
 Eindhoven University of Technology

MASTER

A look into the effects of a business process redesign on the goals of employees
a combination of goal modelling and simulation models

van Dijk, R.E.P.

Award date:
2013

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/7cad727a-8fe8-4d59-baa2-9d61c1d814f7


  

 
 

 Eindhoven, November 2013 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BSc Systems Engineering, Policy Analysis & Management 

Student identity number 0761022 

 

 

 

in partial fulfilment of the requirements for the degree of 

 

Master of Science 

in Operations Management and Logistics 
 
 

 
 
 
 
 
 
 
 

Supervisors: 

dr.ir. H. Eshuis, TU/e, IS 

dr.ir. I.T.P. Vanderfeesten, TU/e, IS 

R. Tournier, ICL BV 

A look into the effects of a business 

process redesign on the goals of 

employees: a combination of goal 

modelling and simulation models 

by 

R.E.P. van Dijk 

 

http://www.tudelft.nl/studeren/masteropl/masteropleidingen/systems-engineering-policy-analysis-and-management/


  

 
 

TUE. School of Industrial Engineering. 

Series Master Theses Operations Management and Logistics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subject headings: Goal Modelling, Discrete Event Simulation, Measurement Framework, 

Business Process Redesign, Human Factors 
 
 

 

 
  



  

3 
 

Summary 
Companies are continuously adapting their processes to match the changing environments. Human 

aspects are thereby often subordinated (Roy, Roy, & Bouchard, 1998). Roy et al. found that human 

aspects are considered to be an important risk factor, they play an important role in the performance 

of the company. Some important aspects of the performance of companies like quality, productivity 

and efficiency are influenced by human factors. Human factors can for example be the mental and 

physical working environment, safety of the workplace and salary. The great importance of human 

factors, makes it also crucial to take them into account while developing a redesign of a business 

process. Human actions are primarily driven by goals (Scherer & Zolch, 1995). Carver and Scheier 

(1998) explain in their work how the mechanisms of people keep trying to accomplish their goals 

works. Also when a redesign helps an employee to meet their goals, employees will be more open for 

that redesign. This increases the chance that a redesign is implemented well. When looking to the job 

demand resource model of Bakker and Demerouti (2007), it can be seen that when goals are easier 

achieved, the job demands reduces or the job resources increases. This has also a positive effect on 

the organizational outcomes of employees. 

A tool often used while developing a redesign is simulation. Simulation software often does not 

provide many possibilities to take human factors into account. When these possibilities are provided, 

it is often hard and time consuming to develop a simulation model. Therefore an easier way has to 

be to found to take human factors into account within a simulation models. This thesis proposes a 

way to combine goal modelling with simulation models. By combining goal modelling with simulation 

models, the effects of a redesign on the goals of the employees can be made clear. First a method for 

this integration will be developed, second the method will be validated using a case study. 

When combining goal modelling with simulation models, it is important not to forget the KPI’s (key 

performance indicators) of the company. These are standard results for the company retrieved from 

simulation models, including KPI’s makes sure this information is not lost. Companies often use a 

measurement framework to evaluate their performance. The integration of measurement 

frameworks with simulation models is already known in the literature. For example Han, Kang and 

Song (2009) combined a measurement framework with a simulation model to evaluate the 

performance of redesigns of business processes. KPI’s can be seen as the operationalization of goals. 

For example the goal produce faster is operationalized by the KPI throughput time. Goals of 

employees can be seen as lower level goals of the company goals. As the integration of measurement 

frameworks is already known and it can be used to evaluate goals, we choose to integrate a 

measurement framework in a simulation model. The chosen framework is the Devil’s Quadrangle 

presented by Brand and van der Kolk (1995). Four factors are defined in the Devil’s Quadrangle: 

costs, quality, time and flexibility. All the goals of the employees can be placed in these four factors, 

for example: the goal “high product quality” belongs to the factor quality. It can also be the case that 

a factor belongs to more goals. Janssen-Vullers et al. (2007) and Janssen-Vullers et al. (2008) give 

additional insight into the different points belonging to the four factors. On the base of the 

decomposition provided in both of the works of Janssen-Vullers et al. every goal is put into the 

Devil’s Quadrangle. This makes it possible to measure the effects of a redesign of a business process 

on the goals of the employees.  
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With the use of simulation the effects of a redesign on the four factors of the Devil’s Quadrangle is 

calculated. With these results the effects of a redesign on the goals of the employees is calculated. 

When a goal is put into only one factor, it is not hard to determine what the effect of the redesign on 

the goal will be. When for example the factor quality is the only important factor for a goal and the 

quality gets better, the goal will also be easier to achieve. When more factors influence the goal, it 

becomes a bit more difficult. The factors that are applicable for a goal are assumed to influence the 

goal evenly. For example when all goals make the goal easier to be achieved, the goal is expected to 

be easier achieved, when one factor makes it easier and one not, than no effect is expected. When it 

is known that one of the applicable factors is more important than the other factors, then this can be 

taken into account. When a specific target for the goal is set, it could be said whether the goal is met 

or not by a redesign, else only a direction can be given whether the goal can be easier achieved or 

not. 

 Case study 

The case study is performed at ICL B.V. in Rotterdam, the Netherlands. This company produces high 

temperature resistant gaskets and insulation. The company is founded in 1987 and has grown rapidly 

since then. The CEO has the ambition to grown 2 to 3 times in the next 10 years, but without a similar 

growth of the number of employees. Therefore a way has to be found to produce more gaskets with 

the same amount of employees. The case study is performed at the production department of the 

company, at which several steps are performed to produce the gaskets.  

We collected the goals of the employees for every function within the company. This resulted into a 

large goal tree. These goals are then put in the Devil’s Quadrangle. This was possible for all goals, 

except for two. No corresponding factors were found for these two goals in the Devil’s Quadrangle. A 

discrete event simulation software package has been used to simulate the production department of 

ICL B.V.. With this simulation the effects of two redesigns on the four factors of the Devil’s 

Quadrangle has been calculated. The first redesign is the mailman redesign. Currently all employees 

collect the materials which are necessary themselves. In the redesign one employee is assigned to 

the collection of the materials and spread them to the correct places. In this redesign the factor 

quality improved, the factors costs and flexibility stayed the same and the factor time worsened. The 

second redesign is the automation redesign. In this redesign the process “punching” is automated, 

which also has the benefit that the processes “cutting” and “sawing” are not necessary anymore. For 

this redesign the factors costs, quality and time improved, the factor flexibility worsened. 

Results 

With these results the effects of the redesigns on the goals is calculated. To validate these results we 

asked to the employees what they think the effects are of the redesigns on their goals. A comparison 

has been made with the results from the simulation and the expectations of the employees. For the 

mailman redesign 33% of the goals are predicted the same and for the automation redesign 27%. 

Also look to Figure 0.1 and Figure 0.2 to get insight into the effects of the mailman redesign on the 

top level goals. When the goal is green, it is predicted to be easier achieved with the redesign. So the 

employees predicted that the “Growth of ICL” and the “Profitability” are easier achieved with the 

mailman redesign, while the simulation model predicted that the goal “Create a good working 

environment” is easier achieved. Another comparison has been made which only included the goals 

of the employees who are directly affected by the redesigns. With this new comparison 25% of the 

goals with mailman redesign are predicted the same and 55% of the automation redesign. These low 
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percentages can have two reasons or a combination of them: the employees did not predict the 

effects of a redesign on the goals correctly or the simulation did not predict the effects correctly. To 

check who predicted the effects correctly, one last validation has been done. In this validation we 

checked whether the employees predicted the effects on the four factors of the Devil’s Quadrangle 

the same as the simulation model. This turned out to be not the case. After this we discussed the 

results of the simulation model with experts of the process, they could be convinced that the 

simulation model was right. With this we can conclude that the simulation model predicted the 

effects on the goals better than the employees, which also emphasizes the use of combining goal 

modelling with simulation model.  

 

 

 

 

 

Conclusion 

Within this study we combined goal modelling with simulation models. We already concluded that 

this combination can predict the effects on the goals of the employees better than the employees 

themselves. But how much goals are predicted correct is not really known. To get this insight we 

recommend to truly implement the redesigns and look into the true effects then. Another point of 

interest is the Devil´s Quadrangle. In this thesis we used the Devil´s Quadrangle to generalize the 

effects on the four factors, but maybe it would have been better to use more factors than these four. 

For example the factor quality includes the following aspects: quality of the process, quality of the 

product, customer satisfaction and employees satisfaction, but maybe it is better to take these 

aspects into account separately. Some limitations can also be found at the company where the case 

study is performed. The case study is performed in the production department, it is not sure whether 

the proposed method of combining goal modelling with simulation models also works in other types 

of departments.  

The combination of goal modelling with simulation model still needs to be developed further before 

it can be used in the development of business process redesigns. A first recommendation is about the 

calculation of the effects on the goals. In this study we assumed that all relevant factors are equally 

important for each goal, but this is not always the case. Therefore a way has to be found to include 

the different levels of importance’s of the factors. Another recommendation is to perform a similar 

study where effects of the redesigns are validated by actually implementing the redesigns. Which 

gives the opportunity to validate the outcomes better. Also similar studies should be performed at 

different types of companies, to investigate whether the proposed integration can also work in 

different types of companies. This study is performed at a production company. Although we do not 

assume different results in different kinds of companies, this should be investigated. The last 

recommendation is to look into other measurement frameworks. Despite the argued choice for the 

Devil’s Quadrangle, other frameworks might perform better. 

Figure 0.2: Expected results of the mailman 
redesign on the goals 

 

Figure 0.1: Simulated results of the mailman 
redesign on the goals 
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The combination of goal modelling with simulation models is new to the literature. It gives additional 

insight into the effects of a redesign on the goals of the employees. This information could be used to 

evaluate different redesigns, but could also be used to increase the support of the employees for a 

redesign by letting them know what the effects of the redesign are for them. Although it cannot be 

said how good the combination of goal modelling and simulation is in predicting the effects of a 

redesign on the goals, it looks promising enough to justify additional research.  
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1. Introduction 
In this chapter we will outline why this project is conducted, what the research questions are and 

what will be delivered at the end of the project. First the project motivation is given, after that the 

research questions. Thirdly we will discuss what the used methods are and what the deliverables are 

for every research question. We will end with an outline for this thesis.  

1.1. Project motivation 
In order to stay competitive companies are continuously adapting their business processes to match 

the changing environments. Also processes are changed to become more effective and to lower the 

costs. A business process can be defined as: “A structured, measured set of activities designed to 

produce a specified output for a particular customer or market, which constitute the critical success 

factors for organisational competitive advantage.”(Greagoriades, 2008). The aim of business process 

reengineering (BPR) is to achieve significant improvements in the performance. This is done by 

radically redesigning the business processes.  

The focus of BPR lays on the improvement of processes by radically redesigning them. The definitions 

of BPR, used in the earlier years, shows on what the focus was. Grover et al. (1993) summed some of 

these definitions: “the analysis and design of the workflows and processes within and between 

organizations”, “a methodological process that uses information technology to radically overhaul 

business process and thereby attain major business goals” or “the fundamental analysis and radical 

redesign of business processes to achieve dramatic improvements in critical measures of 

performance”. The combining factor of these definitions is that BPR is focussed on the improvement 

of workflows and processes by redesigning them, often combined with information technology. 

As mentioned the focus was originally on redesigning the workflow and processes. Human aspects 

were thereby subordinated (Roy, Roy, & Bouchard, 1998). Roy et al. found that human aspects are 

considered to be an important risk factor. Most of the BPR efforts are technology oriented. 

Davenport (1995) stated the role of human as follow: “The rock that reengineering has foundered on 

is simple: people. Reengineering treated the people inside organisations as if they were just so many 

bits and bytes, interchangeable parts to be reengineered. But no one wants to “be reengineered”, no 

one wants to hear dictums like “carry the wounded but shoot the stragglers” language that makes 

workers feel like prisoners of war, nor their company's most important assets”. In chapter 2.1 the 

importance of human factors is further discussed. There it is explained that human factors play an 

important role on the performance of processes. Some important factors like business process 

quality, productivity and efficiency are influenced by human factors. Also when a new information 

technology is implemented, human factors play an important role in the success of the implantation 

of the information technology. More effects of paying attention to human factors are for example: 

improved communication, improved employee morale and improved reputation of the company. For 

all these effects human factors can have, it is important for companies to take human factors into 

account when redesigning their processes.  

We already described that human factors are important influencers of the performance of 

companies. But this also works the other way, companies are also influencing the performance of 

employees. When looking at the job demand-resource model of Bakker and Demerouti (2007) it can 
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be seen that the design of human factors within a company influences the organizational outcomes 

of employees. Human factors in this model are for example: the autonomy of employees, the 

amount of feedback or the physical demands. A further explanation of human factors is given in 

chapter 2.2. When implementing a redesign the demands and resources are affected, which 

influences the organizational outcomes of employees. Therefore it is good to take these demands 

and resources into account when implementing a redesign. The job demand-resource model is 

further discussed in chapter 2.2, also see Figure 1.1 for the model. One way to look at these demands 

and resources is by looking into the goals of employees. When their goals are hard to achieve, the 

demands are high, giving the employees more resources will make their goals easier to achieve. So 

when a redesign is implemented which makes it easier to achieve the goals of employees, it can be 

said that the demands will be lower or the resources will be higher, which positively affects the 

organizational outcomes of employees. 

 

Figure 1.1: Job Demands-Resource model (Bakker & Demerouti, 2007) 

Companies are continuously adapting their processes, one tool to get insight into the effects of a 

redesign is the use of simulation (Kettinger, Teng, & Guha, 1997). Simulation gives good information 

on important factors like: costs and throughput. On the other side it is hard to take the human 

factors like job satisfaction, which are found to be important, into account within a simulation. In 

agent based simulation human factors can be taken into account, but modelling agent based 

simulation is very hard. A deep understanding of the agents should be available to model the agents 

in a correct way. This information is unfortunately not always available. Also a good way to validate 

the agent based simulation models is currently lacking. See also chapter 2.3 for further information 

on the current state of the simulation of human factors.  

The two facts that the effects of a redesign on the employees are important and the lack of an easy 

way to simulate these human outcomes of a redesign, provides an opportunity to fill this gap in the 

literature. This thesis tries to fill this gap for a certain part. It is not possible in the time frame of this 

project to make it possible to simulate all effects of a redesign on employees. In this thesis we will try 

to analyse the effects of a redesign on the goals of employees using simulation. As shown in Figure 

1.2 the relation between human factors and the performance of companies works in two ways. This 

thesis will look into the relationship of the performance of companies to human factors. In the figure 
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this is the arrow going from the right to the left. Another positive effect of getting insight in the 

effects of a redesign on the goals of employees is to create support for the redesign. Creating 

support for a redesign increases the chance of success. When a redesign is lacking support, the 

chance that the redesign is implemented successfully is lower than when the redesign is supported 

by employees. Creating support can be done by giving insight into the positive aspects of the 

redesign and what the effects are for the involved employees. When the effect of a redesign is 

positive on the goals of employees, it is easier to get support for the redesign. These goals can be 

gathered using goal modelling (Liu & Yu, 2004). See also chapter 3.1 for more information about goal 

modelling.  

Performance of 

companies
Human factors

 

Figure 1.2: Direction of research 

As simulation is most of the time used to measure what the effects are for a redesign, this is taken as 

a starting point for measuring the effects of a redesign on the goals of employees. Most companies 

already use a measurement framework. These frameworks are therefore already known in the 

company, which makes it easy to use. Also other studies already combined the use of a 

measurement framework and simulation models (Han, Kang, & Song, 2009). A measurement 

framework can be seen as a combination of KPI’s (Key Performance Indicators). As KPI’s can be seen 

as the operationalization of goals, it can also help to measure the effects of a redesign on the goals of 

employees.  

Similar research is already done in thef field of system architectures. Chung et al. (2012) used a goal-

oriented simulation approach to obtain a good information system architecture. This approach 

treated multiple stakeholders from the beginning, which has the benefit that the results are more 

likely to meet the goals of the stakeholders. Further goal modelling has been used more within BPR, 

but this work did not use simulation. Kueng and Kawalek (1997) used goal modelling to evaluate 

process models. Soffer and Wand (2005) also integrated goal modelling in process modelling; they 

threat soft-goals more specifically. Nurcan et al. (2005) used goal modelling to explain the “why’s” 

and “what’s” of process modelling. But the link with simulation is missing in these researches. 

1.2. Research objectives 
In this part we will explain what the aim of this thesis is, what the used method is and what will be 

delivered in the end of this thesis. 

1.2.1. Research question 

To investigate whether the goals can be put in a simulation model and deliver the information about 

the effects of a redesign on the goals, the following research question has been established: 
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“Can Goal Modelling be combined with simulation models in such a way that they give 

additional insight into the effects of a process redesign on the goals of the employees of the 

company at which the redesign is integrated?” 

In order to answer this question the following sub research questions have been developed: 

 How can the function related goals of the employees  be translated into a simulation model, 

while avoiding that the translation takes a lot of effort? 

 What are the results of using goal modelling with simulation in the prediction of the goals of 

employees in a real production department?  

1.2.2. Research method 

In this section we will explain how the research questions will be answered, what will be delivered 

for every research questions and where these questions will be answered in this thesis. 

 How can the function related goals of the employees  be translated into a simulation model, 

while avoiding that the translation takes a lot of effort? 

This research question has roughly six steps, which can also be seen in Figure 1.3. Completing these 

steps will answer the first sub research question. 

3. Find 

measurement 

framework

4. Find way to 

integrate goals in 

measurement 

framework

2. Find way to 

retrieve goals 

using goal 

modelling

5. Find deleveries 

for simulation 

model

6. Find way to 

evaluate the 

effects on goals

1. Get a better 

understanding of 

the problem

 

Figure 1.3: Approach sub research question 1 

The first step is to get a better understanding of the problem solved in this thesis. This will help in 

completing the next steps and make the problem solved more clear. First we will look into the 

importance of human factors for companies, second we will define the human factors and third we 

will give an overview about the current state of taking human factors into account in simulation 

models. This will all be done by conducting a literature study. 

Step two is to identify the goals of employees. This is done by conducting a short literature study. 

Finding the goals of employees is not new to the literature, therefore it is better to use an already 

accepted method of retrieving goals instead of developing a method by ourselves. This step ends 

with a way to find the function related goals of employees and a way to draw easily conclusion about 

these goals, for example about conflicting goals. 
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Step three is to find a measurement framework, which gives the opportunity to integrate goals into 

it. As already mentioned measurement frameworks are used to measure KPI’s of companies, which is 

already commonly used by companies. Therefore they are already known with measurement 

frameworks which makes it easier to work with. The measurement framework should be able to 

allow easy integration of the goals of employees into the framework. The framework will be used to 

measure the effects of a redesign and translate these effects to the goals of employees. This step is 

done by comparing different kinds of frameworks and thereby choosing the most usable framework. 

Step four is to integrate the goals into the measurement framework. This step should allow in the 

end that the effects of goals can be measured through the measurement framework. This requires a 

deeper understanding of the chosen measurement framework. This insight will be obtained by 

studying the literature about the framework. The new obtained insight in the framework should 

allow to put all types of goals of the employees in the framework. 

With the completion of step four, it is important to know what information has to be retrieved from 

the simulation model to be able to measure the effects of a redesign on the goals. In step five the 

information retrieved in step three and four is combined to get insight in which information the 

simulation model should deliver in order to measure the effects of a redesign on the measurement 

framework. This will result into a set of factors which the simulation has to measure. 

The last step, step six, will look into a way to translate the effects of a redesign on the measurement 

framework into the effects on the goals. This depends for a large part on how the goals are 

integrated into the measurement framework. This step should result into a way to retrieve the 

effects on the goals from the results of the redesign on the measurement framework.  

This research question will be answered in chapter 3, were the method is also further explained. The 

method consists of parts which are already used in the literature, but also of parts which are 

developed specifically for this method.  

 What are the results of using goal modelling with simulation in the prediction of the goals of 

employees in a real production department?  

In this part the integration of goal modelling into simulation models is tested. The method found 

with the first research question will be tested on how good the method is in predicting the effects of 

a redesign on the goals. This will be done using a case study. The method is tested at ICL B.V. in 

Rotterdam, the Netherlands, further information about this company is given in chapter 4. To get the 

answer for this research question, roughly six steps have to performed, which can also be seen in 

Figure 1.4.   

1. Retrieve goals
3. Gain knowledge 

about the process

2. Put goals into 
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framework

4. Develop 
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process and 
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Figure 1.4: Approach sub research question 2 
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These steps depend heavily on the results of the first research question; the steps belonging to this 

research question are performed in the way found with the first research question. Step one is to 

retrieve the goals of the employees, which will result into a list of goals. These goals are put into a 

goal tree. The second step is to put the goals into the measurement factor. Again, this depends on 

the results found in the first research question. Step three is to gather information about the 

business process which will be redesigned. This will be done using interviews, questionnaires, already 

available information, by monitoring the process, etc. At the end of this step the business process is 

completely known. In the next step we will develop a few redesigns on the base of the information 

gathered at the previous step. But as the goal of the case study is to check whether the prediction of 

the effects on the goals works and not about redesigning the process, this will be done shortly. 

Step five is to simulate the business process and the redesigns found at step 4. This will be done 

using a discrete event simulation software. Discrete event simulation is used because of the 

characteristics of discrete event simulation. In this type of simulation every event occurs on a certain 

time, which is also the case for the process. Also it is easier than agent based simulation, as no large 

understanding of the agents is required. At this step the simulation will also be verified and validated, 

also the effects on of the redesign on the measurement framework is known. The last step of this 

research question is to look into the effects of the redesign on the goals and check whether these 

expectations are correct. The effects on the goals will be calculated using the method found at step 

five of research question one. After that we will check whether the results found are correct. This will 

be done by comparing the results retrieved using the simulation with the expectations of the effects 

of the redesign on the goals. As the duration of this project is too short, it is unfortunately impossible 

to implement the redesigns. Therefore the expectations about the effects of the redesigns on the 

goals is asked to the employees  using a questionnaire. These expectations and the effects retrieved 

using simulation are compared, so that a conclusion can be drawn about the effectiveness of getting 

insight in the goals of employees by using simulation.  

In chapter 4 can be found how the method is applied implemented at ICL. The results and the 

validation of the method are shown in chapter 5. At the end of these chapters the second research 

question can be answered. The results of the second sub research question are used to draw a 

conclusion about the proposed method and how the method should be further developed. With 

both of the sub research questions answered, we can answer the main research question. This will be 

done in chapter 6, were we will also give the limitations of the study and give recommendations for 

further research. 

1.3. Thesis outline 
The outline of this thesis can globally be divided into two parts. In the first part the method for 

simulation using goal models will be explained. This part starts in chapter 2 with a literature review 

about the importance of taking human factors into account while conducting a redesign and the 

current state of human aspects within simulation. After that the method will be further explained in 

chapter 3, this can again be divided in three parts: goal modelling, the integration with measurement 

framework and the evaluation of the effects of a redesign on the goals. Part two of the thesis 

consists of a case study, to check whether the proposed method works. In this part the steps of the 

method described in the first part will be followed. This is done in chapter 4, the results are reviewed 

in chapter 5. At the end a conclusion about the efficiency of the method and recommendations 

about further research will be given, this can be found in chapter 6.  
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2. Literature review 
In this chapter we will give an outline of the current literature which is of importance for this thesis. 

First we will explain the importance of taking human factors into account, second an explanation of 

human factors is given and third the current state of taking human factors into account in a 

simulation model is given. This gives additional information about the reason why this project is 

done. 

2.1. The importance of human factors 
Human factors are important factors for the companies to take into account, the literature also gives 

lots of evidence that human factors are important and should be considered. Mital and Pennathur 

(2004) conclude that technology and humans in modern manufacturing environments are 

interdependent and that humans play a crucial role in overcoming the limitations of a particular 

technology.  

First there is a clear relationship between the design of human factors of the operations system and 

quality performance. Sen and Yeow (2003) state in their paper that already the smallest human 

factors engineering design changes can cause quantifiable profits from improved productivity and 

quality. These changes can be as small as for example improving lighting and product design. Quality 

can be stated as the function of technological and human factors. When this function is not 

implemented correctly it can result into poor productivity, injuries and unreliability of the product. 

Next to that, 50 percent of the variety in quality of the production lines can be accounted to a 

combination of the lack of time required and postural deficiencies (Lin, Drury, & Kim, 2001). Axelsson 

(2000) found that quality deficits are ten times more likely to occur at jobs with poor postural 

ergonomics in comparison with jobs with good ergonomics. Other studies also found a co-variation 

between human factors and quality (Gonzalez, Adenso-Dıaz, & Gonzalez Torre, 2003).  

The second relationship is the relationship between human factors, like health, workload and safety,  

and productivity. Neumann and Dul (2010) investigated 40 studies, almost 90 percent report joint 

positive human and positive productivity effects. Integrating human factors into a TQM process can 

result into gains of 24 to one (Lee, 2005). Productivity can be increased by 15-20 percent by 

combining human factors and traditional assembly engineering according to de Looze et al. (2003). 

Simple improvements have a return of investments (ROI) of one to two months, while larger projects 

have an ROI of 18 months with a return of ten to one (Oxenburgh, Marlow, & Oxenburgh, 2004). 

ROI’s of 800 to 6,000 percent have been reported by the application of human factors in redesigning 

operation system (Jenkins & Rickards, 2001). 

The third relationship can be found between human factors, like attitude towards technology and 

ability to use the new system, and the performance of new technology implementation. When 

human factors are taken into account the chance of successful implementation of technology rises 

(Udo & Ebiefung, 1999). The benefits of information technology comes less from investments and 

more from the ability of employees to use the system. When attention is given to human factors it 

can mean the difference between a normal technology system and a great technology system (Wiele, 

Dale, & Williams, 2000). 

Next to these effects, there are some intangible effects. The following intangible effects can be found 

when human factors are integrated within operation systems: improved communications, improved 
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employee morale and improved industrial relations (Tjosvold, 1998)(Hull & Azumi, 1988). Other 

effects can also be expected, like effects on the reputation of a company, which again can also affect 

goodwill of customers (Dul & Neumann, 2009). The problem with these intangible effects is that they 

are difficult to measure and therefore the exact effects are unknown. This overview of positive 

effects which paying attention to human factors can have is not complete, but gives a good insight in 

why it is important to pay attention to human factors.  

2.2. Defining human factors 
In the previous chapter it was already mentioned that human factors are an important factors for the 

behaviour of companies, but it was not mentioned which factors are really important. These factors 

also differ between different companies, as the nature of the companies is different. Also some 

factors are found more important to some companies than others, for example: some companies pay 

more attention to the job satisfaction of its employees. To take these human factors into account, it 

should be known which factors are important.  

The factors affecting job satisfaction already give a good overview of which factors belong to human 

factors. Job satisfaction influences some important factors (Lambert & Hogan, 2008). First it 

influences the organizational citizenship and also withdrawal behaviours. Under withdrawal 

behaviours can for example absenteeism be found, but also resignation of the job. These are anti-

productive consequences and therefore undesirable. There also a direct relation between assumed 

between productivity and job satisfaction, but this relation is doubted in the literature.  

In the literature a lot of models can be found which explain job satisfaction. The first one is the affect 

theory of E.A. Locke (1976). This model says that the job satisfaction can be explained by the 

difference in what employees expect to get from the job and what they get. When they get what 

they expect, the job satisfaction will be high, when the difference is large, the job satisfaction will be 

low.  

The second model is the Dispositional theory. This model takes the employee as the starting point. 

The personal characteristics determine to a large extend the level of job satisfaction. For example: a 

person with a low self-esteem can experience a lower job satisfaction. 

Model three is the equity theory (Walster, Berscheid, & Walster, 1973).  In this model the employees 

compare themselves with their colleagues. They compare the input and the rewards of themselves 

with the input and rewards of colleagues. When this comparison is in balance or in favour of them, 

the job satisfaction will be high. When they think they get less rewards for the same amount of 

effort, the job satisfaction will be low.  

The fourth model is the two-factor theory, or also called the motivator-hygiene theory (Ewen, Smith, 

& Hulin, 1966). This theory makes a difference between two types of factors that influence the job 

satisfaction. The first type, the hygiene factors, will lower the job satisfaction when they are not 

fulfilled, but they do not let the job satisfaction increase when they are fulfilled. The second type, the 

motivator factors, work the other way around. When these factors are fulfilled, they will increase the 

job satisfaction, but when not fulfilled it will not lower the job satisfaction. See also Figure 2.1 for an 

overview of this theory. 
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Figure 2.1: Two-factor theory 

Other models which explain job satisfaction are: discrepancy theory, job characteristics model and 

motivating potential score. Of course there are a lot of other factors that influence the behaviour and 

productivity of an employee. There are also models which take more factors into account than only 

job satisfaction. An example of a model which explains the behaviour of employees until the level of 

organizational outcomes is the Job Demands-Resource model (Bakker & Demerouti, 2007). Figure 2.2 

gives a graphical overview of this model. In the model can be seen that the organizational outcomes 

is influenced by the factors Strain and Motivation. The factors Strain and Motivation are again 

influenced by the factors Job Demands and Job Resources. Job Demands is determined by factors 

which costs energy of the employee, while Job Resources is determined by factors which give the 

employees energy. For companies the organizational outcomes are the most import factor in this 

model. Organizational outcomes cover factors like: in- and extra role behaviour, intention to leave 

and organizational commitment, financial turnover and service quality (Bakker & Schaufeli, 2008). In 

Figure 2.2 can also be seen that the support an employee receives of the management is a 

determinant which influences the job resources. But this also works the other way around, the 

performance of a company increases when employees support their company.  
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Figure 2.2: Job Demands-Resource model (Bakker & Demerouti, 2007) 

When combining the human factors found in the this chapter and the effects human factors can have 

on the performance of the company, Figure 2.3 can be constructed. This gives a small overview of 

the importance of human factors and the wide variation of factors influencing the human factors. 

This figure is not complete, a lot more factors affecting human factors and a lot more factors that are 

affected by human factors can be found. For example the factor “mental working environment” can 

again be subdivided into factors like: autonomy, support and feedback. The wide variation of factors 

makes it hard to give a complete overview. 
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Figure 2.3: Factors affecting human factors and factors affected by human factors 

2.3. Current state of simulation of human factors 
Simulation has already been used for a long time to predict outcomes for different kind of problems. 

Discrete event simulation and continuous event simulation already exist for a long time. With 

discrete event simulation each action occurs at a certain point in time, continuous event simulation 

changes its behaviour at countless points in time. Lately agent based modelling has been added to 

the list of simulation ways. Within agent based simulation autonomous agents can be modelled. 
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These agents can represent groups of people, such as organizations and departments, but also 

individual persons can be modelled. These agents are modelled in such a way that they are able to 

represent the groups or individuals they represent. Therefore a large understanding of the behaviour 

of this group or individual is needed, which is not always available. It is understandable that it is not 

easy to model the agents well. Each of these agents reacts to the situation currently simulated. By 

using agent based simulation it is hoped that the result gained from the model represents the real 

world in a better way. (Macal & North, 2010) 

Agent based models are of high value in the social sciences. A lot of examples of agent based models 

can be found, for example urban models. An earlier model tried to predict the racial segregation in 

American cities, in this model the agents represent the households in the city. Another example can 

be found within the opinion dynamics, here it is modelled how extreme opinions are spread within a 

population. Agents represent in this model a person with an opinion. Other areas where examples 

can be found are for example: consumer behaviour, industrial networks, supply chain management, 

electricity markets and participative and companion modelling. (Gilbert, 2008) 

Human behaviour models also have some challenges in increasing the realism. The first challenge is 

that developers do not have sufficient knowledge about human behaviour. Human operators all act 

differently, which increases the difficulty to model their behaviour. Current knowledge about the 

behaviour is not sufficient enough to create a satisfying model. Secondly behavioural researchers 

tend to ignore integration and implementation of their models into agent based modelling. A lot of 

research has already been done about the human behaviour, but almost none of this research 

addresses how to interpret and translate these findings to agent based models. Third no real 

standards for agent based modelling are available. It is hard to take an agent from one model and 

put it into another model because of the absence of a uniform standard. Also there is a need for a 

way to validate the human behaviour models. It is difficult to check whether the models are correct, 

it is for example hard to validate the model against a real historical event. (Silverman, Johns, 

Cornwell, & O'Brien, 2006) 

So overall with the introduction of agent based modelling, human factors have become easier to take 

into account within simulation models. But the development of agent based models is far from 

completed, it still faces some huge challenges.  First most models explaining human behaviour are 

theoretical oriented, which makes it hard to translate to a simulation model. Also agent based 

models will never be perfectly able to predict human behaviour and the lack of a good way to 

validate the models does not increase the reliability of the models. Next to that most models focus 

on larger problems, there are only a few models focussing on the shop-floor level. Although agent 

based simulation offers the most possibilities to simulate human factors of all sorts of simulation, we 

did not use agent based simulation within this project. The simulation in this project is used to 

predict the outcomes of a redesign on the factors of a measurement framework. Discrete event 

simulation is more often used by companies to predict outcomes of a redesign on the performance 

than agent based simulation. Therefore the proposed method will have a greater use when it is 

combined with discrete event simulation than agent based simulation, although agent based 

simulation does provide more possibilities to take human factors into account. 
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2.4. Conclusion 
From this literature study it can be concluded that human factors are important to take into account 

for companies. Human factors have a great influence on important parameters like quality, 

productivity and efficiency. Also the chance of successful  implementation of an information 

technology system is influenced by taking these factors into account. Human factors is a wide 

concept, job satisfaction is an important part of human factors. But also the support which 

employees receive from the management and the support employees give to the company is 

important.  

When conducting a redesign within a company, simulation is often used to look into the effects of 

the redesign. As already said, human factors are important to take into account when conducting a 

redesign, so these should also be presented when using simulation. Currently it is not so easy to take 

these factors into account within a simulation. One way to do this is by using agent based simulation 

models, but these are hard to model and hard to validate (Silverman, Johns, Cornwell, & O'Brien, 

2006). The behaviour of the agents should be known in a great extent to simulate them well. This 

information is not always available, which makes it hard to build an agent based simulation. A simple 

way of taking human factors into account within simulation is still missing. This thesis will try to fill 

this gap partly. By looking into the effects of a redesign on the goals of employees, it can clearly be 

seen what the effects of a redesign is for the employees. The employees know exactly how they are 

affected by the redesign. Also this information could be used to build support for a redesign. This can 

be done by informing the employees with the information about the effects of a redesign on their 

goals. When they can see that it has positive effects, they are more likely to support the redesign. 
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3. Method explanation 
In this chapter we will explain how goal modelling can be combined with a simulation model in such 

a way that it gives additional insight in the effects of a redesign on the goals of employees. This can 

be done in roughly four stages, the first stage is the collection of goals. Stage two is to modify the 

goals in such a way that they can be combined with a simulation model. Stage three is making the 

simulation model of the redesigns and last is the gathering of the results.  

3.1. Goal collection 
Human actions are primarily driven by goals (Scherer & Zolch, 1995). So, humans have targets, 

purposes, desires and wishes. They try to achieve them by doing or by avoiding things. This also 

applies to the working environment. Employees act to achieve goals set by the employee itself and 

by the company. So the human factors can be partially captured by looking at the goals the 

employees are striving to. Carver and Scheier (1998) explain in their work how the mechanisms of 

people always trying to achieve goals works. Sheeran and Webb (2012) explain how goals are 

translated into actions. Different types of goals will lead to different kind of actions (Elliot & Church, 

1997). The goals of the employees can globally be divided into two categories. First there are the 

goals that belong to the role which the employee fulfils within the company. These goals are the 

most important to the company. An example of this kind of goals for a production manager can be: 

“Produce a part for the lowest costs”. The second category of goals is goals set by the employee 

itself. These personal goals can be for example to make career as fast as possible. Because 

employees want to meet their goals, it can be said that the acceptance of a redesign of a business 

process is greater when the redesigns helps employees to meet their goals. A good insight in the 

goals of the employees can help getting an insight in the acceptance of a redesign.  

Goal modelling is used to get insight in the goals of the employees. Goal models are used to capture 

and make explicit the goals of a business enterprise (Andersson, Johannesson, & Zdravkovic, 2009). 

Goal modelling allows analyzing large goals and converting them into small, realizable goals. The 

product of this analyze can be a goal tree . In a goal tree the largest goal is in the top of the tree, this 

goal is subdivided into smaller goals. This subdivision is repeated until a level where the goals are 

small and realizable (Yu & Mylopoulos, 1998). An example of a goal tree can be seen in Figure 3.1. 

Higher level goals can be found by asking the question “why?”, lower level goals can be found by 

asking the question “how?”. For example the goal “low costs”: when asking the question “why?”, the 

answer is to guaranty the continuity of the company, the question “how?” delivers the lower level 

goal “low costs of material”.  
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Figure 3.1: Example of a goal tree 

Also goal modelling gives insight into conflicts between goals and can reveal divergent interests 

between actors (Yu & Mylopoulos, 1998). Conflicting goals are goals which affect and are affected 

negatively by other goals. For example: a company has the goals “fast production” and “low amount 

of faults”. Fast production often results in high faults and working carefully results in low amount of 

faults but takes more time. Therefore these goals are conflicting. One way to find conflicting goals is 

to get insight in the relationship between goals (Lamsweerde, 2001). When two goals negatively 

affect each other, than they are conflicting goals. An example of this insight can be found in Figure 

3.2. An arrow between the goals means that the goals are related, the minus in the arrow means that 

the goal affect the other goal negatively.  

Low amount of 

faults
Fast production

. - .

. - .
 

Figure 3.2: Conflicting goals 

Literature already gives examples in which goal modelling is used for designing processes. Andersson 

et al. (2009) give in their work an example of the use of goal modelling while designing e-services. 

They integrated goal and business modelling so that desired goals of the actors are met. Also goal 

modelling can be used to ensure that information systems meet the expectations of the enterprise 

(De la Vara González & Diaz, 2007). Kavakli and Loucopoulos (1999) use goal modelling to align the 

intentional and operational aspects of an organisation.  

At the end of the goal collection insight is gained about the goals of the employees, the hierarchy of 

the goals is known and also the conflicts between goals. Techniques used during goal modelling are 

for example interviews and surveys.  
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3.2. Goal translation 
Integrating all the goals of all the employees into a simulation model is a time consuming task. 

Therefore a simpler way has to be found. Companies often use a measurement framework to 

evaluate their performance. These frameworks are therefore already known in the company, which 

makes it easy to use. Other studies already combined the use of a measurement framework and 

simulation models. For example Han, Kang and Song (2009) combined a measurement framework 

with a simulation model to evaluate the performance of redesigns of business processes. So the 

combination of a measurement framework and simulation models is already known in the literature. 

A measurement framework is a combination of KPI’s (key performance indicators). KPI’s can be seen 

as the operationalization of the goals of the company. For example the goal produce faster is 

operationalized by the KPI throughput time.  The goals of employees can be seen as lower level goals 

of the company goals, see also the use of a goal tree. A good measurement framework can therefore 

also be used to evaluate goals, the higher level goals are a summary of the lower level goals, see also 

the use of goal trees in the goal modelling part. Jansen-Vullers et al. (2008) give in their work a list of 

six measurement frameworks: the performance pyramid, the performance measurement matrix, the 

results/determinants matrix, the balanced scorecards, the devil’s quadrangle and the performance 

prism. 

The framework chosen is the “Devil’s quadrangle” presented by Brand and van der Kolk(1995); the 

framework is shown in Figure 3.3. This framework provides the most clear performance indicators, 

namely: Quality, Time, Flexibility and Costs. Almost all goals are related to these factors, which makes 

the Devil’s Quadrangle suitable to use. For example: the quality manager wants that the produced 

products that are of enough quality and the production manager wants to produce as quickly as 

possible, these goals belong to the factors quality and time. Also the role of the measurement 

framework is to simplify the measurement of goals. Other frameworks provide a larger amount of 

factors, which are also time consuming to simulate. For example: the results/determinants matrix 

provides six different factors, with a total of 26 types of measures. For these reasons the Devil’s 

Quadrangle is chosen. On the axes of the quadrangle are the factors: Quality, Time, Flexibility and 

Cost. These factors are all dependent on the other factors, for example: products can be produced 

faster, but most of the time this also involves an increase of costs; and if the quality has to be high, 

the company may be less flexible to produce other products or make modifications to the product. 

So most companies have to make a consideration between these factors. Also most goals can be put 

within this framework. They influence one or more criteria within this quadrangle. Sometimes the 

quadrangle is also extended with other factors. Both the role specific goals and the soft-goals are 

taken into account within the proposed project. The Devil’s Quadrangle is used to measure the goals 

easier. 
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Figure 3.3: Devil's Quadrangle 

The next step in finding the effects of a redesign on the goals, is to place the goals into the Devil’s 

Quadrangle. To place the goals into the Devil´s Quadrangle a deeper understanding of the four 

factors is necessary. This insight is given in the work of Janssen-Vullers et al. (2007) and Janssen-

Vullers et al. (2008), a summary of this can be seen in Table 3.1. This table gives an overview of the 

components of the four factors found in both of the works of Janssen-Vullers et. al., these are not the 

goals of the employees. Most factors are pretty self explaining, but the factor quality requires a bit 

more attention. Multiple factors are summarized by quality: quality of the product, quality of the 

process, customer satisfaction and employees satisfaction. For placing the goals in the Devil’s 

Quadrangle, this table can be used as guidance. For every goal it can be looked up which of these 

points belong to the goal. For example: for the goal high product quality, the points “performance” 

and “conformance” are important. Both of these points belong to quality, therefore the goal also 

belongs to the factor quality. Other goals can have points of more factors, in that case the goal is 

placed into all of these factors. For example: for the maintenance of machinery, the points “quality of 

the process” and “machinery costs” are important. These points belong to the factors quality and 

costs and is therefore placed in both of these factors. When putting both of these goals into the 

Devil’s Quadrangle, it would look like Figure 3.4. 
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Quality Time Flexibility Costs 

Performance  Service time  Mix flexibility  Labour costs 
 Conformance  Queue time  Labour flexibility  Machinery costs 
 Serviceability  Wait time  Routing flexibility  Training costs 
 Information on 
application status 

 Move time  Volume flexibility  Inventory costs 

 Bureaucratic language 
simplification 

 Setup time  Process 
modification 
flexibility 

 Transport costs 

 Information availability    Administrative costs 
 Skill variety    Resource utilization 
 Task variety    Material costs 
 Task significance    
 Autonomy    
 Feedback    
 Co-worker relations    
 Group factors    
 Leader factors    
 Quality of the process    
Working conditions    
Table 3.1: Decomposition of the factors of the Devil's quadrangle 

 

Figure 3.4: Goals in Devil's Quadrangle 

3.3. Simulating 
There are a lot of options to simulate a process. Per case should be decided which simulation 

technique is the most suitable. Important is that always the four factors of the Devil’s Quadrangle are 

measured. Below can be found how this can be done per factor. In this thesis we use discrete event 

simulation. Below the output of the simulation model is described which is required to calculate the 

effects of a redesign on the goals of the employees. Table 3.1 could be used as a guidance to know 

what should be simulated. Not all components of the decomposition may be applicable for all 

processes, which components are applicable should be decided per case. The relevant components 
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should be simulated as much as possible. Other steps normally performed when making a simulation 

model are still required, like verification and validation.  

Cost: this factor is an important factor for companies. It determines to large extent whether a profit 

is made or not. Table 3.1 already provided a good overview of which costs are made within a 

production company. Some costs are not relevant for service providing companies, for example the 

material costs, but the list can still be used. The measurement of these costs are pretty straight 

forward in comparison with the other factors. Most costs are calculated by multiplying the time that 

they are used and the costs per time unit. Therefore information about the costs should also be put 

into the simulation model. If the costs are calculated by multiplying the times that a costs occur and 

the costs per time, than the cost per time should be put into the simulation model. For example for 

the labour costs should be known what the costs are to employ one employee per time unit, or for 

the material costs should be known what the price is of one unit material. 

Time: also for the time aspect different kind of factors can be measured. For orders the lead time is 

very important. This is measured by subtracting the begin time of the end time. For a production 

department the average lead time for all orders can be measured. The time starts when an order is 

received by the company and ends when the order is ready to ship. For every step the throughput 

can be measured. The throughput time can be subdivided into the service time, queue time, wait 

time, move time and setup time. The service time is the actual processing time, the queue time is the 

time the products waits to be processed, the waiting time is all the other time a product waits, the 

move time is the time needed to move a product to the next station and the setup time is the time 

needed to setup a task. The total hours of labour is not taken into account by the time, as this factor 

is already included with the costs dimension. (Jansen-Vullers, Kleingeld, & Netjes, 2008) 

Flexibility:  the flexibility dimension is less straightforward as the costs and time dimension. Jansen-

Vullers et. al. (2007) divided the flexibility dimension into five different types of flexibility: mix 

flexibility, labour flexibility, routing flexibility, volume flexibility and process modification flexibility. 

Mix flexibility is the ability to produce different kinds of cases. Three domains can be identified for 

this type of flexibility: resources, tasks and workflow. The amount of cases that can be handled is 

measured for this type of flexibility. Labour flexibility is the ability to perform different tasks. This 

type of flexibility is subdivided into two domains: resources and workflow. The amount of tasks that a 

resource or workflow can handle is measured. Routing flexibility is the ability to process a case using 

multiple routes. The amount of different routes is measured for this type of flexibility. Volume 

flexibility is the ability to handle changing volumes of input and process modification flexibility is the 

ability to modify the process. 

Another way to look at the flexibility dimension is to look into the costs the company has to make to 

change processes to be able to process a different product. When these costs are high the company 

is less flexible than when these costs are low. This way of looking at flexibility is also provided by 

Jansen-Vullers et. al. (2007). To simulate this second way of looking to flexibility requires the 

simulation model to know how much it costs to change a process to a different product. For every 

process it should be known what the changing costs are. This could also differ between products for 

a process, than it should be known what the changing costs are per product per process. This 

information should be put into the simulation, which is multiplied by the times the changes occur 

(Gong & Janssen, 2010). 
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Quality: to measure the impact of changes in the production process on the quality of the product 

and the quality of the production process through simulation is very hard. A way to measure the 

quality of the product is to look into the percentage of products that is defect. But the effects of a 

redesign on this percentage is very hard to simulate. The same problem arises with other measures. 

As the other factors are measured quantitatively it is easier for the comparison to measure the 

quality also quantitatively. One way to measure the effects is by asking experts of the process about 

what they think are the effects of a redesign on the process. This is measured on a 5 point scale 

where 1 means that the quality drops significantly and 5 means that the quality raises significantly.  

The work of Reijers and Liman Mansar (2005) can be used to quantitatively validate the outcomes of 

this way of measuring.  

Another part of the quality dimension is the well being of employees. Jansen-Vullers et. al. (2007) 

give six different factors that influence the well being of employees: skill variety, task identity, task 

significance, autonomy, feedback and co-worker relations. Skill variety is the number of tasks and 

different cases an employee handles. Task identity is the ratio of number of tasks an employee 

handles in comparison with the total number of tasks within a workflow. Autonomy is the ratio of 

number of authorized decisions and the total number of decisions. Feedback is the degree of 

information given to the employee about its functioning. The last factor is the quality of the relation 

with co-workers. The first three factors can be simulated, but the other factors are harder. A solution 

is to ask this to experts, just like the product quality. 

3.4. Redesign 
The next step is to redesign the business process, these are the redesigns for which the effects on the 

goals of the employees is calculated. There are several ways to develop the redesigns, one way is to 

collect the idea’s that are currently already present at the company. Another way is to use the 

heuristics provided by Reijers and Liman Mansar (2005). In their work they give a list of ways to 

redesign business processes and what the direction of these changes are on the four factors of the 

Devil’s Quadrangle. These directions can already give a good idea whether these changes are 

desirable or not. When the redesigns are developed, they should be simulated using the simulation 

model made at the previous chapter. With this simulation of the redesign, the effects of the redesign 

on the four factors of the Devil’s Quadrangle should be known. 

3.5. Gather results 
In the previous parts the goals were collected and put in the Devil’s Quadrangle and the effects of a 

redesign on the four factors of the Devil’s Quadrangle is calculated. The last step is to investigate 

what the effects of a redesign are on the goals of employees. To do this the information gathered in 

the previous steps is used. Every goal has been put into one or more factors of the Devil’s 

Quadrangle. When a goal is put into only one factor, it is not hard to determine what the effect of 

the redesign on the goal will be. When for example the factor quality is the only important factor for 

a goal and the quality gets better, the goal will also be easier to achieve. When more factors 

influence the goal, it becomes a bit more difficult. When it is known which factors are more 

important for the goal than the other factors, this can be taken into account. But this is not always 

known, in that case all factors are considered to be equally important. For example when all goals 

make the goal easier to be achieved, the goal is expected to be easier achieved, when one factor 

makes it easier and one not, than no effect is expected. When a specific target for the goal is set by 
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the employees, this method could also say whether the goal is met or not by a redesign, else only a 

direction can be given. 

3.6. Conclusion 
In this chapter we described the steps that need to be performed to get insight in the effects of a 

redesign on the goals of employees. This is done by placing the goals into the Devil’s Quadrangle, 

looking what the effects are of a redesign on the four factors of the Devil’s Quadrangle and 

calculating the effects on the goals of the employees with the results of the four factors. This is also 

shown in Figure 3.5. When a redesign is found to have negative effects on the goals of employees, 

the redesign can be changed or ditched. When the redesign is changed, the effects on the goals can 

be calculated again until the effects are positive. This cycle is an iterative cycle. 

Devil’s Quadrangle

Quality

Flexibility

Costs

Time

Redesign
Goals of the 

employees

 

Figure 3.5: Design of method 

Applying this method can increase the support for a redesign of the business process, as the 

employees know what the effects of the redesign are on their goals. Also when looking to the job 

demand-resource model, it can give extra insight into the effects of the redesign on the job demands 

and job resources. When goals are easier to achieve, the demands will be lower / the resources will 

be higher, resulting from the job demand-resource model that the organizational outcomes of the 

employees will increase. 
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4. Case study: development 
In this chapter we will test the method proposed in the previous chapter with a case study 

performed at ICL B.V.. The proposed method is partly theoretical, therefore this case study is 

performed to look whether the method also works in a practical situation. First we will introduce the 

company at which the case study is conducted. After that a short explanation is given about the 

products which were used within the study. The goals of the employees are placed in the Devil’s 

Quadrangle and the development of the simulation model is given. Also the redesigns are discussed 

and their performance. The numbers related to the performance of the company are multiplied with 

a certain number, to ensure confidentially.  

4.1. ICL B.V. 
The company at which the project is fulfilled is very important. The real life situation is used as a test 

case to find out whether the chosen use of goal modelling within simulation delivers additional 

insights compared to simulation without goal modelling. The company where the project is done is 

called ICL B.V.. ICL is specialized in making high temperature resistant gaskets and isolation.  

The company was founded in 1987 by two brothers who are still leading the company. Together they 

form the direction of the company and are the technical and commercial director. Below the 

direction there are six major departments: production, quality, administration, marketing and 

communication, sales and purchase. These departments consists of one or more functions. An 

overview of the functions and departments is given in Figure 4.1.  

The direction of ICL BV has the ambition to grow 2 to 3 times within a time period of around 10 

years. A large growth is expected from the new microporous insulation. The rapid growth from the 

past and the vision to grow in the future brought some problems to ICL. With the current number of 

employees the location is reaching its maximum capacity. So further growth will give some problems 

that needs to be solved to reach the desired production level. Another problem related to the rapid 

growth is the unavailability of data about the production. It is not known how much time it takes to 

perform a step in the production process. The desired growth requires both of these problems to be 

solved. Next to the growth, the direction also wants to create a good working environment. One part 

of a good working environment is the prevention of stress. Therefore it is crucial to make a good 

planning. Because of the lack of knowledge about the production times it is impossible to make a 

good planning and therefore actions to prevent stress are made in a late stadium.  
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Figure 4.1: Company structure ICL BV 

The project is performed at the production department of ICL. The production of gaskets is used as a 

case study to verify the working of simulation combined with goal modelling. The production 

department is led by two persons, one person is in charge of the sewing room and the other person 

is in charge of the other production steps. They are responsible for the in time production of the 

gaskets. 

ICL makes hundreds of different gaskets within the production process. Five different categories of 

products can be seen, in the products investigated. The five different categories are: small Kerasil, 

medium Kerasil, Kerasil with lubrication, Kerasil with canvas and Kerasil with RVS. The production 

process of these categories are comparable, for some categories additional steps have to performed, 

for others less steps are performed. In appendix 8 the production processes of all categories are 

further explained. As it is not possible to take all products into account, a selection has been made. 

This selection is found to be representative for all other products. The selection has been made in 

collaboration with the CEO of the company. All categories are represented in this selection. Eleven 

products are investigated. 

4.2. Goal collection 
In this chapter we show how the goals were collected and what the results are from this goal 

collection. 

4.2.1. Methodology 

The goals are gathered by conducting semi structured interviews with the employees and direction 

of ICL. The interviews are structured so that the tasks belonging to the function, the goals belonging 

to the function and the personal goals of the employee become known. In that order the interviews 

are also structured, the structure of the interview is given in appendix 9.1. Examples of function 

related goals are: “produce as fast as possible”, “produce products with high quality” and “create a 

good working environment”. Examples of personal goals can be: “achieve personal growth”, 

“become better in a specific task” and “gather more knowledge”. With this data it is possible to 

produce a goal tree for every function within ICL BV. The employees received a notification in 
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advance that these interviews were held. This was done to give the employees the chance to think 

about their goals in advance and are not confronted with the questions.  

The data retrieved from these interviews are used to make a goal tree. When analysing these goals, 

some conflicting goals became visible. The relations between the conflicting goals and the functions 

that can influence these goals are also shown. These conflicting goals are of higher importance as a 

good balance has to be found between these goals. The absence of the non-conflicting goals in the 

model with the conflicting goals, does not mean that these goals are not important. 

4.2.2. Interview data 

An interview is held with one or more employees of every function. The interviews took 

approximately 10-15 minutes depending on the function. In total 15 interviews were held to identify 

the goals of 12 functions. Most of the times, only one employee filled the function, therefore only 

one interview is held for these functions. For some functions it was hard to define the goals, this was 

most of the time for supporting functions. For example the task of the logistical employees is to 

make sure that the orders are send to the production department and to send the orders to the 

clients. The main goal related to this function is: “A good progress of orders through the company”. 

This goal is pretty vague, but making the goal more concrete is not easily done. Employees find it 

hard to make these goals more concrete. Also to set specific targets is not possible for every 

function, for example for the logistical employees the on time sending of orders is partially reached 

by good communication. Communication is mostly only necessary when an order is not handled well 

and is therefore limited to a minimum when orders are processed as planned. Next to that it is hard 

to define what good communication is. For other goals comparable problems were there. The data 

retrieved from the interviews can be found in appendix 10.  

Most of the data gathered from the interviews can be seen as valid. The interviews were held under 

anonymous circumstances, no names are used during the processing of the information. Also after 

the interviews a goal tree was made for each function. These goal trees were then checked with the 

corresponding employees. All goal trees were found accurate. Only the results of the production 

employees seemed to be social desirable answers. A questionnaire which was already held under the 

production employees was used to get the right goals. What also notable is, is that almost no 

employees had personal goals within their function, most of the goals were function oriented.  

4.2.3. Results 

Of all the goals gathered with the interviews and the questionnaire, we made a large goal tree. In this 

goal tree the high level goals are on top of the tree. These goals are supported by other goals, which 

are on a lower level. The top of the tree can be seen in Figure 4.2. As can been seen in the figure is 

that the growth of ICL is the most important goal. This goal can be met when three goals below are 

fulfilled. There are also goals which can be met when one or more sub goals are met, this is the case 

with the goals which have a square below which says “OR” instead of “AND”. The complete goal tree 

can found in appendix 11. 
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Growth of ICL

Create a good 

working 

environment

Create a green 

company
Profitability

AND

 

Figure 4.2: Top goal tree 

Some goals require additional attention, these goals are conflicting with each other. The conflicting 

goals and the functions that can influence these goals are illustrated in Figure 4.3. The goals are 

shown in an oval and the functions are shown in a square. An arrow between the goals means that 

the goals can influence each other. An arrow between a function and a goal means that the 

employees in that function can influence that goal. For the understandability of the figure the 

relation between the functions and the costs goal is left out, but all functions, except for the 

production employee, are able to influence the costs. The production of the products is an area with 

conflicting goals. The costs of the production should be low, the quality high and the time required 

low. Also a balance has to be found with the products, where the costs should be low but the quality 

should be high. Another group is about the facilities, which has to be of high quality, high level of 

safety, but of low costs. The last main conflicting goal is within the product development. Products 

have to be developed fast and should result in high quality products, but again the development 

should be of low costs. An overview of al conflicting goals can be found in Table 4.1. These conflicting 

goals also show what the Devil’s Quadrangle already said, it is hard to improve all factors as they are 

conflicting with each other. When implementing a redesign, these are the goals that require 

additional attention. 
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Figure 4.3: Relation between conflicting goals 

Conflicting goals 

Fast development ↔ Cheap development 
High quality facilities ↔ Low cost facilities 

High quality alternative resources ↔ Low cost alternative resources 
Sufficient level of reserve resources ↔ Low cost reserve resources 

Sufficient number of employees ↔ Low cost employee costs 
Fast 

production 
↔ Low costs  ↔ Low amount 

of faults 
↔ High quality of production 

process 
High quality of products ↔ Low product costs 

High level of safety ↔ Low costs 
Table 4.1: Conflicting goals 
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4.3. Goals in Devil’s Quadrangle 
In this chapter we put the goals retrieved in the previous part in the Devil’s quadrangle. First we 

explain how this is done and after that the results are given. 

4.3.1. Methodology 

The Devil’s quadrangle is made of four factors: quality, time, flexibility and costs. Jansen-Vullers et. 

al. (2007) and Jansen-Vullers et. al. (2008) give a more elaborated definition of these factors. This 

elaboration is given in Table 4.2, the explanation of the elaboration can be found in these articles. 

The number before every item corresponds with the numbers in the last column of Table 4.3. On the 

basis of this elaboration we selected the right dimension(s) for the goals, which is also explained in 

chapter 3.2. So for every goal the items are selected which influence that specific goal. A goal can be 

affected by one item or by multiple items, as also can be seen in Table 4.3. We already found that the 

employees and the customer are of great importance of ICL. It can be seen that the well being of the 

employee is part of the quality dimension, just as the customer. The goals are put in the dimension 

which helps to achieve the goal. For two goals we were unable to select corresponding items, these 

goals were: “Penetrate new markets” and “Create a green company”. These goals are left out of the 

table. 

Quality Time Flexibility Costs 

1.Performance 17. Service time 22. Mix flexibility 27. Labour costs 
2. Conformance 18. Queue time 23. Labour flexibility 28. Machinery costs 
3. Serviceability 19. Wait time 24. Routing flexibility 29. Training costs 
4. Information on 
application status 

20. Move time 25. Volume flexibility 30. Inventory costs 

5. Bureaucratic 
language simplification 

21. Setup time 26. Process 
modification 
flexibility 

31. Transport costs 

6. Information 
availability 

  32. Administrative 
costs 

7. Skill variety   33. Resource 
utilization 

8. Task variety   34. Material costs 
9. Task significance    
10. Autonomy    
11. Feedback    
12. Co-worker relations    
13. Group factors    
14. Leader factors    
15. Quality of the 
process 

   

16. Working conditions    
Table 4.2: Elaboration of the dimensions of the Devil's quadrangle 

4.3.2. Results 

In Table 4.3 the goals are put in the Devil’s quadrangle. The level represents the level in which the 

goal can be found in the goal tree, this goal tree can be found in appendix 11. So the level 1 goals are 

the highest in the goal tree and the level 6 goals are the lowest in the goal tree. When a goal can be 

put in a dimension, an “X” is put with corresponding dimension. In the last column can the number 

be found of the items which corresponds with that specific goal. 
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Level Goal Quality Time Flexibility Costs Corresponding 

1 Growth of ICL X X X X 1-6, 15-34 

2 Create a good working environment X       16 

3 Bring structure to the company X       5 

4 Give structure to the administration X     X 5, 32 

4 Give structure to the employees X       4,5 

3 Create a good physical working 
environment 

X       16 

4 High level of safety X       16 

3 Create a good mental working 
environment 

X       16 

4 Good internal communication X       6 

4 Personal contact with colleagues X       12 

4 Create a good level of autonomy X   X   10 

4 Create a good level of workload X     X 15, 33 

2 Profitability X X X X 1-6, 17-34 

3 Low costs       X 27-34 

3 Continuity of the technical aspects X       15 

4 Prepare facility for growth X X X   15-26 

5 High quality facilities X       15, 16 

5 Low cost facilities       X 28 

4 Maintain current facilities X     X 15, 28 

3 Producing orders on time   X     17-21 

4 High availability of resources       X 33 

5 Maintain level of reserve resources   X   X 19, 30 

5 Search alternatives resources     X   23-26 

6 High quality alternatives X       1, 2 

6 Low cost alternatives       X 34 

4 Improve production X X X   1, 2, 15, 17-21, 
23, 24, 26 

5 Maintain quality level X       1, 2, 15 

5 Faster production   X     17-21 

5 Lower amount of faults X       15 

5 Make a good long-term planning       X 33 

6 Sufficient number of employees       X 33 

5 Make a good short-term planning       X 33 

6 Right employee on right job       X 33 

4 Good progress of orders through the 
company 

X       15 

5 On time sending of order to the 
production 

  X     21 

5 On time sending of order to the client   X     17-21 

3 High sales X       1-4, 6 

4 Long-term relation with clients X       4 

5 Good external communication X       6 

4 High quality products X       1-3 

4 Wider range of products     X   22, 23 
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4 Fast development   X     21 

5 Cheap development       X 27 

Table 4.3: Goals in Devil's quadrangle 

4.4. Redesigns 
In this chapter we introduce the redesigns which were chosen to simulate. First we will explain how 

these redesigns are gathered and after that we will explain what is meant with the redesigns. Also 

the results of the redesigns is given. 

4.4.1. Methodology 

While making the redesigns the starting point was that ICL expects to grow rapidly in the upcoming 

years. The CEO has the wish to make this growth possible with the least amount of new employees 

as possible, as he thinks it is not possible to accommodate a proportional growth of the employees as 

the growth of company. Therefore the redesigns should make it possible to handle more products 

with the same amount of employees. This means that the time required to produce a product should 

drop in order to make this possible. The time factor of the Devil’s Quadrangle is targeted because of 

that, the factor quality should not drop because of the redesigns. In the development of the 

redesigns, the best practices in business process redesign of Reijers and Mansar (2005) are used. The 

heuristics used are: task composition and task elimination. An explanation of the redesigns can be 

found bellow. 

4.4.2. Redesign one: the mailman 

In the current situation everybody makes sure themselves that the required materials are present at 

the start of a production step. This can be ineffective because production employees have to stop 

their normal activities to gather the necessary materials. On the other hand it can increase 

productivity after the gathering of the materials, because employees can walk a moment and can 

think about something else than the routines work. 

This first redesign uses the heuristic task composition. In this heuristic small tasks are combined and 

large tasks are divided in smaller tasks. In this case a task is divided in smaller tasks. This redesign 

contains the idea to make someone responsible for the gathering of the materials. This employee 

makes sure that all the other production employees can continue their work without stopping. This 

new employee is also called the “mailman” as he or she delivers materials to his or her colleagues. 

This mailman is an employee which before worked as a production employee, so the total number of 

employees working in the production department stays the same. So this redesign divides every task 

in a main task and a supporting task. The main task does not have to stop for the supporting task, as 

this is done by somebody else. 

4.4.3. Redesign two: automating the punching process 

Nowadays a lot of companies automate their processes in order to produce more efficient. 

Automating processes has a lot of advantages for companies. The most important advantages are a 

machine can produce at a much higher speed than an employee and a consistent quality can be 

guaranteed. Also a machine can work more accurately which can reduce the waste of material.  

This plan uses the heuristic task elimination. An unnecessary task is eliminated so that the overall 

production time drops. With this heuristic it is important to take the quality into account, as this 

heuristic has most of the time the effect to lower the quality, which is not desirable. The plan of this 



  

41 
 

redesign is to automate one process within the production department of ICL, so not all processes 

will be automated. The chosen process which will be automated is the punching process. The manual 

process will be replaced by a machine, which can handle materials which are on a roll or are sheets. 

Because the ability of this machine to handle rolls, it is not necessary anymore to cut the material to 

sheets, this applies to thinner materials. Thicker materials are bought as sheets, the machine is also 

able to handle this, so also sawing is not necessary anymore. The machine requires one operator, 

which removes the gaskets from the leftover material. The machine is assumed to be able to produce 

2500 gaskets an hour out of a material which is delivered on a roll and 1500 gaskets which are 

produced out of sheets. Next to that, it is assumed that it takes 15 minutes to setup the machine for 

a different product. So the tasks of sawing and cutting are eliminated by this redesign. These tasks 

also do not add value to the product from a customer point of view. 

4.5. Model development 
In this part we will explain how the simulation model is made. First it is explained how the factors of 

the Devil’s Quadrangle are taken into account in this project. Also how the data used in the model is 

acquired is explained and how the model works. Last the model is verified and validated.  

4.5.1. Factors of Devil’s Quadrangle 

The factors of the Devil’s Quadrangle are included in the simulation model as explained below. The 

factors of the Devil’s Quadrangle are used as output of the simulation model. 

Costs: three types of costs are taken into account in the simulation model: labour, material and 

machine costs. The labour costs is the total hours worked by the employees times the costs of one 

labour hour, the material costs are the costs of the material that is used in the processing of orders. 

The costs that are involved by using a machine, so for example the electricity costs, are taken into 

account with the machine costs. These costs are summed up and compared to the turnover made in 

the simulation model. This comparison is made to ensure that the costs are not low because of a 

lower number of orders processed.  

Time: the average processing time of each product category is taken into account with the time 

factor. Per order the time between entering the production and leaving the production is measured, 

the average time of the orders in the process is calculated by the simulation model using these 

numbers. This is done for each product category. 

Flexibility:  the costs involved for changing a process to a different product are used to calculate the 

flexibility factor. The costs involve for example the time that is required to set up a machine for a 

different product. When these changing costs are low, the flexibility is high and also the other way 

around, when these costs are high, the flexibility is low.  

Quality: as already mentioned in the previous chapter, it is hard to simulate the factor quality. 

Therefore we asked the outcomes on this factor to experts of the production process. They were 

asked what they think are the effects of the redesigns on the quality of the process and the quality of 

the product. The current situation is thereby taken as a starting point. The quality was asked on a 5 

point scale, at which 1 was a large drop in quality, 3 is no change expected and 5 a large increase in 

quality. The average of these results is used as the factor quality. 
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4.5.2. Data 

As already said, ICL makes hundreds of different gaskets, so it is impossible to measure the 

processing times of all products. Together with the director of ICL a set of products were chosen 

which are representative for all products. These products can be divided into five categories: small 

gaskets, medium gaskets, gaskets with lubrication, gaskets with canvas and gaskets with RVS. In total 

the processing times of eleven products were measured.  

For every production step and for every product we measured how much time it requires to perform 

that step. This is done in cooperation with the production leaders. They collected the most of the 

production times. This was done to minimize the influence of a researcher, as the employees are 

familiar with the production leaders and are more likely to perform as they perform normally. For 

every step and every product it was measured how much products were made within one hour time. 

The time needed for a single product can be calculated with these results. For some steps the times 

were measured over a longer time period. The employees noted in that period how much products 

they made within their time shift. The correction for breaks was done after that. This gave a more 

accurate measurement of the production times. Unfortunately this was not possible for every step as 

these steps were performed less often and in a shorter time period. 

Next to these measurements, also information was asked to experts of the company. For example it 

was asked to an expert what the distribution of the turnover was on the different products. This is 

important to know for making the orders in the simulation model. Also other important variables as 

the number of production employees, the number of workplaces, etc. where asked to the experts. 

The size of the orders was determined by looking up the actual order sizes of the representative 

products. The total number of orders was determined by looking into the turnover of the specific 

product categories dividing this by the turnover made with one order. 

4.5.3. Model 

To build the simulation model we used a discrete event simulation software. Discrete event 

simulation is used when during an event, the system is assumed not to change. This is also the case 

with production process at ICL, during a production step the system does not change. Also this 

software is chosen because it gives good possibilities for modelling complex production processes.  

In the model five different product categories are specified: Kerasil Small, Kerasil Medium, Kerasil 

with lubrication, Kerasil Canvas and Kerasil RVS. Every category has one or more products which 

represent that category. These products are chosen as representative by the director of the 

company. 

The simulation model works as following: when an order is created, it goes to a module where it is 

decided which process step is next. The order is brought to the working station by a production 

employee. There the step is performed by one or more employees. When the step is finished, the 

order will go again to the module where it is decided where it has to go next. The order of process 

steps is always the same for every type of product. In some processes it is possible that the step is 

performed by more than one employee. In these steps every half hour it is checked whether there 

are employees free and whether there are workplaces free. See appendix 12 for a more detailed 

overview of the model. 
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The model length is 252 days, this is the number of working days in a year, ignoring national holidays. 

Every day consists of 8 hours. The warm up period of the model is 20 days and the number of 

replications is 30. Every simulation model needs a warm up period, this time is required to get to 

normal situation. In this case for example, the model starts with no orders in the production 

department, which is not a realistic situation. The model needs several days to make orders and get 

to a realistic workload. This was the case after 20 days of simulating. The number of replications is 

also an important setting. When choosing the number of replications to low, the results might be a 

coincidence and therefore not realistic. When choosing a very high number, the model will be 

realistic but the time needed to run the model will be very high. Therefore the number of 

replications has to be found at which the model becomes consistent every time. This was the case at 

a replication number of 30. 

4.5.4. Verification 

At the verification we checked whether the model does what it is intended to do. When creating the 

model decisions had to be made and data had to be entered in the model. The verification checks 

these decisions and data, so the model works as it should be. When the model does not pass the 

verification, we will adapt it in such a way that it will pass the verification. The verification helps to 

check the reliability of the model. Two verification steps are done, the input and the output 

verification. The steps described by Verbraeck (2010) are followed in order to complete the 

verification.  

4.5.4.1. Input verification 

With the input verification we checked whether the values of the variables put in the model are the 

same as the real values. When these values match, the model will increase in reliability. Below are 

the findings of the input verification, the complete verification can be found in appendix 13.  

- Number of orders: the number of orders are made up in such a way that they represent the 

total turnover made by the category that they represent. Therefore the number of orders is 

higher than the real number of orders the product normally has. When more than one 

product represents a category, than the number of orders is divided over the orders in the 

same ratio as they are normally made. When checking the number of orders, it turned out 

that they are correct. 

- Size of the orders: the size of the orders represent the order sizes of that product in the real 

situation. We looked up the order sizes for over a certain period. The found sizes with their 

rate of appearance are put in the model. These numbers are also correct. 

- Number of employees: the employees are divided into two groups: the normal production 

employees and the employees working in the sewing workshop. The number of employees 

match the average number of employees available in the real situation. This is asked to the 

production leaders. 

- Number of resources: with resources is meant the number of machines available for each 

production process. The number of resources match the real situation. 

- The order of production steps: with the measurement of the production times, we also 

checked what the right order of production processes is for every product. With this 

verification we found that one product was not following all processes which where 

necessary to produce the product. This is solved, the other products were correct. 
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- Time needed to complete a production step: we measured the time required to complete 

every production process for every product. So these are the real values, which are put in the 

model. 

- Material required to produce a product: while we measured the production times, also the 

required material is investigated for each product. These numbers are put in the model and 

match therefore the real situation. 

- Walking speed: the average walking speed of persons is 5km/h. But when carrying materials 

or pushing a cart, this speed drops. Therefore an average speed of 4km/h is put in the model. 

- Change of process costs: this represents the costs of switching between products in a 

production process. This was not easy to measure as everybody takes a different time to 

switch to another product and these divers also of course between the processes. The 

numbers put in the model give a good indication of the highness of the switching costs.  

 

4.5.4.2. Output verification 

With the output verification we checked whether the output of the model correspondents with the 

input of the model. When these numbers are equal, the model will gain in reliability. The following 

points has been tested: “X Entities through”  and the time orders spend in the model. 

- X Entities through: with this test we checked whether the orders which are made in the 

model also leave the model. This is done to check whether no orders get lost in the model or 

maybe more orders leave the model than the number of orders created. For every product 

we made ten orders, so in total 110 orders are made for the eleven products. In the end also 

110 orders left the model, so no orders are lost and no additional orders appeared. The 

model passed this test. 

- Time spent in the model: we checked with this test whether the time orders spend in the 

model is reasonable. This means that orders should stay at least the time required to 

produce the order in the model, but also do not spend more time in the model than is 

realistically. It resulted that some categories where produced a bit faster than the minimum 

time required. But this can logically be explained that some processes can be executed by 

multiple persons, so the production per hour increases also, which reduces the production 

time. The total produce time was in no case extremely long. The model passes this test. 

 

4.5.5. Validation 

Validation is used to check whether the model represents the reality well. We did this by comparing 

the results of the model and the numbers of the real world. We checked the whole model in order to 

make sure that everything is working like the real situation. Some results are displayed below. 

- Turnover: one important measurement is the turnover. The turnover of the model 

represents the reality quite good, the turnover differs only by 1% compared to the real 

turnover. The turnover for these product categories was in the real situation €7,165,000, the 

simulation model gave a turnover of €7,125,000.  

- Utilization of employees and resources: with the validation, we found that the utilization of 

some resources and employees where unrealistically high. This was due to some modelling 
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errors. These errors have been solved, this did not influence the verification of the model. 

After solving these errors, the model behaved correct. 

- Impregnation process: while checking the impregnation process, a modelling error has been 

found. A wrong variable had been used to check how much work is left for every order. This 

has been solved. The verification test were the time spent in the model is checked has been 

redone. The results of these retesting can be found by the output verification, the original 

results are not displayed. 

4.6. Results 
When looking into the results of the redesigns, the results of the current situation is used as a 

reference. Therefore if you place the results of the current situation in the Devil’s Quadrangle, it will 

score average on all axes, as you can seen in Figure 4.4. On all of the four factors the current 

situation scores a tree out of five. Reading the Devil’s Quadrangle can be confusing, as all the axes 

have a different explanation, but for all axes it is better to score higher on the one to five rating. For 

quality this means that if the quality increases, the score will be higher. Also for flexibility, when the 

flexibility increases, the score will also increase. With the factor time it is the other way around, 

when the time decreases, the score will increase. In this results section, the profit is used for the 

factor costs. Therefore when the costs decreases, the profit will increase and also the score. 

 

Figure 4.4: Devil's Quadrangle of the current situation 

The simulation of the current situation and the two redesigns resulted into the values for the costs, 

time and flexibility given in Table 4.4, the factor quality was asked to the experts of the process. At 

the costs factor the profit for the redesign is given, at the time factor the average time of all product 

categories is given. With the flexibility factor the costs of changing and with the quality the 

judgement of the experts about the quality is depicted on a scale of 1 to 5. It can be seen that the 

profit of the mailman redesign is almost equal as the profit of the current situation, but the profit of 
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the automation redesign is considerably higher with an increase of almost 5%. The time an order 

spend in the production process increases drastically with the mailman redesign, but drops 

significant with the automation redesign. The flexibility of the current situation and the mailman 

redesign can be considered equally, while the flexibility drops with the automation redesign. The 

quality of both redesigns is judged a bit higher than the current situation. 

 Current situation Mailman Automation 

Costs/profit (€) 4,670,000 4,640,000 4,898,000 
Time (h) 39.1 44.2 33.6 
Flexibility (€) 364,800 363,300 375,500 
Quality (1-5) 3 4 4 
Table 4.4: Results of simulation 

For the current situation we already checked the turnover in the validation, which turned out to be 

very accurate with less than one percent difference. There is not a clear insight in the costs available 

for these product categories, which makes it hard to evaluate. But the costs put into the model are 

correct, therefore they are assumed to be correct. For the time and flexibility it is harder to 

determine whether these values represent the current situation, which is due to some assumptions 

made during the build of the simulation. For example: in the model we assumed that an employee 

starts with an order and does not stop working on it until the process step is completed, but in the 

real situation employees sometimes switch from orders during a process step. We already discussed 

the time orders spent in the production process in the verification, there we concluded that the time 

spent in the production process is realistic. The factor quality in the current situation represent a 

benchmark with which the other redesigns are compared, therefore the value of the quality is also 

correct. 

4.6.1. Results mailman redesign 

These results can also be displayed into the Devil’s quadrangle. For the mailman redesign this can be 

seen in Figure 4.5. Level three in the quadrangle is the benchmark level set by the current situation. 

So the costs and the flexibility of the mailman redesign is about the same as in the current situation, 

while the quality increases to level four. The factor time drops from level three to level two. It turned 

out that the mailman had less time available to deliver the orders than necessary, which resulted into 

the increasing throughput times and the lower rating on the time factor. 
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Figure 4.5: Results of the Devil's Quadrangle for the mailman redesign 

4.6.2. Results automation redesign 

The Devil’s Quadrangle of the automation redesign can be seen in Figure 4.6. The factors costs, 

quality and time all improved by the redesign and are on level four now. Only the flexibility dropped 

to level two. These values are also used while calculating the effects of the redesign on the goals. The 

results retrieved from the automation redesign are comparable with the results expected from this 

redesign. The throughput time dropped due to the fact that the processes cutting and sawing do not 

have to be done anymore and the punching process went quicker. This also resulted into less labour 

costs. The flexibility dropped due to the longer setup time for the punching process. 
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Figure 4.6: Results of the Devil's Quadrangle for the automation redesign 

4.7. Conclusion 
In this chapter we collected the goals of the employees and put them in the Devil’s Quadrangle, 

collected information about the production process, made two redesigns, simulated these redesigns 

and the effects of the redesigns on the four factors of the Devil’s Quadrangle is known. For two goals 

we were not able to put them into the Devil’s Quadrangle, namely: “Penetrate new markets” and 

“Create a green company”. The decomposition of the four factors of the Devil’s Quadrangle 

appeared therefore not complete enough. Therefore a further decomposition of the four factors has 

to be made in order to be able to put all goals into the Devil’s Quadrangle. Further no problems were 

found during the completion of this chapter. 
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5. Case study: results 
In this chapter we will compare the results gained from the simulation with the expected effects of 

the redesigns on the goals which is used to validate the method. The expected effects of the 

redesigns on the goals is asked to the corresponding employee of the goal. They were asked what 

they expect that the effect of a redesign will be on their goals, the structure of this survey can be 

found in appendix 9.2. In total 15 employees were asked about their expectations. First the results of 

the mailman redesign are discussed and after that the results of the automation redesign. In the end 

a conclusion is drawn. 

5.1. Results mailman redesign 
As already said the expected effects on the goals were asked to the employees. This comparison is 

used as a validation for the chosen way of integrating goal modelling with simulation. In Figure 5.1 

can the expected results of the mailman redesign on the top level goals be seen. The colours used in 

the goal trees correspond with the colours in Table 5.1. So the goals “Growth of ICL” and 

“Profitability” are expected to be easier met when the mailman redesign is implemented. The other 

parts of the goal tree can be seen in appendix 14.1.  

Goal is way more 
difficult to 

achieve 
(-2) 

Goal is more 
difficult to 

achieve 
(-1) 

No influence 
 
 

(0) 

Goal is better 
achieved 

 
(1) 

Goal is much 
better achieved 

 
(2) 

     
Table 5.1: Explanation of colours in goal trees 

Growth of ICL

Create a good 

working 

environment

Create a green 

company
Profitability

AND

 

Figure 5.1: Expected results of the mailman redesign on the goals 

The simulation model is used to calculate the effects of a redesign on the goals, see chapter 3.5 for 

the explanation about how the effects on the goals are calculated. For the mailman redesign the 

effects of the redesign on the goals can be seen in Figure 5.2. This figure uses the same colours as in 

the tree with the expected results. It can be seen that only the goal “Create a good working 

environment” is expected to perform better with the redesign, the other goals stay the same. The 

complete goal tree of the results of the mailman redesign can be found in appendix 14.2.  
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Growth of ICL

Create a good 

working 

environment

Create a green 

company
Profitability

AND

 

Figure 5.2: Simulated results of the mailman redesign on the goals 

These two goal trees can be compared. For the top level goals, it can be seen that for two goals the 

simulation predicted no change, while they were expected to be easier met. Also one goal was 

expected to stay the same, while the simulation predicted that the goal was easier met. This 

comparison has been done for the whole goal tree, the results of this comparison can be found in 

Table 5.2. The colours on the axes corresponds again with the colours in the goal trees and with the 

colours in Table 5.1. On the horizontal axis the expectations from the employees are depicted, on the 

vertical axis the simulated results are shown. For example: when an employee expects that a goal is 

easier achieved with the redesign and the simulation predicted no change, the goal is put in the table 

in the cell (1;0). When the simulation gave the same results as the expected results, the simulation 

predicted the effects on the goals correct, these are the green cells in the table. For the mailman 

redesign 15 goals were predicted the same, while 30 goals were predicted differently. 

 Expected results 

Simulated 
results 

 -2 -1 0 1 2 

-2      

-1   5 1  

0   12 6  

1   18 3  

2      
Table 5.2: Comparison of simulated results with expected results of the Mailman redesign 

5.2. Results automation redesign 
The same comparison as for the mailman redesign has been done for the automation redesign. In 

Figure 5.3 can the expectations be seen for the top level goals. Two top level goals are expected to 

be easier achieved, the rest stays the same. The expectations for the remaining goals can be seen in 

appendix 14.3.  
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Growth of ICL

Create a good 

working 
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Create a green 

company
Profitability

AND

 

Figure 5.3: Expected results of the automation redesign on the goals 

Figure 5.4 shows the expectations of the top level goals calculated with the simulation model. The 

goals “Growth of ICL”, “Create a good working environment” and “Profitability” are easier met 

according to the simulation model. The complete goal tree of the simulated results of the 

automation redesign can be found in appendix 14.4. 

Growth of ICL

Create a good 

working 

environment

Create a green 

company
Profitability

AND

 

Figure 5.4: Simulated results of the automation redesign on the goals 

The same table as with the mailman redesign has been made for the automation redesign. In Table 

5.3 is shown that 12 of the goals were predicted the same and 33 are predicted different. Only 27% 

of the goals were predicted the same using the simulation model. 

 Expected results 

Simulated 
results 

 -2 -1 0 1 2 

-2      

-1   2   

0   1   

1   31 11  

2      
Table 5.3: Comparison of simulated results with expected results of the Automation redesign 

5.3. Conclusion 
With percentages of 33% and 27% corresponding expectations, the simulation results and the 

predictions of the employees did not correspond very well. One reason for this can be that because 

of placing the goals in the Devil’s Quadrangle, effects are expected on goals of employees who are 

not affected by the redesign. For example: the head of the financial management is not affected by 

the introduction of a mailman or by the automation, but the goals were placed in the Devil’s 

Quadrangle and therefore an effect has been expected. To check whether this is true, we made a 
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new comparison were only the goals were taken into account of employees who are directly 

involved. The employees taken into account for this new comparison are: commercial director, 

technical director, production leader, production employee and the quality employee. This 

comparison takes 20 goals into account of the total of 45 goals. The results of this comparison can be 

found in Table 5.4 and Table 5.5. For the mailman redesign 5 goals are predicted equally and 15 are 

not, so 25% is predicted equally. For the automation redesign 11 goals were predicted evenly and 9 

not, which results into 55% goals predicted equally. With this new comparison the goals for the 

automation redesign corresponds twice as good as with the first comparison, while the mailman 

redesign scored slightly less. From this it cannot be concluded that this new comparison, with a 

selection of the employees, scores better than the first comparison with all employees. 

 Expected results 

Simulated 
results 

 -2 -1 0 1 2 

-2      

-1    1  

0   3 5  

1   9 2  

2      
Table 5.4: Comparison of simulated results with expected results of the Mailman redesign only goals taken into account 
of directly involved employees 

 

 Expected results 

Simulated 
results 

 -2 -1 0 1 2 

-2      

-1      

0   1   

1   9 10  

2      
Table 5.5: Comparison of simulated results with expected results of the Automation redesign only goals taken into 
account of directly involved employees 

The difference between the predictions of the employees and the simulation model can have two 

reasons or a combination of these two reasons. The first reason is that the simulation model 

predicted the goals incorrectly. The second reason is that the employees were not able to predict the 

goals correctly, employees might not be aware what the consequences of the redesigns really are. To 

check whether the employees are aware what the consequences of the redesigns, we conducted one 

last survey. This survey was held under three experts of the process. The structure of this survey can 

be found in appendix 9.3. First we gave a summary of the redesigns and asked what the employees 

think the effects will be on the four factors of the Devil´s Quadrangle. Second we gave results from 

the simulation and asked again what the effects of the redesigns will be on the Devil´s Quadrangle. 

With the information about the simulation results the respondents gave different expectations about 

the effects than without the information. From this can be concluded that the employees have other 

expectations from the redesigns than the simulation model, but it can still not be concluded which 

results are right. Therefore a short discussion was held with the respondents were the complete 

results of the simulation were given. To the respondents was asked whether these results could be 

true. The respondents all said that the simulation model could be true, as it gave information which 
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was not always expected from the redesign. For example: the mailman was too short in time to 

deliver all orders to the right production processes, but on the base of the information about the 

redesign, this was not expected. With the automation redesign these differences in the expectations 

were lower, which can explain why the percentage of goals predicted the same is higher for this 

redesign. This last test gave us the information that employees are not always capable of predicting 

the effects of a redesign correctly. The results from the simulation model are found to be more 

accurate than the expectations of the employees about the redesigns. The prediction of goals by the 

simulation model can therefore be found more accurate than the prediction of the goals by the 

employees. This also shows the necessity of predicting the goals through simulation, as employees 

can expect different results and might judge the redesigns based on wrong information. 
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6. Conclusion 
In this chapter we will draw conclusions on the used method to combine goal modelling with 

simulation models. Also the limitations are given and an advice for further research.  

6.1. Conclusion 
This section provides the answers on the research questions given in chapter one. The first question 

was: 

How can the function related goals of the employees  be translated into a simulation model, 

while avoiding that the translation takes a lot of effort? 

An important part of the combination of goal modelling with simulation models is that it is easier 

than investigating the effect of a redesign on each goals separately. Therefore the use of a 

measurement framework is proposed. Several frameworks were considered, the Devil’s Quadrangle 

was chosen. The measurement framework is used to simplify the effects of a redesign. This 

simplification is used to determine the effects of a redesign on the goals of employees. Every goal is 

put in the Devil’s Quadrangle, for every goal is determined whether the factors quality, time, costs 

and flexibility are of importance. This is done on the base of a list of points which form the four 

factors, these points are obtained from the literature. A goal can be placed into one or more factors, 

these factors are then used to calculate the effects of a redesign on the goals.  

The second question was: 

What are the results of using goal modelling with simulation in the prediction of the goals of 

employees in a real production department?  

This question was answered by a case study performed at the company ICL B.V. in Rotterdam, the 

Netherlands. First all of the goals of the employees were retrieved, which were then put in the 

Devil’s Quadrangle. Next a simulation model has been modelled in a discrete event simulation 

software package. The process simulated is the production process of ICL. With that simulation 

model the effects of two redesigns on the factors of the Devil’s Quadrangle were calculated. The first 

redesign is the mailman redesign, in which one employee distributed all materials during the 

production process. The second redesign was automating the punching process. The current manual 

process is replaced by a machine, which has also the benefit that sheets do not have to be cut or 

sawed anymore.  

When comparing the effects of the redesigns on the goals of employees calculated by the simulation 

model and the expectations of the employees, it turned out that for the mailman redesign 33% of the 

goals were predicted the same and for the automation redesign 27%. Both of these percentages are 

not really high. One reason for this could be that also the goals of employees were taken into 

account which were not related to the production process. But by the way of calculating the effects 

of the redesigns on the goals, a change was expected. To check whether this was the case, we did a 

new comparison where only the related goals were taken into account. The results for the first 

redesign were a bit lower than the first comparison with 25%. For the second redesign the results 

were significant higher with 55% of the goals predicted the same. As one percentage went up, but 

the other went down, the second comparison cannot be assumed better. 
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These low percentages can have two reasons: the employees predicted the effects wrong or the 

simulation predicted the effects wrong. To look which one is correct, we looked into the effects of 

the redesigns on the four factors of the Devil’s Quadrangle. It can be concluded that the employees 

expected different results from the redesigns than the simulation model. Therefore we discussed 

both of the results with experts of the processes. They said that the results retrieved from the 

simulation model are more accurate than the expectations from the employees. Therefore it can be 

said that the effects on the goals of the employees is better predicted by the simulation model.  

The main question was: 

“Can Goal Modelling be combined with simulation models in such a way that they give 

additional insight into the effects of a process redesign on the goals of the employees of the 

company at which the redesign is integrated?” 

Shortly said goal modelling can be combined with simulation models. With the use of the Devil’s 

Quadrangle the effects of a redesign can be summarized, which can be used to determine the effects 

on the goals of the employees. With the validation of the method we already saw that employees 

find it difficult to predict the effects of a redesign on their goals. Therefore it is important to give 

them this insight. This could prevent discussions on the base of wrong assumptions about the 

redesigns. Getting insight into the effects of the redesign on the employees helps to increase the 

support for a redesign. Also with this new insight we could look at the job demand-resource model, it 

can be said what the consequences of a redesign are on the job demands and the job resources of 

the employees. When a goal is easier to achieve, the job demands will be lower or the job resources 

will be higher, resulting in an increase of organizational outcomes. 

This way of combining goal modelling with simulation models has not been done before. Therefore 

additional research should be done on this method, especially on the validation of the method. As 

employees are not always capable of predicting the effects of a redesign, it will be better to really 

implement the redesign to validate this method. With the implementation of the redesign the 

outcomes of this method can be compared to the real effects. This reduces the need for employees 

to predict the effects and will make the method more reliable. This method can be used to increase 

the level of acceptance of a redesign, but also as a way to determine which redesign is more suitable 

for companies. This is a good way for paying more attention to human factors will performing 

redesigns throughout companies. 

6.2. Limitations 
Although this research has been conducted with much care, still some limitations are present. The 

first limitation can be found in the lack of literature which performs comparable studies. The 

combination of goal modelling with simulation models is a young field, currently no comparable 

papers could be found about this subject. The steps performed to combine goal modelling with 

simulation models are not widely supported in the literature. This has as a consequence that the 

method should be validated thoroughly. This is an important limitation, but can be solved by 

conducting more research in the field of combining goal modelling with simulation models.  

Limitation two can be found by the use of the Devil´s Quadrangle. The Devil´s Quadrangle is one of 

many measurement frameworks. Only using the Devil´s Quadrangle did not gave insight in whether it 

is the best measurement framework to use for the combination of goal modelling with simulation 
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models. Despite of the argued choose for the Devil´s Quadrangle, other frameworks might perform 

better. 

Another important limitation can be found by asking the employees what they expect what the 

effects of a redesign are on their goals. This has been used to validate the results of the prediction of 

the goals using simulation. Employees are not always aware what the consequences are of a 

redesign, they can expect different effects than the real effects. This could also be an explanation by 

the low percentages of goals predicted good. It would have been better to really implement the 

redesigns and then look into the effects of the redesigns. Unfortunately there was no possibility in 

the time frame of the project to implement the redesigns.  

The fourth limitation can be found that the research is only conducted at one company. Therefore 

results gained from the study could be different than when the study would have been performed at 

another company. This gives a limited insight in the results and can therefore not be generalized to 

other companies. The results are only representative for the company at which the study is 

performed. Another limitation can be found at the department at which the study is performed. At 

ICL we performed the study at the production department and although no limitations are seen to 

perform this technique at other departments, it is not known whether it gives the same results. 

6.3. Recommendations and further research 
This research is a first step into the integration of goal modelling into simulation models. Progress 

has still to be made in the integration, before the integration can be used in the support of the 

development of redesigns. The first recommendation is to look into other measurement frameworks. 

This study used the Devil’s Quadrangle as measurement framework, but there are way more 

frameworks. Other frameworks might have different results than the Devil’s Quadrangle. Therefore it 

is advised to also look into other measurement frameworks. 

 The second recommendation is given about the calculation of the effects on the goals. In this study it 

is assumed that all relevant factors are equally important for the goals. This is of course not always 

the case for all goals. Some factors are more important than others. Therefore a method has to be 

developed to calculate the effects while taking the different levels of importance’s of the factors into 

account. Another recommendation also lies with the calculation of the effects on the goals. The 

study tried to integrate goal modelling into simulation models in such a way that it takes minimum 

effort. But in this study the effects on the goals were calculated manually, which took more time 

than necessary. Therefore it is advised to find a way to automatically calculate the effects, the 

simulation model should give the effects right away without further steps required. 

One of the limitations was that the proposed integration of goal modelling into simulation models 

was only performed at one type of company and one type of department. The results for other types 

of companies and other types of departments might be different than the results found in this study. 

Therefore we advice that similar studies are performed at other types of companies and 

departments. This should give a good overview about the applicability of the proposed integration in 

all types of companies, which cannot be given with only this study. Also it is recommended to really 

implement redesigns to validate the outcome of the simulated effects of a redesign on the goals, 

instead of asking it to the employees.   
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8.  Types of products of ICL BV taken into account within the 

project 
Within this project the focus will be on five different product categories of ICL B.V.. These products 

are chosen in collaboration with the CEO of ICL. These products are of high interest because of the 

high volumes produced or because of the expected growth of the volume of the product type. The 

types of products taken into account are: Kerasil small, Kerasil medium, Kerasil with lubrication, 

Kerasil with canvas and Kerasil with RVS. These types are summarized in Table 8.1 and further 

elaborated below. For every product type an IDEF0 scheme is drawn. The production process of 

gaskets can be summarized as shown in Figure 8.1. The process of producing gaskets is triggered by 

receiving an order. The required materials enter the process and are processed into gaskets which 

are sent to the client. All the processes are executed by a production employee with the necessary 

machines.  

Type of product Size (mm) Price (€) 

Kerasil small 20-100 0.05 - 0.50 
Kerasil medium 100-300 1.00 - 3.00 

Kerasil with lubrication 100-300 1.50 - 3.50 
Kerasil with canvas 200-500 2.00 - 7.00 

Kerasil with RVS 200-500 2.00 - 7.00 
Table 8.1: Types of products taken into account 
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Figure 8.1: IDEF A0 diagram of the production of gaskets 
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8.1. Kerasil small 
These are small gaskets produced in high volumes. Because these products are relatively small, they 

are first dipped before they are punched. The price range of these products is around €0.10 to €0.50, 

depending on the size and the required quality of the product. The size varies between 10 to 100mm 

in diameter. The steps required to produce a small kerasil gasket are shown in Figure 8.2. Three 

different steps can start the production process, sawing or cutting strips or by punch holes in 

remainders of fibreglass. After that the process is consistent for most of the products. The only 

difference is that some of the gaskets are powdered and others are not. 
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Figure 8.2: IDEF of Small Kerasil gaskets  
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8.2. Kerasil medium 
These gaskets are comparable with the small kerasil gaskets. One obvious difference is the size of the 

gasket. Also, these gaskets are first punched before they are dipped. This is done because of the high 

loss of material during the punching. The price range of these products is around €1.00 to €3.00. The 

size of this type differs between 100 to 300mm in diameter. The process starts by sawing or by 

cutting strips of fibreglass. The rest of the steps are standard except for a small amount of products, 

for example: some are not powdered. The process is shown in Figure 8.3. 
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Figure 8.3: IDEF of medium kerasil gaskets 
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8.3. Kerasil with lubrication 
These gaskets are small and medium kerasil gaskets with an additional production step. The edges of 

these products are smeared with an additional layer of silicones. This prevents the loss of gases 

through the gasket. The price range of this product is between €1.50 and €3.50, depending on the 

size and other specifications. This product type is mostly made in a size between 100 to 300mm in 

diameter. The production process of the lubricated gaskets is comparable with the medium kerasil 

gaskets. The main difference is an additional step where the edges of the gaskets are covered in a 

layer of grease. The production process of the lubricated gaskets is shown in Figure 8.4 
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Figure 8.4: IDEF of lubricated kerasil gaskets 
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8.4. Kerasil with canvas 
These gaskets differ in a large extend with the other kerasil gaskets. A lot of additional steps are done 

to complete this product. These gaskets are made of canvas with a layer of kerasil at the edges of the 

canvas. The kerasil and the canvas are attached together by sewing them together. The price range 

of this product type lies between €2.00 and €7.00. The product size of these gaskets ranges between 

300 and 500mm in diameter. This process is more complex than the normal kerasil gaskets as more 

materials are used to produce the gasket. An additional step is to iron the canvas and the foil used. 

The materials are attached together by stitching them. After stitching the gasket, the gasket is 

sprayed and excess material is cut of the edges. After lubricating the edges, the process of cutting 

excessive material is repeated. 
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Figure 8.5: IDEF of canvas kerasil gaskets 
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8.5. Kerasil with RVS 
This product can be compared with kerasil with canvas gaskets. The biggest difference is that RVS is 

used instead of canvas. Also with these gaskets a layer of kerasil is sewn to the edges of the RVS. The 

price range is also comparable with the kerasil with canvas gaskets; it lies between €2.00 and €7.00. 

The size ranges between 300 and 500mm in diameter. Just as the canvas gaskets, this gasket also 

requires some additional steps to produce. The RVS is folded and sewn to the fibreglass and again 

folded after that with a quality control. The process of this product type can be seen in Figure 8.6. 
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Figure 8.6: IDEF of RVS kerasil gaskets 
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9. Interview structure 
In this appendix we will explain the interview structures that were used during this project. 

9.1. Goal gathering 
The interviews had the form of a semi structured interview. The structure of the interview is as 

following, the questions are used as guidance.  

Explanation: insight in the goals is gained in order to take them into account when implementing a 

new redesign. This is done to get insight into the benefits and the drawbacks of a redesign. The 

answers given during this interview are anonymous and will not be spread.  

Function: first insight is gained about the function of the employee, the following questions are used 

as guidance: 

 What is your function in ICL? 

 Which tasks belong to this function? 

 Which responsibilities do you have? 

Function specific goals: the second topic were the functional specific goals. The questions should 

give insight in the higher level goals but also in the lower level goals. The following questions are 

used as a starting point: 

 Which goals belong to your function? / With which reason is this function fulfilled? 

 Why are these goals there? / Why are these goals pursued? 

 How are these goals met? 

Personal goals: the last topic were the personal goals of the employees. The questions below are 

used as guidance: 

 Do you have personal goals within ICL, what do you want to achieve? 

 Are there any points (learn things, become better, give better support, etc.) at which you 

want to improve yourself? 

Last the interviewee was thanked for their time and their collaboration. 
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9.2. Expectations gathering 
We gathered the information about the expectations with the use of a survey. We gave a short 

explanation of each redesign. With this information, they were asked to fill in what they think the 

effects of the redesign is on their goals. This was asked on a 5 point scale, where 1 means that the 

goals was much harder to achieve and 5 means that the goal was way easier to achieve. The survey 

was conducted in Dutch. The example below is translated into English. 

Redesign 1: Mailman 

With this redesign a “mailman” is introduced in the production area. This mailman makes sure that 

everyone always have sufficient materials to continue working, they do not have to gather the 

materials themselves anymore. For example, an employee who is conducting the process 

“punching”, does not need to gather the sheets used in this process anymore. This mailman operates 

in service of the production leaders.  

 Effects of the redesign on the goals 

Goal Goal is way 
more 

difficult to 
achieve 

Goal is more 
difficult to 

achieve 

No influence Goal is 
better 

achieved 

Goal is 
much 
better 

achieved 

Realise a growth of 75% in the 
upcoming 5 years 

     

Maintain a profit level of 10% 
after taxes 

     

50% of the energy used, comes 
from green energy 

     

Table 9.1: Expectation on the goals for the mailman redesign 

Redesign 2: Automation 

With this redesign a punching machine is introduced with operates automatically, only the left over 

materials have to be removed. This machine is capable of processing sheets and rolls. This has the 

advantage that rolls do not have to be cut anymore before the punching process. The machine 

operates faster than punching manually, but it does take more time to configure this machine. 

 Effects of the redesign on the goals 

Goal Goal is way 
more 

difficult to 
achieve 

Goal is more 
difficult to 

achieve 

No influence Goal is 
better 

achieved 

Goal is 
much 
better 

achieved 

Realise a growth of 75% in the 
upcoming 5 years 

     

Maintain a profit level of 10% 
after taxes 

     

50% of the energy used, comes 
from green energy 

     

Table 9.2: Expectations on the goals for the automation redesign 
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9.3. Validation of the expectations 
For both of the redesigns we compared the expectations of the redesign without any information 

about the simulation with the expectations of the redesign with information about the simulation. 

We made this comparison using a survey. First we asked the expectations of the redesign on the four 

factors of the Devil’s Quadrangle, after that we gave crucial information retrieved from the 

simulation and asked the same questions again. This structure is used for both redesigns. We made 

this comparison to check whether the employees have the same expectations about the redesigns as 

the simulation model. When these results are comparable, the comparison between the expected 

effects on the goals and the simulated effects can be used, otherwise it can be arguable which of the 

effects are the right ones. The structure of the survey is shown below. The survey was held in Dutch, 

but is translated for this report. 

Redesign 1: Mailman 

With this redesign a “mailman” is introduced in the production area. This mailman makes sure that 

everyone always have sufficient materials to continue working, they do not have to gather the 

materials themselves anymore. For example, an employee who is conducting the process 

“punching”, does not need to gather the sheets used in this process anymore. This mailman operates 

in service of the production leaders.  

Factor  1 2 3 4 5  

What do you expect are the effects of 
the redesign on the costs of the 
production? 

The costs will 
increase 

     The costs 
will decrease 

What do you expect are the effects of 
the redesign on the flexibility of the 
production process? 

The flexibility will 
decrease 

     The 
flexibility will 
increase 

What do you expect are the effects of 
the redesign on the quality of the 
product? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the quality of the 
production process? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the throughput times of 
the orders in the production process? 

The throughput 
times will 
increase 

     The through-
put times 
will decrease 

Table 9.3: The expectations about the mailman redesign without additional information 

For the redesign of the mailman we made a simulation. With this simulation the effects of the 

redesign can be investigated. This simulation shows that the mailman is too short on time to deliver 

all materials in the production. The orders have to wait therefore to move to the next production 

step. 
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Factor  1 2 3 4 5  

What do you expect are the effects of 
the redesign on the costs of the 
production? 

The costs will 
increase 

     The costs 
will decrease 

What do you expect are the effects of 
the redesign on the flexibility of the 
production process? 

The flexibility will 
decrease 

     The 
flexibility will 
increase 

What do you expect are the effects of 
the redesign on the quality of the 
product? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the quality of the 
production process? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the throughput times of 
the orders in the production process? 

The throughput 
times will 
increase 

     The through-
put times 
will decrease 

Table 9.4: The expectations about the mailman redesign with additional information 

Redesign 2: Automation 

With this redesign a punching machine is introduced with operates automatically, only the left over 

materials have to be removed. This machine is capable of processing sheets and rolls. This has the 

advantage that rolls do not have to be cut anymore before the punching process. The machine 

operates faster than punching manually, but it does take more time to configure this machine. 

Factor  1 2 3 4 5  

What do you expect are the effects of 
the redesign on the costs of the 
production? 

The costs will 
increase 

     The costs 
will decrease 

What do you expect are the effects of 
the redesign on the flexibility of the 
production process? 

The flexibility will 
decrease 

     The 
flexibility will 
increase 

What do you expect are the effects of 
the redesign on the quality of the 
product? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the quality of the 
production process? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the throughput times of 
the orders in the production process? 

The throughput 
times will 
increase 

     The through-
put times 
will decrease 

Table 9.5: The expectations about the automation redesign without additional information 
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Also for this redesign we made a simulation. As expected the punching process is completed in a 

shorter time. The absence of the processes “sawing” and “cutting” improved the flow of the orders 

through the production. Setting the machine up showed to be very time consuming.  

Factor  1 2 3 4 5  

What do you expect are the effects of 
the redesign on the costs of the 
production? 

The costs will 
increase 

     The costs 
will decrease 

What do you expect are the effects of 
the redesign on the flexibility of the 
production process? 

The flexibility will 
decrease 

     The 
flexibility will 
increase 

What do you expect are the effects of 
the redesign on the quality of the 
product? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the quality of the 
production process? 

The quality will 
decrease 

     The quality 
will increase 

What do you expect are the effects of 
the redesign on the throughput times of 
the orders in the production process? 

The throughput 
times will 
increase 

     The through-
put times 
will decrease 

Table 9.6: The expectations about the automation redesign with additional information 
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10. Data goal interviews 
 

Function Main goal Level 2 goal Level 3 goal Level 4 goal 

Commercial 
Director 
  
  
  
  
  

Growth of ICL Create a good working 
environment 

Create a good physical working 
environment 

  

 Create a good mental working 
environment 

Coaching by external coaches 

 Personal contact with 
colleagues 

 Create a green company Use renewable energy (50% of all energy)   
  
  

 Profitability 
  

Maintain a profit off 10% after taxes 

 Realise a growth of 75% of turnover in the 
next 5 years 

Technical 
Director 
  
  
  
  

Continuity of the 
technical aspects 
  

Prepare facility for growth High quality facilities  
   Low cost facilities 

Maintain current facilities   

Develop new products 

High level of safety 

Production 
leader 
  
  
  
  
  
  
  

Producing orders on 
time 

Improve production 
  

Produce faster   

Maintain quality level   

Make a good planning 
  
  
  
  

Long-term Sufficient material 

  Sufficient number of employees 

Short-term Sufficient material 

 Sufficient number of employees 

  Right employee on the right job 

Good working environment Improved coaching is absenteeism   
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Seller High sales Wider range of products    

   Develop high quality products Fast development 

     Cheap development 

   Penetrate new markets Higher use of social media 

     Visit more exhibitions 

    Long-term relation with clients   

Production 
employee 

Good working 
environment 

Produce good products A good level of workload  

Low amount of faults 

Good relationship with colleagues  

Good level of autonomy 

Quality manager Getting the 
company at a high 
level 
  

Maintain ISO certificate    
   Making the documentation orderly 

Quality 
employee 
  
  
  
  
  

High quality of 
goods 

High quality of incoming goods 
  
  

Optical check  

Weight check 

Document findings 

High quality of outgoing goods Optical check 

  Weight check 

  Document findings 

Marketing and 
communication 

Get the 
communication at 
international level 

Good internal communication Make the communication 
accessible 

 

  Make the communication 
understandable 

Good external communication Bring in new leads 

Expand the use of social media 

Generate brand awareness 
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Purchaser High availability of 
resources 

Long term planning     
  
  
  

  Maintain level of reserve resources 

  Search alternative resources 
  

High quality alternatives 

  Low cost alternatives 

HR Manager Bring structure to 
the company 
  

Give structure to the administration Give structure to the ISO manual   

  Identify risks   

  Structure the contracts   

  Give structure to the employees Identify risks   

  Structure the contracts   

  Place employees on the right 
places 

  

  Structure the introduction of 
new employees 

  

  Lower absenteeism   

Logistical 
employee 
  
  
  
  

Good progress of 
orders through the 
company 

On time sending of order to the 
production 

Check delivery time   
  Good communication 

On time sending of order to the 
client 

Check delivery time 

Good communication 

Good contact with clients 

Financial 
manager 
  

Effective and 
efficient financial 
administration 

Check debtors and creditors  

Payment of salaries 

Table 10.1: Interview data 
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11. Goal tree of ICL BV 
In the following trees the goals of ICL are depicted. Every underlying goal helps to reach the goal above. There are two different structures to reach the 

upper goal. The first structure is the “AND” structure, all underlying goals have to be met to meet the upper goal. The second structure is the “OR” 

structure, the underlying goals help to meet the goal above, but are independent of each other. The type of structure is shown in the bracket below the 

upper goal. The main goal of ICL is to grow, all the other goals help to reach this goal.  

Growth of ICL

Create a good 

working 

environment

Create a green 

company
Profitability

AND

 

Figure 11.1: Top goal tree 
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the employees
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communication
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external coaches

Personal contact 
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OR

AND

AND

Create a good 

level of autonomy

 

Figure 11.2: Goal tree working environment 
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Profitability

Continuity of the 

technical aspects

Producing orders 

on time
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production
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Ontime sending of 
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Faster production
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Figure 11.3: Goal tree producing orders 
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Figure 11.4: Goal tree technical aspects and sales
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12. Simulation model 
The simulation model can globally be divided into one top level model and 17 sub processes. In the 

top level model are the orders made and it is there decided what the next process step is for every 

order. Every product has its own fixed order of processing steps. A short overview of this top level 

model can be seen in Figure 12.1. First the order enters the production process and it is decided to 

which process step it has to go next. The production step is performed after that. This is repeated 

until all necessary are completed after which the order leaves the production process. 

Enter production 

process

Find next 

process step
Perform process

Leave production 

process

Remaining 

step found

No remaining

steps

 

Figure 12.1: Top level model 

The 17 sub processes are the 17 production steps which are performed during the production 

process. These sub processes can be divided into two categories. In the first category the necessary 

production resources have a fixed quantity, there is no room for additional resources in these 

processes. This process can be seen in Figure 12.2. First the order enters the production step and it is 

checked whether the necessary resources are available. When this is not the case, the order will wait 

for half an hour until it will check the availability of the resources again. When all the necessary 

resources are available, then the production step will be performed after which the order leaves the 

production step. 

Enter process

Check 

availibility of 

resources

Wait

Not all

resources

available

All resources 

available

Perform process 

step

Leave production 

step

 

Figure 12.2: Sub process with fixed number of resources 

In the second sub process category the number of resources is not fixed, although there is a 

minimum of resources. In these production steps multiple workplaces are available, but they do not 
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have to be used all. For example the sewing process: there are multiple sewing machines available, 

but the minimum of machines to perform this step is one machine. Of course every machine needs 

an operator, so both an operator and a machine needs to be available. An overview of this sub 

process can be seen in Figure 12.3.  The beginning of the process is similar to the other sub process. 

The order enters the sub process and it is checked whether the minimum number of resources is 

available. When this is not the case, the order will wait for half an hour and check again. When the 

minimum resources are available, the process will start with the maximum available number of 

resources. After half an hour or the remaining time required for that order, it is checked whether the 

production step is completed. When this is the case the order will leave the production step. When 

this not the case it is checked whether additional resources are available. Additional resources are 

added to the order and the process will continue. This is repeated until the order finishes the 

production step at which the order leaves the production step. 

Enter process

Check 

availibility of 

resources

Wait

Not all

resources

available

All resources available

Process for 

maximum of half 

an hour

Check process 

completed

Leave production 

step

Step

completed

Check 

additional 

resources

Step not

completed

No additional resources

Additional resources available and added
 

Figure 12.3: Sub process without a fixed number of resources 
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13.  Verification 

13.1. Input verification 

13.1.1. Number of orders 

With the use historical data of the company we calculated the total number of orders per year per 

product. This calculated is done in such a way that the turnover of the categories in the model match 

the turnover per category in the real situation. This is done because the company produces a lot of 

different products, which would be very time consuming to simulate them all. The modelled products 

are chosen in consultation with the CEO of the company. The data used to calculate the average 

number of orders is: the average order size, the prices of the products, the turnover per product per 

year, and the total turnover per category per year. The average number of orders can be found in 

Table 13.1. 

Product Number of orders 

1 31 
2 38 
3 31 
4 183 
5 64 
6 35 
7 13 
8 15 
9 177 
10 18 
11 42 
Table 13.1: Average number of orders per year per product 

13.1.2. Size of the orders 

In Table 13.2 can be found what the average order sizes are of the products. When there is a fraction 

before the order size it means that the number behind the fraction occurs that fraction of the time. 

So 5/8 3000 means that 5 out of 8 times the size of the order is 3000 products. These numbers have 

been found in the historical data of the company. 

Product Order size 

1 1000 
2 15000 
3 15000 
4 500 
5 5/8 3000, 3/8 5000 
6 Between 5000 and 20000, rounded to whole 1000 
7 5000 
8 5000 
9 1/17 300, 6/17 400, 3/17 600,  7/17 800 
10 1/2 130, 1/2 150 
11 1/8 1000. 3/8 1200, 2/8 1800, 1/8 2400, 1/8 3000 
Table 13.2: Average order sizes per product 
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13.1.3. Number of resources 

The number of resources that is put in the model is on the base of the number of machines in the 

company before the fire. The numbers can be found in  Table 13.3 

Resource Number available 

Saw 1 
Punch small 4 
Punch large 1 
Impregnating room  1 
Grease place 2 
Powder room 1 
Packaging place 2 
Cutting table 1 
Spraying room 1 
Iron 1 
Scissor 2 
Sewing machine normal 7 
Sewing machine long 2 
Shaving machine 3 
Piling up place 2 
Folding place 5 
Knocking place 2 
Glue place 1 
Inlay place 2 
Table 13.3: Number of resources 

13.1.4. Time needed to complete a production step 

Every production step needs time, we measured these with the help of both production leaders. This 

gave a realistic insight in how much time every production step for every product is needed. Not all 

products require every production process in order to be completed, these values are left empty as 

can be seen in Table 13.4. Also some steps are done twice to complete the product, in that case 

there are two values in that corresponding production process.  

  Production processes (seconds per product) 

Product Cutting Sawing Punching Impregnating Greasing Powdering Spraying Ironing 

1 1.4   3.5 0.3   1.2     

2 0.1   0.5 0.1         

3 0.1   0.9 0.1         

4   0.4 3.0 0.4         

5   1.4 6.7 3.6   2.4     

6 2.0   3.7 2.4   1.4     

7   1.4 14.3 4.8 20.0 2.4     

8   4.4 10.0 6.0, 4.0 20.0 1.4     

9  7.2, 2.6, 2.6   18.2, 6.5   20.0 2.4 7.2 7.2 

10   1.4 9.0, 18.8 3.6         

11   1.4 18.2, 9.0 12.0   2.4     
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  Production processes (seconds per product) 

Product Glue Shaving Cutting Knocking Folding Sewing Piling up Lay in Packaging 

1                 1.2 

2                 0.5 

3                 0.9 

4                 2.4 

5                 2.0 

6                 2.4 

7                 2.4 

8                 1.8 

9   66.7 48.0     100.0 2.6   3.6 

10       42.9   50.0, 48.0     3.0 

11 6.5     22.2 35.3 66.7   4.5 3.6 

Table 13.4: Processing times 

13.1.5. Change of process costs 

On important factor which influences the flexibility of a system are the costs of changing of a 

process. When the costs are zero, the system will be more flexible than when the costs are high. The 

average changing costs are found in consultation of the production leaders. The time required to 

change a process so that another product can be handled, is the largest part of the costs. The costs 

can be found in Table 13.6.  

Process Cost of change (€) 

Cutting 3 
Sawing 2 
Punching 2 
Impregnating 10 
Greasing 3 
Powdering 3 
Spraying 2 
Ironing 3 
Glue 2 
Shaving 1 
Cutting 1 
Knocking 1 
Folding 1 
Sewing 2 
Piling up 1 
Lay in 1 
Packaging 2 
Table 13.5: Cost of changing a process 

13.2. Output verification 
In Table 13.6 can be found how much time an average order per product category spend in the 

model and how much is minimally required to produce that average order. It can be seen that the 

product category Kerasil medium spends a few hours les in the model than minimally is required. 

This can be explained by the fact that some processes can be executed by multiple employees at the 

same time, which increases the output of that process and lowers the time an order spend in that 

process. Next to that it can also be seen that the average time an order spend in the model is not 
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extremely high. The highest value is with the Kerasil with RVS which spends on average 75.8 hours in 

the model, which is approximately two work weeks. 

Product category Time in model (h) Minimum production time (h) 

Kerasil small 20.9 5.9 
Kerasil medium 33.0 36.5 
Kerasil with lubrication 62.4 62.0 
Kerasil with canvas 56.4 50.1 
Kerasil with RVS 75.8 59.7 
Table 13.6: Time required per order per category 

  



  

85 
 

14. Expectations and results of the redesigns on the goals 
Below the expectations and the results of the redesigns on the goals can be found. The colours used 

in the goal trees correspond with the explanation of the colours in Table 14.1. 

Goal is way more 
difficult to 

achieve 
(-2) 

Goal is more 
difficult to 

achieve 
(-1) 

No influence 
 

(0) 

Goal is better 
achieved 

 
(1) 

Goal is much 
better achieved 

(2) 

     
Table 14.1: Explanation of colours in goal trees 
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Figure 14.1: Expectations mailman redesign top level 
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Figure 14.2: Expectations mailman redesign profitability 1 
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Figure 14.3: Expectations mailman redesign profitability 2 
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Figure 14.4: Expectations mailman redesign working environment 

 

14.2. Results mailman redesign 
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Figure 14.5: Results mailman redesign top level 
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Figure 14.6: Results mailman redesign profitability 1 
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Figure 14.7: Results mailman redesign profitability 2 
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Figure 14.8: Results mailman redesign working environment 
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14.3. Expectations automation redesign 
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Figure 14.9: Expectations automation redesign top level 
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Figure 14.10: Expectations automation redesign profitability 1 
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Figure 14.11: Expectations automation redesign profitability 2 
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Figure 14.12: Expectations automation redesign working environment 

14.4. Results automation redesign 
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Figure 14.13: Results automation redesign top level 
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Figure 14.14: Results automation redesign profitability 1 
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Figure 14.15: Results automation redesign profitability 2 
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Figure 14.16: Results automation redesign working environment 

 


