evaluation methodologies. The 

scientific background for the design of the framework can be found in sections 2.4, 2.5 and 2.6.      

The designed framework consists of two frameworks: a theoretical framework which can be 

used for the evaluation of an information technology and a hierarchical evaluation framework 

with technical features of simulation software packages. The theoretical framework is introduced 

and applied to simulation software packages in section 4.1. The hierarchical evaluation 

framework is presented and refined in section 4.2. Categories in this hierarchical evaluation 

framework can be mapped to constructs in the theoretical framework for the evaluation of an 

information technology. This chapter concludes with more information regarding the assessment 

and evaluation methodology (section 4.3) which consists of a questionnaire constructed for the 

refined framework and a method to analyse results obtained from workshops after applying the 

designed framework. 

4.1 Evaluation framework Moody 

The evaluation of the intention to use a specific simulation software package in the healthcare 

domain I derived from the Method Evaluation Model (ME model) of Moody (2003) (section 

2.4). Compared with other evaluation methods for user acceptance of information technologies 

in section 2.4, the ME model combines a method focusing on the individual acceptance (TAM 

model of Davis (1989)) and a method focusing on the success of an information technology at 

the organisational level (Methodological Pragmatism of Rescher (1977)). Therefore the strength 

of the ME model of Moody (2003), is that not only the perceived efficacy of people to use a 

method is measured, but the dimensions of Rescher (1977) elaborate and add the actual 

efficacy of a method. 

  

I have distinguished the following constructs of Moody (2003) and refinements for the simulation 

software packages:  
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Actual efficiency 

Moody (2003) defined actual efficiency as: “the effort required to apply a method.” The 

efficiency is normally expressed in time, cost or effort, e.g. data collection and data analysis in 

order to construct a simulation model in a simulation software package. The actual efficiency of 

a simulation software package cannot be measured directly since the measurement of the 

efficiency depends on the efforts of the model builders. This implies that differences in modelling 

experience and proficiency in simulation may influence the outcome of the comparison of time, 

cost and effort.  

  

Actual effectiveness 

Actual effectiveness was defined by Moody (2003) as: “the degree to which a method 

achieves its objectives.” Often this refers to the quantity or quality of the output measures of a 

method. The actual effectiveness of a simulation software package is assumed to be based on 

the functionalities which represent fixed characteristics of a simulation software package, e.g. 

the functionality of zooming (in/out) is provided or is not provided. An assumption for this 

construct is that the effectiveness of a simulation software package is increasing when the 

number of features implemented is increasing, which make the software more effective in 

obtaining results or building a model.  

 

Perceived ease of use 

The construct perceived ease of use was defined as: “the degree to which a person believes 

that using a particular method would be free of effort” Moody (2003). The perceived ease of use 

reflects the subjective point of views of healthcare practitioners in the hospital to use a particular 

simulation software package. The functionalities which cannot be categorised as fixed 

characteristics, and which are more subjective, are used for measuring the preference towards 

a general-purpose or application-oriented simulation software package. Note that this category 

differs from the perceived usefulness since the characteristics in this category are more 

appropriate to assess without practicing.  

 

Perceived usefulness 

Moody (2003) defined perceived usefulness as: “the degree to which a person believes that a 

particular method will be effective in achieving its intended objectives.”  The perceived 

usefulness of a simulation software package is more appropriate to be assessed when 

practicing with (characteristics in) the simulation software package, e.g. zooming in / out or 

using the modules in the library of the software during a workshop or training, or building a 

model with a certain purpose. This is different from the perceived ease of use since the context 

in which the software (or a feature) is used is more influencing this construct. Healthcare 

practitioners may give an general indication of how they believe a particular simulation software 

package can support a BPR initiative.      
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Intention to use 

The construct intention to use was defined by Moody (2003) as: “the extent to which a person 

intends to use a particular method.” Similar to perceived usefulness, the intention to use a 

particular simulation software package may be more appropriate to assess during an official 

workshop or training with the software. Although reliable results for this component in the 

framework of Moody (2003) may be difficult to obtain, healthcare practitioners may give an 

general indication at which level they intend to use a particular simulation software package. 

Actual usage 

Moody (2003) defined actual usage as: “the extent to which a method is used in practice.” The 

extent to which simulation is currently used in practice may depend on organisational factors 

such as the need for support by means of simulation for BPR initiatives, proficiency in 

simulation, budget, organisational culture and cannot be measured directly.  

The adapted framework of Moody (2003) and refinements for simulation software packages  is 

depicted in Figure 5. Because of the constraints of the constructs actual efficiency and actual 

usage, these constructs are disregarded.  

 

 

Figure 5: Refined framework for simulation software packages (Moody, 2003) 

4.2 Evaluation framework Nikoukaran 

In addition to the framework of Moody (2003) I used a framework for evaluating technical 

aspects of simulation software packages. In section 2.5 different evaluation frameworks of 

technical aspects were presented. Technical aspects in these frameworks can be mapped to 

actual effectiveness (fixed characteristics) and perceived ease of use in the framework of 

Moody (2003) as indicated in section 4.1.     

In the research proposal I initially selected the framework of Verma, Gupta, & Sing, (2008) 

(Table 6, section 2.5) to form the basis for the refined framework which can be applied to 

evaluate simulation software packages. However during this master thesis project I chose for 

the framework by Nikoukaran, Hlupic, & Paul (1999) (Table 6) as a theoretical basis for the 

refined framework because of the following reasons: 

The framework initially proposed to be used for this master thesis, Verma et al. (2008), 

operationalizes the framework of Nikoukaran et al. (1999) by means of a provided 
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questionnaire, but does not include detailed descriptions of the different categories which can 

be distinguished within the framework. These detailed descriptions are required for the 

refinements of specific parts of the framework of Nikoukaran et al. (1999) since similarities and 

differences with refinement opportunities should be observed. The differences between both 

frameworks and the other frameworks in Table 6 are relatively small: the inclusion of features in 

a category may differ between the frameworks, but overall the frameworks include similar 

characteristics of simulation software. The framework of Nikoukaran et al. (1999) is however 

more structured with the hierarchical template. Furthermore according to Nikoukaran, Hlupic, & 

Paul (1998) a change in one of the features in the subcategories will only affect the sub 

branches which are related to the feature is and may thus be even more interesting for future 

research. Finally in relationship with the framework of Moody (2003) I also chose this framework 

since it is possible to analyse of non-comparable features implied by the framework of 

Nikoukaran et al. (1999) which was discussed in section 2.5.  

The framework of Nikoukaran et al. (1999), is translated in a hierarchical structure (Figure 6). 

Each of the categories contains sub categories. As depicted in the hierachical structure the sub 

categories Vendor and User (non product related features) are not directly related to the 

software, while the other five categories are more related to technical aspects (product related 

features) of a simulation software package. 

Simulation Software 
Evaluation Criteria

Software

Vendor Model and Input Execution Animation Testing & Efficiency Output User

 

Figure 6: Hierarchical structure framework Nikoukaran et al. (1999) 

 

The framework of Nikoukaran et al. (1999) includes a large number of features which can be 

evaluated. Based on characteristics found in the two case studies which can be used to refine 

the categories ‘Model and Input’ and ‘Animation’ in the framework, I have searched in scientific 

literature for definitions and frameworks regarding model building and visualisation. In section 

2.3.2 it is indicated by Van Gorp (2010) that main differences between general-purpose and 

application-oriented simulation software probably exist in these two categories: programming 

languages versus dialog boxes and graphical interfaces, which closely refer to the model 

building aspect and visualisation of simulation models. The characteristics of the other 

categories (vendor, execution, testing & efficiency, output and user) are not taken into acccount 

in this master thesis project since small differences are expected to exist in these categories 

and because of the limited time scope of this master thesis project.  
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The qualitative integration of ontologies, definitions and frameworks which I found in literature, is 

introduced by Van Aken, Berends, & Van der Bij (2007). The integration consists of constructing 

a matrix with findings or definitions and observing similarities and differences. I have selected 

the proposed guideline ‘compare’ since the objective is to refine the framework of Nikoukaran et 

al. (1999) and comparisons between this framework and findings in literature are required to 

obtain refinement opportunities.  

4.2.1 Refinements model and input 

The formal logic in the initial framework of Nikoukaran et al. (1999) referred to the requirement 

that a kind of activity cycle diagram, flow diagram or network diagram is needed for model 

development. Generally it denotes the method how a process flow is implemented or developed 

in a simulation software package and is indicated as a difference by Van Gorp (2010) in section 

2.3.2. Van der Aalst & Van Hee (2004) present a more detailed specification of how the process 

in modelled, in terms of: basic workflow patterns (parallelism, sequence, selective routing, 

iteration), patient / order arrivals and scheduling, and localisation of nonhuman and human 

resources (links between resources).  

An additional category of process features is added as a separate category in model building 

and includes the sub categories process execution, object and property. The category process 

features is furthermore grounded in a paper of McChesney (1995). His findings are integrated 

with the framework of Nikoukaran et al. (1999) and is slightly adapted. 

In general the process features in the framework of McChesney (1995) refer to “the process 

features which can be modelled with a so-called software process modelling approach (SPMA)”. 

This definition is relatively similar to the definition of ‘model and input’ in the framework of 

Nikoukaran et al. (1999): both categories focus on the support of the user in terms of features 

when developing a process model. 

The first category of McChesney (1995), architectural, contained features, e.g. parallelism and 

sequence, which refer to the above formal logic in the framework of Nikoukaran et al. (1999), 

and therefore the category name is changed in process execution denoting the way the process 

flow is executed with the objects included in the model. The framework of McChesney (1995) 

refers to the workflow patterns ‘parallelism’ and ‘sequence’ in the category ‘architectural’. 

However the definitions and scope are limited in the current framework of Nikoukaran et al. 

(1999) and extension of these the basic workflow patterns is required. In chapter 2 of Van der 

Aalst & Van Hee (2004) four basic constructions of workflow patterns / routing of cases 

(parallelism, sequence, selective routing and iteration) are added for more detailing this 

category.  

Finally two characteristics indicated by Roberts (2011) as important issues for modelling formal 

logic in the healthcare domain: 1) (patient) arrivals and 2) patient scheduling and appointments. 

The first subject is limited by Roberts (2011) to only the (randomness in) patient arrivals, (e.g. 

order of patients, early/late for appointment time, no show), whereas one the case studies of 

this master thesis is not patient-centred, therefore this arrival characteristic should be 

considered more generally. The second subject refers to the provided scheduling method of 

patients in the simulation software (e.g. fixed schedule of surgical procedures). 

The category architectural is thus replaced by the category process execution and refers to how 

the process flow is executed in terms of activities and resources assigned to these activities.   
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The second category objects is maintained in the category process features referring to the 

representation of objects and activities. This category refers to e.g. activities, events, artefacts, 

nonhuman/human resources and their role in a simulation model. 

The third category property of McChesney (1995) is added. McChesney (1995) denotes that 

with the current understanding of software processes, he was not able to propose a complete 

set of descriptors for the ‘property’ category. A recent master thesis project by Sillekens (2012) 

provides some additional non-decomposable features which can be added to the evaluation 

framework. The focus of his master thesis project was on the important characteristics of active 

resources when modelling processes in the healthcare domain.  A topology of Jenkins & Rice 

(2007) was chosen by Sillekens (2012) as a basis for his qualitative analysis of the 

characteristics for his master thesis project. General missing properties and resource properties  

under which important properties found by Sillekens (2012) are added to this third category.  

The property state is already included in display features in the category ‘Testing & Efficiency’ in 

the framework of Nikoukaran et al. (1999). The framework of McChesney (1995) however maps 

‘state’ into the category ‘process features’ and is therefore also added to the category ‘model 

building’. 

The refined category of Model and input is shown in Figure 7. The yellow colored blocks are 

the features which are subjective characteristics and which refer to the construct perceived 

ease of use category in the framework of Moody (2003). The blank blocks represent the fixed 

characteristics, e.g. a characteristic is included or not included, and refer to the construct actual 

effectiveness in the framework of Moody (2003).  

More detailed information on integrating the frameworks and adding features regarding model 

and input can be found in Appendix D2 - Model and Input.  

 

Figure 7: Refined category Model and Input 
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4.2.2 Refinements animation 

The category animation in the initial framework of Nikoukaran et al. (1999) is refined be means 

of a mapping of the existing and new features to a higher level of dimensions of visualisation.  

At first I first conducted a literature review to obtain scientific findings regarding animation. A 

paper, found during the literature review, of Rohrer (2000) denotes the dimensions which are 

typical for good graphics: 1) interactivity, 2) realism, 3) performance, 4) flexibility and 5) ease of 

use. In Appendix D4 - Animation these are compared to the features initially included in the 

model of Nikoukaran et al. (1999). 

The interactivity refers to the simulation mode of a model, in other words can the simulation run 

of an experiment be viewed by the user not not. Realism refers to the representativeness of the 

real world by the objects, e.g. the symbiotic clarity as introduced in section 2.3.2. The 

performance are the functionalities a user can use to change the animation or view of the 

model. The flexibility as mentioned by Rohrer (2000) is not included as a separate dimension in 

the framework of Nikoukaran et al. (1999). Flexibility has some similarities with the sub category 

features in the category running: in features it denotes a functionality of turning animation on 

and off, while flexibility refers to the turning on and off of animation of a particular part of the 

model. Therefore the functionality flexibility is added as a feature to the category ‘features’ and 

not as a separate dimension. 

In addition I included the dimension usability which was implictly addressed by Rohrer (2000) 

since he presents purposes for which visualisation can be used, e.g. validation, verification and 

communication.  

Other papers of the literature review mainly focused on 3D visualisation of simulation software 

packages. The evaluation of general-purpose and application-oriented software should however 

be objective and the assessment of 3D visualisations proposed in these articles will focus more 

on the evaluation of application-oriented software instead of both general-purpose and 

application-oriented software. The term 3D is not usefull since it excludes or negatively affects 

the evaluation of simulation software package without 3D visualisations. Therefore these articles 

should be read carefully for objective refinement opportunities for the framework of Nikoukaran 

et al. (1999). The feature 3D in the framework in the category ‘Icons’ is changed in dimension. 

 

The feature quality in the category features requires some further explanation, since the term 

quality is difficult to assess since it is relatively general. Van Schaik (2010) introduces the term 

detail which may be related to the term quality. Detail is seen as the level of visualisation of (an) 

object(s) which can be modelled by the application. 

 

Presence / spatial awareness / orientation, idealisation and overall view are terms which 

correspond more to a complete model instead of one particular entity or object in the model. 

The three features were defined as follows: 

1) Presence / spatial awareness / orientation refers to the spatial-functional model which is 

conceptually constructed with the application by modelling a situation such that the external 

stimuli from the real world are suppressed. (Van Schaik, 2010) Intuitively it is the level of 

attendance perceived by the user. 
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2) Idealisation was defined by Van Schaik (2010) as the level of true representative ideal and 

the visualisation of a scenario is not too promising. 

3) Overall view is the level by which in a short look the total scenario/process can be observed. 

Van Schaik (2010) found the above three characteristics by questionning participants in a 

research project while showing a running model. These three characteristics may be added as a 

separate category to the category running, and named as: completeness. The characteristics 

cannot be added to movement because of the consideration of a complete scenario/model and 

not the focus on a particular (movement of) of an entity in the model. Other features in the paper 

of Van Schaik (2010), e.g. scale, movement,  exploration are already included in the refined 

framework by means of the characteristics ‘scale’, ‘movement’ and ‘zoom/panning/rotatable’. 

In order to map of the (new) features of Van Schaik (2010) and categories of Nikoukaran et al. 

(1999) to the five dimensions I followed the categorisation of Rohrer (2000). In his paper he 

presents per dimension examples of features and I used this as a guideline to categorize the 

features of Nikoukaran et al. (1999). The refined category animation is depicted in Figure 8. 

The yellow colored blocks are the features which are subjective characteristics and refer to the 

perceived ease of use category in the framework of Moody (2003). The blank blocks represent 

the fixed characteristics, e.g. a characteristic is included or not included, and refer to the 

construct actual effectiveness in the framework of Moody (2003). In Appendix D4 - Animation 

more detailed information on integrating frameworks and adding features regarding animation 

can be found.    

 

Figure 8: Refined category Animation  
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4.3 Assessment and evaluation methodology of designed framework 

In this section the assessment (scoring) methodology regarding the constructs in the framework 

of Moody (2003) and Nikoukaran et al. (1999) is discussed (section 4.3.1). Furthermore an 

evaluation methodology to calculate final scores is presented (section 4.3.2). 

4.3.1 Assessment methodology Nikoukaran and Moody 

The refined framework of Nikoukaran et al. (1999) and Moody (2003) is tested offline and 

online: the subjective characteristics referring to perceived ease of use, which I coloured 

yellow in the figures in sections 4.2.1 and 4.2.2, should be assessed with a developed 

questionnaire during workshops (named online) with the healthcare practitioners and support 

staff. The fixed characteristics referring to actual effectiveness remained blank in the figures 

and are assessed without workshops (named offline) by the (end) user of the software. 

 

The following scales and assessment procedures are applied for assessing simulation software 

packages:      

- The differences in fixed characteristics (actual effectiveness) between simulation software 

packages first can be analysed by checking the refined framework of Nikoukaran et al. 

(1999). Subsequently the fixed characteristics can be valued with 0 (not included in the 

software) or 1 (included in the software).  

- The differences in subjective characteristics (perceived ease of use) between simulation 

software packages first can be identified by analysing the features in refined framework of 

Nikoukaran et al. (1999). These differences provided input to further detail the 

questionnaire for perceived ease of use by means of examples of the different subjective 

characteristics. Subsequently the subjective characteristics can be assessed by healthcare 

practitioners during workshops following a Likert scale (1-5, not understood – fully 

understood). At the end a general statement is proposed, following a similar Likert scale, 

about the perceived ease of use to check whether a relationship between the individual 

characteristics and overall perceived ease of use can be found.   

- The subjective categories (perceived usefulness, intention to use) in the framework of 

Moody (2003) can be assessed with general statements by healthcare practitioners during 

the workshops following a Likert scale (1-5, not at all – very much). I derived the statements 

from the paper of Moody (2003). A limited selection of general statements was made for the 

practicality of the workshops. This is possible since the statements are uncorrelated 

according to Moody (2003).    

- The priorities which can be assigned by the healthcare practitioners to the categories in 

the framework follow the Saaty’s Intensities of Importance (Davis & Williams, 1994). This is 

a scale which can be used to establish the importancy of features in a method, e.g. 

simulation software package. The categories actual effectiveness and perceived ease of 

use are compared pairwise by the healthcare practioners using a adapted Saaty’s 

Intensities of Importance, to obtain the order of criteria based on their evaluation 

importance. The Saaty’s Intensities of Importance normally follow a scale 1-9, but it is 

adapted to a scale of 1/5 – 5 to conform to a template constructed in Excel.   
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A definition and an explanation of the scales can be found in Appendix I1 – Explanation scales 

and schedule of workshops. The questionnaire can be found in Appendix I2 – Questionnaire 

evaluation framework.  

4.3.2 Evaluation methodology Nikoukaran and Moody: Analytical Hierarchical Processing  

The initial and refined framework of Nikoukaran, Hlupic, & Paul, (1999) includes a hierarchical 

structure. Therefore I chose for Analytical Hierarchy Processing (AHP) in Table 7 as the 

method to evaluate the results obtained from the workshops with the healthcare practitioners 

and support staff. The strengths of the AHP method were discussed in section 2.6. The method 

which combines the Weighted Score Method (WSM) and Analytical Hierarchy Processing (AHP) 

is less appropriate since it would combine the scores of the the actual effectiveness and 

perceived ease of use in one final score. 

  

The analysis of the results of the evaluation procedure of a simulation software package for the 

refined framework of Nikoukaran, Hlupic, & Paul, (1999) is supported by a spread sheet in MS 

Excel in which the AHP method is implemented. 

The following steps are executed when applying this method:   

  

1) The Intensities of Importance assigned to the categories (actual effectiveness and 

perceived ease of use) in the refined framework of Nikoukaran et al. (1999) and are put 

into a matrix and a normalized principal eigenvector is calculated, resulting in weighted 

factors which indicate the relative importance of each category. In order to check the 

consistency of the weighted factors, the principle eigenvalue ( max ) is calculated. The 

closer this principle eigenvalue is to the number of categories (n) in the refined 

framework of Nikoukaran et al. (1999), the more consistent is the normalized principle 

eigenvector. In other words the more consistent healthcare practitioners assigned the 

priorities to the categories which have to be assessed (offline or online during 

workshops). The deviation from consistency can be calculated by: 
1n

n
CI i

. Note 

that this step is automatically calculated in the spread sheet in Microsoft Excel 

constructed to analyse the results workshops after applying the refined framework. 
 

2) The weight factors from the first step and assessments of fixed and subjective 

characteristics result in final weighted averages for the constructs perceived ease of 

use in detail and actual effectiveness for the simulation software packages. 

 

The individual assessments of the general statements result in final scores for the perceived 

ease of use in general, perceived usefulness and intention to use.  
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5. Application of the evaluation framework 

In this chapter the refined evaluation framework designed in the previous chapter is applied to 

CPN-tools and Flexsim HC which were used during the two case studies of MDL and Feniks. 

Note that the models of the case studies were obtained from the comparative research design 

as introduced in section 1.3 and Appendix B – Organisation of comparative case-based 

research. Analyses of differences in (fixed and subjective) characteristics related to actual 

effectiveness and perceived ease of use are presented. Subsequently I formulate a hypothesis 

to be investigated. This chapter concludes with the analysis of results of the workshops in which 

also the other constructs in the framework of Moody (2003) (perceived usefulness and intention 

to use) will be discussed.    

5.1 Analysis of actual effectiveness and perceived ease of use factors 

In this section analyses of differences in characteristics related to actual effectiveness and 

perceived ease of use are presented. The differences are specified for the model building 

perspective and animation.  

 

The fixed characteristics which are related to actual effectiveness are discussed in section 

5.1.1. The differences in fixed characteristics will be used to assess the actual effectiveness of  

CPN-tools and Flexsim HC without workshops (offline). 

 

The subjective characteristics which are related to perceived ease of use are discussed in 

section 5.1.2. The differences in subjective characteristics are used to detail the questions for 

the workshops and assess the perceived ease of use of CPN-tools and Flexsim HC during 

workshops (online) with healthcare practitioners. The characteristics of perceived ease of use 

mainly refer to differences in modelling characteristics (model building and animation) between 

CPN-tools and Flexsim HC found in the case studies MDL and Feniks of which in chapter 3 the 

similarities of the models are validated. The case study of MDL resulted in nine CPN-tools 

models and for the case study Feniks one CPN-tools model was available. Furthermore for both 

two case studies MDL and Feniks a Flexsim HC model was available after conducting the case 

studies in MUMC+. The availability of more than one simulation model and for different types of 

processes (patient process and supporting healthcare process) is likely to result in a more 

detailed analysis of differences between the simulation software packages than in case of only 

one model and type of process being examined. The differences in subjective characteristics for 

the case study of MDL are based on two project solutions for the comparative research design 

consisting of CPN-tools models and a report, and the Flexsim HC model I have made. The 

differences in subjective characteristics for the case study of Feniks are obtained from one 

CPN-tools model and one Flexsim HC model. 

5.1.1 Analysis of actual effectiveness characteristics 

In Table 15 and Table 16 an overview of the fixed characteristics in the refined framework of 

Nikoukaran et al. (1999) which I have analysed for CPN-tools and Flexsim HC are presented.  

A 0 denotes that the characteristic is not included in the software, a 1 represents the fact the 

software includes the characteristic. As can be observed Flexsim HC offers here the most 

complete software, whereas CPN-tools lacks some of the characteristics.  
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Table 15: Fixed characteristics model and input - actual effectiveness 

Model and input   CPN-tools Flexsim HC 

Library of reusable 
models 

  1 1 

Model building Tools Elements 1 1 
  Means 1 1 
 Merging of models  1 1 
Assistance Assistance Modularity 1 0 

  Dialogue boxed 0 1 
  Prompting 0 1 

Coding aspects Access to source code  1 1 
 Programming  1 1 

 Link to other languages  1 1 
 Program generator  0 1 
Input Features  1 1 
 Mode  1 1 

 

Table 16: Fixed characteristics animation - actual effectiveness 

Animation   CPN-tools Flexsim HC 

Ease of use Integrity Part of package 0 1 
  Add on 0 1 
 Screen layout Printable 1 1 
  Editor 1 1 
  Virtual 1 1 
  Multiple 1 1 
 Development Elements 1 1 
  Means 1 1 
 Library User 0 1 
Performance Running Features 1 1 

5.1.2 Analysis of perceived ease of use characteristics 

In this section differences I observed in model building and animation when conducting the case 

studies are presented. I analysed the differences by checking the refined framework of 

Nikoukaran et al. (1999).  

5.1.2.1 Differences in model building in case studies  

The CPN-models of MDL, CPN-model of Feniks, the Flexsim HC models of MDL and Feniks 

provided me insight in the differences in model building between CPN-tools and Flexsim HC 

(Table 17).  

From the table it can be concluded that differences exists in different aspects of constructing a 

simulation model in a general-purpose simulation software (CPN-tools) and application-oriented 

simulation software Flexsim HC. More specifically, distinctions can be made in the hierarchical 

modelling, formal logic of how the process is incorporated in a model, the process execution of 

how a model is running, objects (e.g. resources, patients), properties of those objects, 

conditional routing, insight in the statistical distributions, applying queuing polices and coding 

aspects.
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Table 17: Subjective characteristics – perceived ease of use: model building differences CPN-tools and Flexsim HC  

Model building 
MDL/FENIKS 
Characteristic 
 

CPN-tools 
MDL 

 

Flexsim-HC 
MDL 

 

CPN-tools 
FENIKS 

 

Flexsim-HC 
FENIKS 

 
1. Hierarchical 

modelling 

Sub processes are modelled at subpages, e.g. 
the procedure or filling out of a form can be 
modelled at a subpage and linked to a higher 
level model. 

A hierarchical structure is not obviously 
included  
All activities within a patient track are placed in 
one (long) list. 

The model is divided in sub models for the 
order generator, production, EVS, delivery and 
resource handling  which are presented on 
subpages. 

The model does not have a certain hierarchical 
structure, unless the properties and 
connections filled out in the objects are taken 
into account. 

2. Formal logic, 

Workflow processes 

(e.g. parallelism, 

sequence, selective 

routing, iteration) 

Modelled with transitions representing activities 
and places denoting states of process entities 
(e.g. patients or resources).  

The direction of the arrows, arc inscriptions and 
guards at the transitions and places determine 
sequence of the activities in the patient flow. 

Modelled with predecessors, based on activity 
ID, which indicate which activity should be 
finished first, before a new activity can start.  
The association between activities depends on 
the defined predecessor for each activity. 

The process flow of the medication orders is 
modelled by transitions, arrows and places 
representing the directions of the process flow 
and states of the order.  

The process flow of medication orders is 
modelled with the connections within the 
objects in de model.  
Input and output connections are defined and if 
the conditional routing is satisfied medication 
orders follow the routings between the 
indicated connections. 

3. Patient arrivals / 
order arrivals 

In general based on inter arrival times defined 
by the user.  
 
 
Makes it possible to model an arrival pattern of 
the endoscopy requests and transforming a 
request to a slot of a procedure. 
 

Can be based on inter arrival time. 
Incorporated with an object which can be used 
for other types of arrivals (schedule, number of 
patients per hour).  
Does not directly support the arrival of requests 
which are transformed in a treatment slot for 
the patient. Only appointments slots, number of 
patients per hour and interarrival times can be 
modelled. 

The order generator generates new medication 
orders and puts a token back with a certain 
inter arrival time.  
 
The percentages considering the protocols and 
nursing departments are assigned to a created 
order by means of a function defined in the 
declarations and placed on the ‘generator’ 
transition. 

The arrivals of medication orders is modelled 
with ‘arrival objects’ in which the inter arrival 
time can be specified.  
 
The percentages of the protocols and nursing 
departments are included with a code which 
refers to a certain table constructed in the 
model. 
 

4. Locations / flowchart The transport flow between the non-human 
resources e.g. waiting room and treatment 
room, can be modelled by means of a separate 
transition with time duration for the transport 
and taking a human resource token for the 
transport. After the transport the non-human 
resource can be combined with the token of the 
patient and human resource, e.g. the patient 
has arrived in the treatment room. 
 

The transport flow patients is performed by two 
special activity types (escort patient / transport 
patient  process) and automatically requires 
the fill out of the transporter and transport 
equipment (e.g. wheelchair, if necessary). 
Furthermore the non human resources should 
be linked in a flowchart and pahts, representing 
the possible flows between non human 
resources. The location of an activity may differ 
from the resource in the flowchart since a 
resource may refer to several locations, but 
those are aggregated in one resource. 

Not used in Feniks model Not used in Feniks model.  
 
 

5. Communication and 

coordination 

Defined by the general rule of Petri-nets: in 
each input place a token, e.g. physician, should 
be available to enable the transition to fire. If a 
resource is available it depends on the input 
places of other transitions which activity will 
start.  
 

 

Modelled by means of task sequences: if a 
patient is available for an activity, it 
automatically sends a task, without observing 
this, to the task sequence of the resource 
group. Within the resource group it is 
dispatched to a member of that group. Mobility 
/ location is set by dropping the resource in the 
model and mobility is incorporated by a 
combination of an activity type (e.g. escort 
patient) to the dressing room and this task is 
dispatched to the task sequence of the 
resource. 

The communication and coordination of the 
execution of activities is defined by the general 
rule of Petri-nets: in each input place a token, 
e.g. clinical pharmacists, should be available to 
enable the transition to fire, e.g. to produce a 
medication order.  
If a resource is available it depends on the 
input places of other transitions if the 
medication production will start. 

The communication and coordination of the 
execution of tasks is modelled by means of 
task sequences: if a medication orders has to 
be produced it automatically sends a task, 
without observing this, to the task sequence of 
the resource (e.g. clinical pharmacist). 
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Model building 
MDL/FENIKS 
Characteristic 

CPN-tools 
MDL 

 

Flexsim-HC 
MDL 

 

CPN-tools 
FENIKS 

 

Flexsim-HC 
FENIKS 

 
 

6. Scale The feature scale (grouping) of objects in the 
process: a separate place with each token 
representing one resource, can be modelled for 
e.g. the nurses or beds. The activity defined in 
a process flow will be performed at the location 
of the non human resource token which was 
combined in a transition with the patient (also 
possible with a guard). 

The scale (grouping) of resources is defined 
within the resource objects and a distinction is 
made between locations and groups (e.g. 
group of beds consisting of separate beds). A 
group can scale different locations similar to 
CPN-tools and the location of an activity is 
performed at the location indicated in the 
patient track. 

The feature scale (grouping) of objects in the 
process: a separate place with each token 
representing one resource, can be modelled for 
e.g. the clinical pharmaceutical employees. The 
activity defined in a process flow will be 
performed at the location of the non human 
resource token which was combined in a 
transition with the patient (also possible with a 
guard). 

The scale of resources is defined within the 
resource objects and a distinction is made 
between locations and groups. Clinical 
pharmacists can be represented as one group 
with different clinical pharmacists. 
 

7. Objects agent (e.g. 

human resources), 

nonhuman resources 

(e.g. dressing room) 

Artefarcts (e.g. forms) 

Objects such as agents, resources, artefacts 
are modelled by tokens. Endoscopes are also 
modelled with tokens and similar performance 
indicators can be calculated. 

Modelled by staff groups and equipment 
groups. Non human resources, such as 
endoscopes, dressing room and procedure 
rooms, are modelled with items since the 
cleaning machine can handle two endoscopes 
simultanously, but utilisation rate is for items 
difficult to measure. 

The objects agent and artefacts (e.g. clinical 
pharmacist medication) are modelled by 
tokens.  

The objects agent and artefacts in Flexsim HC 
are modelled by staff groups (clinical 
pharmacists) and artefacts by means of items 
(small blocks).  

8. Role Assigned by making different groups of 
resources and assigning them to the activities, 
possibly with the use of a guard in a transition. 
In the guard it could be denoted which 
physician should treat the patient. 

Assigned by making different groups of 
resources and assigning them to the activities. 
For each activity it can be chosen which staff 
group or resource is responsible the execution 
of that activity. 

The role is assigned by making different groups 
of resources and assigning them to the 
activities, possibly with the use of a guard in a 
transition. In the guard it could be denoted 
which clinical pharmacist should produce in 
which LAF-cabinet. 

The role is assigned by making different groups 
of resources and assigning them to the the 
LAF-cabinet. For each LAF-cabinet it can be 
chosen which staff group or resource is 
responsible the execution of that activity. 
 

9. Activities Represented by a transition. A procedure or 
cleaning activity is denoted by a transition. 

Represented by a row in the patient track.  
 

The activities are represented by an transition. 
A production of e.g. a medication order is 
denoted by a transition. 

Activities are more explicit in terms of the 
activities depends on the activities defined in 
the shift schedules (open / close input) and 
production as an activity is started when orders 
should be produced. 

10. Event  interaction Looking backward and forward to understand 
which activity to execute, is incorporated by the 
general rule of CPN-tools (each input place a 
token results in a token in each output place) 

Incorporated by means of predecessors or 
advanced function (next activity)  

Looking backward and forward to understand 
which activity to execute, is incorporated by the 
general rule of CPN-tools (each input place a 
token results in a token in each output place) 

The production of the next medication 
automatically starts when the previous 
medication has left the LAF-cabinet and if a 
new medication order has to be produced. 

11. Duration and costs 

of an activity  

Assigned to a transition or set at the arc 
inscription. The state is represented by a place 
between one or more transitions. 

Defined in an activity in the patient track. Time duration of production of medicines set in 
table and read by CPN tools, time is assigned 
to a transition 

Time duration of production of medicines set in 
table and read by a processing object (LAF-
cabinet) in the model. 

12. ID of a patient / 

medication order 

Is assigned as an attribute. Automatically created when patient arrives. Not used in Feniks Not used in Feniks 

13. Preemption No preemption from a lower prioritised activity 
is possible in the CPN-tools the students used.   

Is a specific function  and interacts with a 
priority which can be defined by the user, e.g. 
starting cleaning machine has least importance 
and other activities have a priority of 1 and 
resources will perform these tasks, if any, first. 

Not used in Feniks Not used in Feniks 
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Model building 
MDL/FENIKS 
Characteristic 

 
CPN-tools 

MDL 

 

Flexsim-HC 
MDL 

 

CPN-tools 
FENIKS 

 

Flexsim-HC 
FENIKS 

 
 

14. Creation date / 

state 

The creation time can be monitored at the first 
transition by adding recording the time a patient 
is created. 

The states of the patients or resources is 
modelled with places between one or more 
transitions. The text which can be adapted by 
the user in those places indicate the state of 
the patient.  

Automatically assigned to the patients flowing 
through the model. 
 

The state of the patient can be observed by 
clicking on the patient or double click and by 
going to a tab ‘state’ which show the current 
state of the patient. Those states are more 
general, e.g. time in bed / waiting time. 

The creation date can be monitored at the first 
transition by adding recording the time a 
medication order is created. 

The states of the medication orders or 
resources is modelled with places between one 
or more transitions 

The creation time could be monitored (not 
included in the model) by setting a variable of 
the order with the time at that moment. 

States cannot directly be identified for the 
medication orders, unless the place it is stored 
has a specific function, e.g. storage of 
medication orders.  

 

15. Consumption, 

make-up, selectivity  

Mainly modelled by the directions of the arcs, 
number of the arcs to and guards of the 
transitions (e.g. an arc from a resource ‘bed’ in 
combination with an arc representing a nurse, 
or a guard for maintaining the same nurse for 
the preparation of the patient). After an activity 
has finished the nurse normally (if no other 
activities have to be performed) returns to the 
‘home’ place of the resource. 

In the activity of a patient track it defined which 
resource(s) should perform the activity, e.g. 
maintaining the same nurse. On the other hand 
it can be chosen where process takes place 
and thus is consumed. In the resource object 
(e.g. nurses) it can be defined how to dispatch 
the workload, a kind of selectivity.  
After an activity has finished the nurse normally 
(if no other activities have to be performed) 
returns to the ‘home’ place of the resource. 

Mainly modelled by the directions of the arcs, 
number of the arcs to and guards of the 
transitions (e.g. guard for maintaining the same 
pharmaceutical employee for the production of 
medication). 
 
After an activity has finished the nurse normally 
(if no other activities have to be performed) 
returns to the ‘home’ place of the resource. 

In the processing object it is indicated which 
employees should produce the medication, and 
how many employees are involved. 
In the resource object (e.g. clinical 
pharmaceutical employees) it can be defined 
how to dispatch the workload, a kind of 
selectivity. 
After an activity has finished the nurse normally 
(if no other activities have to be performed) 
returns to the ‘home’ place of the resource.  

16. Shift schedule No standard labor shift schedule is available, 
although with giving persons a kind of delay at 
the end of the day a shift could be created. 
Thus initially a resource would be available and 
at specific simulation times (e.g. 17.00) a 
transition should become available to take the 
resource away for a certain time (e.g. night) 
before it becomes available again. 

A tool ‘shift schedules’ can be used to import 
the schedule of employees. Employees should 
be assigned to those shifts. 

The schedules for checking for new orders is 
based on tokens with a certain time delay 
which become available on their specified time 
such that the transition to which they are 
connected can fire. The shifts are assigned to 
the employees by giving the employees a 
certain time delay (time to start shift) and time 
duration (representing duration of the shift). 

The check for new orders is modelled with 
shifts and on specific checking times the input 
of queues for production are opened. The 
sequence of production is maintained by 
ordering the medication orders on item type, 
which refers to the protocol. Furthermore the 
LAF-cabinet will produce all medication orders 
from a queue when those become available. 
Shifts schedules are defined for the clinical 
pharmacists. 

17. Mobility / location 

of resources 

Depends on the inclusion of a token of a non 
human resource (e.g. dressing room) and the 
actual transport is included with a separate 
transition. 

Implied by an activity type (e.g. escort patient) 
which automatically sends a task to the task 
sequence of the resource involved in this 
activity. The transport of the patient is handled 
as a task in the task sequence.  
Location is set by dropping the object in the 
model or within the object.  

Mobility / location of resources depends on the 
inclusion of a token of a human resource (e.g. 
employee delivering medication) and the actual 
transport is included with a separate transition. 
 

Mobility of resources is implied by an activity 
type (e.g. escort patient) which automatically 
sends a task to the task sequence of the 
resource involved in this activity. The transport 
of the medication orders is handled as a task in 
the task sequence. Location of a resource or 
delivery point (e.g. nursing department) is set 
by dropping the object in the model or within 
the object. 

18. Activity start 

condition and 

conditional routing 

Denoting the condition which determines the 
route a patient will follow is defined in a guard. 

Can be inserted at each activity in an advanced 
function. 

Denoting the condition which determines the 
route a medication order will follow is defined in 
a guard. 
 

The routing of the medicines is set by the 
connections between the objects (e.g. queuing 
objects) and the pull options in some of those 
objects. 
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Model building 
MDL/FENIKS 
Characteristic 

CPN-tools 
MDL 

 

Flexsim-HC 
MDL 

 

CPN-tools 
FENIKS 

 

Flexsim-HC 
FENIKS 

 
 

19. Reservation of 

resources 

Implied by combining the patient with the 
resource and disreserving it by sending the 
resource back to its initial ‘availability’ place, or 
by changing an attribute representing the 
number of available resources. 

Modelled by checking a box in an activity, but 
note that a separate activity is required to send 
the patient back to this resource to cancel the 
reservation. 

Not used in Feniks model Not used in Feniks model 

20. Coding aspects Functions are defined in declarations on the left 
and variables are set on the arrows between 
transitions and places. 

Functions and variables are set in the arrival 
object of the patients or by code in the 
advanced function of an activity. 

Functions are defined in declarations on the left 
and variables are set on the arrows between 
transitions and places. A function is used to 
order the medication requests and group the 
requests of the same protocol. 

Functions and variables are set in the arrival 
object of the order, e.g. the protocol, 
department. 
 

21. Statistical 

distributions 

Defined by the user by menas of a function and 
thus gives insight in the calculation steps. 

Can be selected from a dropdown list, but 
calculations are not shown, only parameters 
can be filled out. 

The functions of the statistical distributions are 
defined by the user and thus gives insight in 
the calculation steps. 

Can be selected from a dropdown list, but 
calculations within the functions are not shown, 
only parameters can be filled out. An example 
is the production time of a medication order    

22. Queuing policies None of the groups modelled explicitly a 
queuing policy of patients, but the function of 
using a list and sorting the patients on e.g. ID is 
an example of a queuing policy.  

 

Different queuing policies can be selected in 
the locations (e.g. beds) which pull the patients 
with the specified policy. It is although unclear 
how this queuing policy interacts with for 

example different priorities on activities for 
visiting a location.  

The sequence or queuing policy to produce 
medication orders of the same order types is 
similarly done when a certain number of the 
protocol becomes available and the transition 

can fire only the tokens with that type of 
protocol 

The queuing policy of the production is 
maintained by sorting the items on item type 
and the task sequence of the production unit 
(LAF-cabinet) will use this order of medication 

orders. 
 

 

In Appendix F – Overview of differences in case study MDL  and Appendix G – Overview of differences in case study Feniks figures 

of the differences in model building observed in the case studies of MDL and Feniks are shown.   

5.1.2.2 Differences in animation in case studies  

In the previous section the focus was on the differences in model building between CPN-tools and Flexsim HC. The CPN-models of 

MDL, the CPN-model of Feniks and the Flexsim HC models of MDL and Feniks also provided me insight in the differences in 

animation between CPN-tools and Flexsim HC (Table 18). 

The main differences observed is the detail and realism of the animation and number of objects which can be used. In CPN-tools the 

detail and realistic graphics of process entities is lower compared to those in Flexsim HC. Moreover the visualisation of the process 

execution in Flexsim HC is more close-to-reality when observing the movements process entities. The interactivity with the program, 

thus how the process entities flow through the model and how the user can intervene, is therefore different: in CPN-tools it is more 

discrete / step-by-step simulation, while in Flexsim HC the smooth movement is less discrete. The perceived usability of this 

simulation, e.g. verification/validation and communication, may therefore also differ amongst the users. 
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Table 18: Subjective characteristics – perceived ease of use: animation differences CPN-tools and Flexsim HC 

Animation 
Characteristic 
MDL/FENIKS 
 

CPN-tools 
MDL 

 

Flexsim-HC 
MDL 

 

CPN-tools 
FENIKS 

 

Flexsim-HC 
FENIKS 

 

1. Number of objects Low and fixed number of objects (e.g. arcs, 
transitions, places), which are integrated with 
the software.  

A high number of objects (approximately 1000) 
is available in a library and is integrated with the 
software. New animations of (healthcare) 
objects can be added or developed by the user. 

Low and fixed number of objects (e.g. arcs, 
transitions, places), which are integrated with 
the software.  

A high number of objects (approximately 1000) 
is available in a library and is integrated with the 
software. New animations of (healthcare) 
objects can be added or developed by the user. 

2. Level of detail Low level of detail of the 1-dimensional 
animation. All process entities (e.g. resources 
and patients) are represented by tokens. 
 

The objects have a high level of detail and are 
3-dimensional. Each object is close-to-reality, 
e.g. patients and healthcare employees are 
represented by 3D persons, healthcare 
equipment or locations are represented by 
healthcare equipment / facilities (e.g. bed, 
reception, consultation area, dressing room). 
Objects can be resized and colours can be 
changed. Activities in the patient track cannot 
be coloured.  

Low level of detail of the 1-dimensional 
animation.  
All process entities (e.g. resources and 
medication orders) are represented by tokens.  
 

The objects have a high level of detail and are 
3-dimensional. Each object is close-to-reality, 
e.g. healthcare employees are represented by 
3D persons, healthcare equipment or locations 
are represented by healthcare equipment / 
facilities (e.g. kind of LAF cabinet, tables). 
Objects can be resized and colours can be 
changed.  
 

3. Movement of 

process entities 

Discrete movement of process entities: in case 
a transition fires the token from the input place 

is immediately placed in the output place, e.g. 
patient is directly transferred from one state to 
another. 

Smooth movement of process entities: the 
movement of patients, resources and artefacts 

is incorporated by walking of the process 
entities.  
 

Discrete movement of process entities: in case 
a transition fires the token from the input place 

is immediately placed in the output place, e.g. 
medication order is directly transferred from one 
state to another or from ‘after production’ to 
‘delivered’. 

Smooth movement of process entities: the 
delivery and production of medication orders is 

incorporated by moving the medication in the 
LAF cabinet.  
 

4. Features Process 

entities / tokens 

Process entities / tokens, e.g. patients, cannot 
be resized and colours cannot be changed, 
although transitions and places can be 
coloured. 

The colours and sizes of process entities can 

be adapted by the user. 

Process entities / tokens, e.g. resources and 
medication orders, cannot be resized and 
colours cannot be changed, although transitions 
and places can be coloured. 

Different representations of the process entities 
can be chosen and adapted by the user. 

5. View The model can be viewed only from a top-down 

perspective since the process model is 

represented in 1-dimension 

The model can be viewed from all perspectives 
circling in the model is possible. Therefore the 
level of presence in Annadal is relatively high. 

The model can be viewed only from a top-down 
perspective since the process model is 
represented in 1-dimension. 

 

The model can be viewed from all perspectives 
circling in the model is possible. Therefore the 
level of presence at the Feniks department is 
relatively high. 

6. Running of 

experiments 

The running of experiments is not supported by 
concurrent or post animation of the process. 
The experiments are run but no change or 
entities being process is shown by means of an 
animation.  

Animation during the experiments with the 
model is concurrent or can be switched off. The 
movement of patients can be shown. No post 
animation is available.      
 

The running of experiments is not supported by 
concurrent or post animation of the process. 
The experiments are run but no change or 
entities being process is shown by means of an 
animation.  

Animation during the experiments with the 
model is concurrent or can be switched off. The 
movement of patients can be shown. No post 
animation is available.   

Note that a visualisation add-on BRITNeY is available for CPN-tools but is not taken into account in this analysis. The developer of 

CPN-tools no longer recommends to use this type of visualisation (Westergaard, 2012). Furthermore none of the groups of the 

master course used this visualisation add-on for visualising the process model. Some groups only used it for visualising performance 

measures but this relates to category ‘output’ in the framework of Nikoukaran et al. (1999). In Appendix F – Overview of differences 

in case study MDL  and Appendix G – Overview of differences in case study Feniks figures of the differences in animation observed 

in the case studies of MDL and Feniks can be found.  
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As an additional analysis, Wenzel, Bernhard, & Jessen (2003) distinguish two main categories 

for visualisation: visualisation techniques from a graphical point of view and visualisation 

techniques from an informational perspective. The elements from the graphical perspective 

mainly refer to the category ‘Animation’ in the framework of Nikoukaran et al. (1999). The 

informational perspective of the animation elements is incorporated in this framework by the sub 

category ‘business graphics’ in the category ‘output’ of Nikoukaran et al. (1999). In Appendix H 

– Classification of visualisation CPN-tools and Flexsim HC  I mapped CPN-tools and Flexsim 

HC by analysing the definitions and software features. I will not use this framework and 

description for further refinement of the framework of Nikoukaran et al. (1999), but only as 

background information on the visualisation properties of CPN-tools and Flexsim HC. 

5.2 Hypothesis of the applicability of simulation software packages 

The analysis of characteristics in the models of MDL and Feniks in the previous section 

demonstrates that differences exist in the categories ‘model and input’ and ‘animation’ and my 

interpretation is that those can be mapped to a high level observation; expressiveness of 

process flows (Table 17 – number 2, 3, 4, 9, 10, 22), resource assignments (Table 17 – number 

5, 8, 15, 19), statistical input (Table 17 – number 21), semiotic clarity and realism (Table 18 – 

number 1, 2, 3, 4, 5, 6). This high level observation is previously denoted by Dr. P.M.E. Van 

Gorp (2010) in section 2.3.2. However from the healthcare management perspective it is more 

useful to know how a simulation software package can support solutions to the challenges as 

denoted in section 1.1 and whether these differences are influencing the actual efficacy and 

perceived efficacy of the support of a BPR-project.  

Therefore a hypothesis which I formulate regarding the differences annotated in the previous 

chapter is:  

“The differences between a general-purpose simulation software package (CPN-tools) and an 

application-oriented simulation software package (Flexsim HC) are relevant for the support of a 

Business Process Redesign initiative in the healthcare domain”. 

In other words, I hypothesise whether a pattern of correlations between the constructs, similar to 

the findings of Moody (2003) in sections 2.4 and 4.1, can be found. In case the above 

hypothesis would be supported by observations in the healthcare domain, improvements may 

be made at the technical level to capture the benefits of both types of simulation software CPN-

tools and Flexsim HC: 1) the software distributors may decide to improve the less performing 

characteristics of their software or 2) automate or transform the development of healthcare 

simulation models resulting in the ‘best of two worlds’. The first solution is relatively 

straightforward and is assumed to require no further explanation. The second solution of model 

transformation may be interesting for future research (elaborated in section 6.4). 
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5.3 Results of application analysis 

The refined framework developed in chapter 4, I tested in practice by means of workshops with 

employees of the two different case studies for CPN-tools and Flexsim HC. In this section the 

main findings of the workshops are discussed per component in the framework of Moody 

(2003). A schedule of the workshops and tables with the results the application of the refined 

framework can be found in Appendix I3 – Results of workshops. 

The workshop of MDL is organised with four employees of the gastro-enterology hepatology 

department: a gastro-enterologist, head of the department and financial controller of MDL and a 

nurse. The workshop of Feniks was presented to three employees of the Feniks project: the 

project leader of Feniks, the hospital pharmacist and a clinical pharmaceutical employee. 

According to Leonard-Barton (1990) the participation of employees with a different background, 

e.g. educational, experience, function, usually increases the construct validity. Construct validity 

refers to the correct measurement of the phenomenon being examined. In case the results of 

multiple sources are (relatively) similar this generally indicates the validity converges. 

Note that the sample sizes (number of participants in the workshops) of both MDL and Feniks 

were too small to observe significant differences between CPN-tools and Flexsim HC. Therefore 

I will discuss the average score per construct. The final scores of actual effectiveness and 

perceived ease of use are calculated with the Analytical Hierarchical Processing method 

implemented in a MS Excel template. 

 

The priorities are not assigned by the healthcare practitioners. Unfortunately the proficiency of 

the healthcare practitioners in MUMC+ about simulation (techniques) was not sufficient to 

perform this task at a reliable level, indicated by the healthcare practitioners themselves. Note 

that this proficiency differs between the hospitals in The Netherlands as denoted in section 

2.3.2. A preliminary assumption which I made to assess CPN-tools and Flexsim HC is to set the 

priorities at 1, meaning the categories in the refined framework have a similar level of 

importance. This implies for the research that no distinction can be made between important 

characteristics in the refined framework. 

Therefore the results below should be regarded as an orientation on outcomes of a pilot study, 

that as a next step could be used in future research with a higher number of interviewees.  

Actual effectiveness 

The difference in scores on actual effectiveness (fixed characteristics) in model and input is 

around 0,05: CPN-tools scores a 0,45 and Flexsim HC a 0,50 (Table 39). The objective 

elements of animation of Flexsim HC score 2,0, CPN-tools scores 1,4 (Table 40).  

Perceived ease of use 

The total scores of perceived ease of use I derived from the assessments of the individual 

parts of the refined framework of Nikoukaran et al. (1999).The results in Figure 9 show that 

regarding the patient process of MDL the perceived ease of use (subjective characteristics) in 

model and input and animation has a higher average score (2,31 and 2,85) for Flexsim HC.  

Although a remark of one of the participants of the workshop of MDL was that he observed 

similarities between the CPN-model and a workflow diagram they often use.  
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However this did not lead to a higher score in model and input for CPN-tools. The perceived 

ease of use in the supporting process Feniks indicates a higher average on model and input for 

the CPN-tools (1,42), whereas Flexsim HC has a higher average on animation (2,60). 

 

Figure 9: MDL and Feniks - ease of use in detail  

 

The general statements about the ease of use (Figure 10) confirm the final outcome of the 

individual parts of the framework for the case study of MDL: Flexsim HC has higher averages 

than CPN-tools for ease of use in general. For the supporting process Feniks it shows that the 

individual lower average of Flexsim HC on model and input is partially compensated by the 

higher average on animation, resulting in one higher average than CPN-tools for perceived ease 

of use in general. 

Perceived usefulness 

During the workshops I proposed the two statements about the perceived usefulness which is 

related to the perceived ease of use and actual effectiveness. According to Moody (2003) the 

perceived usefulness will be higher if the perceived ease of use is also higher, since a signifcant 

relationship was observed by Moody (2003). This is confirmed by the result of the workshop of 

MDL (Figure 10) of the case study of MDL since the averages of Flexsim HC are higher than the 

averages of CPN-tools. Similarily the results of the workshop of Feniks show that a one higher 

average on perceived ease of use in general is followed by one higher average on perceived 

usefulness. 
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Intention to use 

At the end of the workshops I proposed the two statements about the intention to use (Figure 

10). Flexsim HC obtained in a higher averages on intention to use for MDL than CPN-tools. The 

intention to use Flexsim HC and CPN-tools scored equal for the workshop of Feniks, which is 

remarkable since Moody (2003) found that if a particular method has a higher score on 

perceived ease of use and perceived usefulness than another method, it would also result in a 

higher score on intention to use compared to this other method. Feedback during the workshop 

of Feniks was that the goal or support of the simulation software should be obvious and that 

they were less interested in the model building itself.  

 

Figure 10: MDL and Feniks - general measurements  
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6. Conclusions, recommendations, limitations and future research 

In this chapter the final conclusions are drawn based on the refined framework and application 

of this framework to the two case studies. Furthermore recommendations are presented, as well 

the limitations of this research. This chapter concludes with issues which can be investigated in 

future research. 

6.1 Conclusions 

The complex challenges in the healthcare domain stimulate the use of BPR techniques to obtain 

better insight in how to increase efficiency and effectiveness. Simulation is a technique which is 

often used in the manufacturing industries. Literature shows the use of simulation in the 

healthcare domain is increasing. Simulation is likely to be used on a wider scale in the 

healthcare domain given its ability to show and demonstrate solutions for complex problems 

better than classic methodologies.  

In the simulation software market two main categories can be distinguished: 1) general-purpose 

(e.g. CPN-tools) and 2) application-oriented (e.g. Flexsim HC) simulation software. The use of a 

general-purpose simulation software in the healthcare domain is partially addressed by the fact 

that Arena is applied in the past for conducting BPR projects. The use of CPN-tools is according 

to literature not yet commonly applied for redesigning healthcare processes. Application-

oriented simulation software, especially developed for a particular industry / domain, is the latest 

generation of simulation software developed in the past 10-15 years. 

The contribution both types of simulation software packages can have, to support BPR 

initiatives in the healthcare domain, is not specified in the literature. In the first chapter the main 

research question to investigate this area of Information Systems was formulated:  

How can different types of simulation software packages, especially CPN-tools and 

Flexsim HC, support Business Process Redesign initiatives in healthcare? 

The results of the two simulation software packages for the two case studies as shown in this 

research are comparable and provide insight in healthcare processes. The simulation of the two 

case studies in CPN-tools and Flexsim HC both provided new insights in the way of working in 

the MDL and Feniks department in terms of efficiency, renovation projects, planning 

methodologies and required capacity. This influences the decision making on reorganisations, 

planning of times slots and staffing requirements and is supported by comparable quantitative 

outcomes. In this respect both types of simulation software have proven to be able to support a 

BPR initiative in the healthcare domain. 

What are the benefits and drawbacks of using general-purpose and application-oriented 

simulation software packages in Business Process Redesign initiatives in healthcare? 

The benefits of both the the simulation software packages are the more detailed insights in the 

healthcare processes. Healthcare processes are complex and are not easily to analyse without 

simulating dynamic interactions between resources and activities. A major drawback of the 

software is the high level of proficiency required to construct simulation models and extensive 

support either in-house or outsourced. This was previously indicated in section 2.3.2. 
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The application of the framework provided insights in benefits and drawbacks of the two types of 

simulation software packages in terms of the constructs in the framework of Moody (2003). 

In general the application-oriented software scores better for modelling patient processes than a 

general-purpose software. In case of the supporting process no obvious differences in scores 

between the software packages are found. The benefits and drawbacks of using a particular 

type of simulation software packages differ amongst the constructs of the framework of Moody 

(2003) and for the two different case studies. The hypothesis that the differences are relevant to 

support a BPR initiative in the healthcare domain is supported for the patient process but not 

obviously for the supporting process.    

The application-oriented software scores higher on the construct actual effectiveness than the 

general-purpose simulation software package. The difference in actual effectiveness is small 

between the general-purpose and application-oriented simulation software packages. The small 

difference is therefore likely not to influence the relationship between the constructs actual 

efficacy and perceived usefulness. Similarly Moody (2003) neither found a significant 

relationship between these two constructs. 

The application-oriented simulation software package scored higher on perceived ease of use 

in the case study of the patient process than the general-purpose simulation software package, 

both on model and input and animation. Furthermore the application-oriented simulation 

software package received higher averages for perceived usefulness. This could be expected 

since Moody (2003) in his research found a significant relationship between these two elements 

in the ME model. The lower average of the application-oriented software on model and input 

and higher average on animation in the case study of the supporting process than the general-

purpose simulation software package, did result in a partial higher average on perceived 

usefulness. Probably the lower score on model and input in the context of this research, is 

partially compensated by animation in the score of perceived usefulness.  

Similarily the higher averages for perceived ease of use and perceived usefulness of the case 

study of the patient process result in a higher average for intention to use in favour of the 

application-oriented simulation software. This observation is rather similar to significant 

relationship between these constructs found by Moody (2003). 

The partial higher averages of the application-oriented simulation software package on 

perceived ease of use in general and perceived usefulness which are present for the case study 

of the supporting process, do however not result in a higher average in intention to use in 

favour of the application-oriented simulation software package. This may be explained by the 

fact that the modelling techniques (‘item modelling’) used in the models are also available in 

other software packages of the used application-oriented simulation software package Flexsim 

and therefore these techniques can be used in various situations and not in particular in the 

healthcare domain. The item modelling as a technique may therefore not have added value over 

a general-purpose simulation software package. Another explanation is the focus on the final 

outcomes of the participants of the workshop of the supporting process, which indicates that 

intention to use is primarily based on the contributions of the final outcomes to their BPR 

project. 
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What features should software packages contain to make them useful and usable 

according to the Moody’s framework, demonstrating an increased “intention to use” at 

the completion of this project? 

First of all features can be regarded as product related features (characteristics of simulation 

software) and non product related features (workshops, training). In this thesis only the product 

related features of model and input and animation have been addressed.  

A general observation is that a software package for the healthcare domain should be plug-and-

play. Important product related features, derived from the scores during the workshops, in this 

respect are animation (high realism, interactivity and usability) functions which are ease to use 

(e.g. via dropdown functions), explicit process execution, easy to use menu where properties 

can be selected, process diagram visualisation, standard queuing policies, white box of 

statistical facilities and conditional routing. 

Suppliers should pay attention to these product related features, but also to the non product 

related features in order to compensate for the lack of plug-and-play aspects, especially in case 

no proficiency in simulation exists. This could be done for instance with workshops, training, 

manuals, user communities and other information exchange services. 

A combination of both the product related plug-and-play features and non product related 

features is likely to result in an increased intention to use.  

Which framework can support the evaluation of general-purpose and application-

oriented simulation packages applied in Business Process Redesign initiatives in 

healthcare? 

The basis for the refined framework originates from a framework of Moody (2003) and a 

framework of Nikoukaran et al. (1999). The first framework is an evaluation framework for 

evaluating information systems technologies and is elaborated for fixed and subjective 

categories of features and constructs in simulation software packages. The second framework 

is for evaluating technical aspects of a simulation software packages and is further refined for 

two categories model and input and animation since in scientific literature mainly design issues 

towards these categories are highlighted. Refinement opportunities were obtained from 

scientific literature and is adapted for the healthcare domain by adding healthcare elements. 

The integration of the frameworks as proposed in this thesis can support the evaluation of 

simulation software packages for the healthcare domain more comprehensively since both the 

outcomes obtained with a simulation software package and the contribution a simulation 

software package can have, perceived by the healthcare practitioners, is evaluated.      

How can this evaluation framework be included in the decision-making process of 

simulation software packages when performing Business Process Redesign initiatives? 

The refined framework can be used as part of the decision-making process for a more 

comprehensive evaluation of simulation software packages, both general-purpose and 

application-oriented, for BPR projects in the healthcare domain. The refined framework 

contributes by reassigning the features of a simulation software package to two main 

categories: objective and subjective elements, which can be assessed and prioritised by 

healthcare practitioners. 
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Steps to be followed in the selection procedure may be: 

1) Select several simulation software packages based on general vendor information 

(criteria out of the scope of this project) or identify the use of simulation in other 

healthcare organisations. 

2) Follow a training course of the software distributor. During the training course the goal 

should be to make models with the software. 

3) Apply the refined evaluation framework. The perceived ease of use and perceived 

usefulness using the refined framework can be assessed using a Likert scale (1-5). 

Moreover the actual effectiveness can be assessed with the scale 0-1. 

4) The training has as advantage that the actual efficiency (e.g. time to achieve a certain 

modelling results) can be measured. 

5) The intention to use can be evaluated according to a Likert scale (1-5). 

The final scores of the evaluation are an advice to the hospital which simulation software 

package to select. 

6.2 Recommendations 

The following recommendations can be formulated for scientific research, the MUMC+ and 

TALUMIS Logistic Simulation Solutions B.V.: 

- MUMC+: is recommended to continue with the application of simulation in BPR projects. 

For successful application build up a centralised support unit for the entire organisation. 

Use benchmarks of specialised departments in simulation elsewhere. Furthermore find 

supporters and users in the organisation. In sections 3.2 and 0 recommendations for the 

MDL department and Feniks project group can be found.  

- TALUMIS Logistic Simulation Solutions B.V.: the models of the case studies and the 

modelling experience with Flexsim HC result in recommendations to the design of 

product related features. These are described in Appendix M – Recommendations to 

TALUMIS Logistic Simulation Solutions B.V.. It is recommended to optimise these 

features and to focus on the development of proficiency in simulation in the healthcare 

domain by supplying non product related features. 

- Science research: is recommended to focus more on the bridging the gap between the 

theoretical approach of simulation models and practical implementation in the healthcare 

domain. The refined evaluation framework could be starting point for this purpose.   

6.3 Limitations 

The research has the following limitations:     

- The performance measure efficiency in the ME framework of Moody (2003) cannot be 

operationalised easily because of the comparative case based research structure. 

Differences in time available for the model and proficiency in simulation may be 

disturbing factors for measuring the efficiency with this research design. 

- The perceived ease of use, perceived usefulness and intention to use, were measured at 

a general level only, since the healthcare practitioners could not work with the simulation 

software themselves due to practical reasons, e.g. time and availability of software 

(especially Flexsim HC).   



66 
 

- The healthcare practitioners of MUMC+ involved in the case studies have a low 

proficiency in the domain of simulation. Therefore the general intention, until they have 

the required level of proficiency, is still not to make use of simulation in new BPR 

projects according to the company facilitator of MUMC+. The results of the workshops 

may not be fully reliable since the statements may have been difficult to understand.  

- The priorities following the AHP method were not assigned because of the proficiency in 

simulation, but it is likely that not all features have the same importance.  

- A risk of conducting only two case studies is that the conclusions of the evaluation 

framework are based on a very small sample size. No significant effects are likely to be 

found. The small sample size may not be representative and generalisable to other case 

studies (e.g. in another kind of healthcare organisation, rehabilitation center).  

6.4 Future research 

The refined evaluation framework, results of the workshops and limitations give input for future 

research. In this section general issues for future research are introduced. Subsequently two 

technical subjects are presented: 1) a model transformation between CPN-tools and Flexsim 

HC and 2) incorporating renovation / layout of department in Flexsim HC. Furthermore an issue 

from a more human resource management perspective is to investigate how knowledge about 

simulation can be transferred from the engineering industry to the healthcare domain.      

6.4.1 Future research in general 

The limitations in the previous section show that improvements to the research can be made by 

focusing on the measurement of the efficiency and in more detail of how these results refer to 

the constructs in the ME model of Moody (2003), e.g. by organising workshops and by means of 

asking process owners to model the processes themselves with both CPN-tools and Flexsim 

HC. Furthermore the reliability and validity of the results should be improved by increasing the 

proficiency in simulation and presenting the refined framework to and obtain results from a 

larger sample size and more and different case studies. An addition to the AHP method would 

be the inclusion of confidence intervals in order to observe significant effects.    

6.4.2 Model transformation CPN-tools and Flexsim HC 

The results in chapter 5 showed that Flexsim HC is likely to outperform CPN-tools for the patient 

process, but not for the supporting process. The hypothesis that the differences between the 

two simulation software packages are relevant for efficiency and effectiveness have been 

confirmed. Future research of course may indicate that more obvious differences do exist. In 

case we assume this will happen, future research may focus on the transformation of both types 

of simulation models which was briefly introduced in section 5.1. The transformation proposal is 

to develop a model generator which subtracts the data from a SAP or ERP system present in a 

hospital. Detailed information regarding this transformation proposal can be found in Appendix 

N1 - Model transformation CPN-tools and Flexsim HC. 
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6.4.3 Incorporation of renovation and lay-out in Flexsim HC 

The responsibility for the renovation and construction of healthcare facilities is since 2009 

moved from the Dutch government to the healthcare care organisations (De Rijksoverheid, 

2009). A related modelling issue that is not incorporated by most of the simulation software 

packages is the reconstruction, a new best practice found in a new defined category physical 

layout during the cross case survey that was executed based on a protocol similar to 

Vanwersch (2011). During the modelling process healthcare practitioners asked to make print 

screens of the (process) models to have insight in the layout of their department. Especially 

when renovation initiatives are planned, understanding of the layout of a department is an 

aspect that should be addressed and a figure of a model in Flexsim HC can be used for this, 

although Flexsim HC is not specifically developed for this purpose. In order to obtain benefits 

from simulation for reconstruction purposes, an integration with 5D models of Crystal 5D 

Technologies may be intesting. In Appendix N2 – Incorporation of renovation and lay-out in 

Flexsim HC more information can be found on this subject.    

6.4.4 Transfer simulation knowledge to healthcare domain 

The workshops showed that little knowledge of simulation in MUMC+ exists. This observation 

cannot be generalised for the entire healthcare domain since as indicated in section 2.3.2 

hospitals such as the UMCG or MCL have more dedicated departments focusing on BPR 

techniques, e.g. simulation. In Appendix N3 – Information of proficiency in simulation in 

organisations more information can be found regarding these departments and the business 

model of TALUMIS Logistic Simulation Solutions B.V. which may be interesting for MUMC+.  

However to close the gap of basic simulation knowledge (e.g. terms, definitions) in the 

healthcare domain is not simply possible by constructing the evaluation framework. This future 

research refers more to the human resource management perspective for training and 

educating healthcare employees (including medical specialists and nurses) for using simulation 

techniques to conduct a BPR project themselves. The observation of TALUMIS was that this 

was difficult to achieve. The perspective of the research could in this case be moved to the 

organisational perspective of knowledge management including the proficiency in BPR 

techniques such as simulation in order to cope with the challenges in the healthcare domain. 

 

-0-  
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8. Appendices 

Appendix A – Simulation software package selection 

The processes included in the case studies are modelled in the application-oriented simulation 

software package Flexsim Healthcare following the guidelines presented in the book of Law 

(2007). Note that the decision to construct the process models in Flexsim HC instead of in 

Medmodel (ProModel) is based on the following arguments:  

 

1. Difference in timing of the availability of 3D visualisations. The 3D visualisations of 

Flexsim HC can be displayed during the modelling process, while the Medmodel can 

display the 3-dimensional only after running a simulation. Furthermore the website of 

ProModel does not indicate clearly whether these 3D objects are healthcare related, only 

the 2D-model visualises healthcare components (ProModel Corporation, 2011). 

2. Basic structure of the software simulation packages: the basic structure of Flexsim HC is 

fully designed from the healthcare perspective. The structure of Medmodel is relatively 

equivalent to the structure of other software packages, for example the ServiceModel 

software package developed by ProModel, shown on the website of the company. 

Consequently Flexsim HC can be classified to seem to be a more application-oriented 

simulation software package than Medmodel.  

3. The resource schedule editor implemented in Flexsim HC which is important from the 

simulation designer perspective, while the 3D visualisation in Flexsim HC can be used 

for validation of the models and marketing viewed from the end-user perspective. 

 

The simulation models of this master thesis project are made with Flexsim Healthcare version 

2.77. This version is installed and executed by means of a USB with the software installed. 

Note that during the master thesis project a new version 3.1 of Flexsim Healthcare became 

available on the market and at TALUMIS, Logistic Simulation Solutions B.V.. For practical 

reasons (e.g. contract with TALUMIS, Logistic Simulation Solutions) only the features of version 

2.77 have been reviewed. After registering at the website of Flexsim Software Products, Inc. a 

trial version can be downloaded, although not runned because of the high number of elements 

in the models. 

Flexsim HC is compared with the modelling of Colored Petri Net in CPN-tools. According to 

Jansen-Vullers & Netjes (2006) CPN-tools has mostly be used in technical engineering 

environments, while research has shown the applicability of general-purpose simulation 

software Arena (Rockwell Automation) in other domains e.g. manufacturing, supply chain 

management, healthcare and contact centers. CPN-tools is defined as ‘a tool for editing, 

simulating and analysing Colored Petri nets’. During the editing of a net error messages 

resulting from syntax checking are provided and dependency between elements is shown and 

correctness of the model can be checked by Petri Net techniques. Its user interface is 

developed with human-computer interaction experts and results in a basic process modelling 

structure. CPN-tools is according to the authors the most widespread simulation software for 

modelling and analysing Colored Petri Nets.  
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Figure 11: Example CPN-tools 

 

Figure 12: Example Flexsim Healthcare 
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Appendix B – Organisation of comparative case-based research 

In order to be able to compare CPN-tools and Flexsim HC for both the two case studies I used 

the following structure: 

1) Case study Annadal: in consultation with Dr. P.M.E. Van Gorp, lecturer of the course 

Executable models of Logistic Processes, I have chosen to construct a case description 

for TU/e master students to model the outpatient clinic at Annadal in CPN-tools. 

Nine groups, each consisting of three master students (master Business Information 

Systems and master Operations, Management & Logistics) of the course ‘Executable 

Models of Logistic Processes’ (course code: 1BM16, academic year: 2012) have chosen 

the case of Annadal for their final project of this course. The case of Annadal is 

developed based on the process descriptions in a previous master thesis (Habif, 2011), 

of which the author has conducted his master thesis project at the Maastricht University 

Medical Center and Annadal. The main objective of the course is to ‘conduct a modelling 

and simulation project with real-life input and to master the simulation of Petri nets’. The 

Petri-net models are constructed in CPN-tools. The development of the models is 

supervised by the lecturers Dr. P.M.E. Van Gorp, Mrs. I.T.P. Vanderfeesten, and 

company contact of MUMC+ P.J.C. Dat.  

2) Case study Feniks: the data analysis and modelling in CPN-tools of the second case 

study Feniks is performed by TU/e master student T.J. Kroon (master Operation, 

Management & Logistics for Healthcare) for his graduation project. The input data for the 

model of Feniks, which can be found in the master thesis of T.J. Kroon, contains the 

following elements: process flow of medication preparation and distribution process, 

arrival process (e.g. interarrival times), set-up times medication preparation, process 

times, walking times, pick-up/drop-off times and redesign scenario’s.     

During this master thesis project I have focused on the modelling of the two case studies 

(Annadal and Feniks) in the simulation software Flexsim HC. In close cooperation with the 

distributor of the simulation software packages of Flexsim in The Netherlands, TALUMIS, the 

models of Annadal and Feniks have been developed, discussed, reviewed and improved. This 

input of the simulation consultancy company has been a significant support to this master thesis 

project.  The following models have been the input for the comparative case-based research: 

model of Annadal in CPN-tools, model of Annadal in Flexsim HC, model of Feniks in CPN-tools 

and a model of Feniks in Flexsim HC. 

Note that specific details about the case studies of Annadal and Feniks can be found in chapter 

3. 
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Appendix C – Project organisation 

In the research phases two case studies are introduced. I conducted these case studies at 

Maastricht University Medical Center (MUMC+), an academic hospital located in Maastricht 

(The Netherlands). Three different core business objectives are formulated by the hospital 

(Peeters, Brabant, Paul, Van Merode, & Driessen, 2009): 

1) Patient care: the patient care at MUMC+ can be further classified in three levels namely 

high specialised care (‘topreferent’, for patients for whom at first further referral is not 

possible, e.g. cardio surgery, neurosurgery), high cure (‘topklinisch’, high specialised 

care for which expensive and specialised equipment is required, e.g. cardio surgery, 

neurosurgery) and medical-specialised basic health care. Nearly each specialism and 

sub specialism is located in MUMC+ in order to satisfy all patient healthcare requests 

from (the area) Maastricht. 

2) Scientific research: in MUMC+ high quality research is conducted in association with 

partners in medical (university) centers, both national and international. Furthermore 

research is conducted with business industry (e.g. Philips), the Faculty of Health, 

Medicine and Life Sciences of the Maastricht University and the Faculty Biomedical 

Engineering of the Eindhoven University of Technology.  

3) Education: next to the collaboration with universities, education and training is a core 

business of the MUMC+. 

 

In Table 19 organisational characteristics of the MUMC+ are shown. 

 
Table 19: Organisational characteristics MUMC+ 

Characteristics Number 

Beds 715 (incl. daycare) 
Operating Theatres 22 
Admissions  29.192 / year 
Admission outpatient clinics 24.725 / year 
Average length of stay 7 days 
Outpatient patients 428.769 / year 
Emergency admissions 22.275 / year 
FTE 4.363 (incl. 371 medical specialists) 
Number of employees 5.222 (incl. 400 medical specialists) 
Budget €429.300.000 (86,8% for patient care) 

 

Due to the developments in the healthcare domain described in the introduction, MUMC+ has 

formulated the following strategic objectives (Peeters et al., 2009): 

 The healthcare domain will develop to a more integrated health care supply model, in 

which not only cure services, but also care services are included aimed at the 

maintenance and improvement of health and rehabilitation.  

 Patient centred health care supply. 

 Integrated risk management and maximum patient safety. 

 Healthcare supply, research and education are interacting key components of the 

business model. 
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The case study of MDL is a continuation of the master thesis project of master student (master 

Business Information Systems, TU/e) (Habif, 2011). Involved stakeholders in this case study 

are: 

 Gastro-enterologist Prof. Dr. A. Masclee 

 Gastro-enterologist Drs. R. De Ridder 

 Head of department endoscopy and nurse Mr. T. Mestrom 

The Feniks project is aligned with the objectives of the hospital since it contributes to the 

improvement of the quality of care. The stakeholders involved in the case study Feniks are: 

 

 Hospital pharmacist Drs. A. Van de Plas,    

 Project manager Feniks Mrs. M.G.A.J. Goessens,  

 Manager clinical pharmacy and toxicology Mr. J.A.J.H. Narinx, 

 Employees of the pharmacy,  

 Employees of nursing departments of medication requests are handled by Feniks.  

 Employees of nursing departments of medication requests are not yet handled by 

Feniks, but may be part of extending the Feniks project. 

 
Eindhoven University of Technology (TU/e)  

An external advice is requested by the hospital to analyse and possibly redesign the endoscopy 

process in more detail and to model the Feniks medication process using a 3D simulation 

software package. The research project will be a result of the master Operations, Management 

and Logistics at the department of Industrial Engineering & innovation Sciences. More 

specifically this research project is performed at the Information Systems group. Dr. P.M.E. Van 

Gorp and Prof. Dr. Ir. H.A. Reijers and Ir. R.J.B. Vanwersch are respectively the first supervisor, 

second supervisor and company facilitator of this master thesis project.   

 
TALUMIS Logistics Simulation Solutions B.V. 
The company TALUMIS Logistics Simulation Solutions B.V. is the sales representative 

organisation in Utrecht, The Netherlands, of the simulation software packages of Flexsim. 

Talumis B.V. has provided a license for the use of Flexsim Healthcare (Flexsim HC) during this 

master thesis project. Flexsim HC is a 3D-simulation software package which can be used in 

advanced logistics analysis and optimisation of logistic processes in the healthcare domain. Ir. 

R. Kolfin is a simulation consultant of TALUMIS Logistic Simulation Solutions B.V., providing 

support for the use of Flexsim HC if required.       

The resulting organisation of the project with participating stakeholders mentioned in this section 

is summarized in Figure 13.  
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Case study Gastro-enterology department

Gastro-enterology 

department / 

endoscopy section

Head of endoscopy 

department:

Nurse Mr. T. Mestrom

MUMC+ supervisors

Gastro-enterologist: 

Prof. Dr. A. Masclee,

Drs. R. De Ridder

TU/e

TU/e first supervisor: 

Dr. P.M.E. Van Gorp

TU/e second supervisor: 

Prof. Dr. Ir. H.A. Reijers

Company facilitator: 

Ir. R.J.B. Vanwersch

TU/e student:

P.J.C. Dat

Case study Feniks project

Feniks Project group

Manager Clinical pharmacy

Mr. J.A.J.H. Narinx

MUMC+ supervisors

Project leader: 

Mrs. M.G.A.J. Goessens

Hospital pharmacist: 

Drs. A. van der Plas

Talumis Logistics 

Simulation 

Solutions B.V.

Simulation 

Consultant:

Ir. R. Kolfin

 

Figure 13: Organisation research project 
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Appendix D – Framework Nikoukaran 

Appendix D1 - Vendor 

The category vendor refers to the credibility and reputation of the vendor and can be classified 

into four sub categories (Figure 14): 

 

1) Pedigree: is defined as the origin of the software and the history of the supplier.  

2) Documentation: refers to the background information which is available for the simulation 

software package, e.g. manuals, tutorials.  

3) Support: includes among other training courses, consultancy or maintainance of the 

software provided by the supplier.  

4) Pre-purchase: category denotes the available demo’s or free trials which can be used by the 

customer to analyse the software for its features. 

Vendor

Pedigree Documentation Support Pre-purchase

 

Figure 14: Category Vendor 

The category software consists of five sub categories: model and input, execution, animation, 

testing & efficiency, output.  

Appendix D2 - Model and Input 

The category ‘model and input’ includes the features which support the user to develop a 

simulation model and which input is required to execute a model. 

Seven sub categories can be defined: 

1) Library of reusable modules: are the standard and predefined icons/objects which can 

be included in the model. (Nikoukaran & Paul, 1999) 

2) Model building: refers to the characteristics of a simulation software package which 

supports the user in developing a simulation model. These can be tools (e.g. mouse, 

keyboard, pointer etc.), use of code, formal logic and providing modelling assistance. 

3) Conditional routing: is defined as the referral of entities in the process to different 

locations/activities based on predefined conditions. (Nikoukaran & Paul, 1999) 

4) Coding aspects: enable the user to enter code or program the model to his/her 

preferences and therefore determines the flexibility of the simulation software package. 

5) Statistical distributions: are the facilities which are included in the simulation software 

which can be used to implement statistical distributions. 

6) Queuing policies: are the regulations for determining the sequence in which entities are 

processed (e.g. FIFO, LIFO). 

7) Input: is the data which can be inserted into the model, e.g. from a file or system. 
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Modules and input

Library of resuable 
modules

Model building Conditional routing Coding aspects
Statistical 

distributions
Queuing policies

Input

Tools Merging of models
Hierarchical 
modelling

assistance Formal logic

 

Table 20: Features framework Nikoukaran et al. (1999) and (McChesney (1995) 

Feature  
Nikoukaran et al. (1999) 

Definition Nikoukaran 
et al. (1999) 

Feature McChesney (1995) Definition  
McChesney (1995) 

Hierarchical modelling  ‘this option makes it 
possible to have 
access to more 
detailed sections of a 
model at a lower level 
by selecting a certain 
element in a higher 
level’ 

Hierarchy ‘hierarchical structure of the 
process’. ‘enabling the 
reprentation of activity types 
to the necessary level of 
detail’. 

  Scale the features which describes 
the level of aggregation, e.g. 
individual, team and 
organisational issues.  

  Communication and 
coordination 

mechanisms which refers to 
the mechanisms 
implemented in a model 
which supports the 
communication between 
process entities, activities 
and artefacts.  
 

Conditional routing ‘send entities to 
different locations 
based on prescribed 
conditions’ 

Rationale for action this feature denoting the 
guard or condition which 
must be satisfied before 
starting an activity. (= 
conditional routing) 

  Constraints this feature refering to the 
regulation of the overall 
execution of a process and 
not specific conditions 
defined for the execution of 
a process step.  
(code of models should be 
correct for running the 
models) 

 
  Parallelism the execution of two or more 

concurrent process steps. 
Zelf bedacht! Evt. Verwijzen 
naar reader van proces 
modelleren 

  Sequence ‘the ordering or sequence of 
process steps’ 

  Object feature  
  Activity An activity is any event that 

causes the change of state 
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of a discrete event system. 
(Ryan & Heavey, 2004) 

  Event (based modelling) () defined as a dynamic 
modelling feature which 
consists of a kind of function 
which is a core building 
block of a event driven 
process model, and an 
activity which analyses the 
situation before and after 
the execution of the 
function. By analysing the 
before and after situation 
the sequence of process 
steps to be followed is 
determined. 
(predecessor in Flexsim HC 
and advance condition with 
percentages referring 
patient to new activity. Join 
in CPN-tools which requires 
tokens in each input place, 
thus implicitly requires the 
previous activities to be 
finished)  

  Agent ‘a process entity that enacts 
an enactable process model 
and may be a person or 
tool’. 

  Artefact a entity/product that is 
created, accessed or 
modified during a process 
step. 

  Role the association between an 
agent and the responsibility 
or trigger for executing a 
process step 

  Property Non-decomposable process 
features, e.g. attributes of 
agents (e.g. authority), 
activities (e.g. duration or 
percentage of execution) or 
artefacts (e.g. owner, 
creation date).  

  creation date  
  duration  
Display features 
(‘Testing & Efficiency’) 

Dynamic display of 
the state of the 
elements and the 
events 

state An aggregate of the state of 
individual process objects 
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Table 21: Basic workflow patterns 

Routing Definition Example 

Sequential execution of 

tasks / causality 

The tasks are 

executed one after the 

other. Usually an 

obvious dependency 

exists between the 

tasks. 

 

 

 

 

First task A and then task B. 

 

 

 

 

Parallel routing If two (or more) tasks 

can be executed 

simultaneously or no 

clear sequence exist. 

The tasks can be 

performed 

independently. In 

other words, the result 

of one activity is not 

required to execute 

the other activity. 

Usually the tasks are 

generated by an AND-

split and in later stage 

of the process 

resynchronized by a 

AND-Join. 

 

Decision is made based on value attribute/label. 
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Selective /conditional / 

alternative routing 

In place when a 

decision has to be 

made between the 

execution of two or 

more tasks. The 

decision is made on 

the value of a specific 

attribute or label of the 

case flowing through 

the process. The 

decision is made by 

means of a OR-split 

and the alternative 

routings are 

resynchronised by a 

OR-join.   

 

 

 

 

Explicit choice: based on attributes/labels of case 

 

 

Implicit choice: decision governed by external world. 

Iteration In case a task has to 

be executed more 

than once per case. 

The result when a task 

has been executed 

may require that the 

task has to be 

repeated. 

 

Activity B is repeated until desired result is achieved. 
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Properties resources found by Mr. R. Sillekens 

“Category existential: 

 Identity: In healthcare processes it is important to identify individual resources. All 

resources in healthcare have their own characteristics which are relevant for the 

process.  

 Consumption: In healthcare processes it is important to model that the active resources 

can be reused. After an activity the resource becomes available again for a new activity.  

 Make-up: The composition of resources is important if multiple active resources are 

involved in an activity. Multiple resources are used in several healthcare activities, like a 

surgery.  

Category availability 

 Status: The status of an active resource is important, to check whether the resource is 

available to carry out an activity. Active resources have multiple reasons why they are 

not available for activities. Free, busy, out of work time, illness and vacation are 

examples of states of an active resource. This feature is similar to ‘state’ initially 

proposed by McChesney (1995) and is thus not included as a separate feature. 

 Schedule: Work times of resources are important to model the availability of the 

resource. Due to the limited availability of human resources it is important to know that 

resources are working on specific days. Especially when multiple resources are involved 

in an activity it is important that all resources are available on the same time. Schedule 

in a general setting could also be adapted for scheduling patients according a fix slot 

schedule.   

 Delivery mode: To choose the simulation type (discrete event simulation or system 

dynamics) it is important to know whether the service of the active resource is discrete or 

continuous. This characteristic will help to select an appropriate simulation tool for the 

simulation study. 

 Exclusivity: One active resource can be on one place on one time unit. It is important to 

model that resources can deliver service on one location. However, it is possible that a 

resource can do an activity in which more patients are involved. An information session 

is an example that multiple patients are involved in a process of one resource.” 

The proposed characteristics are however not complete when taking the healthcare domain into 

consideration. Examining the topology of Jenkins & Rice (2007) five characteristics are not 

included in the list of important characteristics by Sillekens (2012) while arguments from the 

‘model building’ perspective can be formulated for inclusion of these five features based (Table 

22). One of these characteristics, ‘selectivity’, approaches the characteristic ‘continuity of care’ 

of Roberts (2011), since both refer to the method of which resource should be assigned to an 

activity of an entity flowing through the process Table 23.    
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Table 22: Additional resource properties 

Property (Jenkins & Rice, 2007) Definition Explanation to include property 

Preemptibility the permission of a resource to be 

preempted away from a lower-priority 

task, in order to serve a higher-

prioritized client. 

The characteristic ‘preemptibility’ 

should have been included, since the 

healthcare domain is, probably more 

than other industries, characterized by 

emergency cases with a higher 

priority. These emergency cases can 

be either patients or emergency need 

for a particular medicine. 

Performance the speed of the service, costs, reliability 

and efficiency at which the service is 

provided by a resource 

The characteristic ‘performance’ is 

regarding active entities in a simulation 

model important because the speed of 

the service, costs, reliability and 

efficiency differ among the employees. 

Differentiation in these elements can 

for example be notified in the different 

hospitals in The Netherlands: 

academic hospitals where, next to the 

regular physicians, AIOS (in Dutch: 

Arts In Opleiding Specialist) perform 

procedures with a different 

performance or the performance of 

physicians in a regular hospital 

Mobility This characteristic describes whether a 

resource can be moved from one 

location to another location. 

An important characteristic: transfer 

times based on walking speed e.g. 

between procedure rooms or delivery 

of medicines to the nursing wards are 

present in the healthcare domain 

Location This characteristic describes where the 

resource can be found and where they 

can deliver their service. 

If the resources are working on several 

places it can cost some transfer time 

to go to another workplace. 

 

Table 23: Selectivity versus continuity of care 

Characteristic (Jenkins 
& Rice, 2007) 

Definition Characteristic (Roberts, 
2011) 

Description 

Selectivity “Whether a resource 
chooses which 
clients it will serve; 
Selectivity of a 
resource may change with 
time or circumstances.” 

Continuity of care “the constant association 
of a provider with a 
patient; the simulation 
model should be able to 
“remember” the initial 
assignment of resources 
and be able to recall that 
same assignment 
later”  
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The refined sub category model and input is shown in Figure 15. 

 

Figure 15: Model and input (Refined) 

Appendix D3 - Execution 

The category execution annotates the functionalities which can be used for performing 

experiments with the simulation models. This category does not refer to the analysis of the data 

from these experiments, since this is part of the category output. 

The category execution () consists of the following eight sub categories: 

 1) Speed control: when running the model (e.g. slowly for debugging the model, fast for 

overall view on model).  

2) Multiple runs: denoting the ability to run the model for a desired number and resetting the 

random number generator in the model.  

3) Automatic batch run: automatically resetting the variable values before each run.  

4) Warm-up period: defining the warm-up period to obtain results from a steady state of the 

model.  

5) Reset capability: resetting the statistics and output during the execution of a model.  

6) Start in non-empty state: which can be used for analysing a certain situation of the model 

by specifying initial values for variables.  

7) Parallel: this refers to the ability to modify the values of variables when running the model. 8) 

Executable models: the application in which the model can be executed, e.g. independent 

from the software. 
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Execution

Speed control Multiple runs
Automatic batch 

run
Warm-up period Reset capacbility

Start in non-empty 
state

parallel Executable models

 

Figure 16: Execution 

Appendix D4 - Animation 

The category ‘Animation’ refers to the evaluation of creation, running and quality of animation.  

The following sub categories can be distinguished: 

1) Integrity: denoting the animations are standardly included in the software packages or 

are add-ons. 

2) Icons: the icons which are included in a library or can be created by the user. 

3) Running: the changes which can be made to the view of a model or the view during the 

execution of a simulation. 

4) Screen layout: the features related to the graphical presentation of the model on the 

screen. 

5) Development: the tools which can be used for the development of animation in the 

models. 

Animation

Integrity Icons Running Screen layout Development

Library Features Features ElementsMode Means

   

Table 24: Features framework Nikoukaran et al. (1999) and features Rohrer (2000) 

Feature Nikoukaran et 

al. (1999) 

Definition Nikoukaran 

et al. (1999) 

Feature Rohrer (2000) Definition Rohrer (2000) 

Running - Mode ‘animation could run with 

the model concurrently 

and on the other hand 

there is a possibility of 

running the model first 

without animation, and 

then running the 

animation only’. 

Interactivity ‘simulation either have 

concurrent or post-

processed animation’, e.g. 

animation shown while 

model in running or 

animation shown after the 

model has been executed. 
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Icons: features, library-

standard + movement 

Library – standard: ‘some 

packages provide a 

library of standard icons. 

The number and quality 

of these icons are 

important in providing 

more realistic animation’. 

Movement: 

‘how smooth the 

movement of the icons 

is’. 

Realism ‘animation must be realistic 

to ensure model credibility’: 

smooth movement of 

entities, little additional 

explanation required, 

showing 

deceleration/acceleration, 

accumulation of entities in 

e.g. a box.  

Running – features (excl. 

movement) 

‘the features which could 

evaluate the animation 

better are control and 

change of speed of the 

animation, the possibility 

of turning animation on 

and off, the possibility of 

zooming and panning, 

rotating icons and 

changing them during a 

run.’ 

Performance ‘the simulation software 

should take advantage of 

standard graphics routines 

that have been optimized.’ 

E.g. smooth panning, 

zooming between scenes, 

streaming as speed control’. 

  Flexibility ‘the user should have 

control over what is 

displayed in the animation, 

such that attention can be 

focused on important 

aspects on the model: e.g. 

by toggling on/off elements. 

Library: user ‘the possibility of creating 

new icons or importing 

them from other software 

packgages such as CAD, 

bitmap or a media control 

interface is desirable next 

to save these created 

icons in a library or add 

them to the library of 

standard icons’. 

Ease of Use ‘it should be easy to add 

graphics to a model, and 

these graphics should be 

tightly integrated in the 

simulation software.’ Tightly 

is expressed as the 

minimum additional effort 

required to add a graphic. 
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Figure 17: Animation (Refined) 

Appendix D5 - Testing & efficiency 

The features included in the category testing & efficiency refer to the ability to test and debug 

the model built in the simulation software package and determines the efficiency of a simulation 

software package:  

1) Tracing: showing the state and event of an active entity. 

2) Snapshots: which can be used to record data at specific moments and to generate an 

overview of the model execution.  

3) Step function: running the model step by step, providing insight in the model execution.  

4) Validation and verification: referring to the representativeness of reality and 

correctness/reliability of the model.  

5) Backward clock: running the model backwards, providing insight in the errors in the model.  

6) Interaction: referring to the changes which can be made during the model execution, 

continuation of the model run and observing the effect of those changes to the model.  

7) Multitasking: relatively similar to the interaction and refers to the ability to change the model 

when it is running.  

8) Breakpoints: which can be used to start of stop a model run or switching off/on the model 

animations. 
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9) Conceptual model generator: the ability of the software to generate a conceptual model of 

the process (e.g. petri-net, activity cycle diagram) and can be used to validate the model.   

10) Limits: limitations of inserting certain objects, elements, values, text characteristics which 

can be observed as boundaries of the software.  

11) Display features: the dynamic view on movement of entities, states, values during the run 

of the model. 

 

Testing & efficiency

Tracing Step function
Validation & 
verification

Backward clock Multitasking
Conceptual model 

generator
Limits

Interaction

Display features

Snapshots Breakpoints

 

Figure 18: Testing & Efficiency 

Appendix D6 - Output 

The next category of the software features are related to the output of a simulation software 

package. Six different sub categories can be distinguished:  

1) Delivery: referring to the format of the output or the interface with other interfaces/hardware 

to which the output is sent.  

2) Reports: which are merely denoting the content of the output and whether this contains 

standard output or can be adjusted to the user’s preferences.  

3) Data base: the storage of input/output data and data of the model.  

4) Integration: the interaction with other interfaces (e.g. spread sheet, statistical packages).  

5) Analysis: the different analysis techniques included in the software to analyse the output 

data of the model.  

6) Business graphics: the presentation of the output data in different formats (e.g. graphs, 

charts).  

Output

Delivery Reports Data base Integration Analysis Business graphics
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Appendix D7 - User 

The category user, consisting of ten sub categories, is not directly related to the simulation 

software, but similar to the category vendor it may influence the overall evaluation: 

1) Simulation type: either discrete of continuous,  

2) Orientation: general-purpose or application-oriented,  

3) Hardware: required to run the simulation software.  

4) Security device: denotes the ability to use a license at more than one computer.  

5) Operating system: on the computer required to run the simulation software.  

6) Network version: the format the license is provided to the user (network, USB).  

7) Algorithms: additional features to solve optimisation problems or (non-) linear equations. 8) 

Financial: requirements regarding price, installation cost, cost of additional hardware, 

maintenance, educational/training costs.  

9) Required experience: experience needed in the specific software and domain of simulation.  

10) Software class: simulator, simulation language or computer language. 

User

Simulation type Orientation Hardware Security device Operating system Network version Financial
Required 

experience
Software class

Algorithms
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Appendix E – Taxonomy of case studies  
 

Table 25: Service process taxonomy Wemmerlöv (1990) 

 Rigid process Fluid process 

Processing 
Goods 

Processing 
information/images 

Processing people Processing 
Goods 

Processing 
information/images 

Processing people 

No client contact Restocking 
endoscopes at 
endoscopy 
section (MDL) 
Delivery and 
Restocking 
medicines 
(Feniks), 
Production of 
medicines 
(Feniks) 

Send results 
procedure to referrer 
(MDL) 

 

 Cleaning 
process of 
endoscopes at 
central 
cleaning 
department 
(MDL) 

  

Indirect client contact  Making appointment 
by telephone / fax 
(MDL) 
Ordering medicines 
by computer (Feniks) 

   Supervising day 
care unit (MDL)   

Direct 
client 
contact 

No client – 
service 
provider 
interaction 

    Documenting medical 
history (MDL) or 
medicines made 
(Feniks) 

 

Client – 
service 
provided 
interaction 

  Physician check 
round (Feniks) 

  Performing 
endoscopic 
procedure (MDL) 

 

1) type of customer contact: the main characteristic of the type of customer contact is the level of physical interaction in the process 

between a client and a service provider. This can be either direct contact between the service provider and client (physical presence 

of client and service provider required), indirect contact between the service provider and client (physical presence of client and 

service provided not required, contact e.g. by phone, e-mail, fax) or may never occur between these to objects within a process. The 

direct contact has two sub categories: 1) no client and service provider interaction (self-service) and 2) customer interaction with the 

service provider.  

2) The degree of standardisation of the processes can be expressed as a rigid service process  or a fluid process. Wemmerlöv 

(1990) denotes several elements which are typical for a rigid service process: low level of task variety, low level of technical skills, 

low level of information exchange between customer and service provider required to provide service, well defined process 
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description, high volume of goods/people/information handled per time unit, relatively controllable and predictable arrival rate of 

clients, simultanously involvement of clients, short response time to requests of clients.  

The following elements are typical for a fluid rigid process: high level of technical skills, large amount of information processing 

between client and service provider, requires (judgemental) decision making by the service provider, low volume of 

goods/people/information handled per time unit, high uncertainty in workflow, involvement of one client at a time, relatively long 

response time to requests of clients. 

3) For the category objects which are handled during the process(es), three subcategories can be defined: people, 

information/images and goods. The service process which involving people refers to the activities executed to move people 

physically or geographically (e.g. by surgery of bus ride). The processes in which information/images are handled refers to receiving 

and processing of data or developing and displaying of images. The processing of goods can be specifed into 1) goods belonging to 

the client, 2) goods provided by the service, 3) goods that are handled and 4) goods that are transformed.    
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Appendix F – Overview of differences in case study MDL 
 

Table 26: Differences model and input MDL - CPN-tools versus Flexsim HC 

Cat-
ego
-ry 

Sub 
cate-
gory 

Fea 
ture (if 
indicat
ed) 

CPN-tools Flexsim HC 

Mod
el 
buil
ding 

Hiera
rchic
al 
mode
lling 

 

 

 
Mod
el 
buil
ding 

Form
al 
Logic 

Parallel
ism, 
sequen
ce, 
selectiv
e 
routing, 
iteratio
n 
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  Patient 
/ order 
arrivals 

 

No dedicated inclusion of arrival of requests 

  Patient 
schedu
ling / 
appoint
ments 
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  Locatio
n / 
flowch
art 

 

 

 Proc
ess 
featur
es - 
exec
ution 

Scale 
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  Comm
unicati
on and 
coordin
ation 

 

 

 Proc
ess 
featur
es - 
objec
t 

Agent 
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  Activity 

 
 

  Event Activity can start in case all input places contain a 
token. 

After an activity it checks which activities have its number as predecessor. 

  Artefac
t 

 

 
  Role 

 

Selecting staff and adding a resource in the activity. 
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Con
ditio
nal 
routi
ng 
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 Proc

ess 
featur
es - 
prope
rty 

Creatio
n date 
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  State State of patient, resource or equipment represented 
by a place 

  
  Identity 
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  Resour
ces - 
Consu
mption 

 

 
  Resour

ces – 
make-
up 

 

 
  Deliver

y mode 
Discrete since all patients end in the end place of the 
CPN-model 

Discrete, all patients leave through the exit object 

  Selecti Check in guard e.g. the variable ‘physician’ to assure Specific option to choose same human resource 
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vity the correct physician will treat the patient 
  Preem

ptibility 

 

 
  Perfor

mance 
Performance of e.g. time is set at the transitions (see 
above) 

Time units are set at activities (see above) 
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  Mobilit
y 

 

cess types and resources. 
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  Reserv
ation 
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Stat
istic
al 
distr
ibuti
ons 

  fun  
  undefined() =  
    1.0/0.0 
fun  
  erlang_treshold() =  
    0.0000000000000001 
fun  
  beta_pert(l, h, m) =  
    if l<m andalso m<h  
    then round(beta(l, h, (l+4.0*m+h)/6.0, (h-l)*(h-
l)/36.0))   
    else round(undefined() ) 
and  
  beta(l, h, m, v) =  
    if l<h  
    then l+(h-l)*beta_std((m-l)/(h-l), v/((h-l)*(h-l)))  
    else undefined()  
val 
time_colonoscopy=beta_pert(720.0,2400.0,1200
.0); 
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Que
uein
g 
poli
cies 
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Table 27: Differences animation MDL - CPN-tools versus Flexsim HC 

Category Subcategory Feature (if indicated) CPN-tools Flexsim HC 

Icons Library Standard Tokens as process 
entities / resources / 
equipment, transitions, 
places, arrows.   

Human representations 
of patients / resources, 
objects for equipment, 
locations, walls, paths, 
transport 

 Library User Grid can be made to 
structure process flows, 
no further library editing 

CAD, Bitmap supported 
and own objects can be 
created.  

 Features  1D, basic color, color 
and size of process 
elements can be 
changed 

3D, all possible colors, 
color and size of objects 
can be changed 

Running Completeness  Basic presence, 
idealisation, overall view  

Detailed presence, 
idealisation, overall view 

 Features Movement Direct movement of 
token to next place 

Smooth movement of 
entities, resources and 
objects. 

 Features On / off No toggling of animation Toggling of animation 
during execution 
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Appendix G – Overview of differences in case study Feniks 
 

Table 28: Differences model and input Feniks - CPN-tools versus Flexsim HC 

Cate
gory 

Sub 
categ
ory 

 
Featur
e (if 
indicat
ed) 

CPN-tools Flexsim HC 

Mode
l  
buildi
ng 

Hiera
rchic
al 
mode
lling 
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 Form
al 
logic 

Patient 
/ Order 
arrivals 

 

Item arrival object creating and sending sub order 
for distribution round (see above) 
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  Locatio
n 

 

 

 Proce
ss 
featur
es - 
archit
ectur
al 

Scale 
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  Comm
unicati
on and 
coordin
ation 

 

 

 Objec
t 

Agent 

 

 

  Event  Batch processing included by adding set-up time 
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when item type changes 
  Artefac

t 
See above Represented by an item 

  Role See above Direct reference in the LAF-cabinet to a specific 
resource. 

Prop
erty 

 Duratio
n  

 

 
  State See above  No states available for resources, states of 

resources are shown in tab ‘stats’ in the object. 
  Resour

ces - 
consu
mption 

See above In the resource object the state changes (and the 
resource returns to home location in case no new 
task exists 

  Resour
ces – 
make - 
up 

See above Number of resources is filled out in LAF-cabinet 
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  Resour
ces - 
schedu
le 

 

 

  Resour
ces – 
deliver
y mode 

See above 
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  Resour
ces - 
perfor
mance 

 

 
  Resour

ces - 
mobilit
y 
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Cond
itiona
l 
routin
g 

  

 

 
Codi
ng 
aspe
cts 

Attrib
utes 
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Statis
tical 
distri
butio
ns 

 Distrib
utions 
and 
param
eters 
are 
defined 
by 
means 
of 
functio
ns in 
declara
tions 

fun betaNum (a: int, b: int):INT =  
            let 
           val rv = beta((Real.fromInt a),(Real.fromInt b)) 
            in 
              floor (rv+0.5) 
            end; 
fun drawStochNum(data:STOCH_TIME):INT =  
case (#dist data) of 
 "exp" => expNum(List.nth(#params data,0)) 
 | "beta" => betaNum(List.nth(#params data,0),List.nth(#params data,1)) 
 | "pert" => betaPertNum(List.nth(#params data,0),List.nth(#params 
data,1),List.nth(#params data,2)) 
 | "uniform" => uniformNum(List.nth(#params data,0),List.nth(#params 
data,1)) 
 | "det" => List.nth(#params data,0) 
fun getMedicationProductionTime(med:MEDICATION) =  
drawStochNum(getMedicationProductionTimeDistribution(med)) 
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Queu
ing 
polici
es 

  

 

 

 

  



122 
 

Table 29: Differences animation Feniks - CPN-tools versus Flexsim HC 

Category Subcategory Feature (if 
indicated) 

CPN-tools Flexsim HC 

Icons Library Standard Tokens as 
process entities / 
resources / 
equipment, 
transitions, 
places, arrows.   

Human 
representations of 
resources, objects 
for equipment, 
locations, walls, 
paths, transport 

 Library User Grid can be 
made to 
structure 
process flows, 
no further library 
editing 

CAD, Bitmap 
supported and 
own objects can 
be created.  

 Features  1D, basic color, 
color and size of 
process 
elements can be 
changed 

 

Running Completeness  Basic presence, 
idealisation, 
overall view  

Detailed presence, 
idealisation, 
overall view 

 Features Movement Direct movement 
of token to next 
place 

Smooth movement 
of entities, 
resources and 
objects. 

 Features On / off No toggling of 
animation 

Toggling of 
animation during 
execution 
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Appendix H – Classification of visualisation CPN-tools and Flexsim HC 
Table 30: Visualisation techniques graphical point of view (Wenzel, Bernhard, & Jessen, 2003) 

Criteria Specifications 

Dimension 1-D 

CPN-tools 

2-D 

 

2 ½ - D 3-D 

Flexsim HC 

   

Representation Symbolic/character Symbolic/abstract 

CPN-tools 

Iconic/stylized Iconic/close-to-

reality 

Flexsim HC 

Photo-realistic   

Display Format Font Table/spreadsheet Chart Drawing/diagram 

CPN-tools 

Picture Virtual 

world 

Flexsim 

HC 

Augmented 

reality 

Scale None 

 

Linear 

CPN-tools 

Flexsim HC 

Logarithmic Exponential Categorizing   

Planar 

Geometrical 

projection 

None 

 

Orthogonal 

CPN-tools 

Oblique Perspective 

Flexsim HC 

   

Temporal 

Dimension of the 

graphical model 

None Discrete 

CPN-tools 

Flexsim HC 

Continous     

Time mode within 

the presentation 

Fixed-image Non-proportional full 

video 

Proportional full 

video – slow 

motion 

CPN-tools 

Flexsim HC 

Proportional full 

video – real time 

CPN-tools 

Flexsim HC 

Proportional 

full video – fast 

motion 

CPN-tools 

Flexsim HC 

  

Interaction None Navigation within the 

presentation 

CPN-tools 

Flexsim HC 

Interaction with 

graphical model 

CPN-tools 

Flexsim HC 

Interaction with 

simulation model  

immersion   
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Table 31: Visualisation techniques informational point of view (Wenzel, Bernhard, & Jessen, 2003) 

Criteria Specifications  

Primary function: 

intention 

Identification 

CPN-tools 

Flexsim HC 

Localisation 

Flexsim HC 

Correlation Association Comparison 

CPN-tools 

Flexsim HC 

Structures and 

patterns 

CPN-tools 

Flexsim HC 

Grouping 

CPN-

tools 

Flexsim 

HC 

Classification 

CPN-tools 

Flexsim HC 

Type of 

information to be 

represented 

Qualitative Quantitative Qualitative and 

quantitative 

CPN-tools 

Flexsim HC 

     

Information 

relationship 

Independent Relational 

CPN-tools 

Flexsim HC 

Circular Hierarchical Network    

Level of 

measurement 

(Information 

encoding) 

None Nominal 

discrete 

Ordinal 

discrete 

 

Ordinal 

continuous 

Interval discrete 

Flexsim HC 

Interval 

continous 

CPN-tools 

Flexsim HC 

Ratio 

discrete 

Ration 

continuous 

Dimension of 

dependent 

veriables 

None 1-D 

CPN-tools 

Flexsim HC 

2-D 3-D 

Flexsim HC 

n-D    
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Appendix I – Workshops evaluation framework 

Appendix I1 – Explanation scales and schedule of workshops 
 

Table 32: Two-point scale actual category 

0 1 

Not included Included 

 

Table 33: Five-point Likert scale perceived ease of use 

1 2 3 4 5 

Not understood Partly not 
understood 

Neutral Partly understood Fully understood 

 
Table 34: Five-point Likert scale categories perceived usefulness and intention to use 

CPN Not at all 1 2 3 4 5 Very 
much 

Flexsim HC Not at all 1 2 3 4 5 Very 
Much 

 

 
Table 35: Adapted Saaty's Intensities of Importance (Saaty & Rogers, 1976) 

Intensity of importance Definition Explanation 

1/5 Absolute unimportance The judgement in put at a 
disadvantage of one activity 
over another is of the lowest 
possible order of affirmation 

1/4 Demonstrated unimportance Conclusive judgement as to the 
unimportance of one activity 
over another 

1/3 Essential or strong unimportance The judgement is put at a 
disadvantage one activity over 
another 

1/2 Weak unimportance over another The judgement is put at a 
disadvantage one activity over 
another, but it is not conclusive 

1 Equal importance Two activities contribute 
equally to the objective 

2 Weak importance of one over another The judgement is to favour one 
activity over another, but it is 
not conclusive 

3  Essential or strong importance The judgement is to strongly 
favour one activity over another 

4 Demonstrated importance Conclusive judgement as to the 
importance of one activity over 
another 

5 Absolute importance The judgement in favour of one 
activity over another is of the 
highest possible order of 
affirmation 

Reciprocals of above non-zero number If activity I has one of the above non-zero numbers assigned to it when 
compared with activity j, then j has the reciprocal value when compared 
to i 
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Appendix I2 – Questionnaire evaluation framework 

 

Perceived ease of use 

The questionnaire formulated for the workshops was primarily on the perceived ease of use and 

consisted of slides each representing a category in the refined framework and showing figures 

for these categories. For each of the categories the participants were asked to assign a value 

(1-5) for the perceived ease of use. 

At the end of this part of the workshop a general question was formulated to assess the 

understandability of CPN-tools and Flexsim HC in general: 

1.  I understand the model view in general (1-5) 

Scale 1 2 3 4 5 

Explanation Not 
understood 

Partly not 
understood 

Neutral 
Partly 

understood 
Understood 

CPN  

Flexsim 
HC 

 

 

2. I am confident that I am competent to apply the CPN / Flexsim HC method. 

Not At All 
1 2 3 4 5 

Very 
Much 

CPN  

Flexsim HC   

 

Perceived usefulness 

3. CPN / Flexsim HC model represented would be helpful for healthcare practitioners to gain 

insights into their processes. 

Not At All 
1 2 3 4 5 

Very 
Much 

CPN  

Flexsim 
HC 

 

 

4. Overall, I found the CPN / Flexsim HC method useful 

Not At All 
1 2 3 4 5 

Very 
Much 

CPN  

Flexsim 
HC 
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Intention to use 

5. I intend to use the CPN / Flexsim HC method in preference to the current way of business 

process redesign 

Not At All 
1 2 3 4 5 

Very 

Much 

CPN  

Flexsim 

HC 

 

 

6. To which extent would you recommend CPN / Flexsim HC to colleagues? 

Not At All 
1 2 3 4 5 

Very 

Much 

CPN  

Flexsim 

HC 

 

 

Appendix I3 – Results of workshops 
 

Table 36: Schedule workshops evaluation framework 

Date + length Goal Participants 

23 Aug. 2012 – 1 
hr. 

MDL: Assign priorities to characteristics of simulation 
software and assess characteristics 

Gastro-enterologist Drs. R. De 
Ridder (specialism Gastro-
enterology) 
Head of department endoscopy 
Mr. T. Mestrom 
Nurse endoscopy department Mrs. 
Frusch 
Financial controller Mrs. I.L.B. 
Meuffels  

27 Aug. 2012 – 1 
hr 

Feniks: Assign priorities to characteristics of simulation 
software and assess characteristics 

Project leader Mrs. M.G.A.J. 
Goessens  
Hospital pharmacist Drs. A. Van 
de Plas 
Clinical pharmaceutical employee 
Feniks Mrs. J.C. Baars-
Timmermans 

 

Table 37: Results assessment workshop MDL 

Category Weighted average evaluation (CPN-tools / Flexsim HC)  

Software Model and input 2,11 2,31 
 Animation 2,15 2,85 
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Figure 19: MDL - ease of use in detail 

 

Table 38: Results assessment workshop Feniks 

Category Weighted average evaluation (CPN-tools/Flexsim HC)  

Software Model and input 1,42 1,37 
 Animation 1,47 2,27 

 

2.11 

2.31 

2.00

2.05
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2.20
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2.30

2.35

 MDL - Model and input 
ease of use in detail 

 ̶  = CPN-tools 

 ̶  = Flexsim HC 

Model and input 
Weighted averages 

2.15 

2.85 

1.80

2.00

2.20

2.40

2.60

2.80

3.00

 MDL - Animation  
ease of use in detail  

 ̶  = CPN-tools 

 ̶  = Flexsim HC 

Animation 
Weighted averages 
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Figure 20: Feniks - ease of use in detail 

 

Table 39: Objective elements model building 

Total score CPN Total score Flexsim HC 

Library of reusable models Library of reusable models 
0,14 0,14 

  Model building Model building 
0,10 0,12 

  Coding aspects Coding aspects 
0,07 0,10 

  Input Input 
0,14 0,14 

   Total 0,45 0,50 

 

Table 40: Objective elements animation 

Animation - total CPN Flexsim HC 

Ease of use 6 9 
Weighted score 1,2 1,8 
   Performance 1 1 
Weighted score 0,2 0,2 
   Total 1,4 2 

1.42 

1.37 

1.36

1.37

1.38

1.39

1.40

1.41

1.42

1.43

Feniks - Model and input  
perceived ease of use in detail  

 ̶  = CPN-tools 

 ̶  = Flexsim HC 
 

Model and input 
Weighted averages 

1.60 

2.60 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

Feniks -  Animation 
perceived ease of use in detail  

 ̶  = CPN-tools 

 ̶  = Flexsim HC 
 

Animation 
Weighted averages 
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Table 41: Statements ease of use MDL 

Statement 1 and 2 Person Statement  CPN Flexsim HC 

Ease of use 1 1 5 5 
  2 5 5 
 2 1 3 4 
  2 4 5 
 3 1 3 3 
  2 3 5 
 4 1 4 4 
  2 3 5 
 Averages Statement 1 3,75 4,0 
  Statement 2 3,75 5 

 

Table 42: Statements usefulness MDL 

Statements 3 and 4 Person Statement CPN Flexsim HC 

Usefulness 1 3 5 5 
  4 5 5 
 2 3 3 5 
  4 3 5 
 3 3 3 5 
  4 3 5 
 4 3 3 5 
  4 3 5 
 Average Statement 3 3,5 5 
  Statement 4 3,5 5 

 

Table 43: Statements intention to use MDL 

Statements 5 and 6 Person Statement CPN Flexsim HC 

Intention to use 1 5 5 5 
  6 5 5 
 2 5 4 5 
  6 4 5 
 3 5 3 5 
  6 3 5 
 4 5 4 5 
  6 3 4 
 Average Statement 5 4,33 5,00 
  Statement 6 3,75 4,75 
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Figure 21: MDL - general measurements  

 

Table 44: Statements ease of use Feniks 

Statement 1 and 2 Person Statement CPN Flexsim HC 

Ease of use 1 1 2 2 
  2 3 2 
 2 1 1 1 
  2 2 4 
 3 1 1 1 
  2 4 4 
 Average Statement 1 1,33 1,33 
  Statement 2 3,00 3,33 

Table 45: Statements usefulness Feniks 

Statements 3 and 4 Person Statement CPN Flexsim HC 

Usefulness 1 3 3 4 
  4 4 4 
 2 3 2 2 
  4 2 2 
 3 3 2 2 
  4 3 3 
 Average Statement 3 2,33 2,67 
  Statement 4 3,00 3 

 

Table 46: Statements intention to use Feniks 

Statements 5 and 6 Person CPN Flexsim HC 

Intention to use 1 2 2 
  2 2 
 2 2 2 
  2 2 
 3 1 1 
  2 2 
 Average 2,00 2,00 
  1,67 1,67 

  

3.75 4.00 3.75 

5.00 
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5.00 
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5.00 
4.33 

5.00 

3.75 
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3.00

4.00
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MDL - Averages general measurements  
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HC 
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Intention to use 
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Figure 22: Feniks - averages general measurements 
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Appendix J – Case study MDL 

 

Appendix J1 – General information MDL 

 

 

Figure 23: Specialism Gastroenterology-Hepatology department 

 

Figure 24: Gastroscopy procedures 
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Figure 25: Colonoscopy and Sigmoidoscopy procedure 

 

Figure 26: Procedure room endoscopy section MDL 
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Figure 27: Current weekly schedule Annadal 

 

Figure 28:  Current Schedule MUMC+ (1) 

 

 
Monday Tuesday Wednesday Thursday Friday 

8:30 Gastroscopy Gastroscopy 
  

Gastroscopy 

8:45 Gastroscopy Gastroscopy 
  

Gastroscopy 

9:00 Colonoscopy Colonoscopy 
  

Colonoscopy 

9:30 Colonoscopy Colonoscopy 
  

Colonoscopy 

pauze 
     10:15 Colonoscopy Colonoscopy 

  
Colonoscopy 

10:45 Gastroscopy Gastroscopy 
  

Gastroscopy 

11:00 Colonoscopy Colonoscopy 
  

Colonoscopy 

11:30 Sigmoidoscopy Sigmoidoscopy 
  

Sigmoidoscopy 

11:45 Sigmoidoscopy Sigmoidoscopy 
  

Sigmoidoscopy 

Pauze 
     13:15 Colonoscopy Colonoscopy 

  
Colonoscopy 

13:45 Gastroscopy Gastroscopy 
  

Gastroscopy 

14:00 Colonoscopy Colonoscopy 
  

Colonoscopy 

14:30 Colonoscopy Colonoscopy 
  

Colonoscopy 

15:00 Sigmoidoscopy Sigmoidoscopy 
  

Sigmoidoscopy 

15:15 Sigmoidoscopy Sigmoidoscopy 
  

Sigmoidoscopy 

15:30 Gastroscopy Gastroscopy 
  

Gastroscopy 
 

Monday Tuesday Wednesday

8:30 Gastroscopy (2) (Sedation) Colonoscopy (4) Gastroscopy (2) (Sedation) Colonoscopy (4)

8:50 Gastroscopy (2) (Sedation) Gastroscopy (2) (Sedation)

9:10 Gastroscopy (2) (Sedation) Sigmoidoscopy (4) Sigmoidoscopy (4) Gastroscopy (2) (Sedation) Sigmoidoscopy (4)

9:30 Gastroscopy (2) Colonoscopy (4) Colonoscopy (2) Colonoscopy (4) Gastroscopy (2) Colonoscopy (4)

9:50 Gastroscopy (2) Gastroscopy (2)

Pauze

10:30 Gastroscopy (2) (wards) Colonoscopy (4) (wards) Colonoscopy (2) Colonoscopy (4) (wards) Gastroscopy (2) (wards) Colonoscopy (4) (wards)

10:50 Gastroscopy (2) Gastroscopy (2)

11:10 Gastroscopy (2) Sigmoidoscopy (4) (sedation) Colonoscopy (2) Sigmoidoscopy (4) (sedation) Gastroscopy (2) Sigmoidoscopy (4) (sedation)

11:30 Gastroscopy (2) Sigmoidoscopy (4) Sigmoidoscopy (4) Gastroscopy (2) Sigmoidoscopy (4)

11:50 Gastroscopy (2) (wards) Sigmoidoscopy (4) (wards) Sigmoidoscopy (4) (wards) Gastroscopy (2) (wards) Sigmoidoscopy (4) (wards)

12:10 Gastroscopy (2) Sigmoidoscopy (4) Sigmoidoscopy (4) Gastroscopy (2) Sigmoidoscopy (4)

Pauze

13:30 Colonoscopy (4) Colonoscopy (4) Colonoscopy (4)

14:10 Colonoscopy (4) Colonoscopy (4) Colonoscopy (4)

14:50 Colonoscopy (4) (wards) Colonoscopy (4) (wards) Colonoscopy (4) (wards)

15:30 Colonoscopy (4) Colonoscopy (4) Colonoscopy (4)

16:10 Colonoscopy (4) Colonoscopy (4) Colonoscopy (4)
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Figure 29: Current schedule MUMC+ (2) 

 

Note that these schedules are often not used in practice because of the changing number of 

requests. Nevertheless these schedules are used as a starting point.  

 

Figure 30: Endoscopy department in Annadal 

Thursday Friday

Colonoscopy (2) Colonoscopy (4) Gastroscopy (2) (Sedatie) Colonoscopy (4)

Gastroscopy (2) (Sedatie)

Colonoscopy (2) Colonoscopy (4) Gastroscopy (2) (Sedatie) Colonoscopy (4) (wards)

Gastroscopy (2)

Sigmoidoscopy (2) Sigmoidoscopy (4) Gastroscopy (2) (wards) Sigmoidoscopy (4)

Colonoscopy (2) Colonoscopy (4) (wards) Colonoscopy (2) Colonoscopy (4)

Colonoscopy (2) Colonoscopy (4) Colonoscopy (2) Colonoscopy (4) (wards)

Colonoscopy (2) Colonoscopy (4) Colonoscopy (4)

Intervention (2) Colonoscopy (4) Intervention (2) Intervention (4)

Intervention (2) Colonoscopy (4) Intervention (2) Intervention (4)

Intervention (2) Colonoscopy (4) (wards) Intervention (2) Intervention (4)

Intervention (2) Colonoscopy (4) Intervention (2) Intervention (4)

Intervention (2) Colonoscopy (4) Intervention (2) Intervention (4)
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Figure 31: Endoscopy department in MUMC+ 

 

The two redesign scenarios of in the master thesis of Habif (2011) which have been analysed 

are: 

1) Reorganisation of the process at Annadal: in the current situation one endoscopic 

procedure can be performed at a specific time since only one procedure and one 

recovery room with three beds are available. On a working day, one physician and two 

nurses are present. A possible redesign is an increase of available resources: one extra 

office space and one extra storage room is located in the outpatient clinic. The office 

space could be renovated and be used as a second treatment room. The storage room 

could, when combined with the current recovery room and newly equipped, result in a 

higher capacity of recovery beds. The increase of resources results in a new situation 

where two procedures can be performed at the same time. This requires an increase of 

the human resources in the outpatient clinic: an additional physician and one additional 

nurse are required to perform procedures in the second treatment room. This 

reorganisation of Annadal could be combined with an extension of the opening hours per 

week. In the current situation procedures are executed on three days per week. In a new 

situation opening hours can be extended to five days per week. 

A final redesign of the process in Annadal can be shifting minor tasks from nurses to the 

secretary. Tasks such as cleaning equipment, regulating basic recovery room processes 

(e.g. providing nutrition) and cleaning the recovery room could be done by the secretary, 

resulting in extra time nurses can use to prepare and assist new procedures.   

The four dimensions of the Devil’s quadrangle will changes in the following way: costs 

decrease and revenue increases, shorter waiting time, quality level does not change and 

flexibility increases. 

2) Reorganising day care at MDL department MUMC+: at first the number of patients 

requesting sedation increases. A second problem is the relative long time to transfer 

patients at the department of MDL in MUMC+. Previous analysis shows that the current 

capacity of three beds is not sufficient to cope with all requested procedures, taking into 
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account the increase of demand in 2013. 

A part of the department can, after renovation of a corridor, be used as a day care unit 

for endoscopy consisting of eight beds. As a result eight patients who had sedation 

could receive post-sedation care. The increase in number of beds requires an additional 

nurse to look after around twelve patients in the day care unit. A second advantage of 

locating the day care unit closely to the treatment rooms is the decrease of transfer time. 

Furthermore patients do not have to be transferred to a general day care unit of Internal 

Medicine, resulting in free capacity on those units, reduction of transfer time, better 

control of aftercare since patients stays at MDL department and elimination of the 

involvement of a nurse from the common day care unit. 

The last additional component of this redesign scenario is adding new treatment rooms 

to the MDL department. This part of the redesign is still being analysed by the hospital. 

Cost: decreases and revenue increases, time: shorter waiting time, quality: improves, 

flexibility: improves. 

In consultation with the process owners of MDL scenario 3 (special process for colonoscopy), 

scenario 4 (rearranging the ‘decide-location’ process) and scenario 5 (website for endoscopy) in 

the master thesis of Habif (2011), are not included in this master thesis project. A mathematical 

model for the third redesign scenario is more applicable to evaluate the Business Process 

Redesign. The fourth redesign is closely related to the redesign of reorganising the day care at 

the MDL department in MUMC+. The fifth redesign scenario is not related to a simulation study, 

but could be examined with e.g. a master thesis project focusing on system requirements 

engineering. 

Appendix J2 – Collect data and define model 

The data collection is performed by Hafif (2011) during his master thesis project. The main input 

data for this master thesis project can be found in his master thesis (Habif, 2011).  The data 

collection has been refined by making assumptions for specific data regarding the time 

durations: the verification of the model showed that in the data (of the activity ‘preparation’) no 

distinction was made between elective patients, patients from the wards or patients having 

sedation in MUMC+. The data of Annadal have not been changed in order to maintain the ability 

to compare the models in CPN-tools made by the students, with the models in Flexsim HC. 

Appendix J3 – Check assumptions 

The assumptions which were made during the modelling of the processes in Flexsim HC are 

partially derived from the master thesis of Habif (2011), discussed with and approved by the 

process owners of MDL. 

• The secretary of the MDL department plans/schedules the patients over the days.  

• Patients select a time slot for their specific procedure. 

• Only regular gastroscopy, colonoscopy, sigmoidoscopy are taken into account in the 

project. No emergency procedures are incorporated in the analyses and models, 

because of the lack of data. 

• All slots are always filled. Since the number of requests, shown Figure 4 exceeds the 

number of available slots, this assumption is valid. This is confirmed by a simulation 
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expert (Mrs. I.T.P. Vanderfeesten) at the Eindhoven University of Technology and Ir. R. 

Kolfin of TALUMIS, Logistic Simulation Solutions. 

• The current planning of Annadal and MUMC+ is used as a starting point for the design of 

the models, redesign and cost and profit analysis.  

• Time units in Flexsim HC are ‘minutes’. Distances are measured in ‘metres’.  

• No show percentage of patients: 0%.  

• Patients arrive early / in time: random between 0 and 20 minutes. 

• Specialist and staff member start at 8:30 A.M. with the first procedure. 

• Nurses start at 8.00 A.M. and in case patients arrives earlier (e.g. 8.20) the nurse 

prepares this patient for the procedure.  

• Shift ends when all patients are discharged. Sometimes employees will have to work 

more hours after their shift has ended. 

• The cleaning machine in Annadal can clean 2 random instruments at the same time.  

• Processing times of activities of Annadal are according to those reported in the master 

thesis (Habif, 2011). Refinements have been made to data of the processes in MUMC+ 

since these did not differentiate in preparation time for elective patients, patients from 

wards and patients requesting sedation. Those values are validated with perception of 

process owners (nurses) and are incorporated in the Flexsim HC models.  

• Percentages of patients with sedation / patients from wards and patients referred to 

MUMC+ and Annadal are derived from the master thesis Habif (2011) and current 

planning (e.g. gastroscopy_sedation in MUMC+). 

• Required capacity in 2016 based on forecast of number of patients in management 

report MDL. (Mestrom, 2012) 

• Net staffing costs: nurse (€26/h), specialist/staff member / AIOS(€81/h), receptionist 

(€21/h). 

• The outpatient clinic Annadal and MUMC+ is operational on a level of full time 44 weeks 

per year and this has been confirmed by the healthcare practitioners. A general 

explanation is given in Table 47. 

• Data of Habif (2011) have been (re)confirmed several times to work with and no further 

data collection would be needed. 

• The confidence level of all the confidence intervals of the results are 95%.   

Table 47: Number of working days per year MDL 

220 days (44 weeks) 

260 working days (5*52 weeks) 
10 Celebration days 
Half capacity (e.g. room closed) 
5 days Spring half-term 
5 days Carnival 
35 days Summer holiday 
10 days Conference 
5 days Christmas holiday 
Total half capacity = 60/2 = 30 days 
= 220 days 
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Appendix J4 – Construct Flexsim HC model and verify the model 

The next step is the construction of the Flexsim HC model and the verification of the model.  

The following models have been made in Flexsim HC for the MDL-department:  

1) current situation outpatient clinic of MDL ‘Annadal’, 2) current situation MUMC+,  

3) redesign scenario’s Annadal and 4) redesign scenario MUMC+. The models are described 

merely general. 

 

Construct Flexsim HC model: 

The model building in Flexsim HC is started by including the structure of the department: 

implementing the walls and walking paths on scale based on distances measured in Annadal 

and building drawings of the department in MUMC+. The objects inserted in the model are 

connected to the walking paths and the patients and staff flowing through the model use these 

paths to visit the objects: patient arrival object (at beginning of patient flow), patient exit object 

(at end of patient flow), patient queuing (e.g. waiting room area), patient processing (e.g. beds, 

dressing room), equipment group (e.g. computer table). An important remark regarding objects 

is that objects also refer to an ‘Area’ which may contain several objects. For example, a ‘Bed-

area’ may contain two or more objects (e.g. beds) and the patients will randomly (based on the 

availability of the bed) choose the object to use. Summarising, the physical layout of the model 

is determined by three main features: walls, walking paths and area/objects.  

In addition to the physical layout, when defining transfer area’s or process locations in a patient 

track, those should be connected in the flowchart module in Flexsim HC. Although the paths 

connect the different objects, the areas should be connected in the flowchart as well. The areas 

in the flowchart implicitly contain the connections between the objects (e.g. beds).    

The process flows and time durations described in the master thesis Habif (2011) are 

incorporated by ‘patient tracks’. The patient tracks (including e.g. ID number activity, time 

duration, required resources, costs, name etc.) represent the process flow (activities) of the 

patients who are arriving by the ‘patient arrival object’. The ID’s of the activities are used as 

predecessors, denoting that an activity can only start when the predecessor activity is finished. 

Note that this process starts at the time of the actual arrival of the patient in Annadal or 

MUMC+. The arrival of patients is the true physical arrival of patients in the hospital and not the 

contact moment to request an endoscopic procedure. The conversion of a request into an 

appointment (specific slot) is not (directly) supported by Flexsim HC.  

The arrivals in Annadal and MUMC+ are based on a fixed weekly schedule (Figure 27, Figure 

28 and Figure 29). In the patient arrival object this weekly schedule is implemented. This 

implicates that all slots are occupied. This way of modelling is close to reality since the number 

of requests per year exceeds the number of slots per year. The arrivals could have been 

modelled with a specified number of patients per hour per week (arriving randomly) or a 

specified inter-arrival time. This way of arrival modelling does correspond to the fixed schedule. 

The name of the slots corresponds to the type of procedure that is performed in a slot. However 

the distribution of the different types of patients is randomly, i.e. in Flexsim HC it was not 

possible to model a flexible assignment of a patient from a ward (colonoscopy / gastroscopy / 

sigmoidoscopy) or sigmoidoscopy_sedation to a slot. The schedule is made (and approved and 



141 
 

confirmed by the healthcare practitioner) with the correct percentages of patients from each 

category (regular without sedation /  sedated patients / patients from wards) to obtain results for 

each category. In Annadal only the patients having a colonoscopy procedure receive sedation. 

The gastroscopy and sigmoidoscopy procedures are performed without sedation. Furthermore, 

contrary to the department in MUMC+, Annadal does not treat patients coming from the wards.  

Verify the model: 

Law (2007) prescribes verification techniques which can be used to debug the simulation model 

and check whether they work correctly. The following methods have been applied to verify the 

models: 

1) Especially since Flexsim HC is new to the author of this master thesis the technique of 

testing the behaviour of a small model and extend the complexity of the model is 

applicable. Since the process flow was relatively straightforward the subsequent steps 

could be identified by checking the subsequent steps in the patient tracks.  

2) A review or structured review with the model is conducted with a healthcare 

practitioner by showing the process flow of a patient through the model. The execution is 

confirmed and approved by the healthcare practitioner. Furthermore the models are 

reviewed and commented by the simulation expert of TALUMIS, Logistic Simulation 

Solutions B.V. 

3) The ‘tracing’ technique is applied by means of clicking on patients in the model to 

show their current states and checking whether the order of the process flow and patient 

sequence is executed correctly. This verification is performed in cooperation with a 

healthcare practitioner. He confirmed approved the correctness of the process 

execution. 

4) The use of animation is already incorporated by the previous two techniques by 

analysing the animation of the process flows of patients and their states during the 

process execution. By checking the states of each patient, it was observed the sequence 

of activities was in the correct sequence defined in the patient tracks. 

5) The advantage of using Flexsim HC is the reduction in the amount of coding required 

for modelling a situation. Often this is typical for application-oriented simulation software. 

It does guarantee the correctness of a model to a high extent, since probably fewer 

errors are made during the model building. 

Furthermore some general verification techniques have been applied: Business Process 

Management (BPMN) models of MDL have been compared with the Flexsim HC models 

as a verification technique to check whether all activities in the processes of the case studies 

are incorporated and in the correct order. Subsequently the models of Feniks in Flexsim HC are 

tested and verified by organising meetings with different stakeholders of the MDL-

department. Finally verification is implicitly conducted by means of the extensive contact with 

the provider of Flexsim HC in The Netherlands, TALUMIS, Logistics Simulation Solutions in 

Utrecht to assure the models are correct and supported by Flexsim experts. (Van Aken, 

Berends, & Van der Bij, 2007) 

The results of the verification techniques show the models are correct and can be used to 

simulate the current situation. 
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Appendix J5 – Pilot runs 

Pilot runs for both Annadal and MUMC+ are performed to check whether the stochastic 

simulation provides comparable results as the results in practice. In other words, we validate the 

models by means of pilot runs. 

The key performance indicators (KPI’s) analysed for Annadal and MUMC+ are shown in Table 

48.  

Table 48: KPI's Annadal and MUMC+ 

KPI’s Annadal KPI’s MUMC+ 

Throughput time of patients Throughput time of patients 
Staffing costs per patients Staffing costs of patients 
End time of the procedure room in Annadal End time of day care unit: time at the end of the day the last 

patient is discharged from the day care unit 
End time of Annadal End time of endoscopy section: time at the end of the day the 

last patient is discharged from the endoscopy section and is 
transported to the day care unit or is discharged.  

 Time in procedure room per patient  
 Utilisation rates of rooms 

 

The first two KPI’s of Annadal are the main performance indicators which were communicated 

to the students following the course executable models of logistics processes (1BM16) in 2012 

and which can be found in their reports. The end times are calculated based on the time the last 

activity of the last patient or the last activity in a room has ended. The time in the procedure 

rooms are calculated based on the time differences between the start time and end time of 

different activities. The utilisation rates are determined based on the average time spent per 

type of procedure, number of procedures of that particular type on a day and the total time 

planned for the procedures. 

Appendix J5.1 – Pilot runs Annadal 

The number of replications is set at 5. According to Law & Kelton (2000) 5-10 replications is in 

practice sufficient to satisfy the ‘law of large numbers’ (i.e.central limit theorem / normal 

distribution), which states that the outcomes of the different simulation runs does not affect the 

coverage of the confidence interval too much. For an initial validation of the model 5 replications 

is according to Law & Kelton (2000) sufficient.  

The warm-up period is set at 0 week since the process starts and ends in an empty state, in 

other words at the beginning or at the end of the day no patients are waiting for a treatment. The 

run length is set at 44 weeks according to the number of weeks the MDL-department is open.  

The average of the confidence interval is based on the averages of the five replications and the 

standard deviation is based on the standard deviation of the five replications. 

The functionality ‘experiment manager’, a tool in Flexsim HC to set simulation settings, is used 

to simulate the current situation of both Annadal and MUMC+. The number of replications and 

run length can be parameterized in this console which is important for obtaining sufficient and 

independent results for analysing the running of the model. The output for each replication is 

exported to a Microsoft Excel file. Subsequently, the performance measures are calculated by 

means of a dedicated template constructed for this analysis.  
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The analysis of the data is performed in a template constructed in Excel. The experiment 

manager is not used to analyse the results, since based on experiences during informal pilot 

runs of the model several issues, which are summarised below, are encountered.   

1) The results of the throughput time and costs of the experiment manager could not be 

interpreted: the average values, minimum value and maximum value of the throughput 

time were equal while because of the use stochastic distribution for time durations of 

activities these values should be different. The cost analysis of the experiment manager 

showed that the costs per patient for a large patient group (i.e. high number of patients 

within a particular category, e.g. colonoscopy) were lower compared to the costs for a 

small patient group (e.g. sigmoidoscopy). The length of stay of the large patient group 

(e.g. colonoscopy) is however higher and more activities involving human resources are 

performed. Therefore it would have been more likely when these costs were higher.  

2) The analysis of phases in the process could be performed more accurately using 

Microsoft Excel. For example, the actual time in the procedure room is the difference in 

start time of the different activities which are performed in the room (e.g. start time leave 

procedure room - start time transport to procedure room). This type of calculations can 

be better performed using Excel than by the experiment manager in Flexsim HC. 

At first, the output files record these starting times in ascending order of the number of 

activities defined in the patient tracks. Each activity has an unique ID number. But since 

the patient tracks contain different number of activities it is not easy to analyse the time 

for a particular phase of the process (e.g. all tasks related to the procedure phase). For 

example: in a particular patient track it should be the time between activity number 4 and 

activity number 11, while for another track it should have been the time between activity 

5 and activity 15. 

Secondly the analysis of the experiment manager accumulates the time in a bed (e.g. 

time in procedure room) throughout the whole patient process. For example, the time for 

recovery of the patient in another bed is added to the time in a bed used during the 

procedure, e.g. a procedure of 30 minutes and recovery of 45 minutes, results in 75 

minutes. Accordinlgy, the effective time in a bed for the procedure cannot be calculated 

separately. 

Table 49: Set-up pilot runs 

Number of replications 5 

Length of warm-up period 0 weeks 
Run/replication length 44 weeks 
Confidence interval (95%) 

n

s
tn

2

2/,1

 

 
Table 50: Results pilot runs Annadal 

 Average Throughput Time Average Std. Dev. Lower bound Upper bound 

Colonoscopy 144,83 24,24 127,49 162,18 
Gastroscopy 38,72 16,67 26,80 50,65 
Sigmoidoscopy 55,81 12,29 47,02 64,60 
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Table 51: Results pilot runs Annadal 2 

 Average Staffing  
Costs 

Average 
(Std. Dev. Staffing Costs) 

Lower bound Upper bound 

Colonoscopy 100,15 20,06 85,80 114,50 
Gastroscopy 39,41 11,07 31,50 47,33 
Sigmoidoscopy 38,77 6,413 34,19 43,36 

 

Table 52: End time procedure room Annadal 

End time procedure 
room 

Average Std. 
Dev. 

Lower bound Upper 
bound 

Mon, Tue, Fri 16:13:31 0:09:30 16:01:43 16:25:18 

 

Table 53: End time Annadal (recovery) 

End time 
Annadal 

Average Std. 
Dev. 

Lower 
bound 

Upper 
bound 

Mon, Tue, Fri 16:35:58 0:11:28 16:21:44 16:50:13 

Appendix J5.2 – Pilot runs MUMC+ 

The number of replications is set at 5. According to Law & Kelton (2000) 5-10 replications is in 

practice sufficient to satisfy the ‘law of large numbers’ (i.e.central limit theorem / normal 

distribution), which states that the outcomes of the different simulation runs does not affect the 

coverage of the confidence interval too much. For an initial validation of the model 5 replications 

is according to Law & Kelton (2000) sufficient.  

The warm-up period is set at 0 week since the process starts and ends in an empty state, in 

other words at the beginning or at the end of the day no patients are waiting for a treatment. The 

run length is set at 44 weeks according to the number of weeks the MDL-department is open.  

The average of the confidence interval is based on the averages of the five replications and the 

standard deviation is based on the standard deviation of the five replications. 

The functionality ‘experiment manager’, a tool in Flexsim HC to set simulation settings, is used 

to simulate the current situation of both Annadal and MUMC+. The number of replications and 

run length can be parameterized in this console which is important for obtaining sufficient and 

independent results for analysing the running of the model. The output for each replication is 

exported to a Microsoft Excel file. Subsequently, the performance measures are calculated by 

means of a dedicated template constructed for this analysis. 

 
The analysis of the data is performed in a template constructed in Excel. The experiment 

manager is not used to analyse the results, since based on experiences during informal pilot 

runs of the model several issues, which are summarised below, are encountered.   

1) The results of the throughput time and costs of the experiment manager could not be 

interpreted: the average values, minimum value and maximum value of the throughput 

time were equal while because of the use stochastic distribution for time durations of 

activities these values should be different. The cost analysis of the experiment manager 

showed that the costs per patient for a large patient group (i.e. high number of patients 

within a particular category, e.g. colonoscopy) were lower compared to the costs for a 

small patient group (e.g. sigmoidoscopy). The length of stay of the large patient group 

(e.g. colonoscopy) is however higher and more activities involving human resources are 

performed. Therefore it would have been more likely when these costs were higher.  
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2) The analysis of phases in the process could be performed more accurately using 

Microsoft Excel. For example, the actual time in the procedure room is the difference in 

start time of the different activities which are performed in the room (e.g. start time leave 

procedure room - start time transport to procedure room). This type of calculations can 

be better performed using Excel than by the experiment manager in Flexsim HC. 

At first, the output files record these starting times in ascending order of the number of 

activities defined in the patient tracks. Each activity has an unique ID number. But since 

the patient tracks contain different number of activities it is not easy to analyse the time 

for a particular phase of the process (e.g. all tasks related to the procedure phase). For 

example: in a particular patient track it should be the time between activity number 4 and 

activity number 11, while for another track it should have been the time between activity 

5 and activity 15. 

Secondly the analysis of the experiment manager accumulates the time in a bed (e.g. 

time in procedure room) throughout the whole patient process. For example, the time for 

recovery of the patient in another bed is added to the time in a bed used during the 

procedure, e.g. a procedure of 30 minutes and recovery of 45 minutes, results in 75 

minutes. Accordinlgy, the effective time in a bed for the procedure cannot be calculated 

separately. 

Table 54: Pilot runs - Throughput times MUMC+ 

Confidence Interval Average  Std. dev. Lower bound Upper bound 

Colonoscopy_Sedation 112,45 10,04 99,98 124,92 
Colonoscopy_Sedation_Room2 116,08 13,22 99,67 132,49 
Colonoscopy_Wards 41,13 8,52 30,54 51,71 
Gastroscopy 33,37 14,67 15,15 51,59 
Gastroscopy_Sedation 105,81 14,55 87,74 123,87 
Gastroscopy_Wards 31,82 13,17 15,47 48,16 
Sigmoidoscopy 34,61 9,36 22,99 46,24 
Sigmoidoscopy_Room2 39,57 13,95 22,25 56,89 
Sigmoidoscopy_Sedation 102,03 7,48 92,75 111,32 
Sigmoidoscopy_Wards 34,22 8,00 24,29 44,16 

 

Table 55: Pilot runs - staffing costs MUMC+ 

Confidence Interval Average Std. dev. Lower bound Upper bound 

Colonoscopy_Sedation 81,75 14,47 63,79 99,72 
Colonoscopy_Sedation_Room2 84,53 17,04 63,38 105,69 
Colonoscopy_Wards 71,51 13,03 55,32 87,69 
Gastroscopy 32,99 4,98 26,81 39,17 
Gastroscopy_Sedation 46,43 8,22 36,21 56,64 
Gastroscopy_Wards 33,17 3,89 28,33 38,00 
Sigmoidoscopy 35,72 4,37 30,29 41,15 
Sigmoidoscopy_Room2 35,26 4,35 29,86 40,66 
Sigmoidoscopy_Sedation 49,92 8,60 39,24 60,59 
Sigmoidoscopy_Wards 34,15 3,54 29,75 38,54 

 

Table 56: Pilot runs - End time day care MUMC+ 

End time day care Average Std. Dev. Lower bound Upper bound 

Mon, Tue, Wed, Thu 17:50:48 0:08:40 17:40:02 18:01:33 
Fri 13:31:21 0:09:12 13:19:55 13:42:46 
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Table 57: Pilot runs - End time endoscopy section MUMC+ 

End time endoscopy section (room 4) Average Std. Dev. Lower bound Upper bound 

Mon, Tue, Wed, Thu 16:42:53 0:07:56 16:33:02 16:52:44 
Fri 12:23:45 0:08:54 12:12:41 12:34:48 

 

Table 58: Pilot runs - End time room 2 MUMC+ 

End time room 2 Average Std. Dev. Lower bound Upper bound 

Mon, Tue, Wed, Thu 12:12:48 0:20:41 11:47:07 12:38:30 
Fri 11:52:43 0:13:11 11:36:20 12:09:05 

 

Table 59: Pilot runs - time in procedure room MUMC+ 

Time in procedure room Average Std. Dev. Lower bound Upper bound 

Colo 36,93 8,08 26,90 46,97 
Colo 2 38,92 9,60 27,00 50,83 
Colo wards 35,13 6,07 27,59 42,66 
Gastro 13,57 1,77 11,38 15,76 
Gastro_sed 26,21 9,33 14,62 37,80 
Gastro_wards 20,95 2,35 18,03 23,87 
Sigmo 16,93 1,86 14,62 19,23 
Sigmo_sed 27,33 5,44 20,57 34,09 
Sigmo_wards 20,36 2,31 17,49 23,22 
Sigmo (2) 16,90 1,92 14,52 19,29 

 

Table 60: Pilot run - utilisation rates room 2 and room 4 

Planned slots (min) Utilisation room 2  Average Std. dev. Lower Bound Upper bound 

220  Mon   91,79 19,69 77,70 105,87 
120  Tue 97,29 23,99 80,13 114,45 
220  Wed 92,62 19,69 77,70 105,87 
220  Thu 96,13 22,69 79,90 124,27 
180  Fri 106,09 28,51    85,70 126,49 

       
Planned slots (min) Utilisation room 4  Average  Lower Bound Upper bound 

380  Mon 93,00 17,33 80,60 105,39 
420  Tue 92,93 17,60 80,34 105,52 
420  Wed 92,93 17,60 80,34 105,52 
420  Thu 91,11 19,57 79,58 107,59 
220  Fri 94,72 19,01 81,12 108,32 

Appendix J6 – Results validation results pilot runs 

The main results of both Annadal and MUMC+ are validated by means of  comparing the results 

with the existing system and during a meeting with the process owners.  

- Comparing with the existing system: the results are compared to data collected by Habif 

(2011). The results were comparable to the collected data, but since only very limited 

data were collected for the categories ‘sigmoidoscopy’ and ‘gastroscopy’ a second 

validation is performed with process owners.   

- Comparing with expert opinion: the results are discussed with a gastro-enterologist and 

head of the endoscopy department. In general the results were confirmed by the 

healthcare practitioners, with a deviation of 15 min per day for the end times of a 

procedure room. 

The throughput times of the patients from the wards (e.g. gastroscopy versus 

gastroscopy with sedation) were relatively low to the gastro-enterologists opinion since 

those patients often arrive late compared to their slot time. The deviation can be 

explained by the time registered for planning a patient: the time between a patient from 
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the ward is called until the time the patient arrives are not included in the model, since in 

Flexsim HC a process (and thus throughput time measurement) starts with the actual 

arrival of a patient. 

The throughput times of gastroscopy (sedation) and sigmoidoscopy (sedation) in 

MUMC+ were relatively equal, which is supported by the fact that those procedures have 

more or less the same time duration. 

The end time of the endoscopy section in MUMC+ is similar to the end time of room 4. 

The end time of room 2 is conform the situation in practice according to the healthcare 

practitioners. In the afternoon no procedures are scheduled in room 2, since it has to be 

available for intervention procedures. 

The validation of Annadal showed results which could not be explained by the process 

owners since the throughput times were too high compared to the throughput times in 

practice. Therefore the CPN-model of Habif (2011) was checked and in this model 

different time durations were used compared to the time duration reported in his master 

thesis. Moreover when analysing the data / time durations measured by Habif (2011), 

those did not correspond to the beta distributions in his master thesis. In order to be able 

to make good comparisons between CPN-tools and Flexsim HC these data have not 

been changed, since it would disturb the project work of students of Executable models 

(1BM16) too much. Main point of interest is thus whether the results of the students align 

in general with the results of the Flexsim HC model. 

It can be concluded that the results in general align with the actual process execution. 

Appendix J7.1 – Design experiments 

The implementation of redesign scenarios in Flexsim HC is in cooperation with employees of 

the MDL-department and the Feniks project team. Interviews are conducted to determine the 

preferences towards the redesigns to be modelled in Flexsim HC next to the redesign scenario’s 

proposed in a master thesis conducted by master student (master Business Information 

Systems, TU/e) (Habif, 2011) . When a well-defined focus was developed regarding these 

preferred redesigns, the models in Flexsim HC were developed. (Van Aken, Berends, & Van der 

Bij, 2007) 

The design specifications I have used for the final experiments are similar to the specifications 

of the pilot runs, but now 10 replications are performed. In Table 61 the redesign scenario’s are 

briefly introduced. In general the redesign scenario’s of Annadal have been compared with 

some of the redesigns of the students of Executable models (1BM16). The redesign scenario’s 

of MUMC are constructed in close cooperation with the gastro-entrologist, head of the 

endoscopy department and company facilitator of MUMC+. 
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Table 61: Redesign scenario's MDL – mapping TRIZ-principles and best practices  

Redesign Scenario TRIZ-principles / Best practices 

1) Proposed redesign Annadal. Resource adjustment / Reconstruction 

(extra procedure room, extra human resources) 
2) Redesign Annadal: no reservation of 

dressing room – lockers or clothes with 
patient in procedure room 

Resource adjustment (clothes in locker) 
Resequencing (process of clothes) 

3) Redesign Annadal: one extra nurse Resource adjustment (extra nurse) 

4) Redesign Annadal: two extra nurses Resource adjustment (two extra nurses) 

5) Redesign MUMC+: renovation day care unit, 
new patient schedule, additional procedure 
rooms and closing outpatient clinic Annadal. 

 

Resource adjustment / Reconstruction (2 extra 

procedure rooms, day care unit with 10 beds, extra 
human resources) 
Centralisation (capacity Annadal to hospital) 
Resequencing (sedation preparation at day care unit) 
Order types (new patient schedule with initial time 

slots and similar end times procedure room / day care) 
Specialist (planning: room 2 only utilized for 

gastroscopy, room 4 / extra room 2 only utilized for 
colonoscopies/screening) 
Generalist (planning: extra room 1 more generalist – 

colonoscopy and sigmoidoscopy)   
 

6) Redesign MUMC+: similar redesign as (5), 
but with adapted slot lengths based on time 
in procedure room 

 

Resource adjustment / Reconstruction (2 extra 

procedure rooms, day care unit with 10 beds, extra 
human resources, capacity Annadal to hospital) 
Resequencing (sedation preparation at day care unit) 
Order types (new patient schedule with shorter time 

slots and new end times procedure room / day care) 
Specialist (planning: room 2 only utilized for 

gastroscopy, room 4 / extra room 2 only utilized for 
colonoscopies/screening) 
Generalist (planning: extra room 1 more generalist – 

colonoscopy and sigmoidoscopy) 

The redesign scenarios refer to best practices of Reijers & Mansar (2005) and Theory of 

inventive problem solving principles (TRIZ-principles) of Zhang, Chai, & Tan (2005). The best 

practices of Reijers & Mansar (2005) are, compared to the TRIZ-principles, more process-

oriented. The TRIZ principles are grounded in the product development domain. 

An extension of the literature review, mapping best practices to TRIZ principles, resulted in new 

best new best practices for service processes, e.g. healthcare processes. An example of a 

newly identified best practice is resource adjustment Nitu (2012). Nitu (2012) defined this best 

practice as considering the change in number of (non-) human resources.   

Redesign 5 and redesign 6 refer to the redesign of the hospital as introduced by Habif (2011). In 

addition to his proposed redesign a new patient schedule is constructed, since the current 

planning could not be used in 2016 because of the changing number of patients per category of 

procedure.Similarly,  a new patient schedule is constructed for the patients referred to the 

outpatient clinic Annadal. Next to the data analysis of the forecast, the new patient schedules 

and renovation proposal for new rooms can be found in Appendix J7.2 – New patient schedules 

MDL. The difference between redesign 3 and redesign 4 is the slot length of the procedures 

with sedation and gastroscopy. At first the slots of procedures with sedation are shortened since 

the actual time in the procedure room will be shorter when the preparation is performed at the 

day care unit. Secondly the analysis of the current situation showed that the gastroscopy slots 

can be shortened, since most of the gastroscopy procedure are finished within 15 minutes and a 

slot of 20 minutes is too long. 
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The calculations for constructing the patient schedules can be found in Appendix J7.2 – New 

patient schedules MDL. The calculation is rather straight forward. The forecast of the number of 

patients in 2016 per procedure category is recalculated for the origin of the patient (regular, 

wards or sedation) and the numbers are calculated per week to obtain a basis for a fixed weekly 

schedule. Note that in consultation with Ir. R.J.B. Vanwersch it is decided to focus on end times 

similar to the current situation and that room 2 should be empty for intervention procedures in 

the afternoon. An underlying assumption of the new patient schedule is again that all slots are 

planned and the no show percentage is 0%.      

The new ‘block’ planning is a key change to the current situation. The block planning consists of 

blocks of patients of the same type of procedure, e.g. patients having a gastroscopy procedure 

requesting sedation are planned directly after each other at a specific part of the day. This is 

preferred by head of the endoscopy department Mr. T. Mestrom and during the validation round 

supported by gastro-enterologist Drs. R. De Ridder. 

 

The ‘block’ planning entails the advantages stated below: 

- The ‘block’ planning is orderly and therefore more straightforward to be used by the 

receptionists. 

- ‘Block’ planning satisfies the policy of the department that patients from the wards can be 

treated within 3 working days. 

- The ‘block’ planning improves the support of teaching and academic purposes of MUMC+: 

the ordening of the types of procedures facilitates the planning of Arts In Opleiding tot 

Specialist (AIOS). 

- The block planning contributes to learning curve effects and efficiency and may decrease 

the risk of errors given the routine planned days.   

The advantages are discussed with the gastro-entrologist Drs. R. De Ridder and head of the 

Endoscopy department Mr. T. Mestrom and they support the advantages.  

The new patient schedule covers some additional TRIZ-principles / best practices. First, by 

ordering the patients based on their type of procedure, a kind of order types principle is applied. 

The order principle is normally used to determine whether a new business process should be 

distinguished if tasks not related anymore to the same type of order. The block planning 

impliclity show a change in the processes during the day since the type of procedure is 

changing.  Furthermore as can be observed in the new schedule room 2 is dedicated for 

gastroscopies, room 4 for colonoscopies, and ‘new room 2’ (Appendix J7.2 – New patient 

schedules MDL) for the screening procedures. The planning causes these rooms to be more 

specialised for a particular type of procedure. The ‘new room 1’, see renovation figure in 

Appendix J7.2 – New patient schedules MDL,  on the other hand is more generalized: both 

colonoscopies and sigmoidoscopies can be performed in this procedure room. 
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Appendix J7.2 – New patient schedules MDL 
 

Table 62: Data analysis MUMC+ 2016 

  Colonoscopy  Gastroscopy   Sigmoidoscopy   Screening 

 Prognosis 2016 4551  2650   930   1400 
 81% MUMC+ 3686,31  2146,5   753,3   1400 
    Regular (80%)   Regular  

(80%) 
   

    1717,2   602,64    
MUMC+  Regular  

(80%) 
Wards  
(20%) 

Sedation  
(33%) 

Non-sedation  
(67%) 

Wards  
(20%) 

Sedation  
(16%) 

Non-sedation  
(83%) 

Wards  
(20%) 

100% 

 Percentages 0,80 0,20 0,33 0,67 0,20 0,17 0,83 0,20 1,00 
 Total 2016  

(# patients) 
2949,048 737,262 572,4 1144,8 429,3 100,44 502,2 150,66 1400 

 44 weeks 44 44 44 44 44 44 44 44 44 
 Average 

(# procedures  
per week) 

68 17 14 27 10 3 12 4 32 

           Planning Per day 15 4 3 6 2 1 3 1 7 
 Mon, Tue, Wed, Thu 60 16 12 24 8 3 (except for thu) 12 4 28 
 Fri 8 1 2 3 2 0 0 0 4 

 

Table 63: Data analysis Annadal 2016 

  Colonoscopy Gastroscopy Sigmoidoscopy 

Annadal 19% Annadal 2016 864,69 503,5 176,7 
 44 weeks 44 44 44 
 Average # procedures per 

week 
20 12 5 

     Planning Mon 7 5 5 
 Tue 9 5 0 
 Fri 4 2 0 
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Table 64: New patient schedule MUMC+ - redesign 1 

Monday, Tuesday, Wednesday, Thursday     

Room 2  Room 4  New Room 1  New Room 2  
08:30 Gastro_sed 08:30 Colonoscopy 08:30 Colonoscopy 08:30 Screening 
08:50 Gastro_sed 09:10 Colonoscopy 09:10 Colonoscopy 09:30 Screening 
09:10 Gastro_sed 09:50 Colonoscopy 09:50 Colonoscopy 10:45 Screening 
09:30 Gastro 10:45 Colonoscopy 10:45 Colonoscopy 11:45 Screening 
09:50 Gastro 11:25 Colonoscopy 11:25 Colonoscopy_wards 13:30 Screening 
10:30 Gastro 12:05 Colonoscopy 12:05 Colonoscopy_wards 14:30 Screening 
10:50 Gastro 13:30 Colonoscopy 13:30 Colonoscopy_wards 15:30 Screening 
11:10 Gastro 14:10 Colonoscopy 14:10 Colonoscopy_wards   
11:30 Gastro 14:50 Colonoscopy 14:50 Sigmo_sed   
11:50 Gastro_wards 15:30 Colonoscopy 15:10 Sigmo   
12:10 Gastro_wards 16:10 Colonoscopy 15:30 Sigmo   

13.30-
16.30 

Intervention   15:50 Sigmo    

    16:10 Sigmo_wards    
Friday        

08:30 Gastro_sed 4:08:30 Colonoscopy 4:08:30 Colonoscopy 4:08:30 Screening 
08:50 Gastro_sed 4:09:10 Colonoscopy 4:09:10 Colonoscopy 4:09:30 Screening 
09:10 Gastro 4:09:50 Colonoscopy 4:09:50 Colonoscopy 4:10:45 Screening 
09:30 Gastro 4:10:45 Colonoscopy 4:10:45 Colonoscopy 4:11:45 Screening 
09:50 Gastro 13.30-

16.30 

Intervention 4:11:25 Colonoscopy_wards   

10:30 Gastro_wards       
10:50 Gastro_wards       

11.30-
16.30 

Intervention       

 

Note that the new patient schedules of redesign 1 are constructed with the objective to obtain similar end times for room 2, room 4, 

the endoscopy section and day care unit, as in the current situation for Monday, Tuesday, Wednesday ad Thursday. This is done by 

approximately, taking into account the slot times, planning the day until these end times.  
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Table 65: New patient schedule Annadal – redesign 1 

Monday  Tuesday  Friday  

08:30 Colonoscopy 08:30 Colonoscopy 08:30 Colonoscopy 
09:00 Colonoscopy 09:00 Colonoscopy 09:00 Colonoscopy 
09:30 Colonoscopy 09:30 Colonoscopy 09:30 Colonoscopy 
10:00 Colonoscopy 10:00 Colonoscopy 10:00 Colonoscopy 
10:45 Colonoscopy 10:45 Colonoscopy 10:45 Gastroscopy 
11:15 Colonoscopy 11:15 Colonoscopy 11:00 Gastroscopy 
11:45 Colonoscopy 11:45 Colonoscopy   
12:15 Gastroscopy 12:15 Gastroscopy   
13:30 Gastroscopy 13:30 Gastroscopy   
13:45 Gastroscopy 13:45 Gastroscopy   
14:00 Gastroscopy 14:00 Gastroscopy   
14:15 Gastroscopy 14:15 Gastroscopy   
14:30 Sigmoidoscopy 14:30 Colonoscopy   
14:45 Sigmoidoscopy 15:00 Colonoscopy   
15:00 Sigmoidoscopy     
15:15 Sigmoidoscopy     
15:30 Sigmoidoscopy     
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Table 66: New patient schedule MUMC+ - redesign 2 

Monday, Tuesday, Wednesday, Thursday     

Room 2  Room 4  New room 1 New room 2 
08:30 Gastro_sed 08:30 Colonoscopy 08:30 Colonoscopy 08:30 Screening 
08:45 Gastro_sed 09:00 Colonoscopy 09:00 Colonoscopy 09:30 Screening 
09:00 Gastro_sed 09:30 Colonoscopy 09:30 Colonoscopy 10:45 Screening 
09:15 Gastro 10:00 Colonoscopy 10:00 Colonoscopy 11:45 Screening 
09:30 Gastro 10:45 Colonoscopy 10:45 Colonoscopy_wards 13:30 Screening 
09:45 Gastro 11:15 Colonoscopy 11:25 Colonoscopy_wards 14:30 Screening 
10:00 Gastro 11:45 Colonoscopy 12:05 Colonoscopy_wards 15:30 Screening 
10:30 Gastro 12:15 Colonoscopy 13:30 Colonoscopy_wards  
10:45 Gastro 13:30 Colonoscopy 14:10 Sigmo_sed   
11:00 Gastro_wards 14:00 Colonoscopy 14:25 Sigmo   
11:20 Gastro_wards 14:30 Colonoscopy 14:45 Sigmo   

11:45-
16:30 

Intervention 15:00-16:30 Intervention 15:05 Sigmo   

    15:25 Sigmo_wards   
        Friday        

08:30 Gastro_sed 08:30 Colonoscopy 08:30 Colonoscopy 08:30 Screening 
08:45 Gastro_sed 09:00 Colonoscopy 09:00 Colonoscopy 09:30 Screening 
09:00 Gastro 09:30 Colonoscopy 09:30 Colonoscopy 10:45 Screening 
09:15 Gastro 10:00 Colonoscopy 10:00 Colonoscopy 11:45 Screening 
09:30 Gastro 10:30-16:30 Intervention 10:45 Colonoscopy_wards  
09:45 Gastro_wards       
10:05 Gastro_wards       

10:30-
16:30 

Intervention       

Note that the schedule for the room of Annadal will not change since the time slots of redesign 1 reflect the time in the procedure 

room and thus the slot times for the procedures in room Annadal are not adapted. 
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Figure 32: Endoscopy department after renovation 
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Appendix J8 – Make production runs 

The production / simulation runs for Annadal and MUMC+ are performed with the experiment 

manager in Flexim HC. For each replication an output file is created, which is analysed in a 

template in Excel. 

The results of CPN-models of the students and comparison with the results of the Flexsim HC 

models can be found in Appendix J8.1 – Comparison production runs Annadal.  

The results of the production runs of the model of MUMC+ are shown in Appendix J8.2 – 

Results production runs MUMC+. 

The results of the redesign scenarios of MUMC+ can be found in Appendix J8.3 – Results 

redesign 1 MUMC+ and Appendix J8.4 – Results redesign 2 MUMC+. 

Appendix J8.1 – Comparison production runs Annadal 

The number of replications is set at 10. According to Law & Kelton (2000) 5-10 replications is in 

practice sufficient to satisfy the ‘law of large numbers’ (i.e.central limit theorem / normal 

distribution), which states that the outcomes of the different simulation runs does not affect the 

coverage of the confidence interval too much. The warm-up period is set at 0 week since the 

process starts and ends in an empty state, in other words at the beginning or at the end of the 

day no patients are waiting for a treatment. The run length is set at 44 weeks according to the 

number of weeks the MDL-department in MUMC+ and Annadal is open. 

Table 67: Set-up final experiments 

Number of replications 10 

Length of warm-up period 0 weeks 
Run/replication length 44 weeks 
Confidence interval (95%) 

n

s
tn

2

2/,1  
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Table 68: Comparison results CPN-tools and Flexsim HC 

Group 1     Output Flexsim HC   CI Overlapping 
(Y/N) 

Current 
situation 

Lower 
bound 

Average Upper 
bound 

 Lower  
bound 

Average Upper 
bound 

 

Colo 145,80 149,40 153,00  127,12 144,43 161,73 Y 
Gastro 41,40 44,40 47,40  26,65 38,54 50,44 Y 
Sigmo 35,40 43,20 51,00  46,68 55,42 64,16 Y 
Overall 106,50 110,10 113,80  51,21 89,08 126,96 Y 
         Redesign Lower  

bound 
Average Upper 

bound 
 Lower bound Average Upper 

bound 
 

Colo 99,84 100,00 100,16  94,42 101,80 109,17 Y 
Gastro 22,40 22,84 23,28  21,81 23,60 25,40 Y 
Sigmo 14,81 17,87 20,93  23,29 28,23 33,17 N 
         Clothes / 
Lockers / 
no reservation 

Lower bound Average Upper 
bound 

 Lower bound Average Upper 
bound 

 

Colo 159,78 162,58 165,37  117,89 142,79 167,69 Y 
Gastro 52,36 56,26 60,16  26,65 38,83 51,02 N 
Sigmo 43,56 52,68 61,81  46,94 56,28 65,63 Y 
         Extra nurse Lower bound Average Upper 

bound 
 Lower bound Average Upper 

bound 
 

Colo 144,92 147,17 149,43  101,80 110,66 119,51 N 
Gastro 30,05 32,30 34,55  24,07 32,73 41,39 Y 
Sigmo 31,01 38,12 45,23  33,27 41,73 50,18 Y 
         2 Extra nurses Lower bound Average Upper 

bound 
 Lower bound Average Upper 

bound 
 

Colo 124,96 125,89 126,82  100,18 108,71 117,23 N 
Gastro 33,27 35,03 36,79  24,22 32,74 41,25 Y 
Sigmo 30,10 35,43 40,77  33,17 41,66 50,14 Y 
                  Group 10 Redesign    Redesign    
 56,91 57,20 57,49  31,35 58,97 86,59 Y 
Group 12 Overall    Overall    
 113,52 114,14 114,76  51,21 89,08 126,96 Y 
 Overall        
Group 13 97,73 101,00 104,27  51,21 89,08 126,96 Y 
Group 15 Overall    Overall    
 97,68 99,00 100,32  51,21 89,08 126,96 Y 
 Redesign    Redesign    
 75,11 75,37 75,63  31,35 58,97 86,59 Y 

Note that the above groups are selected because of the main similarities in assumptions and construction of the model with the 

Flexsim HC model (e.g. type of procedures included etc.). 
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Group 1 reported results on the end times of procedures and Annadal for the current situation. A first patient left in their model at 

8.52 and the last patient left at 17.32. In the Flexsim HC model the first patients leave between 8.40 and 8.45 and the last patients 

leave Annadal on average at 16.35 (Table 70). Note that these differences may be caused by the fact that in the Flexsim HC model 

first patients may be prepared if they arrive before 8.30. The second difference at the end of the day may be caused by the fact that 

in the CPN-model the last patient requested a colonoscopy, which in combination with the recovery results in a later end time than 

the schedule in which the last patient requests a gastroscopy.   

Table 69: End time procedure room 

End time procedure 
room 

Average Std. Dev. Lower 
bound 

Upper 
bound 

Mon, Tue, Fri 16:13:13 0:09:32 16:01:23 16:25:03 

 

Table 70: End time Annadal (recovery) 

End time 
Annadal 

Average Std. Dev. Lower 
bound 

Upper 
bound 

Mon, Tue, Fri 16:35:18 0:11:33 16:20:57 16:49:39 
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Appendix J8.2 – Results production runs MUMC+ 

The number of replications is set at 10. According to Law & Kelton (2000) 5-10 replications is in practice sufficient to satisfy the ‘law 

of large numbers’ (i.e.central limit theorem / normal distribution), which states that the outcomes of the different simulation runs does 

not affect the coverage of the confidence interval too much. The warm-up period is set at 0 week since the process starts and ends in 

an empty state, in other words at the beginning or at the end of the day no patients are waiting for a treatment. The run length is set 

at 44 weeks according to the number of weeks the MDL-department in MUMC+ and Annadal is open. 

Table 71: Set-up final experiments 

Number of replications 10 

Length of warm-up period 0 weeks 
Run/replication length 44 weeks 
Confidence interval (95%) 

n

s
tn

2

2/,1  

 

Table 72: Production runs - Throughput times MUMC+ 

Patient track Average Throughput time Lower bound  Upper bound 

Colonoscopy_Sedation 112,59 105,37 119,80 

Colonoscopy_Sedation_Room2 115,77 106,45 125,10 

Colonoscopy_Wards 41,29 35,16 47,43 

Gastroscopy 33,26 22,77 43,74 

Gastroscopy_Sedation 105,54 95,33 115,76 

Gastroscopy_Wards 31,82 22,44 41,20 

Sigmoidoscopy 34,73 28,05 41,41 

Sigmoidoscopy_Room2 38,94 29,14 48,75 

Sigmoidoscopy_Sedation 101,97 96,77 107,16 

Sigmoidoscopy_Wards 34,10 28,57 39,63 
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Table 73: Production runs - staffing costs MUMC+ 

Patient track Average Staffing Costs Average  
(Std. Dev Staffing Costs) 

Lower bound  Upper bound 

Colonoscopy_Sedation 81,86 14,60 71,41 92,30 
Colonoscopy_Sedation_Room2 84,13 16,78 72,12 96,13 
Colonoscopy_Wards 71,79 13,10 62,42 81,16 
Gastroscopy 32,99 4,98 29,43 36,55 
Gastroscopy_Sedation 46,43 7,88 40,79 52,06 
Gastroscopy_Wards 33,27 3,90 30,47 36,06 
Sigmoidoscopy 35,80 4,52 32,57 39,04 
Sigmoidoscopy_Room2 35,07 4,69 31,71 38,42 
Sigmoidoscopy_Sedation 49,87 8,37 43,88 55,86 
Sigmoidoscopy_Wards 34,26 3,70 31,62 36,91 

 

Table 74: Production runs - end times MUMC+ 

 Average Std. Dev. Lower bound Upper bound 

End time day care      
Mon, Tue, Wed, Thu 17:51:06 0:09:05 17:44:36 17:57:36 
Fri 13:31:45 0:10:15 13:24:25 13:39:06 
End time endoscopy section / room 
4 

    

Mon, Tue, Wed, Thu 16:43:05 0:08:23 16:37:05 16:49:05 
Fri 12:24:00 0:09:31 12:17:11 12:30:49 
End time room 2     
Mon, Tue, Wed, Thu 12:12:43 0:21:03 11:57:39 12:27:47 
Fri 11:51:57 0:12:37 11:42:56 12:00:59 

 

Table 75: Production run - time in procedure room MUMC+ 

Time in procedure room Average Std. Dev. Lower bound Upper bound 

Colo 36,98 8,14 31,15 42,80 
Colo 2 38,71 9,61 31,84 45,59 
Colo wards 35,25 6,12 30,86 39,63 
Gastro 13,57 1,80 12,29 14,86 
Gastro_sed 26,20 9,24 19,59 32,81 
Gastro_wards 20,93 2,36 19,24 22,62 
Sigmo 16,97 1,85 15,65 18,29 
Sigmo_sed 27,40 5,51 23,45 31,34 
Sigmo_wards 20,45 2,40 18,74 22,17 
Sigmo (2) 16,80 1,91 15,43 18,16 
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Table 76: Production run - utilisation rates room 2 and room 4 

Planned slots (min) Utilisation room 2 Average Std. dev. Lower Bound Upper bound 

220  Mon 91,77 19,65 68,97 95,55 
120  Tue 96,79 24,03 79,59 113,98 
220  Wed 91,77 19,65 84,48 100,89 
220  Thu 95,62 22,72 79,47 111,93 
180  Fri 105,85 28,40 85,54 126,17 

       
Planned slots (min) Utilisation room 4 Average  Lower Bound Upper bound 

380  Mon 93,20 17,47 80,70 105,70 
420  Tue 93,13 17,75 80,43 105,82 
420  Wed 93,13 17,74 80,43 105,82 
420  Thu 91,26 19,74 77,77 104,75 
220  Fri 94,92 19,18 81,20 108,64 
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Appendix J8.3 – Results redesign 1 MUMC+ 
 

Table 77: Redesign 1 - throughput time MUMC+ 

Patient track Average  Std. dev. Lower bound Upper bound 

Colonoscopy_Annadal 102,66 9,45 95,90 109,42 
Colonoscopy_Sedation 112,18 8,57 106,05 118,32 
Colonoscopy_Sedation_ExtraRoom 114,74 9,54 107,91 121,56 
Colonoscopy_Wards 40,83 8,05 35,08 46,59 
Gastroscopy 23,32 3,15 21,07 25,57 
Gastroscopy_Annadal 21,30 5,86 17,11 25,49 
Gastroscopy_Sedation 92,18 5,25 88,42 95,93 
Gastroscopy_Wards 25,96 4,43 22,79 29,13 
Screening_colonoscopy 140,05 7,13 134,95 145,15 
Sigmoidoscopy 28,45 4,18 25,45 31,44 
Sigmoidoscopy_Annadal 24,06 3,88 21,28 26,84 
Sigmoidoscopy_Sedation 96,47 6,95 91,50 101,44 
Sigmoidoscopy_Wards 26,48 3,97 23,64 29,32 

 

Table 78: Redesign 1 - staffing cost MUMC+ 

Patient track Average  Std. dev. Lower bound Upper bound 

Colonoscopy_Annadal 67,7 8,3 61,80 73,61 
Colonoscopy_Sedation 81,6 13,3 72,08 91,16 
Colonoscopy_Sedation_ExtraRoom 81,8 13,3 72,28 91,27 
Colonoscopy_Wards 72,2 13,3 62,66 81,70 
Gastroscopy 32,2 3,7 29,53 34,82 
Gastroscopy_Annadal 31,4 3,8 28,66 34,15 
Gastroscopy_Sedation 46,1 5,0 42,53 49,72 
Gastroscopy_Wards 32,9 3,5 30,38 35,40 
Screening_colonoscopy 143,2 8,0 137,42 148,89 
Sigmoidoscopy 34,7 3,5 32,18 37,15 
Sigmoidoscopy_Annadal 35,4 4,1 32,54 38,34 
Sigmoidoscopy_Sedation 48,9 4,3 45,84 51,96 
Sigmoidoscopy_Wards 34,0 3,6 31,45 36,63 

 

  



162 
 

Table 79: Redesign 1 - time in bed 

Time in bed Average Std. Dev. Lower bound Upper bound 

Colonoscopy_Annadal 23,24 5,49 19,31 27,17 
Colonoscopy_Sedation 26,82 6,18 22,40 31,24 
Colonoscopy_Sedation_ExtraRoom 27,26 6,52 22,59 31,92 
Colonoscopy_Wards 35,42 6,23 30,96 39,87 
Gastroscopy 13,72 1,75 12,47 14,97 
Gastroscopy_Annadal 13,12 1,56 12,00 14,24 
Gastroscopy_Sedation 11,35 2,05 9,88 12,82 
Gastroscopy_Wards 21,09 2,98 18,96 23,22 
Screening_colonoscopy 54,40 3,53 51,87 56,93 
Sigmoidoscopy 16,96 1,81 15,66 18,25 
Sigmoidoscopy_Annadal 14,74 1,81 13,45 16,03 
Sigmoidoscopy_Sedation 12,03 1,75 10,78 13,28 
Sigmoidoscopy_Wards 20,84 2,45 19,09 22,60 

 

Table 80: Redesign 1 - utilisation rates rooms MUMC+ 

Planned slots (min) - Room 2  Average  Std. dev.  Lower bound  Upper bound  

220 Mon, Tue, Wed, Thu 72,06 10,28 64,71 79,42 
140 Fri 75,74 10,94 67,91 83,56 

Planned slots (min) - Room 4      
440 Mon, Tue, Wed, Thu 67,05 15,46 56,00 78,11 
160 Fri 67,05 15,46 56,00 78,11 

Planned slots (min) - New room 1      
420 Mon, Tue, Wed, Thu 79,63 14,44 69,30 89,96 
200 Fri 72,22 16,16 60,66 83,78 

Planned slots (min) - New room 2      
420 Mon, Tue, Wed, Thu 90,67 5,89 86,46 94,89 
240 Fri 90,67 5,89 86,46 94,89 

Planned slots (min) - room 
Annadal 

     

 360 Mon 83,88 15,36 72,89 94,86 
345 Tue 79,63 16,58 67,78 91,49 
150 Fri 79,46 16,72 67,50 91,42 
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Table 81:  Redesign 1 - End times of endoscopy department and rooms 

Room 2  Average  Std. Dev. Lower bound Upper bound 

 Mon, Tue, Wed, Thu 12:23:26 0:04:50 12:19:59 12:26:53 
 Fri 11:02:32 0:04:11 10:59:32 11:05:32 

Room 4      
 Mon, Tue, Wed, Thu 16:40:50 0:07:27 16:35:30 16:46:09 
 Fri 11:17:08 0:07:49 11:11:33 11:22:44 

New room 1      
 Mon, Tue, Wed, Thu 16:22:04 0:03:52 16:19:18 16:24:50 
 Fri 11:54:53 0:08:31 11:48:47 12:00:59 

New room 2      
 Mon, Tue, Wed, Thu 16:29:28 0:05:12 16:25:45 16:33:11 
 Fri 12:45:04 0:05:34 12:41:05 12:49:03 

Room Annadal      
 Mon 15:40:38 0:03:28 15:38:10 15:43:07 

 Tue 15:20:05 0:07:06 15:15:01 15:25:10 
 Fri 11:06:37 0:05:14 11:02:53 11:10:22 

Day care MUMC+      
 Mon, Tue, Wed, Thu 17:49:17 0:07:29 17:43:56 17:54:38 
 Fri 13:52:36 0:06:42 13:47:48 13:57:24 
Endoscopy section      
 Mon, Tue, Wed, Thu 16:41:15 0:07:01 16:36:14 16:46:17 
 Fri 12:45:04 0:05:34 12:41:05 12:49:03 
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Appendix J8.4 – Results redesign 2 MUMC+ 
 

Table 82: Redesign 2 - throughput time MUMC+ 

Patient track Average Std. dev. Lower bound Upper bound 

Colonoscopy_Annadal 102,25 7,69 96,75 107,75 
Colonoscopy_Sedation 115,49 9,20 108,90 122,07 
Colonoscopy_Sedation_ExtraRoom 118,71 9,39 112,00 125,43 
Colonoscopy_Wards 40,96 8,20 35,09 46,82 
Gastroscopy 28,79 8,09 23,01 34,58 
Gastroscopy_Annadal 20,46 2,84 18,43 22,49 
Gastroscopy_Sedation 94,52 6,76 89,68 99,35 
Gastroscopy_Wards 29,00 5,33 25,19 32,81 
Screening_colonoscopy 141,22 7,67 135,74 146,71 
Sigmoidoscopy 29,78 5,03 26,18 33,38 
Sigmoidoscopy_Annadal 24,07 3,93 21,26 26,89 
Sigmoidoscopy_Sedation 100,68 8,48 94,62 106,74 
Sigmoidoscopy_Wards 27,83 4,55 24,58 31,08 

 

Table 83: Redesign 2 - staffing costs MUMC+ 

Patient track Average Std. dev. Lower bound Upper bound 

Colonoscopy_Annadal 68,25 8,83 61,93 74,57 
Colonoscopy_Sedation 82,55 14,31 72,32 92,79 
Colonoscopy_Sedation_ExtraRoom 84,23 15,36 73,24 95,22 
Colonoscopy_Wards 72,13 13,08 62,78 81,49 
Gastroscopy 33,79 6,42 29,20 38,39 
Gastroscopy_Annadal 31,24 3,66 28,63 33,86 
Gastroscopy_Sedation 48,80 7,98 43,09 54,50 
Gastroscopy_Wards 32,61 3,79 29,90 35,32 
Screening_colonoscopy 143,63 8,85 137,30 149,95 
Sigmoidoscopy 34,72 3,60 32,15 37,30 
Sigmoidoscopy_Annadal 35,51 4,19 32,52 38,51 
Sigmoidoscopy_Sedation 49,09 4,50 45,87 52,31 
Sigmoidoscopy_Wards 34,32 3,47 31,83 36,80 

 

  



165 
 

Table 84: Redesign 2 - utilisation rates rooms MUMC+ 

Planned slots (min) - Room 2  Average Std. dev. Lower bound Upper bound 

175 Mon, Tue, Wed, Thu 90,92 12,34 81,38 99,04 
115 Fri 91,79 12,38 82,93 100,65 

Planned slots (min) - Room 4      
330 Mon, Tue, Wed, Thu 88,86 19,76 74,73 102,99 
120 Fri 88,86 19,76  74,73 102,99 

Planned slots (min) - New room 1      
375 Mon, Tue, Wed, Thu 88,91 15,44      77,86 99,96 
160 Fri 89,36 18,61 76,04 102,67 

Planned slots (min) - New room 2      
420 Mon, Tue, Wed, Thu 90,61 5,67 86,55 94,67 
420 Fri 51,78 5,67 86,55 94,67 

Planned slots (min) – room 
Annadal 

     

360 Mon 83,84 15,12 73,02 94,66 
345 Tue 79,59 16,38 67,87 91,31 
150 Fri 79,40 16,54 67,57 91,23 

Note that since the slots of Annadal were not shortened and therefore utilisations rates of this room are comparable to those of 

redesign 1. Furthermore the end times of room  Annadal and throughput times of all patients will relatively be similar to those of 

redesign 1. 
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Table 85: Redesign 2 - End times of endoscopy department and rooms 

Room 2  Average  Std. Dev. Lower bound Upper bound 

 Mon, Tue, Wed, Thu 11:35:01 0:04:02 11:32:07 11:37:54 
 Fri 10:22:26 0:05:23 10:18:35 10:26:16 

Room 4      
 Mon, Tue, Wed, Thu 15:03:21 0:07:43 14:57:50 15:08:53 
 Fri 10:35:59 0:07:42 10:30:29 10:41:30 

New room 1      
 Mon, Tue, Wed, Thu 15:38:33 0:04:15 15:35:26 15:41:32 
 Fri 11:14:08 0:08:04 11:08:22 11:19:55 

New room 2      
 Mon, Tue, Wed, Thu 16:29:24 0:04:58 16:25:51 16:32:57 
 Fri 12:44:43 0:05:06 12:41:04 12:48:22 

Room Annadal      
 Mon 15:40:37 0:03:44 15:37:57 15:43:17 

 Tue 15:19:00 0:04:32 15:15:46 15:22:15 
 Fri 11:05:42 0:03:21 11:03:18 11:08:06 

Day care unit MUMC+      
 Mon, Tue, Wed, Thu 17:37:00 0:05:53 17:32:47 17:41:12 
 Fri 13:52:09 0:06:22 13:47:35 13:56:42 
Endoscopy section      
 Mon, Tue, Wed, Thu 16:29:24 0:04:58 16:25:51 16:32:57 
 Fri 12:44:43 0:05:06 12:41:04 12:48:22 
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Appendix J8.5 – Overview of different simulation results 
 

Table 86: end times rooms current situation 

 Average Std. Dev. Lower bound Upper bound 

End time day care          
Mon, Tue, Wed, Thu 17:51:06 0:09:05 17:44:36 17:57:36 
Fri 13:31:45 0:10:15 13:24:25 13:39:06 
End time endoscopy 
section / room 4     
Mon, Tue, Wed, Thu 16:43:05 0:08:23 16:37:05 16:49:05 
Fri 12:24:00 0:09:31 12:17:11 12:30:49 
End time room 2         
Mon, Tue, Wed, Thu 12:12:43 0:21:03 11:57:39 12:27:47 
Fri 11:51:57 0:12:37 11:42:56 12:00:59 

 

End time procedure room 
Annadal 

Average Std. Dev. Lower bound Upper bound 

Mon, Tue, Fri 16:13:31 0:09:30 16:01:43 16:25:18 
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Table 87: End times rooms redesigns 

 
Redesign 1         Redesign 2     

    Average 
Std. 
Dev. 

Lower 
bound 

Upper 
bound 

Average Std. Dev. 
Lower 
bound 

Upper 
bound 

Room 2           

 
Mon, Tue, Wed, 
Thu 

12:23:26 0:04:50 12:19:59 12:26:53 11:35:01 0:04:02 11:32:07 11:37:54 

  Fri 11:02:32 0:04:11 10:59:32 11:05:32 10:22:26 0:05:23 10:18:35 10:26:16 
Room 4          

  
Mon, Tue, Wed, 
Thu 

16:40:50 0:07:27 16:35:30 16:46:09 15:03:21 0:07:43 14:57:50 15:08:53 

 
Fri 11:17:08 0:07:49 11:11:33 11:22:44 10:35:59 0:07:42 10:30:29 10:41:30 

New room 1                   

 
Mon, Tue, Wed, 
Thu 

16:22:04 0:03:52 16:19:18 16:24:50 15:38:29 0:04:16 15:35:26 15:41:32 

  Fri 11:54:53 0:08:31 11:48:47 12:00:59 11:14:08 0:08:04 11:08:22 11:19:55 
New room 2          
  Mon, Tue, Wed, 

Thu 
16:29:28 0:05:12 16:25:45 16:33:11 16:29:24 0:04:58 16:25:51 16:32:57 

 Fri 12:45:04 0:05:34 12:41:05 12:49:03 12:44:43 0:05:06 12:41:04 12:48:22 
Room Annadal                   

 
Mon 15:40:38 0:03:28 15:38:10 15:43:07 15:40:37 0:03:44 15:37:57 15:43:17 

  Tue 15:20:05 0:07:06 15:15:01 15:25:10 15:19:00 0:04:32 15:15:46 15:22:15 

 
Fri 11:06:37 0:05:14 11:02:53 11:10:22 11:05:42 0:03:21 11:03:18 11:08:06 

Day care unit MUMC+                   

 
Mon, Tue, Wed, 
Thu 

17:49:17 0:07:29 17:43:56 17:54:38 17:37:00 0:05:53 17:32:47 17:41:12 

  Fri 13:52:36 0:06:42 13:47:48 13:57:24 13:52:09 0:06:22 13:47:35 13:56:42 
Endoscopy section 

         
  

Mon, Tue, Wed, 
Thu 

16:41:15 0:07:01 16:36:14 16:46:17 16:29:24 0:04:58 16:25:51 16:32:57 

  Fri 12:45:04 0:05:34 12:41:05 12:49:03 12:44:43 0:05:06 12:41:04 12:48:22 

 

The bold end times (averages) of room 2, room 4, the day care unit and endoscopy section for Monday, Tuesday, Wednesday and 

Friday in Table 87 are comparable with the bold end times (averages) in the current situation in Table 86.  
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Table 88: Utilisation rates current situation 

Planned slots (min) Utilisation room 2 Average Std. dev. Lower Bound Upper bound 

220   Mon 91,77 19,65 68,97 95,55 

120  Tue 96,79 24,03 79,59 113,98 

220   Wed 91,77 19,65 84,48 100,89 

220  Thu 95,62 22,72 79,47 111,93 

180   Fri 105,85 28,4 85,54 126,17 

       Planned slots (min) Utilisation room 4 Average   Lower Bound Upper bound 
380  Mon 93,2 17,47 80,7 105,7 

420   Tue 93,13 17,75 80,43 105,82 

420  Wed 93,13 17,74 80,43 105,82 

420   Thu 91,26 19,74 77,77 104,75 

220   Fri 94,92 19,18 81,2 108,64 

 

Table 89: Utilisation rates redesigns 

    Redesign 1   Redesign 2  

Planned slots (min) - Room 2   Average  
Std. 
dev.  

Lower  
bound  

Upper  
bound  

Average 
Std. 
dev. 

Lower 
 bound 

Upper 
 bound 

220 Mon, Tue, Wed, Thu 72,06 10,28 64,71 79,42 90,92 12,34 81,38 99,04 
140 Fri 75,74 10,94 67,91 83,56 91,79 12,38 82,93 100,65 

Planned slots (min) - Room 4                   

440 Mon, Tue, Wed, Thu 67,05 15,46 56 78,11 88,86 19,76 74,73 102,99 
160 Fri 67,05 15,46 56 78,11 88,86 19,76 74,73 102,99 

Planned slots (min) - New room 1          
420 Mon, Tue, Wed, Thu 79,63 14,44 69,3 89,96 88,91 15,44 77,86 99,96 
200 Fri 72,22 16,16 60,66 83,78 89,36 18,61 76,04 102,67 

Planned slots (min) - New room 2                   

420 Mon, Tue, Wed, Thu 90,67 5,89 86,46 94,89 90,61 5,67 86,55 94,67 
240 Fri 90,67 5,89 86,46 94,89 51,78 5,67 86,55 94,67 

Planned slots (min) - room Annadal 
         

360 Mon 83,88 15,36 72,89 94,86 83,84 15,12 73,02 94,66 
345 Tue 79,63 16,58 67,78 91,49 79,59 16,38 67,87 91,31 
150 Fri 79,46 16,72 67,5 91,42 79,4 16,54 67,57 91,23 

Note that since the slots of Annadal were not shortened, the utilisations rates of redesign 2 of this room are comparable to those of 

redesign 1.  

The bold utilisation rates (averages) of room 2 and room 4 of redesign 2 (Table 89) are comparable to the bold utilisation rates in 

the current situation (Table 88). Note that in the redesign scenarios not distinction is made between the different days, since the new 

patient schedule is similar for each day, in contrast to the current situation.     
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Appendix J9.1 – Analyse output data 

The performance indicators for Annadal and MUMC+ are similar to those indicated for the pilot 

runs. In this appendix the results of the redesign scenarios are discussed. Appendix J9.2 – 

Calculation full-time employees and Appendix J9.3 – Calculation costs and revenues MDL 

contain respectively contain the calculation of full-time employees and the calculation of costs 

and profits of the MDL department.  

Annadal 

The throughput times are compared to those of the students of Executable models (1BM16). As 

can be observed around 80% of the confidence intervals of the simulation runs which are 

compared with the confidence intervals of several groups of the students of Executable Models 

(1BM16) were overlapping, indicating that no significant difference exists between the two 

analyses. Explanations for the difference with the ideal situation (100% overlapping confidence 

intervals) could be the level of expertise with both CPN-tools and Flexsim HC; assumptions 

made by the students and assumptions made for the Flexsim HC model; and characteristics in 

the software, e.g. the ability of assigning priorities to activities which was not available in the 

CPN-tools version the students used, but was available in Flexsim HC. A final remark to the 

results is that the confidence interval of the throughput time for the ‘overall situation’ (including 

all patients of all three types of procedures) which is used to compare with the results of some 

groups, is large (51.2-127) and that the probability for overlapping is therefore relatively large. 

 

The results show that the redesign of adding a procedure room with two additional nurses and 

one additional physician would result in a strong decrease of the throughput time of all patients. 

However this requires an investment in employees and a room which would result in the 

following additional costs. 

The redesign of a locker where properties of the patient can be stored and, accordingly, having 

an empty dressing room during the procedure does not result in a decrease of the throughput 

time. This can be explained by the fact that if the dressing room would be available in this 

situation, a patient still needs to be prepared by a nurse, which may be unavailable due to other 

tasks. 

The redesign of employing an additional nurse results in a decrease of the throughput time, 

mainly for the colonoscopy patient, and can be explained by the fact that the additional nurse 

could be responsible for the periodical check of the patient and programming the cleaning 

machine. In the current situation these tasks are performed by the two nurses which are also 

responsible for executing the procedure and supporting tasks, e.g. cleaning.This redesign was 

indicated by the gastro-enterologist who did agree on the advantages of this redesign. 

The redesign of adding two nurses in Annadal does not result in a further improvement of the 

throughput time, indicating that all tasks can be performed with two or three nurses. 
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MUMC+   

The calculation of the number of full-time employees (nurses, staff members and nurses at day 

care) is shown in Table 90. 

In the current situation 10 nurses are available, 1544 hours/year, resulting in 13,0 FTE which is 

similar to the calculation of 13 FTE of the head of the endoscopy department Mr. T. Mestrom. 

Note that the row supervision rooms / back-up in the table represent the ‘omloop’ which is 

always present on a working day and supervises all rooms simultanously and a back-up for 

illnesses of employees. 

In the new situation with two new rooms this increases to approximately 17,1 FTE, an increase 

of 4,1 FTE.  

Staff members are considered to work 1800 hours per year, resulting in 3,9 FTE in the current 

situation and 5,7 FTE in the new situation, an increase of 1,8 in FTE of staff members. In case 

room 2 and room 4 are supervised, the number of staff members increases to 6,8 FTE. 

The number of FTE at the new day care unit, 10 beds, is calculated and equal to 2.4, assuming 

the nurses work 1544 hours/year and one nurse can supervise 6 beds simultanously. 

Note the calculation contains the room in Annadal and that it is assumed this location may be 

opened five days a week if required and therefore the capacity in nurses and staff members is 

calculated for 40 hours per week. 

Table 90: Summary FTE calculation MDL department 

Current situation  New situation  Increase 

10 nurses 13 FTE 14 nurses 17,1 FTE 4,1 FTE 
4 staff members 3,9 FTE 6 Staff 

members 
5,7 (no super vision) 1,8 FTE 

no day care nurses 0 FTE  6,8 (super vision) 2,9 FTE 
  day care nurses 2,4 FTE 2,4 FTE 

 

The calculations of the costs of the employees and profits of the procedures in Table 91 show 

an increase in revenue for the MDL department. 

Table 91: Summary costs analysis MDL department 

Current situation  New situation  

  No super vision Super vision 
Costs employees € 1.092.070,40  € 1.608.747,73  € 1.779.819,73  
Total profit procedure € 1.799.160,00  € 2.858.240,00  € 2.858.240,00  
Total profit MDL department € 707.089,60 € 1.249.492,27 € 1.078.420,27 
 Difference with current situation € 542.402,67  € 371.330,67  

 

The closing of the outpatient clinic Annadal and relocating this production capacity to MUMC+ in 

redesigns 5 and 6 centralises MDL at one location. According to Reijers & Mansar (2005) 

centralisation improves the flexibility, time and quality dimension in the Devil’s quadrangle, while 

initially it results in higher costs of the renovation of the department. The flexibility may be 

improved since human resources can be allocated more flexible to the separate room Annadal 

in MUMC+. The time dimension could be improved for the patients that have to visit another 

department or physician in the hospital and do not have to travel between the two locations. 

Moreover the travelling time of the physicians from MUMC+ to Annadal is reduced with 

approximately 20 minutes. The reduced travelling time however  will not improve the throughput 

time of the patient, since if a physician currently is allocated for a specific day in the outpatient 



172 
 

clinic Annadal, he travels from his home to the outpatient clinic and he travels during the breaks 

to MUMC+. 

The quality of the procedures in the room Annadal (after relocating this room in MUMC+)  may 

improve since expertise of procedures is centralised in MUMC+ and more communication is 

possible, resulting in better performance of the staff. Moreover the external quality in terms of 

communication to patients improves since only one location for  the procedure has to be 

communicated.   

The cost initially increase since the MUMC+ department should be renovated, but is a onetime 

investment for a longer period. Furthermore, higher marketing costs may be involved to retain 

the patients which were normally referred to Annadal by MUMC+. 

Appendix J9.2 – Calculation full-time employees 
 

Note that supervision rooms / back-up are the ‘omloop’ and back-up for illnesses of employees. 

Furthermore annotate that regulations require two nurses in a room when the patient is sedated. 

In practice the exact number of nurses per room may be lower, but nurses are allocated to other 

tasks out of the scope of these endoscopic processes. In the end 13 FTE are employed which is 

confirmed by the head of the endoscopy department. 

Table 92: Calculation full time employees current situation and redesign MUMC+: nurses 

Current situation       

FTE - nurses # Weeks Hours / 
week 

# nurses Total # hours / 
year 

  

Room 2 44 40 2 3520   
Room 3 44 40 2 3520   
Room 4 44 40 2 3520   
Annadal 44 40 2 3520   
Supervision rooms / 
back-up 

44 40 2 3520   

  Total 10 17600   
   1 FTE 

(hours/year) 
# FTE (with 10 
nurses)  

FTE 
Administrative 

Total # 
FTE 

   1544 11,40 1,6 13,00 
New situation 2016       
FTE - nurses # 

Weeks 
Hours / 
week 

# nurses Total # hours / 
year 

  

Room 2 44 40 2 3520   
Room 3 44 40 2 3520   
Room 4 44 40 2 3520   
Annadal 44 40 2 3520   
New room 1 44 36 2 3168   
New room 2 44 36 2 3168   
Supervision rooms / 
back-up 

44 40 2 3520   

  Total 14 23936   
   1 FTE 

(hours/year) 
# FTE (with 14 
nurses) 

FTE 
Administrative 

Total # 
FTE 

   1544 15,50 1,6 17,10 
             Increase 

in FTE 
      4,10 
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Appendix J9.3 – Calculation costs and revenues MDL 
 

Table 93: Overview number of procedures 

# of procedures      

Annadal   Room Annadal in MUMC+  
Current situation(2012) 44 weeks % total New situation(2016) 44 weeks % total  
Colonoscopy 924  14,9 Colonoscopy 880 8,9 

Gastroscopy 660  10,6 Gastroscopy 528 5,4 

Sigmoidoscopy 528    8,5 Sigmoidoscopy 220 2,2 

Total 2112  34,0 Total 1628 16,5 

MUMC+      
Current situation(2012) 44 weeks  New situation(2016) 44 weeks  
Colonoscopy 2112  34,0 Colonoscopy 3740 37,9 
No screening 
colonoscopy 

      0  Screening colonoscopy 1408 14,3 

Total  colonoscopy 2112  34,0 Total colonoscopy 5148 52,2 
Gastroscopy 1188  19,1 Gastroscopy 2244 22,8 
Sigmoidoscopy 792  12,9 Sigmoidoscopy 836 8,5 

Total 4092  66,0  8228 83,5 

Total Annadal + MUMC+ 6204 100,0  9856 100,0 

 

Table 94: Prognosis 2016 and total procedures with new planning 

Prognosis 2016 % total Total procedures with new planning 
(2016) 

% 
total 

Regular colonoscopy 4551 47,7 4620                                46,9 
Screening colonoscopy 1400 14,7 1408                                14,3 

Total colonoscopy 5951 62,4 6028  61,2 

Gastroscopy 2650 27,8 2772  28,1 

Sigmoidoscopy 930 9,8 1056  10,7 

Total 9531 100,0 9856                                     100,0 

 

Table 95: Summary cost and revenue analysis MDL department Annadal and  MUMC+ 

 Current situation 
(2012) 

New situation (2016)  

Redesign 1 (new planning, similar slot 
lengths) 

 No super vision 
of AIOS 

Super vision of AIOS 

Total revenue procedures  € 1.799.160,00  € 2.858.240,00  € 2.858.240,00  

Costs all employees € 1.092.070,40  € 1.608.747,73  € 1.779.819,73  

‘Contribution margin’ MDL department € 707.089,60 € 1.249.492,27 € 1.078.420,27 
Difference with current situation  € 542.402,67  € 371.330,67  
    
Redesign 2 (adapted slot lengths)     
Total revenue procedures   € 2.858.240,00  € 2.858.240,00  
Costs all employees  € 1.513.189,45  € 1.684.261,45  

‘Contribution margin’ MDL department  €1.345.050,50 €1.173.978,55 

Difference cost employees – redesign 
1  

 € 95.558,28 € 95.558,28 
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Table 96: Analysis costs and profits – current situation 

DBC (€) € 350,00     

Material costs / patient (€) € 60,00     
‘Contribution margin’ / 
procedure 

€ 290,00     

     ‘Contribution margin’ - 

procedures 
    

Annadal     
Current situation Total # procedures 44 weeks   
 2112 € 612.480,00    
MUMC+     
Current situation 4092 € 1.186.680,00    
 Total ‘Contribution 

margin’ procedures 
€ 1.799.160,00    

     Costs employees 44 weeks    
Current situation  # hours / year € / hour  

(netto) 
total costs 

# of nurses (FTE) 13,00 1544 € 26,00  € 521.830,40  
# of physicians (FTE) 3,91 1800 € 81,00  € 570.240,00  
no day care nurses 0 0 0 € 0,00  

   Total 
costs 
employees 

€ 
1.092.070,40  

     Total ‘contribution margin’ 
MDL department 

€ 707.089,60    

 

  



175 
 

Table 97: Analysis costs and profits – situation 2016 

DBC (€) € 350,00     

Material costs / patient (€) € 60,00     
‘Contribution margin’ / procedure € 290,00     
     Room Annadal (MUMC+)     
New situation Total #  

procedures 
44 weeks   

Total # procedures 1628 € 472.120,00    
MUMC+     
New situation 8228 € 2.386.120,00    
 Total  

‘Contribution 
 margin’  
procedures 

€ 2.858.240,00    

     Costs employees 44 weeks No super vision   
New situation  # hours / year € / hour 

(netto) 
total costs 

# of nurses (FTE) 17,10 1544 € 26,00  € 686.566,40  
# of physicians (FTE) 5,67 1800 € 81,00  € 826.848,00  
Day care nurses 2,37 1544 € 26,00  € 95.333,33  

   Total € 
1.608.747,73  

     Costs employees 44 weeks super vision room 2 and room 4  
New situation  # hours / year € / hour 

(netto) 
total costs 

# of nurses (FTE) 17,10 1544 € 26,00  € 686.566,40  
# of physicians (FTE) 6,84 1800 € 81,00  € 997.920,00  
Day care nurses 2,37 1544 € 26,00  € 95.333,33  

   Total € 
1.779.819,73  

   Difference with 
current 
situation 

 

Total ‘Contribution margin’ MDL 

department (no supervision) 
€ 1.249.492,27  € 542.402,70 

 
 

Total ‘Contribution margin’ MDL 
department (supervision room 2 
+ 4) 

€ 1.078.420,27  € 371.330,70 
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Table 98: Difference in costs redesign 1 and redesign 2 with adapted time slots and earlier end time 

     2 nurses + 1 
physician 

  Difference  
in average 
end times  

Difference –  
hours / year 

Hours / 
year 

Decrease in costs 

Room 2 Mon, Tue, Wed, 
Thu 

 

0:48:25 142:01:20 142,02 € 18.888,22  

 Fri 0:40:06 29:24:24 29,40 € 3.910,20  
      

Room 4 Mon, Tue, Wed, 
Thu 

 

1:37:29 285:57:04 285,95 € 38.031,35  

 Fri 0:41:09 30:10:36 30,17 € 4.012,17  
      
New room 1 Mon, Tue, Wed, 

Thu 
 

0:43:35 127:50:40 127,83 € 17.001,83  

 Fri 0:40:45 29:53:00 29,88 € 3.974,48  
      
New Room 2 Mon, Tue, Wed, 

Thu 
 

0:00:04 0:11:44 0,18 € 24,38  

 Fri 0:00:21 0:15:24 0,25 € 33,25  
      

Room 
Annadal 

Mon 
 

0:00:01 0:00:44 0,00 € 0,00  

 Tue 0:01:05 0:47:40 0,78 € 104,18  
 Fri 0:00:55 0:40:20 0,67 € 88,67  

      
Day care 

unit 
Mon, Tue, Wed, 

Thu 
 

0:12:17 36:01:52 36,02 € 4.790,22  

 Fri 0:00:27 0:19:48 0,33 € 44,33  
      

Endoscopy 
section 

Mon, Tue, Wed, 
Thu 

 

0:11:51 34:45:36 34,75 € 4.621,75  

 Fri 0:00:21 0:15:24 0,25 € 33,25  
    Total: € 95.558,28  
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Appendix K – Case study Feniks 

Appendix K1 – General information Feniks 

In 2009 the Dutch organisation of hospital pharmacists (Nederlandse Vereniging van 

ZiekenhuisApothekers (NVZA) and the organisation of the profession nurses (Verpleegkundigen 

& Verzorgenden Nederland, V&VN), published new guidelines with respect to the preparation of 

parenteralia by nurses (Van der Plas & Goessens, 2010). These guidelines should reduce the 

number of medication errors and harmful effects to patients.  

The Central Registration of Medication Errors (Centrale Medicatiefout Registratie, CMR) 

presented in February 2010 the findings (Leenders & Schothorst, 2010) depicted in Figure 33. 

The findings of the CMR show that a large number of errors are made in the medication 

production and administering process.  

 

Figure 33: Distribution of medication errors    

The main findings of CMR related to this master thesis project are: 

 5% of medication errors were due to preparation errors (‘Voor Toediening Gereed 

Maken, in the remainder of this master thesis abbreviated as VTGM).  

 45% of medication errors occur when administering medication to patients.  

A sample test conducted in MUMC+ showed that 40% of the medication errors were related to 

the VTGM process and administering of medication (Van de Plas & Goessens, 2010). This 

percentage is lower than the total of 50% depicted by CMR in the above figure, but represents  

still a significantly high share of  the total number of medication errors in MUMC+.    

Approximately 20% of the total registered medication errors by CMR resulted in additional 

monitoring of patients or harmful effects on patients as depicted in Figure 34. The sample test of 

MUMC+ showed a result of 10% of severe side-effects (extended hospital stay of patients or 

maintained side-effects of medication) due to medication errors (Van de Plas & Goessens, 

2010).  
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Figure 34: Distribution of consequences 

 

The pilot study conducted at the first four nursing departments has shown that special attention 

is required for (Van de Plas & Goessens, 2010):  

 Costs of renovating VTGM-department 

 Waste of medication due to preparation errors or wrong administering of medication 

 Costs of storing medication on nursing wards 

 Time units required for executing VTGM-process 

 Hourly wage of employees involved in the VTGM-process 

 Costs of additional requirements of the VTGM-process, e.g. equipment. 

Prior to this master thesis project and to define the scope and research questions, interviews 
are conducted in the hospital with: 

 Hospital pharmacist (Drs. A. Van de Plas),  

 Project leader of Feniks (Mrs. M.G.A.J. Goessens),  

 The heads of nursing departments where Feniks in introduced (Mr. E. Vanderhoeft, (A5), 

Mr. C. Van Keeken (A3))  

 The head of an Intensive Care Unit (Mr. Maurice Veugelers, (D3)) as well the head of a 

nursing department (Mrs. Denis, (C3)) where Feniks will be implemented (date of 

implementation has yet to be determined). 

The following problem definitions were formulated during these interviews in the preparation 

phase of the master thesis project: 

1. The project team has formulated a project plan to extend the Feniks project (Stuurgroep 

Feniks, 2011). This document includes (cost) calculations about the required increase of 

capacity and renovating costs of Feniks locations. The calculation of required capacity is 

based on the total amount of medication requests and the time to produce this 

medication. Implicitly this first calculation results in the number of required FTE’s. This 

calculation lacks the dynamics of the VTGM process, e.g. the stochastic arrival process 
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of requests and the availability of employees, and does not provide information on the 

utilisation rates or end times of the production of medicines. Efficiency is defined by Drs. 

A. Van de Plas as the minimal number of resources required to execute the VTGM-

process for the involved departments. The second calculation of the renovating costs of 

the Feniks location where medication is produced is performed at a high level and costs 

estimations are probably not correct according to the process owners of Feniks. These 

calculations could be further elaborated. 

2. The spillage of medication, e.g. due to substitution of already produced medication or 

discharge of a patient, is high according to Drs. A. Van de Plas and Mrs. M.G.A.J. 

Goessens. A related problem is the unknown optimal production level/batch size and 

stock level of medication: when the stock of medication is too large, spillage is likely to 

increase when changes in requests are made. On the other side a too small stock 

results in peaks in the production process, since medication cannot always be delivered 

from stock. The stock keeping policy is an important issue to be addressed when 

extending the Feniks project to additional nursing departments, e.g. how long before the 

actual administer of the medication it will be produced by Feniks, neglecting the short 

preservable medication. 

3. The Feniks project team has defined two performance indicators related to 1) throughput 

time and 2) waiting time, e.g. urgent medication should be delivered within 15 minutes 

after receiving the request from the nursing department. A third performance indicator is 

related to the utilisation rate of the Feniks location, i.e. how many resources are required 

and how efficient the available capacity is used. An analysis is preferred of how the 

outcomes of the performance indicators change when extending the Feniks project to 

additional nursing departments. 

4. The fourth and final subject discussed during the interviews is related to the analysis of 

the impact on the above problem descriptions when Feniks is extended to the weekend 

shifts. 

 

 

Figure 35: Feniks location in MUMC+ 
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Figure 36: LAF-cabinet 

 

Figure 37: Perfusor - packaging example medication 

Appendix K2 – Collect data and define model 

The data collection is performed by Mr. T. Kroon during his master thesis project. He has 

collected data for the arrival process (percentages departments, percentages protocol, 

probability in change of medication request), process times (set-up times, process times), 

walking distances and labour shift and distribution round schedules. Meetings have been 

organised to discuss which information is required for the Flexsim HC models.  

Appendix K3 – Check assumptions 

The assumptions which were made during the modelling of the processes in Flexsim HC are 

partially derived from Mr. T.J. Kroon and discussed with the process owners of Feniks. 

 Medication orders are made in ascending order of the protocol type. This planning is made 

by the planner. 

 Transporter of medication starts his round at the given values in Table 99. 

 Set-up time is assigned to the first item being processed of a particular protocol. A new set-

up time is assigned to the first item when a protocol is changed. This is repeated until all 

medicines are produced. 
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 The distribution rounds in which a particular medicine is given to the patient is fixed for each 

separate protocol. 

 All orders have the same priority. 

 All ingredients are available to produce all orders. The ingredients are not modelled 

independently.  

 Walking speed of the employees is 60 m/min. 

 No distinction is made in the arrival process of requests between the low care and medium 

care wards since those are located next to each other in the hospital.  

 The transporter delivers all medicines to the wards before returning to the Feniks location.  

 The transporter distributes the medicines in ascending order of the department number (1-

7). 

 A medication request may be changed and implies that an order is removed from a batch if 

it is not produced yet. 

 A Pareto distribution is applied for the number of protocols and thus the number of protocols 

which are incorporated in the Flexsim HC model (20 commonly used protocols  are 

incorporated of ± 80 protocols in total . 

 The confidence level of all the confidence intervals of the results are 95%.      

Appendix K4 – Construct Flexsim HC model and verify the model 

The next step is the construction of the Flexsim HC model and the verification of the model.  

The following models have been made in Flexsim HC for the Feniks-project:  

1) current situation of Feniks  

2) redesign scenario of Feniks.  

Subsequently several techniques proposed by Law (2007) are used to verify the model. 

Construct Flexsim HC model 

The first step in modelling the Feniks process is the representation of the Feniks department. 

Architectural building construction drawings of the department were available and the walls are 

included (to scale) in Flexsim HC by hand. Furniture (to scale, e.g. Laminar Air Flow-cabinet 

(LAF-cabinet), work benches) and walking paths are added to this model. 

The second case study focuses on a different type of modelling characteristics in Flexsim 

Healthcare, namely item modelling instead of patient tracks in the endoscopy processes of 

MDL. A patient flow is not directly included in the processes at the hospital pharmacist. Although 

medication requests depend on patients who are in the hospital, the process of interest is the 

production of medicines at the Feniks location. 

The arrival of medication orders is modelled with item arrival objects and the variables: 1) 

distribution round, 2) specific department, 3) protocol, 4) length in the system, and 5) processing 

times (e.g. set-up and process time per item). A first detailed data-analysis by Mr. T.J. Kroon 

showed around 230 combinations between the first four variables and therefore, after consulting 

two process owners of Feniks, T.J. Kroon I have decided to focus on the arrival pattern of 

medication orders per distribution round. The main difference with a model of 230 combinations 

is that no specific arrival pattern is modelled for each protocol, department and distribution 
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round separately, resulting in a smaller and more understandable model.  

For each of the four distribution rounds (Table 99) a separate aggregated arrival process of the 

orders with a fixed distribution schedule, is constructed for all nursing departments by means of 

an arrival object (shown as object with a green arrow in Flexsim HC). In case an order is 

created for a distribution round the number of the protocol/item type and the department is set 

by means of percentages which are imported in a table in Flexsim HC which can be easily 

adapted in the future.  

The suborders of the distribution rounds 1, 2, 3 and 4 are placed into four queuing object(s), 

each representing one distribution round. When entering these objects a kind of due date is set 

for the order by means of adding an exponential distribution of the length of stay in the system 

to the creation time. The length of stay denotes the time at which an order is changed during the 

production process. The assignment of the length of stay is done based on percentages per 

protocol/item type, resulting in different parameters for the length of stay in the system which is 

imported in a global table called “Expparameter”.  

After the queuing object for each distribution round, two queues are modelled for the difference 

between the products with a long preservability and a short storage life. Based on the simulation 

time of the production round their input is opened with shift schedules and accordingly the 

correct sequence of medication production is maintained. Opening a queue means the queue 

can receive items from another queue. Within the two queues the items are sorted by item type 

to assure the orders with the same protocol are produced together. 

 

Furthermore a shift schedule is assigned to the production unit, to maintain the production times 

(6.30h-23.00h). 

Table 99: Production and transport round Feniks 

Start time distribution 
round (hours) 

Start time and end time 
production round (hours) 

Start time transporter 
round (hours) 

1 – 7.00 22.00-23.00 and 6.30-7.00 6.45 and 7.00 
2 – 11.00 7.00 – 11.00 10.45  and 11.00 
3 – 16.00 11.00 – 16.00 15.45 and 16.00 
4 – 22.00 11.00 – 22.00 21.45 and 22.00 

  

In practice the suborders of the same protocol are produced together. The term ‘batch’ should 

however be considered in a more general way since the number of items in a batch is flexible 

and not a fixed number which is normal for a ‘batch’. The maximum number of suborders of a 

particular item type which can be processed is not fixed, but depends on the arrival process. In 

practice all items of a specific protocol are processed at once and those are not assigned to 

multiple batches. By sorting the suborders on their item type the sequence of the production is 

settled.  

The production phase consists of two parts in which two clinical pharmacists are involved: 1) 

set-up phase and 2) production phase. During the production phase of items of a particular 

protocol, the set-up time depends on the clinical pharmacists. The clinical pharmacist can 

choose from two types of preparation: an employee may decide independently to do the 

preparation at once for the total number of items or the employee decides to prepare each item 
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separately after the overall preparation (mixing of liquids) has been finished. In Flexsim HC the 

set-up time is assigned to the first item being processed of a particular protocol. Afterwards a 

processing time is assigned to each item. In case the item type changes a new set-up time is 

assigned to the first item of that group and equal processing times are assigned to each item of 

the new group. This is repeated until all items in the queue are processed. The set-up times and 

process times are read from a table (called global table: “Processtimes”) in the Flexsim HC 

model. In the production process always two clinical pharmacists are required, which is a 

regulation to assure the quality of the medication.  

After the production process the items are again placed into an intermediate queue of a 

particular distribution round (1-4). In this queue the items are again sorted to assure the correct 

sequence of transportation to the different departments, i.e.  first supply department 1 , 

consequently department 2, etc. Fifteen minutes before a distribution round starts and at the 

beginning of a transporter round (Table 99) this queue is opened and the items are placed in a 

delivery queue of a particular distribution round (1-4). The transporter will receive a new 

notification (‘task’ in ‘task sequence’) that items have to be delivered to the departments, which 

represented by queues. The delivery is in ascending order based on the label ‘Afdeling’ of an 

item. At the time the distribution round starts again the queue containing produced medicines is 

opened and the transporter will deliver the medicines. The transporter thus delivers the 

medicines two times per distribution round, 15 minutes before and at the time of the distribution 

round. 

Verify the model: 

Law (2007) prescribes verification techniques which can be used to debug the simulation model 

and check whether they work correctly. The following methods have been applied to verify the 

models: 

1) Especially since Flexsim HC is new to the author of this master thesis the technique of 

testing the behaviour of a small model and extend the complexity of the model is 

applicable. Since the process flow was relatively straightforward the subsequent steps 

could be identified by checking the subsequent steps in the patient tracks.  

2) A review or structured review with the model is conducted with a healthcare 

practitioner by showing the process flow of a patient through the model. The execution is 

confirmed and approved by the healthcare practitioner. Furthermore the models are 

reviewed and commented by the simulation expert of TALUMIS, Logistic Simulation 

Solutions B.V. 

3) The ‘tracing’ technique is applied by means of clicking on medication orders in the 

model to check the values of their attributes and to check whether the order of the of the 

production is executed correctly. 

4) The use of animation is already incorporated by the previous two techniques by 

analysing the animation of the process flows of patients and their states during the 

process execution. By checking process flows of the distribution rounds, it was observed 

that the production process is correctly modelled. 

5) The advantage of using Flexsim HC is the reduction in the amount of coding required 

for modelling a situation. Often this is typical for application-oriented simulation software. 
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It does guarantee the correctness of a model to a high extent, since probably fewer 

errors are made during the model building. 

Furthermore some general verification techniques have been applied: Business Process 

Management (BPMN) models of Feniks have been compared with the Flexsim HC models 

as a verification technique to check whether all activities in the processes of the case studies 

are incorporated and in the correct order. Subsequently the models of Feniks in Flexsim HC are 

tested and verified by organising meetings with different stakeholders of the Feniks-

department. Finally a verification is implicitly conducted by means of the extensive contact 

with the provider of Flexsim HC in The Netherlands, TALUMIS, Logistics Simulation Solutions 

in Utrecht to assure the models are correct and supported by Flexsim experts. (Van Aken, 

Berends, & Van der Bij, 2007) 

The results of the verification techniques show the models are correct and can be used to 

simulate the current situation. 

Appendix K5 – Pilot runs Feniks 

Pilot runs are performed to check if the stochastic simulation provides comparable results as the 

results in reality/practice (validation). The analysis of the data is performed in a template 

constructed in Excel. 

The performance indicators analysed for Feniks are: 

- End times of production per production round 

- Utilisation rate per production round 

The utilisation rates per production round are calculated by means of dividing the production 

time required for producing all items for a production round by the total time available for a 

production round minus 15 minutes before the start of the distribution round, since the 

medication should be distributed among the nursing departments. 

The pilot runs are performed using the experiment manager in Flexsim HC. After each 

replication a table with data of the simulation (start time and end time of the production of a 

medication / item) is exported to Excel. Subsequently a template is used to analyse the data. 

Unlike MDL no specific data can be selected to be exported to MS Excel. The data of items 

flowing through the model of Feniks is not standard reported, whereas in MDL data of patients is 

saved automatically. 

The number of replications is set at 10. According to Law & Kelton (2000) 5-10 replications is in 

practice sufficient to satisfy the ‘law of large numbers’ (i.e.central limit theorem / normal 

distribution), which states that the outcomes of the different simulation runs does not affect the 

coverage of the confidence interval too much. 

The warm-up period is set at 1 day since the arrival process starts at midnight (0:00:00, day 0) 

and medication requests during the first day are not taken into account. By setting the warm-up 

period at 1 day, the medication production starting from the second day represents the arrival 

process of one full day.  

The run length is set at 4 weeks to obtain an initial view on the process execution. Unfortunately 

the hardware could not execute a longer model run. It is assumed that since the production 

process is according to the process owners a relatively stable process (e.g. in terms of number 
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of medication per day) this will affect the results too much. The standard deviation are already 

relatively small.  

The average of the confidence interval is based on the averages of the ten replications and the 

standard deviation is based on the standard deviation of the ten replications. 

The functionality ‘experiment manager’ in Flexsim HC is used to simulate the current situation of 

Feniks: the number of replications and run length can be parameterized in this console. The 

output for each replication is exported to a Microsoft Excel file. Subsequently the performance 

measures are calculated by means of a template constructed for this analysis.  

The above set-up of the pilot runs is summarized in Table 100. 
Table 100: Set-up pilot runs 

Number of replications 10 

Length of warm-up period 1 days 
Run/replication length 4 weeks 
Confidence interval (95%) 

n

s
tn

2

2/,1
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Table 101: Results pilot runs Feniks – Flexsim HC 

Current situation – Flexsim HC Distribution round 3 + 4 After 11.00   

       End times 
production 

      

Distribution round  Average Std. Dev. Lower  
bound 

Upper 
bound 

 

1 (evening) 23:00 23:00:44 0:02:25 22:59:00 23:02:27  
2 11:00 10:48:15 0:13:39 10:38:29 10:58:01  
3 16:00 15:47:17 0:13:46 15:37:27 15:57:08  
4 22:00 21:45:24 0:16:25 21:33:39 21:57:09  

       Distribution round  Average Std. Dev.    
1 (morning) 7:00 7:33:04 0:09:18    
      
Distribution round Utilisation rate Std. dev. Efficiency level 

(0,75): 
   

1 104,16% 9,66% 138,87%    

2 51,33% 7,43% 68,44%    

3 40,69% 5,38% 54,25%    

4 30,24% 4,85% 40,32%    

       Average # orders / 
day 

214      

 

Table 102: Results pilot runs Feniks – CPN-tools 

Current situation  Distribution round 3 + 4 After 11.00   

End times production      
Distribution round  Average Std. Dev. Lower  

bound 
Upper  
bound 

1 (evening) 23:00 22:55:10 0:05:46 22:51:03 22:59:17 
2 11:00 10:28:53 0:06:07 10:24:31 10:33:15 
3 16:00 15:33:01 0:18:22 15:19:53 15:46:10 
4 22:00 21:25:10 0:12:40 21:16:07 21:34:13 

      Distribution round  Average Std. Dev.   
1 (morning) 7:00 7:44:16 0:11:26   
     
Distribution round Utilisation rate Std. Dev. Efficiency level (0,75):  

1 108,55% 10,15% 144,73%   
2 43,54% 5,20% 58,05%   
3 37,46% 5,09% 49,95%   
4 28,00% 3,95% 37,34%   

      Average # orders / 
day 

240     

 

The bold averages of the end times and utilisation rates are the results of the pilot runs which 

are comparable, i.e. confidence intervals are overlapping or the difference is smaller than one of 

the standard deviations. The difference of nonoverlapping confidence interval is rather small (2-

5 min / %).  
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Appendix K6- Results validation results pilot runs 

The model is validated during a workshop with two process owners of Feniks: Mrs. M.G.A.J. 

Goessens and Drs. A. Van de Plas. We validated the model for the end times of the production,  

orders per day and utilization rates. A second validation I performed by comparing the Flexsim 

HC model with a Business Process Management (BPMN) model created by T.J. Kroon.  

While applying the two validation techniques, the correctness of the Flexsim HC model is 

discussed and whether all necessary details are included. The main difference between the 

CPN-tools model and Flexsim HC model is the role of the planner of the Feniks process. In 

practice the planner determines the sequence of the order processing which can modelled 

explicitly using CPN-tools by assigning a clinical pharmaceutical employee to the planning 

activity. On the other hand in Flexsim HC the incoming orders are automatically sorted by the 

protocol number without using a clinical pharmaceutical employee. As a result, in Flexsim HC 

no time duration can be assigned to the planning activity, which is possible in CPN-tools. 

However this difference in modelling is approximately 2 minutes at the start of each production 

round. This has probably not a significant effect on the end times and utilisation rates obtained 

from the simulations with Flexsim HC. Therefore no distinction in utilisation rates between the 

employees is made, but only an utilisation rate for the LAF-cabinet (similar to two clinical 

pharmacists) is calculated. An extra check is the number of produced medication for the IC 

departments. It is observed that per day 181 medicines were produced, conform the data 

analysis of Mr. T.J. Kroon. This was somehow different from the number found by Mr. T.J. 

Kroon, since in the CPN-tools model the number reflects the total number of medication in the 

batches, whereas the number in the Flexsim HC model represents the medication which went 

through the LAF cabinet (are actually produced). The results of the pilot runs, especially those 

of the end times of production and number of orders per day, are confirmed and approved to be 

correct during a meeting with the process owners.  

The utilisation rates are derived from the production times per production period and the 

utilisation rates are weighted with an efficiency level (assumed at 0,75 and confirmed by 

process owners) which represents the time that is not related to effective production (e.g. 

conversations). The utilisation rate of the first production round is too high since it exceeds the 

maximum of 100%, which is a very unlikely result. This indicates the production starts too late 

for an on-time delivery of the medication in the first distribution round of 7.00. The process 

owners confirm that the production indeed starts too late for an on-time time delivery and 

normally finishes at 7.30. The time of 7.30 is used for the calculation of the utilisation rate 

(because of the transporter round), meaning in total 2 hours is available for this production 

round (22.00-23.00 and 6.30 – 7.30). In practice they solve the high utilisation problem by 

delivering the medicines after 7.30, meaning that they have an (decreased) utilisation rate to 

around 100%. The process owners think the utilisation rates are around 10-20% too low, which 

may be because in both models intermediate tasks (e.g. cleaning LAF cabinet during the day, 

which does not happen very often, or labelling the produced medication) is not included. 

Furthermore only 80% of the production volume is taken into account (Pareto distribution) and 

according to this distribution the remaining 20% probably requires a significant workload. 

However the pattern in the utilisation rates is recognised by the process owners (e.g. busy and 

less busy production rounds).  
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To conclude: the validation showed that the models are comparable and represent relatively 

correct results and can be used for further simulation experiments and for the comparative case 

based research. 

Appendix K7– Design experiments 

The redesigns presented in Table 103 are the redesigns which I have analysed using the 

Flexsim HC models. The redesign scenario’s are discussed with the process owners of Feniks. 

The first redesign scenario is a preference of the process owners. They prefer to produce 

medication per distribution round, instead that distribution rounds 3 and 4 are made 

simultaneously. The second redesign is derived from the Stuurgroep Feniks (2011) of which the 

first step (involve IC departments at new Feniks location) is of interest. Again note the TRIZ-

principles and best practices involved in these redesign scenarios.   

Table 103: Redesign scenario's Feniks – mapping TRIZ-principles and best practices 

Redesign scenario TRIZ-principles / Best practices 

1) Change the order of production of regular 
nursing departments: production per 
distribution round instead of 3 and 4 after 
11.00 

Order types: orders with the same distribution round 
are produced in a separate production period. 

2) Add capacity: new Feniks location for 3 IC 
departments including LAF-cabinet for 
Intensive Care (IC) departments and current 
eight distribution rounds for IC departments 

Specialist: LAF-cabinet dedicated for the production of 

orders of Intensive Care departments 

 

The analysis of the process has provided input to a brainstorm session about other redesign 

scenario’s which cannot be analysed with the simulation models since those cannot be 

modelled in terms of a production process. The following redesign scenarios are not modelled in 

Flexsim HC: 

1) The first redesign, which is not simulated, that could be applied by the process owners is 

performing an additional check before the actual production of a set of medication orders 

of the same protocol is started. The additional check is related to prior counteraction 

(new best practice identified by Nitu (2012)  in the category ‘business process 

operation’) and is defined as ‘Add tasks to prevent happening of a undesirable situation 

or to reduce its impact’ is closely related to the additional check since a new activity is 

added to reduce in this case the spillage of medication. Consequently this will result in a 

better performance in the quality and cost dimension of the Devil’s Quadrangle. In the 

current process changes in medication requests are checked before delivering the 

medication, but not before the actual start of the production of a batch.  

2) The second redesign of an electronic planning system refers to the best practice 

Automation in the framework of Reijers & Mansar (2005). The planning of the sequence 

in which medication orders are processed is currently partially manually performed. 

Medication is requested by the electronic prescription system, but the grouping of 

medication (based on same protocols) is done by hand and the requests to be 

processed for a particular distribution round are printed. An interface depicted in Figure 

38 could be a starting point for a new planning system. This system ‘SolidCommRx’ of 

Cornerstone Automation Systems (2012) is used for packaging processes in 

warehouses. When applying this software to Feniks, the interface could show that for 
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each row a medication request needs to be performed, specifying: , the patient, the 

protocol, dose, status (produced / not produced), distribution round, department and 

storage life. An algorithm, representing the current planning methodology, incorporated 

in the software should group the requests of the same protocol within the same 

distribution round  and based on storage life as well. The system should group requests 

of the same protocol, distribution round and storage life for the production and should 

show it on top of the screen of the system. The automation of tasks often results in 

reduction of (planning) processing times, lower processing costs, high developments 

costs of the (planning) system, better (planning) results, but lower flexiblity of the 

(planning) process since it follows an algorithm incorporated in the system and no direct 

human intervention ispossible (Reijers & Mansar, 2005). A best practice Integral 

technology related to the planning system may be promising by a continuous projection 

of the planning on the back wall inside the LAF-cabinet. The planning system is 

integrated with the production process and the planner does not have to communicate 

every change in the medication requests. According to Reijers & Mansar (2005) this best 

practice results in equal quality performance and flexibilty, higher (development) costs 

and improvement in the time dimension. According to the process owners of Feniks a 

display is integrated in a LAF-cabinet. 

      
Figure 38: Proposal interface automatic planning system 

3) A third possible redesign, which is not simulated, is a kind of centralisation (Reijers & 

Mansar, 2005) of nurses from the nursing wards at the Feniks department combined 

with a kind of Feedback (new identified best practice identified by Nitu (2012) in 

category ‘Information’) since the expertise of the nurses is evaluated and feedback is 

given on the quality dimension of the medication preparation. The performance 

dimensions quality, costs and time may be improved by implementing educational 

‘training’ of nurses. Costs are decreasing since spillage can be reduced. However, when 

delegating nurses to the Feniks location probably extra nurses have to be hired by the 

nursing department, resulting in higher costs. The time dimension at the nursing 

department is by means of increased expertise, improved since the medication is 

prepared faster and the delay in the  delivery of the medication is diminished.              
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The pilot study of  Feniks showed improvements in the key performance indicators 

quality, time and flexibility. A possible drawback of centralising the production of low 

priority medication, while urgent and high priority medication is still produced at the 

nursing department, is the reduction in expertise of the nurses to produce medication 

(especially the urgent and high prioritised categories) at the nursing departments, 

possibly resulting in an increase of contamination, spillage, higher costs, and increased 

production times since it takes more time to produce the medication. A solution to this 

drawback could be that nursing departments, in close cooperation with the Feniks 

department, construct a schedule (e.g. interval of 6 weeks, time allocated at Feniks 

location: one morning / afternoon) for delegating nurses to the Feniks location. At the 

Feniks location nurses from the wards can perform the role of the examiner or executer 

of the production in the LAF-cabinet, in other words reviewing the production or to make 

medication themselves in less busy periods, e.g. hollidays). A kind of intergroup training 

was indicated by Jones G. R. (2007) as an important organisational development 

technique to implement a business process change in which cross-functional / cross-

divisional (in this case several nursing departments) coordination is required.  

Appendix K8 – Make production runs 

In Table 104 the set-up of the production runs are presented. The production runs for Feniks are 

performed with the experiment manager in Flexim HC. For each replication an output file is 

created and is analysed in a template in Excel. 

Table 104: Set-up final experiments 

Number of replications 10 

Length of warm-up period 1 days 
Run/replication length 4 weeks 
Confidence interval (95%) 

n

s
tn

2

2/,1  

 

The warm-up period is set at 1 day since the arrival process starts at midnight (0:00:00, day 0) 

and medication requests during the first day are not taken into account. By setting the warm-up 

period at 1 day, the medication production starting from the second day represents the arrival 

process of one full day. The run length is set at 4 weeks to obtain an initial view on the process 

execution. The average of the confidence interval is based on the averages of the ten 

replications and the standard deviation is based on the standard deviation of the ten 

replications. 
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Appendix K9 – Results redesign scenarios Feniks 
Table 105: Redesign current situation - 3 and 4 separately – Flexsim HC 

Regular 
departments 

 Distribution rounds 3 + 4 produced 
separately 

    

       End times 
production 

      

Distribution 
round 

 Average Std. Dev. Lower 
bound 

Upper 
bound 

 

1 (evening) 23:00 23:00:41 0:02:30 22:58:5
4 

23:02:29  

2 11:00 10:47:08 0:14:28 10:36:4
7 

10:57:29  

3 16:00 15:48:04 0:13:41 15:38:1
7 

15:57:52  

4 22:00 21:46:39 0:15:46 21:35:2
3 

21:57:56  

       Distribution 
round 

 Average Std. Dev.    

1 (morning) 7:00 7:32:27 0:08:54 7:26:05 7:38:49  
      
Distribution 
round 

Utilisation 
rate 

Std. Dev. Efficiency 
level 

(0,75): 

   

1 103,54% 9,36% 138,05%    
2 52,12% 6,90% 69,49%    
3 42,68% 5,54% 56,91%    
4 30,18% 4,32% 40,24%    

       Average # orders 
/ day 
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Table 106: Redesign current situation - 3 and 4 separately – CPN-tools 

Current situation  Distribution rounds 3  
+ 4 produced separately 

   

      End times production      
Distribution round  Average Std. Dev. Lower 

bound 
Upper 
bound 

1 (evening) 23:00 22:39:51 0:06:25 22:35:16 22:44:26 
2 11:00 10:27:14 0:05:32 10:23:16 10:31:11 
3 16:00 15:25:34 0:06:03 15:21:14 15:29:54 
4 22:00 21:20:57 0:05:25 21:17:05 21:24:50 

            Distribution round  Average Std. Dev.   
1 (morning) 7:00 7:45:28 0:15:17 7:34:32 7:56:24 
     
Distribution round Utilisation rate Std. Dev. Efficiency 

level (0,75): 
  

1 108,44% 10,29% 144,59%   
2 43,33% 4,93% 57,77%   
3 39,70% 4,95% 52,93%   
4 28,17% 4,02% 37,57%   

      Average # orders / 
day 

240     

 

The bold averages of the end times and utilisation rates are the results of the pilot runs which 

are comparable, i.e. confidence intervals are overlapping or the difference is smaller than one of 

the standard deviations. The difference of nonoverlapping confidence interval is rather small (2-

5 min / %).  
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Initially the comparison between the results of CPN-tools and Flexsim HC showed an 

remarkable difference for the utilisation rates. Therefore Mr. T.J. Kroon planned several 

meetings to discuss possibles causes: 

- Beta distribution: whether the set-up and production times indeed follow a beta 

distribution by modelling this separately and making a graph of the set-up and 

production times. 

- The calculation method of the utilization rates: by how much time is e.g. the actual 

production time divided. 

- How many medication is flowing through the model. 

- The batching process: how is the batching of medication managed. 

- The flow of the medication through the model: which steps are involved in the process 

and are those implemented in both the models. 

- The spillage of medication: how is spillage recorded per medication and how does this 

influence the process execution.     

- The schemes that were implemented in both the models: the moments in time the EVS 

is checked. 

In the end the cause of the differences was probably the fact that in the CPN-model the EVS 

was check only once per production round per day. In practice however normally fixed moments 

in time are scheduled per production round to check for new medication requests. In Flexsim 

HC this was translated to checking moments once per hour. 
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Table 107: Redesign IC - separate location – Flexsim HC 

Redesign IC  3 IC departments     

  8 distribution rounds    
End times production       
Distribution round  Average Std. Dev. Lower bound Upper bound  

1 8:00   7:26:00 0:09:05 7:19:29 7:32:30  
2 10:00 8:46:48 0:18:30 8:33:34 9:00:02  
3 12:00 10:50:14 0:16:41 10:38:18 11:02:10  
4 14:00 13:40:56 0:10:57 13:33:06 13:48:46  
5 16:00 14:54:15 0:15:20 14:43:17 15:05:13  
6 18:00 16:43:00 0:20:08 16:28:36 16:57:24  
7 20:00 18:47:37 0:18:16 18:34:33 19:00:40  
8 22:00 20:36:03 0:19:44 20:21:56 20:50:10  

      
Distribution round  Utilisation rate Std. Dev. Efficiency level (0,75):   

1 8:00 62,18% 10,15% 82,91%   
2 10:00 31,80% 8,85% 42,40%   
3 12:00 37,08% 8,95% 49,44%   
4 14:00 96,13% 10,43% 128,17%   
5 16:00 40,57% 10,45% 54,10%   
6 18:00 28,78% 8,61% 38,38%   
7 20:00 33,42% 8,64% 44,57%   
8 22:00 23,95% 6,94% 31,93%   

       Average # orders / day 181     

 
Table 108: Redesign IC - separate location – CPN-tools 

Redesign IC  3 IC departments    

  8 distribution rounds   
End times 
production 

     

Distribution round  Average Std. Dev. Lower bound Upper bound 
1 8:00 7:23:54 0:06:11 7:19:28 7:28:19 
2 10:00 9:05:34 0:05:22 9:01:44 9:09:25 
3 12:00 11:06:43 0:03:36 11:04:08 11:09:17 
4 14:00 13:43:40 0:12:17 13:34:53 13:52:27 
5 16:00 15:07:02 0:03:37 15:04:27 15:09:37 
6 18:00 17:04:14 0:06:39 16:59:29 17:08:59 
7 20:00 19:06:18 0:04:30 19:03:05 19:09:31 
8 22:00 21:03:12 0:05:52 20:59:00 21:07:24 

      
Distribution round  Utilisation rate Std. Dev. Efficiency level 

(0,75): 
 

1 8:00 57,70% 9,26% 76,93%  
2 10:00 25,42% 6,75% 33,89%  
3 12:00 28,76% 7,17% 38,35%  
4 14:00 88,09% 10,28% 117,46%  
5 16:00 33,34% 8,33% 44,46%  
6 18:00 23,95% 7,05% 31,93%  
7 20:00 27,47% 6,66% 36,63%  
8 22:00 19,91% 5,63% 26,54%  

      Average # orders / day 182    

 

The bold averages of the end times and utilisation rates are the results of the pilot runs which 

are comparable, i.e. confidence intervals are overlapping or the difference is smaller than one of 

the standard deviations. The difference of nonoverlapping confidence interval is rather small (2-

5 min / %). Note that the number of orders is now relatively similar, since for the IC departments 

it is assumed that all arriving orders will be produced. 



194 
 

Appendix K9.1 – Analyse output data 

The KPI’s analysed from the production runs are similar to those analysed for the pilot runs. The 

outcomes of the redesigns can be found in The outcomes of the redesign in which the 

medication requests of the regular wards are produced per distribution round show that no 

significant change will occur in end times of the production and utilisation rates per distribution 

round. 

The redesign related to the IC department is a new situation which is independent from the 

current situation of the regular departments, since the feniks department is located in a different 

part of the hospital. In this scenario one LAF-cabinet is placed at the new feniks location for the 

production of the medication requests of the IC departments. The results show that the 

medication can be delivered on time for each of the eight distribution rounds. The utilisation rate 

of the first distribution round is at the beginning of the day a little higher since medication is 

prescribed and which is not produced during the night. The utilisation rate of the fourth 

distribution round is high because in practice at 14.00h perfusors (see example of perfusor in 

Appendix K1 – General information Feniks) are replaced and more medication has to be 

produced. 

Appendix K9.2 – Capacity calculation Feniks 
Table 109: Calculation FTE Feniks - IC departments on working days 

Capacity IC's   Capacity regular wards   

Working days 260  Weekends 100 100 
Hours / day 14,5  Hours / day 15,5 8,5 
3 KFM (1 LAF cabinet) 3  3 KFM (1 LAF cabinet) 3 3 
Total hours / year 11.310  Total hours / year 4650 2550 
      CAO - hours / year 1544  CAO - hours / year 1544 1544 
FTE - KFM 7,3  FTE - KFM 3,0 1,7 

Factor (absence, illness) 1,36  Factor (absence, illness) 1,36 1,36 
Total FTE – production IC departments 10,0  Total FTE – extension regular wards 4,1 2,2 
Total FTE required    14,1 12,2 

 

In order to extend the Feniks project to the IC departments one cabinet and one team of clinical 

pharmaceutical employees (KFM) is required. Furthermore around 12.2 FTE or 14,1 in KFM, 

depending on the schedule, is required. Note that these calculation in general reflect the 

calculations in the Uitrolplan of Stuurgroep Feniks (2011) when assuming the production times 

of IC (6.30-22.00) and regular departments in the weekend (6.30-15.00). In these calculations a 

a total number of FTE in the operational production process was around 12,3 (Pharmacist 

Assistents (Apothekersassistenten): 10.6 FTE, Operational Manager: 0.7 FTE, Quality, Planning 

and Coordination: 0,7 FTE). In the above calculations the number of FTE differs 0.1 FTE (12.2 

FTE).    
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Appendix M – Recommendations to TALUMIS Logistic Simulation Solutions B.V. 

The modelling of the processes of the case studies MDL en Feniks provided insight in aspects 

in Flexsim HC which may be improved: 

1) One main point of interest and indicated in the introduction of this master thesis is the 

implicit workflow processes and resource assignment. Especially in the case study of 

MDL the healthcare practitioners compared CPN-tools with a kind of workflow process 

which they often use for describing their processes. A conceptual model generator which 

is currently not implemented in Flexsim HC would make the processes more explicit by 

means of generating petri nets or workflow or activity cycle diagrams. Similarly the 

assignment of resources to activities becomes more obvious. The conceptual model 

generator is also a component in the framework of Nikoukaran et al. (1999) (Appendix 

D5 - Testing & efficiency). Note that this conceptual model generator could be related to 

the future research of transforming CPN-tools models in Flexsim HC models and vice 

versa. 

2) The task sequence of staff group may be designed more explicit. In the current software 

the regulation of task sequences is defined by ‘sending messages’ to an operator, but 

those messages are not visible and the way the operator handles the sequence of the 

messages is not obvious. 

3) The statistical distributions are relatively implicit because they can be selected from a 

drop down list. The calculations beyond the statistical distributions cannot be analysed, 

e.g. the beta distribution with three or four parameters. For statistical purposes this 

insight preferred. Moreover the software may become more flexible when new statistical 

distributions can be added by the user by defining the functions. 

4) The arrival of patients is the physical arrival of the patient in the hospital. The referral 

process is not explicitly included in the arrival options of the software. It is recommended 

to include the transformation from a request for a procedure into a slot for the procedure. 

Moreover the referrals could be (randomly or based on a probability) assigned to a slot. 

Also the no show percentage is related to this: if a request is send to the hospital but the 

patient does not show up, the referral should still be planned in another slot. In the 

current modelling of arrivals a patient who did not show up will not be planned in another 

slot (because the patient who did not show up is not identified). Main point of interest is 

thus the identification of referrals / requests and patients. 

Furthermore a kind of reservation of e.g. a bed should be possible, even if the patient 

has not arrived. Patients from wards often came later than the appointment time, but 

reserve a kind of bed. Possibly this can be linked with the appointment schedule. 

5) A periodical check is not standardly available. It seems a kind of periodical check (time 

interval to repeat activity) can be used, but this time refers to the start time of the 

simulation and not to the start time of the actual activity for which a repeat interval is 

required. 

6) In academic hospitals such as MUMC+ a part of the procedures are performed by AIOS 

under supervision of a specialist. In practice it means that it may occur that the 

procedures in two rooms are performed by two AIOS and supervised by one specialist. 
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The role of the specialist is difficult to model since he should be assigned simultaneously 

to two patients. 

7) In addition to the previous recommendation: group wise treatments which are often 

performed in rehabilitation centres require that on resource (physician) is assigned to a 

group of patients / clients. In CPN-tools this is easily to model with the number of arcs to 

a treatment or an arc inscription denoting the number of patients for a treatment. In 

Flexsim HC the treatments are rather for an individual patient. Flexsim HC is therefore 

less appropriate for other healthcare organisations than a hospital or general 

practitioner.   

8) It is preferable to check how overtime is exactly calculated: currently it is based on the 

interaction between the activities in a task sequence of a resource and his / her shift. In 

case his / her shift has ended and no tasks are available he will be off schedule. New 

tasks may arrive in his off schedule time and the resource will execute those tasks. 

However it is questioned if overtime cannot be calculated easier with the time the 

resource is off schedule after performing the last task on a day and comparing it with the 

end time of his / her shift. 

9) A hierarchical modelling in the patient tracks may be interesting. In a patient track the 

activities are placed in a (long) list. In case different phases in a process, e.g. 

preparation consisting of ‘giving IC’ and ‘checking blood pressure’ and subsequently 

procedure consisting of ‘undressing’ and ‘sedating patient’, the format of patient tracks 

may be improved. A solution would be to add a plus (+) before preparation or procedure, 

which unfolds after clicking on it. After this the sub activities can be viewed. 

10) A flowchart of the connections of item objects is recommended. Currently the item 

objects or model tree should be opened to view the input and output connections. A 

flowchart would make the process flow more obvious. 

11) The (simulation) time of the activities of patients is recorded. For items the (simulation) 

times of entering or leaving an item object is not recorded, but is preferable when 

analysing the case study of Feniks. 
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Appendix N – Future research 

Appendix N1 - Model transformation CPN-tools and Flexsim HC 
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Figure 39: Model transformation CPN-tools and Flexsim HC 

The model transformation is derived from a proposal of Burnett, Medeiros, Finke, & Traband 

(2008) which transformed data from a Product Lifecycle Management (PLM) system into a 

Flexsim Container Terminal (Flexsim CT) model by means of an own developed software-

specific model generator including a custom Flexsim interface. Similarly this transformation may 

be applied in the healthcare context, e.g. with existing Systems, Applications, and Products 

(SAP) or Enterprise Resource Planning (ERP) systems in a hospital. The data can be used to 

make a product patient model, facility model, and manufacturing model which should 

automatically be transformed in a CPN-tools or Flexsim HC model. In short the product (patient) 

model describes what kind of entities, including their attributes and geometries is processed 
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through the simulation model. The facility model includes descriptions of objects which define 

the facility where the processes are executed. The manufacturing information model describes 

how the model should work by means of labour shift schedules, process times, patient routings, 

processing requirements etc. In Figure 39 a conceptual model transformation concept of CPN-

tools and Flexsim HC is depicted. 

The data exchange format to be used is Microsoft Excel rather than XML because of its 

effective data transfer, easy to use tool to input/change data and templates can be created 

(Burnett, Medeiros, Finke, & Traband, 2008). In the Excel format three different conceptual 

models should be made as tables: 1) product (patient) model, 2) facility model and 3) 

manufacturing information model. The product (patient) model describes what kind of entities, 

including their attributes and geometries is processed through the simulation model. The facility 

model includes descriptions of objects which define the facility where the processes are 

executed, including geometries, attributes, location in the model, processes. The manufacturing 

information model describes how the model should work by means of labour shift schedules, 

process times, patient routings, processing requirements etc. 

In general the code, underneath the interface, in the model generator developed by (Burnett, 

Medeiros, Finke, & Traband, 2008) should transform these conceptual models into model 

entities, attributes, model constructs and associations in Flexsim HC. An initial Flexsim HC 

model is created and final modifications can be made by the user. Subsequently the user can 

use the interface of the model generator or the model in Flexsim HC to define simulation 

parameters (e.g. number of replications and warm-up period) in order to obtain output data. 

 

This proposal aims at obtaining the benefits from both CPN-tools and Flexsim HC by 

transforming the CPN-model following the proposal into a Flexsim HC model. The 

transformation of a Flexsim HC model to a CPN-model can be achieved by performing the steps 

in the same order, and not with the model generator as a feature ‘conceptual model generator’ 

in the category ‘testing & efficiency’ in the framework of Nikoukaran et al. (1999), since this 

feature is not available in Flexsim HC. Another option is to start with available data of a 

healthcare department only and transform it into a CPN-model or Flexsim HC model. 

The advantages of the project of Burnett, Medeiros, Finke, & Traband, (2008) are promising and 

may also hold for the healthcare domain: less time and effort required to construct a simulation 

model, modelling errors are reduced, extendible, easy simulation settings, Excel system is user-

friendly although set-up time may be large, most valuable for complex systems / processes and 

suitable for non-expert use. Especially in case the interface could be connected to both CPN-

tools and Flexsim HC to capture their benefits of both, this could be useful for the healthcare 

domain. According to TALUMIS, Logistics Simulation Solutions, this concept is already applied 

in other industries (e.g. interfaces with existing ERP / SAP systems) and recent developments 

of the software resulted that even no interface in Microsoft Excel is required anymore. The 

development of an interface for the healthcare domain is probably more difficult since the 

Flexsim HC does not provide enough flexibility in coding. Nevertheless TALUMIS, Logistics 

Simulation Solutions declares that a kind of interface with Flexsim HC may be preferable when 

e.g. the greater part of the departments in a hospital make use of the same appointment 
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scheduling software or ordering system of medication (e.g. EVS). In case a larger part of the 

healthcare organisation makes use of the interface the high development costs can be justified. 

Appendix N2 – Incorporation of renovation and lay-out in Flexsim HC 

Prior to this master thesis project I have visited a workshop of Crystal 5D Technologies (2011) 

in Veldhoven, The Netherlands. Crystal 5D Technologies develops 5D models and are different 

from the 3D models in Flexsim HC and may be interesting for integration opportunities. 

- The 3D perspective in the models is similar to 3D in Flexsim HC: both refer to the 

geometrical layout, level of detail and realism. 

- The 4D in Crystal 5D Technologies refers to the availability of real time information. The 

integration of Flexsim HC with ERP or SAP systems, e.g. patient planning or medication 

request system, thus would result in a fourth dimension of modelling. 

- 5D in Crystal 5D Technologies denotes the intelligence of the model in terms of all data 

that is incorporated in the objects in the model. Currently the models of Crystal 5D 

Technologies are developed for manufacturing industries (e.g. factories) and data of e.g. 

size, length of pipelines is incorporated in the objects, possibly read from BOM or PDM 

systems. For redesign scenarios in healthcare with a change in the physical layout a 

kind of data availability in Flexsim HC may be desirable since both the physical layout is 

taken into account and the effects on the process execution. Moreover the data 

availability of the physical layout includes a certain quality assurance since problems 

with physical constraints, e.g. not fitting pipelines, are declared. 

Appendix N3 – Information of proficiency in simulation in organisations 

In UMCG the head of the department ‘healthcare logistics and innovation’ has a background in 

mechanical engineering. Although not directly related to simulation a kind of technical 

background exists for these kinds of methods. Furthermore two employees of this department 

have a background in operation research and followed their education the University of 

Groningen (Rijksuniversiteit Groningen, RUG). In their education program they used the 

simulation software package ‘plant simulation’. The projects in UMCG for which they use 

simulation are performed by themselves with little support of TALUMIS Logistic Simulation 

Solutions B.V. after following a training course of TALUMIS. 

At the MCL this department is less specialised and has less expertise in simulation. The 

department ‘hospital control centre’ focuses on the conclusions of the simulation models. The 

model building is primarily done by TALUMIS.      

The initial goal of TALUMIS was to sell the simulation software to organisations conducting a 

BPR project (Kolfin, 2012). The intention behind was that the organisations (including medical 

specialists and nurses) would model the processes and could ask support at TALUMIS. 

According to Ir. R. Kolfin of TALUMIS this was not successful because of the difference in 

knowledge about simulation among the healthcare organisations. The cooperation with the 

companies using Flexsim HC depends on the existence of a department focusing on BPR 

techniques. In case this kind of department exists in a hospital the cooperation is merely 

focused on providing modelling support hospitals without this department often outsource the 

simulation project to TALUMIS. When conducting or providing a Flexsim license the cooperation 

often involves a purchasing department of the hospital. 


