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Abstract 

 

Companies are daily facing challenges to become more efficient and to gain market 

shares. To solve these challenges discrete event simulation (DES) can be used as a 

strategic and tactical decision-making tool. Using simulation will result in; more 

cost effective analyses, less resources spent on implementation and an increased 

understanding of why things happen in the system. However, even if simulation has 

many advantages, there remain some hesitance to use it. 

Together with a manufacturing company, this master thesis has been conducted as 

a simulation project to understand what influences acceptance of simulation. Given 

the stated situation, and the written literature, this master thesis aims to answer the 

following questions; 

How can a DES-project affect the acceptance of simulation? 

What factors can affect the acceptance of simulation, and how can these factors be 

changed?  

To answer the question, a literature study and two case studies were carried out, 

including observations, interviews and surveys from three in parallel simulation 

projects. Based on these, recommendations and guidelines have been formulated to 

aid future DES projects and to increase the usage of simulation as a business tool. 

Apart from the recommendations, three conclusions have been drawn;  

 Acceptance of simulation is dependent on many various things and it 

therefore requires understanding and involvement 

 Factors with indirect impact on acceptance, so called moderators, are 

important to consider to obtain acceptance 

 Many activities need some acceptance before they are performed, and 

therefore needs to be supported in the organization 

 

Keywords: Discrete Event Simulation (DES), acceptance of simulation, case study, 

simulation project and technology acceptance factors.  

 



 

Sammanfattning 

Företag möter dagligen utmaningar för att kunna bli mer effektiva och vinna 

marknadsandelar. Ett alternativ för att lösa dessa är att använda diskret 

händelsesimulering (DES) som ett strategiskt och taktiskt beslutsverktyg. Att 

använda detta verktyg kan resultera i fler kostnadseffektiva analyser, mindre 

resurser spenderat på verklig implementering och bättre förståelse för varför vissa 

problem uppstår i systemet. Fastän simulering har många fördelar så finns det 

fortfarande visst motstånd till att använda det.  

Tillsammans med ett tillverkande företag har detta examensarbete genomförts som 

ett simuleringsprojekt för att förstå vad som påverkar acceptansen av simulering. 

Givet situationen ovan, och skriven litteratur, kommer examensarbetet syfta till att 

besvara följande frågeställningar;  

Hur kan ett DES-projekt påverka acceptansen för simulering? 

Vilka faktorer kan påverka acceptansen för simulering, och hur kan dessa faktorer 

förändras?  

För att besvara dessa frågor har en litteraturstudie och två fallstudier genomförts, 

inkluderande observationer, intervjuer och enkäter från tre parallella 

simuleringsprojekt. Baserats på dessa har rekommendationer och riktlinjer  

formulerats för att underlätta framtida DES-projekt och öka användningen av 

simulering som ett affärsverktyg. Utöver dessa rekommendationer så har tre 

slutsatser dragits;  

 Acceptans av simulering är beroende av många saker och kräver därför 

förståelse och engagemang 

 Faktorer med indirekt påverkan på acceptans, så kallade moderatorer, är 

viktiga att ta hänsyn till för att uppnå acceptans 

 Många aktiviteter kräver viss acceptans innan de kan genomföras och 

dessa behöver därför stöttning inom organisationen 

 

Nyckelord: Diskret händelsesimulering (DES), acceptans av simulering, fallstudie, 

simuleringsprojekt och teknologiska acceptansfaktorer.  
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1 Introduction 

This chapter presents the background of the thesis and the area of acceptance in 

connection to simulation. The purpose and objectives of the thesis will be stated and 

delimitations made. 

1.1 Background 

In an increasingly competitive industry, the focus on minimizing any unnecessary 

work or none value-adding activities is growing. Companies are daily facing 

challenges to become more efficient and effective to defend and gain market shares. 

For manufacturing companies, simulation can be a powerful tool in this struggle. 

By offering possibilities to improve, rationalize and evaluate factories and 

production lines, the popularity of simulation is growing. Advantages are decreased 

decision uncertainty, understanding why’s and the possibility to experiment and 

explore. (Banks, 2004, pp. 12-14) Lack of formal documenting methods, growing 

complexity and a need of cost effective analyses are three aspects indicating that 

simulation is needed within a company (Knoll & Heim, 2000, pp. 1297-1298). 

However, even if simulation has many advantages if used properly, there remain 

some hesitance to use it. (Rogers, 1962, pp. 1-6) 

Companies and individuals do not trust the validity of the model nor its results, or 

often do not understand the theory and methodology behind it. Another issue of 

gaining acceptance is the fact that simulation seldom interacts with only one person. 

Instead various people and functionalities are included. To gain initial support the 

organizational management is involved. Thereafter, modelers who create the model 

are connected and lastly users from various positions within the company are 

included. (Knoll & Heim, 2000, pp. 1298 - 1301). 

Acceptance itself has many definitions. In the context of simulation, acceptance is 

commonly defined with the help of frameworks rather than words. Reoccurring 

areas within many of these frameworks are previous knowledge and experience, 

perceived usage and ease of use, available training and support, and other 

organizational factors and facilitators (Brailsford, et al., 2013, pp. 159 - 162). In 

addition, both organizational, individual, external and internal perspectives can be 

found. However, the practical experience from real-life investigations in the 

literature is sparse. Furthermore, the literature tends to focus on the resulting 
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adoption decision rather than the impact of the journey (Frambach & Schillewaert, 

2002, p. 164). By carrying out a simulation project and investigating the impact on 

acceptance, the two gaps found are considered in this master thesis.  

1.2 Problem Formulation 

Based on the found gaps, the following research questions have been stated;  

How can a DES-project affect the acceptance of simulation? 

What factors can affect the acceptance of simulation, and how can these factors be 

changed?  

1.3 Purpose 

The purpose of this master thesis is to identify factors that affect the acceptance of 

simulation throughout a simulation project from the perspective of a simulation 

project stakeholder. Furthermore, the master thesis aims to explore when and how 

these factors occur in real life, and identify possible activities that may affect the 

simulation acceptance process. Based on such findings, recommendations and 

guidelines connected to the identified factors shall be formulated to support future 

DES-projects. 

In addition, by managing a simulation project from beginning to end, the practical 

experience and inside perspective that are lacking in the literature can be achieved. 

This new perspective will investigate how simulation itself influences the resulting 

acceptance of the tool. For the industry, the results should aid the introduction of 

simulation in manufacturing companies. 

1.4 Objectives 

The objectives for this master thesis and its contribution to the academic field of 

acceptance and industry are as following; 

 Create a frame of reference with factors that impact acceptance in different 

stages of a simulation project 

 Based on found factors, identify activities or insights that can change the 

attitude toward acceptance 

 Summarize the activities and insights as recommendations and guidelines 

for future projects 
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1.5 Delimitations 

The focus of this thesis is the connection between simulation and acceptance, and 

not the two areas in other contexts. The simulation project and its findings will be 

valuable to investigate its impact on acceptance, but the business experimental 

results of this project are not mentioned in the thesis. Additionally, for the two 

parallel projects, only the external perspective will be obtained.  
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2 Methodology 

In this chapter, the approach used in the master thesis will be outlined to meet the 

previous stated objectives. It will provide an explanation of each choice of method 

and a description of the selected methodology. 

2.1 Research Strategy 

In this master thesis, two strategies will be used to determine which factors and 

activities that develop simulation acceptance; literature review and case study. The 

literature review concludes the research about simulation acceptance, resulting in a 

frame of reference. The case study will be divided in two parts; a single case study 

and a multiple case stud. Both of these will be performed together with a 

manufacturing company (later referred to as the company). Data will be gathered 

from three simulation projects, where one factory will be observed in detail as a 

single case study. This factory will later on be referred to as Factory Focus. In 

addition, the three parallel projects will be compared by surveys and interviews, 

representing the multiple case study. The two other factories will be referred to as 

Factory 1 and Factory 2. This approach is supported by Yin (1984), who suggests 

that a benefit of case studies is the possibility to collect information from multiple 

sources.  

The findings from the single and multiple case studies will create an analysis 

together with the frame of reference. Insights of how acceptance of simulation could 

be gained will be derived, followed by guidelines and recommendations of how 

similar projects should be conducted. See Figure 1 for a summarized picture of the 

research strategy. 
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Figure 1.  Summarized picture of the research strategies. 

2.2 Literature Review 

“A researcher cannot perform significant research without first understanding the 

literature in the field”. (Boote & Beile, 2005, p. 3) 

As supported by Boote and Beile (2005), a literature review will be carried out in 

the beginning of the thesis to demonstrate the knowledge within the field of study. 

This includes vocabulary, theories and key variables. Other common purposes are 

listed below; (Randolph, 2009, p. 2) 

 Delimiting the research problem  

 Seeking new lines of inquiry 

 Avoiding fruitless approaches  

 Gaining methodological insights  

 Identifying recommendations for further research 

 Seeking support for grounded theory 

A majority of the literature review will regard the subject of acceptance, both in 

general and connected to simulation. To locate what factors that are important for 

simulation acceptance, previous research and resulting frameworks and theories will 

be presented. These will be organized form a composite picture of the state of the 

knowledge, resulting in a quantitative literature review with a narrative setup 

(Randolph, 2009, pp. 8-9). A synthesized frame of reference will be created which 

will provide the structure for the later analysis. In addition, the definition of 
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simulation and process of creating a simulation model will be stated to increase the 

understanding of the case study.  

Sources such as articles, books and websites will be used to provide a sufficient 

picture of the current state. In order to find appropriate academic articles and e-

books, the search engine LUBsearch at Lund University online library will be used. 

The books will be found at the Faculty of Engineering at Lund University (LTH), 

other university libraries and public libraries. In addition, the supervisor from LTH 

and at the company will aid with insights and suitable theory.  

2.3 Introduction to the Case Studies 

A case study is a research method focusing on understanding the dynamics within 

certain settings. It can be single or multiple, and has various levels of analyses. 

Typically, multiple data collection methods are combined such as; interviews, 

questionnaires and observations. The findings can both be qualitative and 

quantitative, or even combined. (Eisenhardt, 1989, p. 533) For this master thesis, 

both a single and multiple case study will be performed. The single will represent 

the observations and interviews from Factory Focus, resulting in a qualitative 

empiric description. The multiple will include both surveys (questionnaires) and 

interviews in connection to Factory 1 and Factory 2, and generate both qualitative 

and quantitative findings. A more thorough description of the single and multiple 

case study can be found in chapter 2.4 Single Case Study and 2.5 Multiple Case 

Study. 

The process of the case studies follows the one suggested by Eisenhardt (1989) with 

some alterations, see steps below.  

 Getting started 

 Selecting cases  

 Crafting instruments and protocols 

 Entering the field  

 Analyzing data 

 Shaping hypotheses 

 Enfolding literature 

 Reaching closure (Eisenhardt, 1989, p. 533) 

The first step, getting started, will be undertaken with the help of the supervisor to 

determine what main questions that should be discussed in the thesis. Thereafter, 

the selection of cases will be decided together with the company, based on available 

projects and interests. The constructing of instruments and protocols are in this case 

study done in parallel while entering the explored field. Ideas of suitable methods 

will be concluded before, but the formation of them will be done during the initial 
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gathering of empiric findings. The succeeding steps follows Eisenhardt’s (1989) 

process and can be found in the following report.   

2.4 Single Case Study 

The single case study performed at Factory Focus contains the creation of a 

simulation model, an analysis of the current state, future scenarios and an action 

plan with recommendations. From the project, observations will be made to explain 

how acceptance is affected by the usage of simulation itself. Apart from these 

observations the single case study also includes interviews with the people involved 

in the simulation project. 

2.4.1 The Simulation Project 

A process inspired by Bank´s model and modified together with the company is used 

to perform the simulation project, shown in Figure 2 (Banks, 2004, p. 17). The 

process includes eight steps divided in three phases; objective formulation, 

modeling and scenario analysis. These phases are further explained below.  

 

Figure 2. The process used for the simulation project. 

Phase 1 - Objective Formulation 

During the objective formulation the scope of the project is determined and 

information gathered to support this. However, simplifications and assumptions are 

needed to decrease the complexity and uncertainty of the system. The conceptual 

model represents this facilitated image of the system and shows the level of detail 

that is included in the model. Thereafter, the design specification clarifies what 

should and should not be included in the simulation model. As seen in Figure 2, the 

project formulation, data collection and conceptual modeling are done iteratively. 

This is due to two reasons. Firstly, necessary information can be hard to measure 

and gather which will result in estimations and assumptions. Secondly, 

simplifications in the conceptual model are needed that could influence the project 

formulation.   
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Phase 2 - Modeling 

For the second phase, modeling, the simulation model is built based on the 

conceptual model and system description. During this simulation project, the 

software AutoMod will be used. See Appendix H for detailed information about this 

software. After building the model, it needs to be verified and validated to secure 

the credibility and quality of its results. The model is verified when it behaves as 

the code was intended. Thereafter, it is validated by comparing outputs of the model 

with data from the real system. If adequately matching, the model is approved. 

Otherwise, changes are done to adjust the performance until satisfactory results are 

obtained.  

Phase 3 - Scenario Analysis 

The final phase, scenario analysis, will analyze the current and future setup of 

Factory Focus. Future scenarios will be formulated to include possible changes in 

layout, parameters or flows. Additionally, to find valuable result for Factory Focus, 

an optimization tool, provided by an external source, will be used. The optimization 

tool connects to AutoMod and optimizes the results that the simulation model 

generates. Based on the parameters from AutoMod, the solutions will thereafter 

create an efficient frontier of alternatives. Factory Focus can then make a strategic 

choice regarding where on the frontier they would like to be located.  

2.4.2 Interviews at Factory Focus 

Six interviews at Factory Focus will take place. The same two persons will be 

interviewed one time per phase in Figure 2. By doing so a longitudinal perspective 

is obtained with the possibility to draw conclusions from the changes in responses 

(Corden & Millar, 2007, p. 529). Each interview will take approximately half an 

hour and follow a semi-structured setup. Hence, they will not follow a questionnaire 

but be based on results from the surveys (see chapter 2.5.1 Surveys). The interviews 

will be considered as conversations and therefore leading questions will play a 

natural part of the interaction. However, these should be used with moderation 

(Åkerström & Jacobsson, 2012, p. 718).  

2.5 Multiple Case Study 

For the multiple case study, three surveys will be distributed to the participating 

factories and some additional interviews held. Comparisons between the factories, 

from the single case study and literature review will be made. By having three 

sources, the findings can be triangulated to explain the results (Carter, Bryant-

Lukosius, DiCenso, Blythe, & J. Neville, 2014).  
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2.5.1 Surveys 

Three surveys will be distributed to the three factories in order to investigate the 

acceptance of simulation. The included questions will be based on the literature later 

mentioned in chapter 3.1 Technology Acceptance. By directing all three surveys to 

the same factories at multiple time points, a longitudinal perspective of the attitude 

at the site is rendered. Therefore, the difference in responses over time can evaluate 

the changes in attitude due to experience (Corden & Millar, 2007, p. 529). 

Templates for all three surveys are found in Appendix A. 

2.5.2 Interviews 

For the multiple case study, three additional interviews will provide complementing 

qualitative data of the experience from the two other projects. These will follow the 

same structure as the ones at Factory Focus; semi-structured and half an hour each. 

The interviewees are the students from Factory 1, Factory 2 and the supervisor at 

the company. All three will be held in the end of the project to get a holistic view of 

the benefits and challenges.  
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3 Theoretical Framework 

This chapter will conclude the existing research about acceptance, both in general 

and in connection to simulation. In addition, the fundamentals of a simulation 

project will be presented. To summarize, a frame of reference will be created as a 

foundation for the further master thesis. 

3.1 Technology Acceptance 

In order to follow the development of acceptance throughout the case studies, some 

critical factors and models will be used to create a foundation to the analysis. These 

will be stated and explained below.    

3.1.1 Definition of Acceptance 

The word acceptance is classified as a noun with three meanings according to 

Oxford University Press (2016). The first is the act of accepting; when willingly 

agreeing on or receiving something offered to you such as a contract or a gift. The 

second meaning is the process or state of being seen as adequate or suitable. This 

results in the positive inclusion of something or someone. The last meaning is the 

agreement with or belief in an idea or explanation, often linked to religion. (Oxford 

University Press, 2016) 

Within the field of law, acceptance is instead defined as "an express act or 

implication by conduct that manifests assent to the terms of an offer in a manner 

invited or required by the offer so that a binding contract is formed. The exercise of 

power conferred by an offer by performance of some act. The act of a person to 

whom something is offered or tendered by another, whereby the offered 

demonstrates through an act invited by the offer an intention of retaining the subject 

of the offer". (Farlex, 2016) 

A definition within psychological acceptance describes it as “allowing, tolerating, 

embracing, experiencing, or making contact with a source of stimulation, 

particularly private experiences that previously evoked escape, avoidance, or 

aggression”. (Cordova, 2001, p. 215) 
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More general, acceptance is defined as ”a critical component through which change 

strategies are engaged and itself a significant mechanism of change”. (Hayes & 

Pankey, 2016, pp. 1-5) 

Conclusively, the word acceptance has a wide meaning and can be applied within 

many areas. If instead looking at acceptance in connection to technology and 

simulation, theory can be found explaining what it is and what it depends upon.  

3.1.2 Theory of Reasoned Action 

Technology acceptance has its background in behavioral theories, such as the theory 

of reasoned action, TRA (Brailsford, et al., 2013, p. 159).  TRA explains the relation 

between attitudes and behavior with two core constructs; attitude toward behavior 

and subjective norm. The attitude is the individual evaluation if the performance of 

the behavior is positive or negative. Following, the subjective norm is the perceived 

social pressure that others want one to do the action. Together, these affect the 

behavioral intention that in turn determines the actual behavior. (Colman, 2014) 

Below, Figure 3 summarizes the relations. (Davis, Bagozzi, & Warshaw, 1989, p. 

984).  

 

Figure 3. Theory of Reasoned Actions (TRA). (Davis, Bagozzi, & Warshaw, 1989, p. 984) 

3.1.3 The Decision Making Process 

The innovation decision process is the procedure when an individual forms a picture 

of the innovation and accepts or rejects it. It is often divided into the following five 

steps; knowledge, persuasion, decision, implementation and confirmation. First, the 

individual gets initial knowledge about the innovation. Then persuasion represents 

the formation of an opinion, followed by a decision. If the decision is positive, the 

innovation is then implemented and confirmed. (Rogers, 1962, pp. 20-21) 
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3.1.4 The Original Technology Assessment Model 

One of the initial and most common models for technology acceptance is the 

technology assessment model, TAM (Brailsford, et al., 2013, p. 159). The 

framework states two factors that affect acceptance of new technologies; perceived 

usefulness and perceived ease of use. The perceived usefulness is how much an 

individual think that using the system would enhance its performance. Perceived 

ease of use is instead how easy the individual regards it would be to use this specific 

system. Based on these two, the individual’s attitude and intentions to use the 

technology is influenced. A summary of the basic TAM framework can be seen in 

Figure 4 below. (Brailsford, et al., 2013, p. 159) 

 
Figure 4. The Technology Assessment Model. (Brailsford, et al., 2013, p. 159) 

However, the relative strength of these two factors are not equal. The linkage 

between perceived usefulness is stronger than the corresponding ease of use. This is 

due to that the primary reason to adopt a technology is its functionality. Secondarily, 

the ease of which this is done will play a role. If a system can perform a critical 

function, users would probably be fine with some difficulties in the usage. On the 

contrary, if no valuable function exists it will not be used no matter how easy it is. 

Therefore, the usefulness of a system is a precedent rather than a parallel process. 

(Davis, 1989, pp. 333-335) 

3.1.5 The Risk of Failing and the Theory of Trying 

A limitation of above mentioned models is the assumption that the individual will 

be free to act within his or her intentions. In reality, there may be various 

impediments standing in the way between intention and action, such as ability 

limitations and time constraints. For non-problematic behaviors, this may be 

appropriate, but the implementation of a new technology should rather be classified 

as problematic behavior. This means that the decision-makers anticipate that either 

internal or external inhibitions could hinder the performance of the action.  
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Conclusively, both TRA and TAM neglect the possibility that the individuals may 

try, but fail (Bagozzi, Davis, & Warshaw, 1992, pp. 660-662). This aspect is 

considered in the Theory of Trying (TT). Within TT, both the risk of failing and the 

reflection this may have on the individual’s intentions are considered. Behaviors 

seen as problematic should instead be referred to with goals and treated step-by-

step. However, the attitude formation of goals differs from actions. Three different 

attitudes connected to goals can be found; the attitudes toward the consequence of 

success (AS), the attitudes toward the consequences of failure (AF) and the attitudes 

toward the process of striving to learn to use the system (AP). (Bagozzi, Davis, & 

Warshaw, 1992, pp. 662-665) 

3.1.6 The Evolution of the Technology Assessment Model 

One development of the original TAM is TAM 2. In addition to TAM, determinants 

of the perceived usefulness and perceived ease of use are considered. This is 

essentially done by adding two processes; the social influence processes and the 

cognitive instrumental processes. (Venkatesh & Davis, 2000, pp. 186-187) 

Moreover, the model is further linked to TRA by including the subjective norm. 

Figure 5 provides an overview, where the original TAM model is shaded and the 

two added process marked blue and green respectively. (Brailsford, et al., 2013, pp. 

159 - 160).  

 

Figure 5 . The Second Technology Assessment Model. (Brailsford, et al., 2013, pp. 159 - 160) 

The Social Influence Processes 

Social influence can affect the individual usage in several ways. The direct link to 

behavioral intentions is representing compliance, which means doing something 

that is not considered favorable because others want it. In turn, compliance is 



25 

affected by voluntariness that is the level individuals feel the usage of simulation to 

be non-mandatory. If mandatory, the advocator will have the power to reward or 

punish the action, which could increase the impact on usage. If voluntary, the impact 

will decrease. Therefore, voluntariness is a moderator of the subjective norm. 

Furthermore, internalization is the second linkage from the subjective norm to the 

perceived usefulness. This represents the incorporation of the positive opinion of 

others into the own attitude. (Venkatesh & Davis, 2000, pp. 187-189) 

How much the usage of a technology may enhance ones’ status within a group is 

represented with its image. If the usage is encouraged by the subjective norm, it 

could result in an increased status. The improved status can lead to both increased 

power and influence. This can in turn be argued to create higher productivity, that 

affects both performance and perceived usefulness. Lastly, experience can affect the 

social influence. (Venkatesh & Davis, 2000, pp. 187-190) 

Initially is there little knowledge of the system and other’s opinions will be taken 

into consideration. While gaining experience, the own perception will grow more 

important, and decreasing the impact of compliance. Initial mandatory pressure can 

also aid acceptance but when own experience gains strength, its power decreases. 

(Venkatesh & Davis, 2000, pp. 187-190) 

The Cognitive Instrumental Processes 

The cognitive instrumental processes compare what the system can perform with 

what is needed. First a compatibility check is completed that evaluates whether the 

system would be applicable; its job relevance. Depending on what tasks it could 

support and their importance, the perceived usefulness will increase. Thereafter, a 

profitability evaluation considers how well the tasks are performed; its output 

quality. The demonstrability of the results can also influence its perceived 

usefulness. If the results are hard to interpret, it does not matter how good they are. 

The results will not be put into practice and the experienced usefulness will be low. 

(Venkatesh & Davis, 2000, pp. 187-192) 

The Determinants of Ease of Use 

The ease of use is initially based on common views and prejudices of the 

technology. This is later adjusted when system specific experience is gained. 

Determinants can be seen to be control, intrinsic motivation and emotions where 

control can both be internal and external. (Venkatesh, 2000, pp. 342-346) The first 

determinant represents the individual knowledge and confidence in performing a 

specific task. If low, the individual will also likely regard the ease of use low. The 

external control is instead the environmental facilitators such as access to 

knowledge. Intrinsic motivation is the experienced pleasure or satisfaction 

connected to a behavior. The more playful and open the user is to new technology, 

the more probable is it that trying something new will be joyful. Lastly, emotions 

can also influence the perceived ease of use. Especially apprehensions when facing 

new technologies can decrease the ease of use. (Venkatesh, 2000, pp. 347-350) 
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3.1.7 Further Developments 

A further adaption of TAM is the unified theory of acceptance and use of technology 

(UTAUT). The result is a summarized model with four key constructs; performance 

expectancy, effort expectancy, social influence and facilitating conditions. The first 

three are direct determinants of the user intentions, while the last is a determinant of 

the use behavior. (Venkatesh, Morris, Davis, & Davis, 2003, pp. 425-435) 

Similar to perceived usefulness, performance expectancy is the belief that a system 

will help to improve job performance. The second key construct, effort expectancy, 

shows instead how easy the system is expected to be to use. Social influence is the 

perception of how much others wants the system to be used. Lastly, the fourth 

construct, facilitating conditions, represents the organizational and technical support 

of the system. In difference to the other constructs, the facilitating conditions will 

not influence the intention even though affecting the behavior. Four key moderators 

are combined with the constructs; gender, age, experience and voluntariness. The 

key constructs and moderators together creates the condensed UTAUT model, seen 

in Figure 6 below. (Venkatesh, Morris, Davis, & Davis, 2003, pp. 447-455) 

 

Figure 6. The unified theory of acceptance and use of technology. (Venkatesh, Morris, Davis, & 

Davis, 2003, p. 447) 

3.1.8 Multilevel Frameworks 

Recent models include both organizational acceptance and individual focus creating 

a multilevel framework (Brailsford, et al., 2013, pp. 159 - 160).  The decision to 

adopt an innovation are often taken on two levels; first the organizational level and 

then for the individuals within the organization (Frambach & Schillewaert, 2002, p. 
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163). The initial organizational decision is influenced by the aspects showed in 

Figure 7 below (Frambach & Schillewaert, 2002, p. 164). 

 

Figure 7. Important factors during the adopting process. (Frambach & Schillewaert, 2002, p. 

164) 

The perceived innovation characteristics are positioned in the center of the 

framework, steering the attitude toward the innovation. These are in turn affected 

by external factors related to suppliers, social network and environmental aspects. 

Together, these create an image of the relative advantage, compatibility and 

complexity of the innovation. In addition, the decision is affected by adopter 

characteristics, which on an organizational level are the size of the organization, its 

structure and its innovativeness. Bigger organizations tend to feel a larger need of 

trying new things to enhance performance. On the contrary, smaller companies can 

have higher flexibility and better responsiveness towards innovations. (Frambach & 

Schillewaert, 2002, pp. 164-167) 

The supplier marketing efforts have significance whether a company will decide to 

adopt the innovation or not. Especially, the targeting, communication and risk 

reduction will have effect. Targeting the right companies to adopt the innovation 

can enable the gaining of acceptance within the market. Suitable candidates may be 

innovative organizations and individuals, heavy users of the type of innovation or 

companies using the previous version. Risk connected with an innovation could be 

reduced by offering a trial period or a reduced introduction price. (Frambach & 

Schillewaert, 2002, p. 166) 
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For the social network, the interaction between its members can facilitate the 

adoption. Informal networks can increase both the speed and rate of the information 

spreading. This is the case not only within but also in between companies, called 

interconnectedness. Environmental influences such as network externalities and 

competitive pressure can also lead to adoption. Firstly, the amount of users of the 

innovation will influence the probability of adoption. If other suppliers, customers 

or competitors are using the innovation, it is more likely that the company itself will 

feel the need to comply. Within highly competitive industries, the adoption of 

innovations can be a tool to maintain market position, motivating the competitive 

pressure. (Frambach & Schillewaert, 2002, pp. 166-167) 

In addition to the organizational decision, the individuals within the company must 

accept the innovation. If there is a lack of acceptance from the future users, the 

benefits will not be realized and the intended adoption will stagnate. The factors 

affecting this dimension are found in Figure 8. (Frambach & Schillewaert, 2002, p. 

167) 

 

Figure 8. Factors affecting the innovation. (Frambach & Schillewaert, 2002, p. 167) 

Similar to TAM, the attitude toward the innovation will ultimately affect the 

individual acceptance. This is in turn affected by external factors like social usage, 

innovativeness, organizational facilitators and personal characteristics. The 

organizational facilitators depend on available training, support and social 

persuasion. In parallel, personal characteristics such as product experience and 

personal values affect the innovativeness that both directly and indirectly affect the 

individual acceptance. This represents the tendency that an individual will accept an 

innovation no matter the communicated experience. (Frambach & Schillewaert, 

2002, pp. 167-170) The social usage also affects the individual acceptance indirectly 

and directly. Two main sources of impact can be located; the network externalities 
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and peer usage. If the innovation gains acceptance among peers, it is probable that 

the individual will imitate. (Frambach & Schillewaert, 2002, pp. 170-172) 

Figure 9 combines the multilevel framework, TAM and task technology fit 

assessment (TTFA), where the latter estimates the technology’s performance 

impact. (Brailsford, et al., 2013, pp. 159-160) 

 

Figure 9. The combined model of the multilevel framework, TAM and TTFA. (Brailsford, et 

al., 2013, pp. 159-160) 

3.1.9 Future Areas of Acceptance Models 

In addition to the models in previous chapters, more recent research focuses on 

interventions that can simplify or improve the acceptance of a technology. These 

are divided in pre- and post-implementation, depending on when they should be 

regarded in the acceptance process. Therefore, future developments of the various 

models in connection to acceptance are likely to involve these interventions and 

evaluate their impact on the final adoption. Below a division of pre and post 

interventions can be seen. (Venkatesh & Bala, 2008, pp. 290-301) 

Pre-implementation interventions; 

 Design characteristics of the system 

 User participation in the implementation 
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 Management support  

 Incentive alignment  

Post-implementation interventions; 

 Training  

 Organizational support 

 Peer support 

3.1.10 Frame of Reference 

Below a frame of reference is presented, see Figure 10. It summarizes the factors 

from above mentioned theory that influence the acceptance of simulation. In the 

center of the figure, the decision-making process stated by Rogers (1962) can be 

found. Four main dimensions have been used to thereafter determine the 

frameworks structure; the pre-implementation, the post-implementation, the 

organizational and the individual dimension. These dimensions describe whether 

the factor is important before or after the implementation process has begun, and if 

it occurs on an organizational or individual level.  The inclusion of the pre- and post-

implementation perspective is inspired from Venkatesh and Bala (2008). Similarly, 

multilevel frameworks such as Brailsford et al. (2013), and Frambach and 

Schillewaert (2002) support the division of an organizational and individual 

decision.  

Besides the factors that have a direct connection to the decision process, factors that 

have an indirect impact are also included. These are represented in the left section, 

and are referred to as inhibitors or moderators. Instead of directly affecting the 

decision process, they will impact factors that in turn affect the acceptance of 

simulation. Venkatesh, Morris, Davis and Davis (2003) included the term 

moderators in their model and the inhibitors are mentioned in the theory of trying 

by Bagozzi, Davis and Warshaw (1992). All other factors have its origin in one or 

multiple of the discussed frameworks previous in this chapter. The factors ability 

limitations and time constraints mentioned in the theory have been modified to be 

more neutral. From theory they have been stated as an inhibitor rather than a 

moderator. Therefore, they will later on be stated as available abilities and time 

management. 

The resulting frame of reference will be used as a structure to the following report. 

It will be the basis for the triangulation of the empiric findings and analysis. Finally, 

the concluding recommendations will be connected to a specific factor, inhibitor or 

moderator.  
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Figure 10. The frame of reference. 

3.2 Simulation 

Simulation is commonly used to create data models of production and distribution 

processes. After building the models, various solutions could be tested, analyzed 

and compared. This saves both time and money since no testing in practice is 

needed. (ÅF Industry AB, Manufacturing & Logistics Department, 2016) 

3.2.1 Advantages and Challenges with Simulation 

The main advantages with simulation are listed below. (Banks, 2004) 

 Making correct choices and wise investments; simulation could be used to 

reduce uncertainties when deciding upon important decision 

 Understanding “Why?” and diagnosing problems; building a simulation 

model could straighten question marks regarding why certain events occur 

in the real system 

 Experiment to a lower cost and less time consumed; no changes in the real 

system have to be made 
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 Identify constraints; by performing a bottleneck analysis, constraints could 

be detected and investigated 

 Developing understanding and training the team; while simulating the real 

system, individuals could learn from their mistakes and operate better 

 Visualizing the plan; by using animations it will be easier to see how the 

facility perform from various angels and levels 

However, there are some disadvantages of simulation, listed below. (Banks, 2004) 

 Modeling requires special training and can be time-consuming and 

expensive; to build simulation models it is necessary to have knowledge and 

experience which could mean high cost for consultants or training 

 The results might be difficult to interpret or could be used inappropriately; 

it might be difficult to understand the outputs from the simulations and the 

variables could be a result of randomness 

 Simulation requires a lot of data collection to create the inputs to the 

simulation software 

3.2.2 Guidelines for Simulation Projects 

To succeed with a simulation project, guidelines could be used. A project is 

considered successful when the result and recommendations are accepted by the 

clients. The two main deliverables are a realistic simulation model of an actual 

system and a credible analysis to educate and inspire the users. The guidelines in a 

modeling and simulation project are divided in eight iterative phases as following; 

(Banks, 2004)  

 Problem formulation  

 Conceptual model  

 Data collection  

 Model building  

 Validation and verification  

 Experimentations  

 Present results 

Problem Formulation 

Without a clear scope, it is impossible to succeed in a simulation project. Therefore, 

the first step is to understand the situation, set objectives and formulate the problem. 

The objectives will guide and help to understand how the problem should be tackled 

(Robinson & Bhatia, 1995, pp. 62-63) Good contact with the client is needed to gain 

the best possible outcome of the project as well as increase the client’s acceptance 

and trust in the model. (Balci, 2011, p. 177)  In the problem formulation stage, 

gathering of information is important to ensure that the model will depict the real 

system. Based on the information, experimental factors (inputs) and statements of 
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the output (responses) are defined. The experimental factors are defined in 

connection to the objectives and could be altered. The statement of the output 

instead is a static view of how the objectives have been achieved. (Robinson & 

Bhatia, 1995, p. 63)  

Conceptual Model 

Since a production system often is complex, it is important to decide what to include 

and exclude. This could be done by combining process mapping tools with 

simulation in a conceptual model. This results in a description of a simulation model 

specified in a communicative way without all details from the real system. 

(Robinson, 2015, p. 1821) The creation of a conceptual model will additionally 

increase the quality of the simulation model, reduce time needed for building and 

guide the data collection. (Montevechi, et al., 2010, p. 1625) 

The model should sufficiently meet the objectives without being too complex. The 

complexity is described in two dimensions; the scope of the project and the level of 

detail. Figure 11 illustrates the relationship between the model accuracy and the 

complexity. (Robinson, 2015, p. 1623)  

 

Figure 11. Simulation model accuracy compared to the complexity of the model. (Robinson, A 

Tutorial on Conceptual Modeling for Simulation, 2015, p. 1826) 

The simulation model will not be more accurate when including excessive details, 

but only time consuming. On the other hand, if the model is not detailed enough the 

scope will be hard to reach and the result misleading. The trick is to find position x 

in Figure 11. (Robinson & Bhatia, 1995, p. 63) The scope contains the objectives, 

the input and the output for the project while the level of detail is about the content, 

assumptions and simplifications. In this case, assumptions will be the results of 

limited knowledge meanwhile simplifications are done to simplify the model. 

(Robinson, 2015, p. 1826) 

A conceptual model should be specified in a communicative way. The most 

common is to illustrate it as a drawn model on paper or on a computer. To plot the 
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different activities, procedures, items, etcetera, the symbols in Figure 12 can be 

used. (Montevechi, et al., 2010, p. 1628) 

 

Figure 12. Symbols for conceptual model (Montevechi, et al., 2010, p. 1629). 

The symbols are explained below. (Montevechi, et al., 2010, pp. 1628-1629) 

 Entity; items processed by the system such as raw material, products, people 

and documents. 

 Functions; places where the entity will proceed an action such as work 

posts, conveyor belts, rows and stocks, and service posts. 

 Entity flow; the direction of the entity in the model, characterizing the 

moment of input and output of the entities in the functions. 

 Resources; elements used to move entities and executing functions such as 

people or equipment. 

 Controls; rules in the functions such as sequencing, row rules and 

programming. 
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 Rules for parallel and/or alternative flows; can be executed together 

(junction AND), in an alternative way (junction OR) or allowing both rules 

(junction AND/OR). 

 Motion; entity displacement where the modeler believes to possess an 

important effect on the model and requires a specific programming. 

 Explanatory information; to insert an explanation in the model. 

 Input flow in the modeled system; the input or creation of entities. 

 End of system; the end of a path inside the modeled flow. 

 Connection to other figure; divide the model into different figures. 

Data Collection 

The collection of data to build and validate the model starts after the conceptual 

model is created. This is a time consuming process and is usually performed in 

parallel to the model building. The output from the collected data is a design 

specification, which handles how to involve aspects in the model. (Robinson, 2015, 

p. 1825) 

The data collected will be used in three different ways; 

 Building the conceptual model 

 Validating the model 

 Performing experiments with the validated model 

Some data could be challenging to collect and require estimated values. To 

compensate for the resulting variation and uncertainty, a procedure for collecting, 

managing, testing and later validating the data is needed. Often, a sensitivity 

analysis can establish the accuracy of the estimated variables. (Robinson & Bhatia, 

1995, p. 63)  

Model Building 

Based on the design specification, the simulation model is programmed in a 

simulation software. To facilitate, the model can be divided in sub-models with 

decreased complexity. (Balci, 2011, p. 180) Three steps are performed iteratively 

while building the model; coding, documenting and verifying. (Robinson & Bhatia, 

1995, p. 64) 

 Coding; when the design specification and conceptual model are entered in 

the software program. This stage is done by using sub-parts.   

 Documentation; documentation of the modeling during the coding to 

provide guidelines to other projects, or manuals for the client.  

 Verifying; when building the sub-parts, it is necessary to validate and check 

that the code is correct. This is done by debugging code in the software. 

Verifying will be more detailed mentioned in next phase.  

Thereafter, all sub-models are integrated and combined in a finished simulation 

model. (Balci, 2011, p. 180) The time frame for this performance could vary from 
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one day to several months depending on the scope of the project. Although, people 

tend to think that the model building is the project but it accounts in general only 

for a third. (Robinson & Bhatia, 1995, p. 64) 

Validation and Verification 

Before starting experimentation, it is important that the modeler and client are 

satisfied with the simulation model. For that reason, it is checked that the model 

meets the purpose and objectives. (Robinson & Bhatia, 1995, p. 64) When verifying 

the model, it is ensured that the simulation model and its implementation are correct. 

The validation, instead, makes sure that the simulation model has the right accuracy 

based on scope and level of detail. (Sargent, 2008, p. 157) The seven steps below 

are recommended to follow to obtain a sufficient level of accuracy. (Sargent, 2008, 

p. 166) 

 Agreement between simulation model development team and client  

 Specify accuracy required for the simulation model´s output variables  

 Test underlying assumptions and theories (wherever possible) 

 Perform face validity on the conceptual model, for each model iteration  

 Explore simulation model´s behavior using the conceptual model  

 Make comparisons (if possible) between simulation model and system 

behavior (output)   

 Develop validation documentation to include in the simulation model 

documentation 

Experimentation 

When the completed simulation model is validated and verified, it could be used for 

either problem solving, training purpose or to manage the actual system (Balci, 

2011, p. 181). The experimentation consists of two stages; performing the 

experiments and analyzing the results. It is crucial to select the experiments to be 

performed and control the fulfillment of the project by comparing the outcome of 

the experiments with the objectives of the project. Thereafter, conclusions and 

recommendations can be made. However, these are only based on the simulation 

model. To gain better decision support other factors should be considered. 

(Robinson & Bhatia, 1995, pp. 64-65) 

Present Results 

When presenting the results, the findings and documentations of the simulation 

model should be explained (Balci, 2011, p. 181). Here, the problem, objectives and 

methodology should be mentioned. Furthermore, a description of the 

experimentation, results, conclusions and recommendation are important. The 

documentation of the results should be done as a final report so the model and results 

could be used more easily. (Robinson & Bhatia, 1995, pp. 65-66) This phase is often 

overlooked, but due to the complexity of the results wrong decisions can occur if 

the results are not sufficiently understood. (Balci, 2011, p. 181)  
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4 Empiric Description 

In this chapter, the procedure behind the simulation project will be explained and 

its findings highlighted. Furthermore, the results from the three surveys as well as 

the interviews will be presented. Together these sub-chapters will provide the basis 

for the analysis.   

4.1 The Journey 

In the following sub-chapters, the experienced project will be explained and insights 

presented. A short introduction to Factory Focus can be found in Appendix I. 

Similar to chapter 2.3.1 The Simulation Project, the setup of the project included 

three phases; objective formulation, modeling and scenario analysis. These stages 

were combined with three factory visits, one in each phase. To support the progress 

of the project, a timeline of the project was created, see Figure 13. 

 

Figure 13. The time plan for the simulation project. 

Below the steps of each phase are listed, and further described in following sub-

chapters. 

Phase 1 – Objective Formulation 

 Preparations 

 Data collection 

 First factory visit 

 System description 

Phase 1 Phase 2 Phase 3 
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 Scope determination 

 Conceptual model 

Phase 2 – Modeling 

 In-data analysis 

 Model building of current state 

 Verification and validation 

 Second factory visit 

Phase 3 – Scenario Analysis 

 Description of future systems 

 Experimentation and optimization 

 Third factory visit 

4.1.1 Preparations 

At the beginning of this master thesis, the simulation project and the first factory 

visit needed to be prepared. These preparations consisted mainly of the coordination 

of the project according to routines at the company. This included a project directive 

and risk log, which can be found in Appendix B and respectively Appendix C. The 

time plan above, Figure 13, was created as preparation to keep track of important 

dates and deadlines. Furthermore, initial training within the software AutoMod was 

received for the modeling of the simulation models.  

Before the first factory visit, a communication channel was established with Factory 

Focus as well as the data collection begun. The gathered data mainly summarized 

Factory Focus’s previous experience of simulation and provided other basic data of 

the factory, see chapter 4.2.2 Data Collection. Furthermore, a timeline for the first 

factory visit was made, see Figure 15, during which a workshop was prepared to 

determine the scope. An agenda for the workshop was created in collaboration with 

the supervisor from the company and the other groups; 

1. Presentation of the students and project 

2. Understanding the current problems and issues 

a. Create a map of the current state 

b. Participants using post-it notes to declare problems or suggestions 

of areas to improve 

c. Discuss post-its 

d. Determine main question (need of simulation) 

3. Discuss and define the problem 

4. Define response KPIs 

5. Define input KPIs – what will be needed to create the model 

6. Define level of detail  

a. Scope 
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b. Assumptions 

c. Simplifications 

7. Define validation KPIs – what should be the output  

8. Summary of workshop and future planning 

4.1.2 Data Collection 

The data collection started already before the first factory visit and continued 

throughout the project. The initial request for information (RFI), see Appendix D, 

was sent to Factory Focus to collect introductive data. However, since the scope 

was not yet determined, detailed information was difficult to ask for. This resulted 

in that additional data was collected during the first factory visit by asking questions 

regarding the processes, walking around in Factory Focus and measuring times in 

the production. 

During the first factory visit, a method for the future communication of information 

was determined. This consisted of an online MS Excel file with two slides; one with 

assumptions and one with questions and information needed. The template can be 

found in Appendix E. Factory Focus continuously approved or rejected the 

assumptions stated. A preferred date of answer was additionally included in the 

question and information file, leading to an efficient and structured flow of 

information. Every second week, the file was sent to Factory Focus and 

complemented with a one hour Skype meeting the weeks in between.  

4.1.3 First Factory Visit – Determining the Scope 

Below, in Figure 14, the time plan for the first factory visit can be seen.  

 

Figure 14. The time plan for the first factory visit. 

The first activity that took place at the factory visit was an introductive meeting of 

the project together with a safety training to allow the students to walk alone within 

Factory Focus. Thereafter, a guided walkthrough with responsible personnel took 

place, where processes were explained and the flow of goods exemplified. During 

the walkthrough, the focus was directed at parts considered more interesting for the 

scope. The following day, a detailed walkthrough solely by the students was planned 

to fully understand current issues. 
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Many insights were gained during this first contact to Factory Focus. For an 

example; the high knowledge of simulation that the involved people had, led to that 

many explanatory aspects could be reduced. On the other hand, many challenges 

were also experienced such as the discussion regarding the level of detail that should 

be included in the simulation model. The fact that the scope already was suggested 

upon arrival was both facilitating and challenging. The suggestion served as a 

guidance but also as a restriction when analyzing.  

The workshop was carried out for three hours with two people at Factory Focus and 

followed the stated agenda, with some alterations. The majority of the workshop 

considered what assumptions and simplifications that could be made. An insight 

during this step was the importance of reaching a common understanding regarding 

what the scope was and should fulfill. However, in the end a final scope was 

determined upon. This scope can be read in Appendix J. 

During the subsequent days, results from the workshop were followed up, important 

processes were observed and data was gathered by work sampling. The future 

communication, meetings and visits were determined during a close-up meeting. 

Additionally, two interviews were held with the involved personnel at Factory 

Focus. The interviews focused of the answers from the first survey, following a 

semi-structured approach. The answers can be seen in chapter 4.2.1 The First 

Factory Visit. 

4.1.4 Description of Current System 

A system description was made after the first factory visit, included notes of the 

processes and routings in Factory Focus as well as allowances and resources. The 

system description is found in Appendix F. This description was valuable later in 

the project to keep track of and remember the system. In addition, it required a 

thorough understanding to formulate and generated questions that otherwise might 

have been overlooked. Even though discussed with the factory, a challenge was to 

determine if an aspect should be included based on the determined level of detail or 

could be neglected. Another issue was some initial facilitating assumptions that later 

were decided as not appropriate. These assumptions required effort to later on 

update and change the system description. Less time would have been needed if in 

the beginning instead only making general assumptions. 

4.1.5 Conceptual Model 

A conceptual model was created based on the system description with 

simplifications to support the model building, seen in Figure 15. The model was 

useful to question assumptions and secured that both students regarded the system 

similarly before modeling. In addition, it was a good tool to discuss the coding in 
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the simulation model before writing it. Even though such discussions sometimes 

became narrow, the perspective of the conceptual model reduced the frequency of 

this happening. The resulting model also worked as evidence for Factory Focus that 

their system had been understood and was more easily communicated than the 

model itself. 

 

Figure 15. The conceptual model of the current state. 

4.1.6 In-data Analysis 

The in-data analysis can be divided in two activities; cleaning and analyzing of data, 

and distribution analysis. The data was first reviewed to create initial understanding. 

Thereafter, it was cleaned so that only information valuable for the scope was kept. 

Based on this, questions to gain deeper understanding were asked. The cleaned and 

understood data was analyzed to see if it behaved as anticipated or any irregularities 

existed. If so, these were discussed with Factory Focus. 

The in-data analysis was an important step both to increase the quality of the model 

but also to include Factory Focus in the project. Many previous assumptions and 

simplifications were questioned based on irregularities. It was decided to trust the 

data rather than to use many assumptions. This decision decreased the dependency 

on the knowledge of the people at Factory Focus. Furthermore, it created a dialogue 

with Factory Focus that included them in the model formation.  

In connection to the cleaning and analysis, data was structured to prepare it as input 

for the simulation model. The structure used for the model was based on similar 

projects made by the company. Its architecture was created in MS Excel, where each 

main area of information needed was assigned an individual slide. For Factory 
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Focus these were an interface manual, system description, production plan, master 

plan, forecast, product data, outsorting, setup matrixes, breakdowns, allowance, 

technology availability and buffers. See Appendix G for the template of this file.  

An insight during this step was what Factory Focus measured and which numbers 

that were difficult to collect. Within some areas, lack of information or poor quality 

led to that estimations were necessary. For the people involved at Factory Focus 

this enhanced the understanding of how important data was reported. Another 

insight was to ask for raw data instead of averages or means. In this format 

interpretations or formulas were excluded and it therefore required less effort to 

gather.  

For the second main activity, the distribution analysis, available raw data were 

collected and analyzed with a software named Arena. By inserting a sufficient 

amount of in-data points, an estimate of its distribution was provided. These were 

later used to reflect the dynamic of the system. The distribution analysis was not 

carried out for all data, but mainly for two areas; the outsorting of repairs and the 

time between failures and repair.  

4.1.7 Model Building of Current State 

The model building was divided into two tasks; coding in AutoMod and debugging. 

The coding started when the system description and conceptual model were created. 

These activities facilitated the coding and supported the building of an as accurate 

model as possible. The software used in the simulation model, AutoMod, uses 

processes and loads. According to the code the loads in the system move from 

process to process. This structure allowed the coding to be divided in sub-steps, 

representing each process. When a sub-step was written, the model was controlled 

so that it acted as intended. The second task, debugging, was performed to see how 

the code behaved in parallel to the conceptual model.  

During the model building, cooperation between the two other simulation projects 

created synergies. Although the scopes were different, the code and especially the 

problems that occurred could be similar. In addition, it was important that the 

assumptions in the system description had been approved or rejected from Factory 

Focus. The challenge during this phase was to remember the level of detail through 

the coding. Keeping a good dialogue with the people at Factory Focus facilitated 

when issues occurred. In addition, it was principal to consider whether an aspect 

would improve the results. Tiny details could result in a lot of work in coding, but 

would not add anything to the simulation results. 
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4.1.8 Verification and Validation of Current State 

When the current state was built, it was verified and validated to make sure that the 

results were reliable. For the verification, the students themselves controlled that the 

model behaved as intended both by debugging and observing the visualizations. For 

the validation, Factory Focus was included to increase the credibility but also to 

ensure the accuracy. The technique used for the validation was a combination of the 

possible graphic displays in the software together with a comparison of the output 

KPI’s from the model with historical data. The output KPI’s compared with were; 

 Technical availability for each operation 

 Master plan adherence 

 Size of buffers 

 Number of pieces inspected 

 Number of pieces sanded 

This step was challenging both due to the time it took but also since it raised detailed 

questions about the code behind the model. This tested the experience and 

knowledge of the students, and was at times frustrating. In particularly, more time 

should have been expected to reduce the experienced pressure.  

4.1.9 Second Factory Visit – Verification & Scenario Building 

The time plan for the second factory visit is shown in Figure 16. 

 

Figure 16. The time plan for the second factory visit. 

The first day started with an introduction meeting to review the agenda of the 

following days and to receive some answers to prepared questions. After the 

meeting, the remaining day was devoted to a walk-through and work samples. 

Uncertainties were confirmed during the walk-through and these slightly changed 

the system description. Therefore, an insight was drawn regarding the importance 

of seeing the processes in reality more than once. 

A workshop was held to verify the system description, simulation model and decide 

future scenarios. This was a valuable activity where remaining questions were 

answered, the conceptual model reviewed and the biggest assumptions approved. In 

addition, the simulation model was demonstrated to improve the understanding of 

simulation and to introduce the interface. The other half of the workshop was 

dedicated to future scenarios. In forehand, some alternatives were created which 
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were discussed during the workshop. These were combined with scenarios 

discussed by Factory Focus. As a result, four main areas were discovered, seen in 

Appendix K. The scenarios were prioritized as; crucial, interesting and if time. The 

willingness of Factory Focus to test scenarios themselves was a surprise. Therefore, 

many values were kept general instead of fixed to maintain future areas of usage.  

Two interviews, a follow-up meeting and time to collect data were scheduled for the 

last day. The results from the interviews are found in chapter 4.2.2 The Second 

Factory Visit. The major learning from the visit was that a close relationship with 

Factory Focus was a fundamental aspect to succeed. Without feedback and 

discussion, it could be difficult to understand what the customer wants. In addition, 

it was valuable to be at site to see with own eyes as much as possible. Another key 

learning from the workshop was the importance that the user-friendliness of the 

interface had to Factory Focus.  

4.1.10 Description of Future Systems 

The prioritized future scenarios affected different areas, resulting in multiple future 

systems. However, one area was in common for many of the future scenarios and 

was therefore seen as a base case where the other scenarios were added or altered. 

Below a conceptual model of the future state can be found, see Figure 17. The areas 

affected by the scenarios are marked blue. A summary of the future system is found 

in Appendix L. 

 

Figure 17. The process map showing the changes in the future state. 
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4.1.11 Experimentation and Optimization 

In the beginning of the experimentation phase, the various scenarios were structured 

and prioritized to facilitate the coding. Thereafter, the procedure was similar to the 

one for the current state. The base case required the biggest addition of code and 

was therefore seen as the most crucial. The scenarios were then added when the base 

case had been verified and validated. In addition, once the architecture for the base 

case was finished, the connection to the optimization tool was added. Similar to the 

interface, the communication with AutoMod was managed through text files. One 

text file was created for the input data and one for the output data (objectives). 

Constraints (maximum and minimum values) and steps for the input data were stated 

in an MS Excel file to delimit the optimization. However, the objectives needed to 

be calculated and measured in AutoMod to create the connection. These files were 

thereafter connected with the help of an external party. Once achieved, the 

optimization was ready to use. The results created frontiers indicating what possible 

solutions that could be considered as optimal.  

4.1.12 Third Factory Visit - Presentation and Recommendation 

A last factory visit was scheduled to present the final simulation model and its 

results. In addition, how the interface works and could be altered were explained 

and summarized in a manual. Below, a time plan for the visit and final presentation 

can be found, see Figure 18.  

 

Figure 18. The time plan for the third factory visit. 

One day at Factory Focus was considered enough to present the results. During the 

presentation, two persons from Factory Focus were present. These were the ones 

that also had been participating during the entire simulation project. The results from 

the current state model were showed to analyze how Factory Focus was performing 

according to the simulation model. Thereafter, future scenarios and their results 

were shown. Each scenario was discussed to understand the results and the 

participants provided feedback to improve the final version of the report. 

To conclude the presentation, recommendations and hands-on suggestions were 

presented, but also future areas for experimentation discovered during the project 

were mentioned. When the presentation was over, final interviews were held with 

the two persons at Factory Focus. The answers could be found in chapter 4.2.3 The 

Third Factory Visit.  



46 

To summarize the final factory visit, following deliverables were handed over; 

 A current state simulation model 

 A user-friendly interface 

 Connected manual to the interface 

 Four future state models representing the investigated scenarios 

 Results and analysis of the various scenarios 

 Recommendations and action plan based on the above 

 Future areas for experimentations   

 Analyzed raw data as MS Excel files 

4.2 The Interviews 

In the following chapter, a summary of what was mentioned at the semi-structured 

interviews during the simulation projects are stated. This includes two interviews 

for each factory visit at Factory Focus and three interviews with the project groups 

at Factory 1, Factory 2 and the supervisor at the company.  

4.2.1 The First Factory Visit 

In order to increase understanding of the simulation and its results, experience could 

be a facilitator. Some roles and positions within a factory could have more use of 

simulation in the future. For an example, the process manager could be suitable as 

a future user, since having wide authority and being able to see the benefits of the 

tool. (Teles, 2016) Another factor to increase understanding is to visit Factory Focus 

more than once. Both to create a sense of inclusion for the involved personnel as 

well as facilitating the building of the model. If instead regarding the usage of 

simulation, it should not only be considered as a tool to use for decision support but 

also as an educational tool. The people at Factory Focus were aware that something 

was needed to be done in specific areas. However, what this should be was a more 

difficult question and if simulation could aid that discussion it would be valuable. 

(Moura, 2016) 

4.2.2 The Second Factory Visit 

For a company new to simulation, previous projects could help to understand which 

problem that can be solved. The usefulness and dynamics of the simulation in 

comparison to other tools should also be expressed. Further, the correlation between 

scope and level of detail is important. Not all details can be considered, however, 

some cannot be neglected. (Moura, 2016) It is also important that everyone is aware 
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of the determined scope. All involved cannot be satisfied, but to determine one 

scope will in the end help the simulation project. (Teles, 2016) 

By including less people in the simulation project, each person is more closely 

involved and the management of requested data will become easier. When adding 

people, the risk of mixing requests internally will increase and additional time for 

explanations will be needed. On the other hand, it will add opinions. (Teles, 2016) 

Even though a larger project team could be good, communication should be with 

one main person. This person should be part of all decisions or assumptions during 

the project. (Moura, 2016) For the project at Factory Focus, the personnel belong 

to the planning department. However, this department needs a tool for daily 

decisions, which might not be the case of simulation. Instead, other departments 

looking at not only the money but also the consequences of a big investment could 

be considered. (Moura, 2016) 

In general, trustable values and numbers were considered a main driver together 

with handling a real problem for the acceptance of simulation. Another important 

aspect was to understand the model. Factory Focus would like to be aware of the 

steps performed and have high transparency. (Teles, 2016) To conclude, simulation 

could be recommended for other specific projects, such as changing the layout, 

increase or decrease KPIs or introducing new processes. However, not all projects 

will benefit from simulation. (Moura, 2016) 

4.2.3 The Third Factory Visit 

A simulation project can be challenging for both client and supplier. However, if a 

good communication and cooperation is created, interesting results can be gained. 

If it is the first time a simulation project is carried out, the results play a large role 

to accept simulation. Without understanding what the tool could do and knowledge 

of how it works, it is hard to see benefits instead of a cost. At Factory Focus, the 

acceptance was already quite high from earlier simulation projects. Therefore, the 

results from this project would perhaps not render a big impact, although being 

interesting. (Teles, 2016) Some expectations were exceeded and others could have 

been carried out in a better way. For example, the validation planned for the second 

factory visit became more like a verification. For acceptance, the validation could 

have been made completely at site. (Moura, 2016) 

4.2.4 The First Team – Factory 1 

The journey for Factory 1 provided some initial challenges. The factory thought that 

the students already knew the background, and based on this should deliver a scope. 

This led to that the involvement from the factory in this discussion was sparse and 

that the students had difficulties to involve and interest the personnel. Sometimes 
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there was a feeling that the boss had decided that this should be done and the others 

simply followed without knowing why. Even though top management supported the 

project, it should have been better and more visually communicated. By 

participating more, it would have become obvious for the site that simulation was a 

priority and why it was so. (Tehler & Svensson, 2016) 

Factory 1 provided people to help and arranged meetings to support the project. 

However, when collecting information, the answers tended to leave a lot wanting. 

Errors were often found and sometimes information was not only wrong but made 

up. Even though having some difficulties, the project had a clear defender at the site. 

Furthermore, the existing issues were mainly due to lack of knowledge regarding 

the subject. The people involved did not understand that their low acceptance was a 

problem, because they did not understand the reason of simulation. To manage these 

challenges a comprehensive communication approach was used. People with 

different functions were contacted from lower levels to top management. 

Furthermore, time was spent on making data easily understood and explaining what 

was wanted but more importantly why and for what. (Tehler & Svensson, 2016) 

If changing one thing, more time would have been spent at site in the beginning. 

This would have led to a better understanding of the factory and project. By 

determining the scope earlier, time could have been spent on the model and adding 

elements. A future suggestion is to use a set of criteria before starting a simulation 

project to make sure that the factory is mature enough. It was considered that the 

acceptance and interest of the project increased by proving its worth for the factory. 

However, the biggest impact will likely the results stand for. (Tehler & Svensson, 

2016) 

4.2.5 The Second Team – Factory 2 

For Factory 2, the experience differed a lot. The personnel at Factory 2 were very 

helpful and positive already from the beginning, with a similar top down initiation 

as Factory 1. During the first workshop, a process map was drawn accordingly to 

the planned setup of the workshop. This was seen as valuable for the project but also 

for the factory itself where some of the participants requested a copy of the map. A 

challenge was, although, to determine the scope based on all notes on the process 

map. However, the experienced supervisor from the company helped to set this. The 

students also stated that the pitching of the project must have been good in order for 

the employees to embrace it as they did. (Dürango & Wallén, 2016) 

Another challenge during the project was to gather the needed data. It was difficult 

to know whom to ask and how it should be retrieved. Therefore, to make similar 

projects smoother, it is important that the factory has an understanding of its data 

structure. In the beginning, it is recommended to spend some additional time at site 

to getting to know each other, not only educating regarding the project. To get 
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everyone onboard was of importance to improve acceptance of simulation. 

(Dürango & Wallén, 2016) 

Other activities that increased the acceptance were the fact that the students’ 

knowledge increased and therefore Factory 2 saw them as increasingly competent. 

This led to a higher trust in their abilities, and in the model. The project group at the 

site was also important for the result and acceptance. To have a good group of people 

with different areas of knowledge was crucial. Although, the group members will 

likely not themselves use the results since they were on a strategic level compared 

to their work positions. Therefore, it could have been beneficial to have contact with 

people that actually have the authority to use the findings. (Dürango & Wallén, 

2016) 

4.2.6 The Supervisor at the Company 

Before the factory visit, it was hard to know the scope, what should be looked at, 

what could be neglected and so forth. The challenge for all projects, during this step, 

was to understand what the factories were interested in. In addition, some key 

learnings were that the data quality and accessibility should have been questioned 

and evaluated. An alternative would have been to explain at site a standardized 

interface including what data that was needed and in what unit. Training could be 

provided to increase the understanding and hence acceptance. However, to do this, 

a general acceptance of simulation must exist so that money is allocated on this 

training. This makes the two aspects dependent on each other. (Penca, 2016) 

The development of acceptance was slightly different among the factories 

depending on what was the most important. For Factory Focus the user-friendly 

interface was crucial, for Factory 1 the results delivered were more valuable and 

lastly, for Factory 2, the workshop and process map increased the acceptance. The 

workshop at the beginning was considered to have the biggest impact during the 

journey and was the main difference to previous projects. In addition, the validation 

could influence the acceptance both positively and negatively. The possibility to see 

how the model looks and function was given but all mistakes were also seen. (Penca, 

2016) 

For the three parallel projects, some differences could be stated. For Factory Focus, 

project management and communication were important, in particular how to do 

this as good as possible. For Factory 1 change management was crucial to get all 

participants engaged. The students working with Factory 2 needed instead 

analytical abilities for the data collection. Additionally, a foundation was needed 

before starting the project to bring the students onboard. Based on this, the 

foundation of the simulation scope was onboarding, meanwhile the three pillars 

could be project management, change management and analytical abilities, see 

Figure 19. (Penca, 2016) 
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Figure 19. Different approaches for the various simulation projects. (Penca, 2016) 

4.3 The Surveys 

Three surveys were distributed to all three factories to create a multiple case study. 

Both quantitative as well as qualitative questions were included, requiring the 

responder to express his or her own opinions.  

 

 

Figure 20. The time plan for the surveys. 

As seen in Figure 20, the first survey was connected to the first factory visit. It 

focused on the knowledge and experience of simulation, and measured the initial 

rate of acceptance toward simulation. The second survey took place in the middle 

of the project. It investigated how the project had affected the attitude toward 
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simulation. Lastly, the third survey in the end of the project measured how the 

factories regard simulation after performed a project. Some questions were used in 

multiple of the surveys to see the development in responses. Other questions only 

occurred in a single survey. All three surveys can be found in Appendix A.  

In Figure 21 and Figure 22, the origin and working positions of the respondents for 

the three surveys are found. The results show that all three factories have been 

participating in all surveys and that many different people have been included. The 

same amount was present for Factory Focus and Factory 2. For Factory 1 the 

people respondent initially was the highest but then decreased to be in level with the 

other two factories. However, if it is the same people responding in all surveys, or 

if new participants have arrived is not certain.  

 

Figure 21. Origin of respondents from the surveys. 
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Figure 22. The various working positions from the respondents. 

Figure 23 presents the favorite tools for decision making from the first survey. 

Some of the categorizations below are dependent on each other, such as MS Excel, 

Qlikview (a business intelligence software) and M3 (an enterprise resource planning 

system). However, the results are presented separately providing one point per tool 

rather than one point per respondent. In connection, some comments of the answers 

were provided. Advocates for Qlikview claimed that it made the information easier 

to read and comprehend as well as being fast and good at locating necessary data. 

Others suggested MS Excel by explaining that it was the unique tool for calculations 

to support decisions in production. Another MS Excel supporter said that it was easy 

to use, elastic, modifiable and had possibilities of personal assumptions. The 

responses classified as NA stated either that they did not have any favorite tool or 

that they had lack of direct production decisions to state one.   
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Figure 23. The respondents’ favorite tool for decision-making. 

The previous experience of the participants analyzed in the first survey can be found 

in Figure 24. This indicates that the majority had no experience at all. However, for 

the three factories it differs. For Factory Focus all have been involved in a previous 

project. Whereas for Factory 2 all claimed to have no experience at all and Factory 

1 received mixed answers. In addition, no one had gained training within a 

simulation tool.  

 

Figure 24. Previous experience of simulation for the respondents. 
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The personnel had the opportunity to mark alternatives that they found matching 

their view on simulation in the first survey. The alternatives and answers are seen 

in Figure 25. Among the options, several are correct such as a tool that performs 

multiple calculations, a tool to analyze complex problems including variability and 

interdependencies, and a way to test different scenarios and ideas without risk. On 

the contrary, the two alternatives; a way for operators to daily analyze their working 

centers and a tool that analyzes the entire system and suggests improvements 

automatically are less accurate. In total, the alternative of testing without risk 

depicted simulation the best, closely followed by analyzing complex problems with 

variability and interdependencies. 

 

Figure 25. The respondents’ knowledge about simulation. 

A qualitative question in the first survey was whether the responding personnel 

could see themselves or their site making decisions based on simulation. The 

answers were in general positive with a majority stating yes. Areas mentioned as 

suitable for the application were buffers, parameter configuration, layout and 

production line changes, batch sizes, planning and as support to the site. However, 

to reach this acceptance some prerequisites could be found. The model had to be 

robust enough, allowing scenarios close to reality, with parameters that actually 

were measured to secure the future usage of the results. Connected to the robustness 

the complexity of the model was stated as a limitation for the usage of it. Below 

some highlighted quotations from the responses can be seen.   

A tool that performs multiple calculations

A way for operators to daily analyze their

working centers

A tool to analyze complex problems including

variability and interdependencies

A way to test different scenarios and ideas

without risk

A tool that analyzes the entire system and

suggests improvements automatically

other

0 1 2 3 4

Number of votes

Perception of what simulation is

Factory Focus Factory 1 Factory 2



55 

“If yes it would have to be a very complex simulation that covers all possibilities 

that may happen /can be used during production process” 

“Yes, very much. We have been expanding numerous times and our layout as well 

as entire flow requires optimization. Simulation will be a perfect tool to convince 

management that it is pure investment with justification” 

“Yes, if the tool is robust enough and allows us to create scenarios that are close to 

the reality. The input parameters should be parameters that we measure in reality. 

This will allow us to transpose the scenarios simulated into reality” 

In order to look at acceptance and the likelihood of achieving it, some critical factors 

seen below were incorporated in all three surveys based on the theory of technology 

acceptance.  

 External support team 
 Clear fit between purpose and simulation 
 Internal management support 
 Access to training 
 Engagement and right attitude 
 User-friendly and appropriate software  
 Experience from simulation  

If ranking the aspect as a one it was considered the most important and if seven the 

least, see Figure 26 to Figure 28. Experience from simulation has, in Figure 26, a 

fragmented ranking but was voted a three the most times, indicating that it is quite 

important. Clear fit has a majority of the votes on the higher importance levels of 

the scale with the most results within rank two. On the other hand, internal 

support has answers on the not as important rankings, although, having answers in 

every rank. Access to training gained the biggest bulk among four to seven, even 

though the rank with the most responses were two and five. This led to a general 

view of low importance but highly ranked by some. Engagement and right attitude 

were seen important with votes on the first five ranks, with a majority on one. 

Another fragmented factor was the user-friendly and appropriate software with no 

single rank with the most votes. Instead, two levels have the same amount of 

responses; four and six. Lastly, the external support team received the same amount 

of votes on both three and four, but no votes on one or two.  
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Figure 26. Factors important for simulation according to the respondents, from first survey. 

Many of the factors in Figure 27 do not have a clear belonging either to the higher 

or lower end of the scale. Instead, the majority have some answers in each rank. 

This is especially true for the factor external support team, which has a very 

fragmented result with fifty percent of the votes between rank one to three and fifty 

among four to five. Similarly, clear fit and internal management have an equal 

division on the higher and lower range. However, these have one rank with the most 

votes; four and five respectively. Access to training, engagement and user-

friendliness all have the bigger part of the votes within the first to third ranks. On 

the contrary, previous experience receives high values within the least important 

ranks.   
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Figure 27. Factors important for simulation according to the respondents, from second survey. 

For the last survey, seen in Figure 28, the external support team received the most 

votes on rank one, but more votes in total among rank four to seven. The factor clear 

fit gained the most votes on level four and one, and none on six and seven. Internal 

management has the same amount of votes among one to three, as four to seven. 

This indicates a mixed perspective on this factor. Access to training shows high 

numbers for the first rankings and then continues to gain votes but with decreasing 

amount for least important ranking. Engagement and right attitude have a majority 

in the range one to three, indicating that it is still seen as important for the project. 

The user-friendly software has the most votes on level two, but the same amount on 

three and five. Lastly, experience from simulation have votes in many rankings with 

the most in the mid-range.  
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Figure 28. Factors important for simulation according to the respondents, from third survey. 

A reoccurring question in survey one, two and three was how likely it was that the 

respondents would trust the results of the model. Rank one represented not at all and 

five very much. As can be seen below, in Figure 29, the majority are inclined to 

trust the model. For Factory 1, the most answers were initially on a four. In survey 

two the most respondents instead stated a three, and in the last survey they were 

equally distributed among three to five. For Factory Focus, the first survey had one 

vote each on three and four. The latter surveys led to an increase with both votes on 

four. Lastly, Factory 2 had the most votes on three which developed similarly as 

Factory Focus.  

 

Figure 29. Anticipated trust in the simulation model for the respondents. 
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In connection to the previous question, the question below was raised in survey one;  

“What factors are critical to trust the simulation model?” 

Aspects highlighted were that input parameters and data are reliable, and that it is 

possible to replicate scenarios tested by the model with realistic results. In 

addition, one answer stated that is had to be; 

“Complex enough to cover a wide variety of subjects related to production” 

However, not only the model itself was mentioned to affect its trustworthiness, also 

the team using and building it. Positive attributes of the members were stated to be 

experience and willingness to work in connection to the model. Another respondent 

emphasized that the model likely would include errors, but if using it as a supporting 

tool together with others this could be managed.   

In all surveys the likelihood of recommending simulation was asked. Rank five is 

highly likely and one not at all. Figure 30 presents a positive state, with no answers 

on one or two. For survey one, Factory 1 covers a range between three and 

four. Factory Focus has equal amounts on both four and five, while Factory 2 does 

not have any responses on level five but on four and three. In total, the majority 

would recommend simulation with the likelihood of four.  

For the second survey, the likelihood of recommending simulation is in total divided 

with the same amount of votes on three and four. Figure 30 also indicates 

that Factory Focus has both high recommendations; level five, but also moderate; 

level three. Similarly, Factory 1 has answers within three to five, with a majority at 

three. Factory 2 instead shows a unanimous result, with all answering four. For the 

last survey, the most answers are on level five. Factory Focus has one each on four 

and five, Factory 1 has no votes on four but instead on level three and five, 

and Factory 2 the same amount within the range three to five.  

 

Figure 30. The likelihood of recommending simulation of the respondents. 
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To analyze the importance of having factory visits in a simulation project, 

survey two included a question of how valuable the first visit had been perceived to 

be. The question was rated from one to five, where five was the highest vote. As 

showed in Figure 31, the overall picture was positive with high votes on both rank 

four and five. Although, one respondent graded the visit as a one. Among the 

factories, it can be seen that Factory Focus had a positive experience, whereas 

Factory 1 and Factory 2 had mixed opinions. 

The second survey also regarded what three key insights that had been gained 

from the factory visit. One respondent stated that the visit had increased the 

understanding of the problem and factory, hence facilitating the building of the 

simulation model for both parties. The same respondent concluded that to have time 

dedicated for walking around was important; 

“Sometimes these kinds of observations are more important than any explanation” 

Other respondents highlighted that it had been interesting to see the factory from the 

students’ point of view, especially possible areas for simulation. The introduction 

to simulation was considered good since it helped to understand the scope of the 

project as well as simulation in the future.  

 

Figure 31. The value of the first factory visit. 
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major bottlenecks and improvement areas was expressed to support good scopes. 

Below some quotes from the answers can be found;  

“… For the time length available you have considered a sufficient degree of 

complexity to incorporate into the model” 

“Yes, … key areas for our factory. In my opinion, it also has a good balance 

between detail and expected result accuracy” 

 

Figure 32. The satisfaction of the determine scope for the respondents. 

The assumptions made and the satisfaction with these are summarized in Figure 

33 based on answers from survey two. A majority considers the assumptions as 

good, rating it four or higher. However, some were not aware of the fact that 

assumptions have been made.  

 

Figure 33. The satisfaction of made assumptions for the respondents. 
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Similarly, survey three investigated the experienced value of the three projects at 

the end of those. The respondents rated the value from one to five, where five was 

the highest. The results can be found in Figure 34. The most votes were gained on 

rating four, with all of Factory 2’s votes. Factory Focus has in addition votes on 

rating five. Factory 1 has also votes on the fifth ranking, but one vote on level 

three.   

 

Figure 34. Experienced value of the project for the respondents. 
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Figure 35. The satisfaction of the results for the respondents. 

If regarding the involvement in the project, Figure 36 from survey two shows that 

most of the people participating in the survey are very involved and pleased with 

that. Some also states to be not very involved and satisfied with this. However, three 

respondents would like to be more or less involved in comparison to their current 

state.  

 

Figure 36. Involvement in the simulation project. 
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Figure 37. Time consumed in the project in relation to the benefits. 

For the future usage of the model, survey three let the participants’ grade how much 

they thought that the simulation model would be used at their sites. The ranking was 

between one to five where five was the most used. The answers suggest that the 

models will be moderately used with the majority of three. The other represents 

answers that they did not know. For the three factories, Factory Focus votes in line 

with the general perspective meanwhile Factory 1 and Factory 2 have a big spread 

in the responses. They have votes in the third and fifth rank, and second and fourth 

respectively, see Figure 38 below.   

 

Figure 38. Involvement in future usage of the model. 

In the two last surveys, the question of perceived level of acceptance at the site was 

added on a scale from one to five, where five is the highest. For the second survey, 

half of the respondents graded the perceived current level of acceptance as a three. 

0

1

2

3

1 2 3 4 5

N
u

m
b

er
 o

f 
v
o

te
s

Rate of time needed

Time consuming in relation to potential benefits

Factory Focus Factory 1 Factory 2

0

1

2

1 2 3 4 5

N
u

m
b

er
 o

f 
v
o

te
s

Rate of involvement

Anticipated involvement in future usage of the model 

Factory Focus Factory 1 Factory 2



65 

The other half saw it both as lower; the second rank, and higher; the forth 

rank. Figure 39 shows the differences between the factories. Factory 1 stands for 

all answers on the second rank and provides a fragmented result. Factory Focus has 

half on three and half on four, quite similar to the total result. Finally, Factory 2 has 

more answers on four than on three, indicating a positive view. In the third survey, 

there are still no votes on level five, indicating that more can be done. On the other 

hand, the majority now rates the acceptance as a four which can be seen as an 

improved result. For Factory Focus all responses are now on level four, Factory 

2 has the exact same answers as in survey two and Factory 1 has still a majority on 

level three.    

 

Figure 39. Current level of acceptance of simulation for the respondents. 

Based on the first survey, recommendations of what should be done to increase the 
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final tool and others on increased internal management support from the beginning 

or involvement in general. However, many found it hard to give any 

recommendations before the finalizing of the current project. As a summarizing 

note, a quote from one of the answers is seen below.   

“The current level of acceptance depends on the degree of involvement people 

have with the project. If people have no involvement with the project and have no 

idea of the potential benefits of simulation in general, they won't accept simulation 

in general because it is a change in the way they work daily. I would say that most 

people do not have the sensibility of the potential benefits of simulation which 

undermines the level of acceptance. So my recommendation is to organize 

simulation workshops and/or develop some brochures with examples of 

application of simulation projects and their benefits”. 

In the final survey, a question was stated regarding how the undertaken project could 

have been improved. Comments regarding the project management and suggestions 

for improvement were to validate the model at site during the second visit. Another 

was to have a workshop to present how the model works and the behind logic. For 

an example, how values been calculated and distributions. Furthermore, to have top 

management or internal management engagement and commitment to allocate 

resources was also mentioned. However, in general, the comments were positive, 

see quotes below;   

“I think everything was carefully planned and very well done”. 

“…, the project has been remarkably managed since the beginning”. 

Lastly, some final comments to survey three were; 

“The simulation project was a very interesting experience for me. This simulation 

is an easy way of visualization of various solutions and shows areas to 

improvement”. 

“In my opinion these kind of tools can be very useful for new projects or to 

validate factory or equipment's modifications. Having the possibility to recreate in 

a very detailed way the change we want to implement may help us to be sure that 

the modification we are planning to do will have the desired outcome”. 
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5 Analysis 

In this chapter, empirical findings from the project, the interviews and the three 

surveys will be analyzed and connected to each other.   

5.1 Structure of the Analysis 

The structure of the analysis is based on the frame of reference in Figure 10. The 

relevant factors, moderators and inhibitors have been chosen and represent the titles 

of each sub-chapter. The findings from chapter 4 Empiric Description, are analyzed 

connected to these titles to combine the findings and theory. The titles are as 

following; 

 Perceived usefulness and performance expectancy 

o Perceived fit 

o Perceived innovation characteristics 

o Subjective norm and social network 

 Incentive alignment 

 External factors 

o Supplier marketing efforts 

o Organizational features 

 User participations in implementation 

 Perceived ease of use and effort expectancy 

 Attitude towards innovation 

o Personal characteristics 

 Organizational facilitators 

o Training 

o Organizational support 

 Moderators and inhibitors 

o Experience 

o Volunteerism 

o Available abilities 

o Time management 
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In addition to the theory, it was concluded that another title was necessary. Since 

project management played an important role in the simulation project at Factory 

Focus, this area was seen as a moderator to acceptance of simulation. 

5.2 Perceived Usefulness and Performance 

Expectancy 

The perceived usefulness and performance expectancy of simulation are below 

analyzed and reviewed based on the empirical findings.  

5.2.1 Perceived Fit 

The perceived fit could be connected to the determination of the scope and the 

assumptions made within a simulation project. If deciding the scope without 

considering the suitability of simulation, there is a big risk that the results will be 

disappointing. However, to consider all opinions while maintaining a realistic scope 

were found challenging by both Factory Focus and the students. Nevertheless, the 

satisfaction of the scope was according to the surveys high at all factories. This 

indicated that a successful trade-off was achieved for all teams. In relation, Factory 

Focus also proposed that it was more important that everyone was aware of the 

scope rather than that everyone agrees on it, to create one in common goal. When 

having different perspectives and opinions, some will consequently be less included. 

However, as long as an awareness exist, the factory can continue to work on the 

agreement.  

Setting the scope during the first visit was not an issue for Factory Focus since they 

already had one in mind. Instead, a challenge was to question this scope and make 

sure that it was suitable for simulation. On the contrary, for Factory 1, mismatches 

in expectations made this step more difficult. Even though problems occurred when 

determining the scope, it is important to continue and setting one as good as 

possible. In the surveys, the respondents rated the factor clear fit high, indicating 

that the scope and assumptions are important while carrying out a simulation 

project. 

To grasp the scope, facilitating assumptions are needed. However, if these are not 

made carefully, they could result in time-consuming changes and solutions that 

would have been better done at the beginning. Therefore, a recommendation is to 

keep the first assumptions general and limit them further during the process. The 

compatibility of the scope and the level of detail also affect the perceived fit of 

simulation. In the initial survey, the most important prerequisites of accepting the 

model were the relationship of the model and reality. This creates implications 

towards the assumptions made in the model; if too big the linkage may be too weak. 
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This trade-off can be related to Figure 12, where it is seen that to only increase the 

level of detail will not render better results. Instead the sufficient amount of detail 

should be included connected to the time and effort required.  

Furthermore, results from the second survey indicate that a good trade-off between 

assumptions and detail had been achieved. Yet, some respondents stated that they 

were not aware of made assumptions. This could potentially be troublesome, since 

it is important that the assumptions and simplifications are agreed upon. Otherwise, 

the results could be questioned. Believing that the model and reality are more alike 

than they actually are could severely damage the trust. By evaluating if an 

assumption would change the results for the scope at hand, decisions of what to 

exclude could be made. In addition, by asking what to include instead of what to 

exclude will generate a prioritization.  

A final aspect found in the surveys influencing the perceived usefulness and the trust 

in the simulation model was its functionality. Many positive functions, such as 

defining bottlenecks shows the factory or client that the model adequately grasps 

the production. Additionally, the areas mentioned are compatible with the working 

positions found in the surveys. Many aspects were mentioned in the surveys to 

support the positive feeling and perceived future usefulness of simulation. For an 

example the increased understanding of the own factory, including improvement 

areas that the project rendered, was mentioned. Another advantage was the 

possibility to see the impact of future changes. Both of these areas are also 

mentioned in the theory as advantages with simulation. They could therefore be 

highlighted as innovation characteristics when pitching simulation to other 

factories.    

5.2.2 Perceived Innovation Characteristics 

A question repetitively used in the surveys was what the factories thought that 

simulation could be used for. In the first survey a popular answer was, “testing of 

ideas and scenarios without risk”. When analyzing the projects, it was considered 

that this initial perceived functionality was achieved in all projects. A finding that 

indicates that the perceived characteristics matched the actual characteristics. 

However, some of the individuals answered that the model would be a daily tool to 

analyze the entire system and should suggest improvements automatically. For these 

individuals, it is important to emphasize what simulation actually should be used for 

as well as its limitations. If not communicating the appropriate functionalities, the 

mismatch between expectations and outcome may severely damage the acceptance.  
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5.2.3 Subjective Norm and Social Network 

The subjective norm of whether simulation should or should not be used at the sites 

can be represented by the perceived level of acceptance in the surveys. This 

perception represents how the respondents perceive the general attitude towards 

simulation at the site. In survey two, the answer was on average a three and was 

found to be similar to the answer for how likely the respondents would recommend 

simulation. Therefore, if only considering the average the own acceptance and the 

general attitude could be considered to be in line. However, if comparing the 

answers on a more detailed level it could be seen that the perceived acceptance is 

slightly lower for all factories. This difference is explained by that even though the 

individuals answering the survey could have a higher acceptance of simulation, 

others at the site could decrease the anticipated general level. This aspect represents 

the negative impact of the social network.  

For the third survey, the perceived level of acceptance increased slightly, leading to 

a positive development. This finding indicates that the projects have been beneficial 

in the attempt to create acceptance of simulation. Therefore, similar projects at the 

company are a good idea if they want to continue the building of an internal 

simulation competence. However, in order to gain the experienced benefits, but 

avoid the challenges, the projects and their procedures should be analyzed further. 

Since the third survey was distributed when not all results had been presented it is 

reasonable to expect that the perceived acceptance could have increase slightly more 

if sending a new survey today.  

5.3 Incentive Alignment 

Incentive alignment can be a critical factor to accept simulation. For a company that 

have no or little experience of simulation, it could be valuable to not only 

communicate that simulation should be used but also why and the reasons behind 

the decision. This motivating communication was experienced as a need for Factory 

1. By doing so, the aim of the investment became more understandable for all 

involved. Additionally, the targeted benefits created motivation and alignment 

within the organization to make everyone work toward the same goal. To know the 

target could influence the ability to support what is needed during the building of 

the model. Furthermore, by using old projects as examples the functionality of 

simulation could efficiently be communicated in a setting that the factories 

understand to deliver new projects.  
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5.4 External Factors 

The external factors affecting the simulation project and the people involved are 

below analyzed and reviewed based on the empirical findings.   

5.4.1 Supplier Marketing Efforts 

The theory considers supplier marketing efforts as the importance to market the 

product to the right company. Depending on how this communication is provided 

the acceptance of the innovation is influenced. Hence, marketing could also be seen 

as how the provider communicates its offer. If seeing the company as the provider 

of simulation, its communication consists of two things; the initial onboarding 

actions and the latter external support.  

Before the three simulation projects were determined, the company marketed 

simulation to get factories onboard. An important step, and the reason to some 

difficulties for the students at Factory 1. The encountered issues regarding the 

mismatch in expectations can be explained by that the students themselves did not 

initially market the project. Therefore, it was not known how the project had been 

pitched. The lack of understanding led to that initially time had to be spent on 

redoing much of this onboarding. If the marketing either had been done by the 

students themselves or better communicated to them, this time could have been 

spent on more value-adding activities to increase acceptance. The supervisor at the 

company also mentioned that initial marketing and onboarding are important factors 

to succeed with the simulation project (see Figure 19). It would likely have resulted 

in a more professional approach and better replicated process if this had been done 

in a more structured way.  

The external support, included in the surveys, can for the simulation projects be 

considered to be the students and the company, and how they have tried to support 

the factories’ understanding of simulation. According to the surveys, the factor is 

important but not crucial for the project. Some will need more and others less 

support, making people rating this factor differently. However, the low rating should 

not be seen as a dissatisfaction of the students’ attempts. It is rather an indication 

that even though good external support exists, other internal inhibitors and factors 

could hinder the development of acceptance.  

5.4.2 Organizational Features 

Depending on the structure of the organization, different organizational features 

such as size can alter the performance and inclusion of activities for a simulation 

project. As seen in the framework created by the supervisor at the company (Figure 

19), all projects include in general the same aspects. However, the focus and time 
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spent on these varies a lot. In addition, by understanding the features it is possible 

to estimate what will be the more time-consuming parts of the project. By having 

this understanding, a better time plan can be made to support the project and its 

results. The workload for the factories and students could probably be evened out 

with the help of this, giving positive effect on the acceptance.  

For Factory Focus, the most time was spent on project management and making 

sure that the experienced project was as good as possible. On the other hand, for 

Factory 1, time was allocated on change management to get everyone on board. 

Without this, the resulting acceptance would likely been a lot lower than the 

measured. Lastly, for Factory 2, the competence and understanding of simulation 

were important. If comparing these three areas to each other, a consecutive relation 

is found for acceptance rather than a parallel connection. First, change management 

is crucial in order to get people open to the change that simulation may bring along. 

Thereafter, the analytical abilities should be supported to secure the quality of the 

model and its results. Once this is obtained, project management would have the 

biggest impact on acceptance. However, change management will once again be 

important when the recommendations are delivered to ensure that the impact of 

simulation matches the anticipation. 

5.5 User Participation in Implementation 

The journeys for all three factories show that the involvement of the factory and the 

project group are in many ways important for acceptance. According to Factory 

Focus, to have the right people involved which understand and have access to 

information can aid the project tremendously. This is also something that the 

students from Factory 2 experienced. So, if concluding that involvement and 

participation are a good idea, the question regarding how and by whom naturally 

arise. Firstly, by having a local champion like the one at Factory 1, the knowledge 

of the project can be increased and likely the interest as well. This makes a good 

suggestion to future projects to secure long-term acceptance. However, it is 

important that this champion will be chosen carefully. Preferably, it should be 

someone that are respected without having a too high managerial role that would 

force instead of promote the project upon people.  

Thereafter, the amount of people connected to the project is a trade-off between 

more perspectives and the ease of managing it. Instead of including more people, 

interviews or discussions can be held with different departments and personnel at 

the shop floor. This will capture the reality of everyday business without connecting 

too many. In addition, to add people that actually will use the model afterwards can 

be a good idea. This means that they have the authority to do something with the 

results of the model and an overview to see not only costs but also benefits. To 

choose a simulation team wisely can increase the attitude towards the project. 
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Therefore, time in the beginning should be spent to do so. If achieving an optimistic 

and open minded group, they could be good advocators or champions of the project 

with the aim to increase the acceptance of both the project and simulation. 

In the second survey, the actual participation was analyzed. The majority claims to 

be very involved and satisfied with that. For them, the above reasoning seems to be 

valid. However, some people state that they are not as involved and pleased with 

that. An explanation for these answers are that the people linked to the projects have 

shifted between the surveys. The personnel that either wants to be more or less 

involved should be located and respectively included in a higher degree or motivated 

to see the potential benefits. If not possible, they should be released or rearranged 

to a position that better suits them.    

5.6 Perceived Ease of Use and Effort Expectancy 

The perceived ease of use and the effort connected to simulation can be related to 

the value that it will have. In order for the model to not only have value for this case 

but also for Factory Focus' future usage it was attempted to make it as general as 

possible. This was an aspect that was expressed as important for Factory Focus. By 

wanting to change and experiment in the model by themselves, a rather high level 

of intrinsic motivation is suggested. This finding was further supported at the second 

factory visit while determining the future scenarios. Although, many scenarios were 

considered interesting, it was easy to limit and prioritize these. The workshop 

resulted in that the students would perform some of them, but a majority were 

instead supported by general parameters that Factory Focus could continue to 

investigate. By making these changes as easy for them as possible the lifetime of 

the model could be extended from this project to future usage.  

Since Factory Focus showed such an interest in the functions and usability of the 

simulation model, it was determined to include them in the creation of it. A decision 

that rendered a feeling of increased control for them. By considering their 

preferences regarding what was included, this made them more aware of what to 

expect. Both of which affected the perceived ease of use positively. 

The importance of user-friendliness was in addition investigated in the surveys. The 

more user-friendly the simulation model is the less effort should be expected for 

using it. In survey one this was initially rated low. However, in survey two and three, 

its position changed and was considered as increasingly important. To make the 

model easy and fast were also included in the recommendations to increase the site 

acceptance. Additionally, in the beginning of a project, the focus tends to be on how 

to reach the results. Therefore, the actual future usage and attributes stand a risk to 

be neglected. Furthermore, many of the initially connected personnel will not 

themselves use the simulation tool in the future. They are support mechanisms for 
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the simulation rather than users. Consequently, they might be less concerned of the 

user interface than the people that are intended to use it.  

5.7 Attitude towards Innovation 

Engagement and right attitude were in all surveys considered the most important to 

succeed with simulation. This indicates that this factor is very important and should 

be analyzed further. However, a slight dip in importance can be seen in survey two. 

Initially when starting the project, the attitude and engagement are required for the 

project to be continued, explaining high ratings. Once starting it, the project can 

require more or less participation from the people involved at the client. The 

importance of the factor can therefore decrease if the participation at the factory is 

low at the moment. Lastly, when the project is done and the final results are 

presented, the engagement and attitude of the factory are important to create action 

from recommendations. Without this last support, it is hard to create acceptance of 

simulation as a future tool.  

An action that may affect the attitude towards simulation was stated in the interview 

with the supervisor. The validation and verification are important to increase the 

acceptance of simulation, since they provide an insight and understanding of the 

model. However, these activities can also decrease the acceptance. If not performed 

properly or many KPI´s suggest poor accuracy, the trust will likely be damaged. 

Thus, if having an in common validation and verification meeting, it should be 

prepared thoroughly. 

In the first survey, the level of trust was rated as a three. This indicates that 

simulation was seen as positive but not yet fully trusted. This is a reasonable attitude 

since not having any deeper knowledge of simulation during the first survey. In 

survey two and three, the rated trust increased to level four. The increase is a good 

indication of that the project is supporting the long-term acceptance of both the 

models as well as simulation. The development could be explained by the project 

itself and the big part that the factories are allowed to play in this process. This is at 

least the case for Factory Focus, where the connected personnel have been involved 

with the creation of the simulation model, leading to a bigger understanding and 

hence trust in the tool.  

If the attitude towards simulation and the trust in the results are high, the possibility 

that the person will accept the tool and also recommend it is high. Therefore, how 

likely the personnel were to recommend the usage of simulation to someone else 

was measured in the surveys. Although, starting with high ratings the 

recommendation actually decreased in the middle of the project (answers from 

survey two). However, the positive view in the beginning and high rating indicate 

that the factories have an optimistic attitude before trying simulation. Once 

experiencing the work connected to the introduction it is not strange that the 
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recommendation could decrease slightly before experiencing any results. In 

addition, the decrease could also be connected to the increased knowledge and 

understanding that simulation is good for certain projects, but not all.  

In the last survey the recommendation increased again, suggesting that the factories 

were very satisfied with the projects. The experienced value of the project was rated 

on average a four and a majority stated that they would be satisfied with the results. 

These are good findings and suggest a correlation with the previous mentioned 

recommendation and acceptance of simulation. If the obtained results are 

anticipated to be good, people are more eager to recommend it to others. 

5.7.1 Personal Characteristics 

In all surveys, a broad range of origin and positions have been obtained in the 

answers. The spread suggests that the image they depict can be considered to match 

the overall image at the three factories. It is difficult to reach personnel connected 

to specific operations or stations. However, their opinions should be reflected by 

both the more general staff and captured in the factory visits. The risk is though that 

some nuances may be lost. A solution would be to have spent more time at the 

factories and distributed the survey to more personnel. However, with the limited 

time frame and resources the results are considered satisfactory.  

Regarding the future usage, rated in the surveys, one respondent from Factory 2 

ranked it a five meanwhile another respondent from the same factory ranked it only 

as a two. The spread in responses can also be seen in other questions. Reasons could 

be the working position of the respondent, personal values of the respondent, or the 

personal dispositional innovativeness. These aspects can be summarized as personal 

characteristics; how the person perceives things and how open for changes the 

person is. 

5.8 Organizational Facilitators 

Organizational facilitators such as training and organizational support are below 

analyzed and reviewed based on the empirical findings.  

5.8.1 Training 

It is not surprising that the factor access to training initially did not receive very high 

ratings in the surveys. The first participants of the projects are not necessary the 

ones that will in the future use the model, nor be highly involved in the project. 

Therefore, they do not consider training as important, which is a slightly more long-
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term factor. However, some high votes indicate that a basic early understanding is 

important for the continuous process. In the second and third survey, the opinion 

has changed and instead a majority of the respondents find access to training 

important. This change indicates that initially little to moderate training is needed 

but once the project precedes, further applications might be appropriate. If 

combining these two findings, a conclusion regarding a segmented training could 

be applied. The first section of the training focuses on initial introductions of 

simulation for all participants while the second will be an in-depth training for the 

ones that actually will use the model.  

5.8.2 Organizational Support 

As mentioned earlier, marketing and external support could be crucial factors to 

accept and adopt simulation. However, the organizational support, the social 

persuasion and other internal support are equally important. The difference in 

attitudes of Factory 1 and Factory 2 were experienced to be dependent on the 

organizational support. For the latter factory, the top management team did not only 

say that simulation should be done. They also showed this and explained why a 

simulation project should be carried out. The situation was the opposite for Factory 

1, where the visualization of management support was missing. This leads to the 

conclusion that participation from the management may be very beneficial to obtain 

simulation acceptance if done properly.  

The internal support was also mentioned in the surveys where it was rated rather 

low. The development of this factor is most likely dependent on the actual 

experienced support. As above mentioned, this was an issue for Factory 1. If it from 

the beginning had been higher, a perhaps easier and less time-consuming journey 

could have been obtained. However, the factories were also used to that the internal 

management support consists of the approval of a project rather than the actual 

participation within it. This is something that all three factories have experienced 

and therefore did not consider as an issue.  

5.9 Moderators and Inhibitors 

The moderators and inhibitors that could have affected the simulation projects are 

below analyzed and reviewed based on the empirical findings.  

5.9.1 Experience 

Considering the experience of the involved people from the factories some issues 

were be found. One major challenge that the students at Factory 2 faced was the 
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lack of competence and theoretical ability on site in connection to simulation. This 

challenge led to that support and an educative role were required from the students. 

In addition, many of the deliverables created actual value for the site and led to 

increased acceptance in itself. Considering the surveys, they also presented a limited 

previous experience. A finding that was anticipated. However, the differences 

between the factories were more interesting. Having altering experiences at the sites, 

different starting points for the three connected projects were obtained.  

For Factory Focus, the previous experience from another simulation project 

changed their attitude and perspective concerning simulation. By already having 

concluded a similar project, some thresholds had been experienced and overcome. 

Depending on the previous project and the satisfaction of this, acceptance of 

simulation could either be increased or decreased. Although, the fact that a new 

project was initiated indicates that the personnel already had some acceptance. 

During the project it was also discovered that the aspect that had not been 

satisfactory for the previous project was the user-friendliness. This finding 

explained and gave example of how experience can affect what is or not is important 

among the factors affecting simulation.  

Since the previous experience of simulation is fragmented, it is natural that the 

ranking of the factor “previous experience” in the surveys also is this. If having 

experience, it might be easier to know what to anticipate. This leads to less 

uncertainty and a more positive attitude. Although, having negative experience from 

a previous project could also affect the attitude towards a new. However, by rating 

the factor low, the factories are seen to not consider previous experience as crucial 

to succeed with a project. If asking a similar question today the response could have 

been different.  

5.9.2 Volunteerism 

For both Factory 1 and Factory 2, the attitude towards the simulation project could 

initially be originated from the moderator volunteerism. The mandatory setting 

helped to start the project. However, once starting, it was experienced that Factory 

2 gained a quick actual interest and a positive attitude toward simulation. A finding 

supported by the surveys. They were therefore more motivated compared to Factory 

1. For them, the mandatory setting instead created skepticism towards both 

simulation and the project. This resulted in a big challenge in terms of acceptance. 

To handle and prevent this attitude, change management was an important factor.  

The risk connected to a heavily mandatory setting is that the group and factory are 

doing simulation because someone tells them rather than seeing the need for it. This 

will likely not contribute to a long-term acceptance of simulation. However, by 

applying the moderator, the management initiative was followed and led to an initial 

test of simulation. In this perspective it was good, since it brought the group over 

the initial hurdles. To contribute to the acceptance instead of harming it, the 
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volunteerism should be understood and managed. One way to do it is to make sure 

that the usage of simulation is in the interest of the people involved and not only for 

the management. Another way could be to communicate the advantages of 

simulation more clearly so that the benefits become more visible.  

5.9.3 Available Abilities 

During the projects, three aspects have been raised which can limit the acceptance 

of simulation; unstructured onboarding, poor data quality and risks that may occur. 

For the unstructured onboarding, time was needed to get familiar with the way of 

working at the company and its routines. Therefore, it can be said that support from 

the company at the beginning, and a proper onboarding are facilitators. They could 

both render a quicker start and possibility to reduce inhibitors. Additionally, it was 

hard to know whom to contact since the distribution of tasks at the company was 

not obvious. Lastly, increased knowledge of terminology and definitions could have 

facilitated and affected the acceptance in the end. Lack of understanding within this 

area made communication of information harder and sometimes it led to 

misunderstandings.   

Regarding data collection, a reoccurring issue was the data quality. When receiving 

information, the following aspects were not clear; 

 Where it came from 

 How it had been collected 

 Based on what definitions it had been calculated 

 What was included 

These aspects resulted in that the best way to collect data was to ask for raw data, 

which had not been altered with. Then the students themselves could make the 

needed calculations. In the end, this insight saved time for both parties. For the in-

data analysis, it was difficult to judge whether the data seemed valid or not. Either 

wrong data could have been sent or an error in the right data occurred. Conclusively, 

the issues related to data took a lot of time and required the attention of Factory 

Focus. If carrying out a similar project, a lot of these could have been avoided to 

not influence the project negatively. 

For the other factories, issues regarding data accessibility and quality were also 

experienced. However, the extent was much bigger at Factory 1. It was often 

experienced that no one really understood what the information should be used for. 

Hence, this led to low quality data and many assumptions and estimations. If not 

understanding simulation or why it should be used at the site, it is hard to aid with 

what should be included in the model. Therefore, some educative time could have 

helped the acceptance of simulation. Some additional time at the first factory visit 

could have been scheduled for this, ensuring the competence and that everyone 

understands what should be done.  
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Finally, to know the obstacles before starting a project would likely lead to a 

smoother journey. However, to know this is almost impossible. During a project, 

the likelihood of something happening that was not accounted for is big. By 

considering what could damage the project, action plans and approaches to reduce 

the risk of these happening could be made. This will lead to a more proactive attitude 

which could be beneficial to secure the project quality and therefore also the 

acceptance of simulation. If a project goes wrong, it is likely that connected 

participants will blame it on the technology rather than their own competence. In 

addition, this finding supports that aspects such as data accessibility and quality 

could with advantage be evaluated before starting a project.  

5.9.4 Time Management 

A common risk in simulation projects is that the objectives are forgotten along the 

way. This was something that occurred during the coding phase in the simulation 

project. The challenge was to not focus on too much details. Sometimes energy was 

spent on aspects that would not add to the result anyway. If getting lost in these 

details, the bigger picture will pay the price and the model might not be completed. 

If not completed, a mistrust of the technology and simulation for the future would 

likely be the result. Therefore, it is recommended to continuously discuss what 

should be included and what can be simplified without affecting the results. Another 

difficult phase was the validation and verification. It took more time than anticipated 

and led to frustration when issues could not be solved immediately. In order to not 

delay the project, it is therefore recommended to plan some extra weeks for this 

stage.  

Time needed is not only a barrier for the students, but in particular for the involved 

people at the factories. However, sufficient time must be spent on the project to get 

the full advantages of simulation. Conclusively these aspects are quite tricky and 

important to keep in mind. If becoming too time-consuming, people will not have 

time to the simulation project even though they are inclined to accept it. One way to 

manage this is to stay more at the site and work more closely to the reality of the 

simulation model. By doing this, a lot of the data collection and information needed 

could directly have been achieved. In addition, staying longer at the site could lead 

to increased awareness for the students and getting a more nuanced picture of what 

to include and exclude.  

The surveys indicate a fragmented picture of the experienced time needed for the 

project compared to its potential benefits. The people that are involved and happy 

with that will likely regard the time needed as manageable. In comparison, the ones 

that want to be less included probably thinks that it requires too much time. If not 

seeing the potential benefits, the time needed will also be considered high no matter 

how little the person might have been included. Therefore, it is important to position 
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people where they will experience results exciting for them, but also to 

communicate the benefits obtained during the journey.  

5.9.5 Project Management 

A main aspect during this master thesis has been the project management, i.e. how 

to structure communication and documentation but also how to perform the factory 

visits. This aspect is not mentioned in the theory. However, it has been concluded 

to be a big part of the master thesis and should therefore be classified as a moderator, 

or inhibitor if it is not done in an effective way. 

Regarding the communication, a structured way to manage and perform the 

communication should be decided already from the beginning. This will save time, 

keep track of the increasing amount of information and support the later building of 

the model. Establishing an early communication channel will also facilitate a good 

dialogue when sharing data. If possible, audio or visual communication should also 

be maintained as a complement to the text communication. It is easier to discuss an 

issue face to face rather than write an e-mail regarding it, leading to less 

misunderstandings. This way of communication will not only save time but also 

create a transparency of what is done and include the factory in the journey. This 

finding was experienced at Factory Focus, and increased their willingness and 

attitude toward simulation. For the students at Factory 1, a lot of effort was put on 

being thorough and create good communication. When asking for something it was 

not only important to state what was asked for, but also what it should be used for. 

Otherwise, there was a big risk of not meaning or talking about the same things. 

Connected to the documentation, the initial RFI was seen as beneficial for all 

projects. Factory Focus considered the RFI as a major driver of success for the first 

visit. The attitude suggests that Factory Focus preferred to spend time on 

preparations before the factory visit compared to during it. The detailed time plans 

of the visits that were made ensured that everything that should be done was done, 

and suggested good preparation. Having clear time plans also led to that people from 

Factory Focus only had to participate when needed and it was rewarding for them. 

Based on the surveys and interviews, the factory visits and their value is supported. 

If possible and time allows, the visits should be prioritized. However, to grasp 

everything in the beginning was challenging. Therefore, it is important to not rush 

such a visit to gain its full benefits. If not understanding the factory that should be 

modelled, it is hard to make valid points and participate in discussions to gain the 

trust of the factory. Furthermore, if thinking that the students do not understand the 

factory, there will likely be a low trust in the resulting model. Having both time 

before and after the workshop was also an advantages, providing initial time for 

understanding and walkthroughs, and later time for collecting specific information.  
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Furthermore, changes will occur that could influence the simulation model. By 

making multiple factory visits, these changes can be observed and evaluated. In 

addition, aspects that were not considered as important at the first time may prove 

to be so later on in the project. Therefore, future visits for validation, scenario 

determination and presentations are preferable. Furthermore, it is always easier to 

explain issues or ideas when having the possibility to show and demonstrate in 

person. To validate the current state together with Factory Focus was mentioned as 

important for them to trust the future recommendations of the simulation model. To 

be on site will likely also strengthen the support and general acceptance of the 

project among the workers. 

5.10 Actual Usage 

When the simulation project is finished, there is a possibility that the people 

accepting simulation will actually use it in their future work and decision-making. 

In the last survey the average grade of the anticipated future usage was three. The 

result suggests that the simulation model will be used, but not on a daily basis. 

Concerning acceptance, these are quite good findings. Low ratings could be 

explained by that not all participating in the project would have the opportunity or 

be suitable to use the model in the future. This perspective was analyzed with 

another question, regarding whether the respondent would use the model 

themselves. The connected answers were as well fragmented, indicating that some 

will use the model while others will probably not spend that much time with it. The 

people that answered that they will not use the model could either have low 

acceptance of simulation or a lack of possibility to use the model in their working 

position. Yet, many respondents state to be willing or seeing themselves using the 

model in the future, which is a good finding related to acceptance. The journey has 

in this instance strengthen the willingness and possibility rather than created 

inhibitions. 

5.11 Potential Sources of Errors 

In the first survey, the question of which site the respondent worked at was not 

included. However, based on the times of the responses correlated to when the 

survey was sent out to the respective site, this has been estimated. The estimation is 

considered important in order to analyze the change in the attitude toward simulation 

for each site and therefore a slight error in this would be better than no division at 

all. The similarity in amount of votes for both Factory Focus and Factory 2 supports 

that a correct division was made.  
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Regarding the question with the seven factors, errors occurred for all surveys. For 

survey one, the same factor was chosen for multiple of the rankings per person. This 

led to that one person rated the same factor differently. It was therefore decided to 

remove the later rankings of the same factor in order to not count it multiple times. 

The following rankings were thereafter increased and the ones not included were 

given the last position. For an example, if one aspect occurred three times, the two 

latter were removed and the remaining factors moved accordingly. The two factors 

that did not gain any voting would, in this instance, have shared the sixth rank. On 

the contrary, in survey two as well as three, the same rank was used multiple times. 

Hence, more than one factor could have the same level of importance. It was decided 

not to eliminate any results from this, since some factors then would not be given 

any answers. The conclusion can be drawn that the question and its guidance have 

been hard to properly understand. For survey three, a more thorough explanation 

was constructed. However, this did not lead to any improvements. The fact that the 

format of the surveys did not allow for a better structured matrix created the 

possibility to answer in this manner.  

5.12 Future Areas of Interest 

This master thesis is based on one thoroughly investigated simulation project and a 

multiple case study where two other projects were observed. A further interesting 

investigation would be to look at additional simulation projects, and for various 

companies and industries. This will lead to a possibility for more parallels to be 

drawn and that other findings may arise regarding acceptance of simulation. Another 

area worth investigating would be to take the insights and guidelines into 

consideration for a new simulation project performed by the students. Then the 

findings could be compared in order to enhance the conclusions and add new 

observations that might arise.  
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6 Recommendations and Guidelines 

In this chapter, the resulting recommendations and guidelines of the master thesis 

are presented to provide guidance for future simulation projects.  

Although being difficult to consider and control every aspect that could have an 

impact on the simulation acceptance, some steps could be undertaken to avoid the 

biggest hurdles. To achieve acceptance, the following recommendations and 

guidelines have been formulated as assistance for future projects. The 

recommendations will follow the same structure as the analysis, originating from 

the frame of reference in Figure 10. Below a summarizing division of the factors, 

inhibitors and moderators mentioned in the following bullet points is provided based 

on the frame of reference, see Figure 40.  

 

Figure 40. Position of factors, moderators and inhibitors in the frame of reference 
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 Make sure that the scope and the model built have the right functionality for 

the factory 

 Get the factory to understand the need of assumptions and simplifications -  

this could both save time and lead to a higher quality model 

 Ask for what to include instead of exclude – this could limit the level of 

detail 

Perceived Innovation Characteristics 

 Make sure that the factory knows that simulation is not a tool used on a 

daily basis, but rather on a strategic and tactical level 

Incentive Alignment 

 Communicate why simulation should be used and what benefits that are 

targeted at the site  

 Show example projects from other factories to communicate what benefits 

that can be achieved 

External Factors 

Supplier Marketing Efforts 

 Bring a fresh mindset and try to have a new perspective to the issues at 

hand  

 Make sure to have a good foundation and competence yourself before 

starting a simulation project, and be aware of the importance of marketing 

the right product to the right factory 

 Challenge the opinions at the factory but have respect for their knowledge  

Organizational Features  

 Evaluate the state and maturity of the factory since this will impact what 

kind of approach that should be attempted during the project 

User Participation in Implementation 

 Maintain a close relationship with the factory to involve them in the 

project 

 Involve both the project team and personnel at the shop floor so that the 

project will become visible for the entire factory 

 Choose the project team so that it includes a good range of people 

 Involve people with the authority to act on the results  

 Talk to a broad selection of people, in the offices, at various departments 

and on the shop floor to capture the reality of everyday business 

 A local champion for the project and simulation will increase the 

awareness at the site and likely the understanding of the project 
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Perceived Ease of Use and Effort Expectancy 

 Pay some attention to the interface so that it is user-friendly and if 

important; include the factory in the design of it  

 If possible, make a general model to ensure that the simulation model will 

have further usage areas apart from the scope of the project  

 Visuals are a good alternative that in an easy way demonstrate the 

behaviour of the model without touching any deeper into the coding 

Attitude towards Innovation  

 Try to be at site as much as possible, especially in the beginning 

 Transparency is a main driver of a trustworthy result 

 Highlight other interesting findings for the factory along the way 

 Try to gain trust by preparing - high trust and respect facilitates 

the journey  

 Validate the current state together with the factory and plan a lot of time 

for this phase 

Organizational Facilitators 

Training 

 Training will generate understanding and acceptance of simulation, but to 

provide training some acceptance is needed - before something can be 

accepted it must be understood  

Organizational Support 

 Top management should not only initiate the project but their support 

needs to be visibly communicated during the project as well 

Moderators and Inhibitors 

Experience 

 Spend time on preparations, this makes it easier when arriving at the 

factory and leads to better discussions and scope  

Volunteerism 

 Make sure that the people involved is not forced to participate in the 

project, but that themselves see potential in simulation 

Available Abilities 

 Establish a solid foundation with competence at the site - lack of 

knowledge and understanding can lead to unnecessary inhibitors 

 Data quality and accessibility can be a major inhibitor, try to evaluate 

these early and make an action plan how to handle them 
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 Ask for raw data from the factory, without formulas or interpretations, to 

gain higher quality data 

 Explain what information that is wanted but also why and for what it 

should be used  

 Try to anticipate possible obstacles before starting and do action plans for 

these - proactive is better than reactive  

Time Management 

 Make sure to have the possibility to walk by yourself in the factory, so that 

time can be spent on walkthroughs and gathering information without 

needing supervisors 

 Share time plans before visits – this secures the participation of the project 

team when needed, while allowing them to do other things when not needed 

 The time required for simulation projects is a major barrier – therefore, the 

people at the factory should only be included when it is value adding for 

them 

Project Management 

 Initially, focus on onboarding of the project in order to aid the people 

involved  

 An early and structured way of communication and documentation will 

keep track and save time for the project 

 Do a basic RFI to collect basic information before the first factory visit, this 

increases the knowledge and creates a communication channel 

 Have regular Skype/video meetings to not only write but also talk about the 

issues that arise 

 After the first visit, make a system description to summarize all information 

and make certain that all important connections in the factory are 

understood 

 Make a conceptual model of the current state before coding it. A holistic 

perspective will be provided, which can easily be communicated to the 

factory to explain how the simulation model will work and what will be 

included 
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7 Conclusions 

In this chapter the contributions of this master thesis and its final conclusions are 

presented.  

From the master thesis it can be concluded that many aspects affect simulation and 

the decision to accept it. These factors, inhibitors and moderators will not always 

behave the same, but will be highly dependent upon the environment and the project 

that they are experienced within. Therefore, before evaluating what should be done 

to increase acceptance at the site it is a good idea to evaluate the project itself first.  

Furthermore, it is not only aspects that are easy to see and measure that will 

influence the resulting acceptance. Many intangible and soft factors, such as the 

attitude towards innovation and subjective norm, have a big impact. By having 

awareness of these factors, the likelihood of improving the acceptance will increase 

quickly. One way of handling such factors is to have a local champion at the site. 

The usage of such a person is often very advantageous, especially if not being at site 

yourself. By advocating simulation as well as the project it is possible to impact the 

subjective norm positively to get others over the hurdles. In addition, many of the 

intangible soft factors need to be experienced to grasp them. If not having the 

possibility to yourself being at site, the champion can aid in this matter. 

Conclusively, a champion can facilitate the journey of a simulation project and is 

often the reason to why simulation is considered from the beginning  

For the three cases, very similar preparations led to rather different processes and 

results. For Factory Focus, an initial high rate of acceptance was perceived. For 

Factory 2 it took a bit longer to reach the same level and lastly, for Factory 1 it was 

not achieved until the end of the project. The difference can be explained by looking 

at the inhibitors and moderators, rather than the factors with direct effect on 

acceptance. The required time to reach a certain level of acceptance can either be 

decreased or increased depending on the moderators and inhibitors. In fact, only 

considering the factors with direct impact on acceptance can be a pitfall. For 

example, even though determining an excellent scope, the project will suffer if too 

big ability limitations exist. Conclusively, it is important to keep all factors in mind, 

but even more important to consider how they themselves are improved with the 

help of moderators and inhibitors. The most important areas to understand to 

succeed with simulation are therefore; experience, volunteerism, available abilities, 

time management and project management.  
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Another interesting finding of the thesis is the two-fold dependency that many 

factors, moderators and inhibitors have to acceptance, which leads to a catch 22. In 

order to increase acceptance, training could be a solution. However, to get funds to 

provide training, some degree of acceptance already needs to be in place. Similarly, 

with experience the users tend to get more familiar with, and have the possibility to 

accept simulation. If there are no acceptance at the beginning, simulation will never 

start to be used. Hence, experience would not be gained nor acceptance of 

simulation. These and many more examples lead to a catch 22, that prompts the 

question; what comes first, acceptance or the activities that support it? One 

alternative is to obtain the first initial acceptance by communicating previous results 

and use the moderator volunteerism. Thereafter, the activities should speak for 

themselves. However, this dependency is something that could be further analyzed 

to increase the likelihood of simulation acceptance even more.  

Moreover, it should be noticed that all three simulation projects that were observed 

resulted in an increased acceptance. This finding suggests that all three projects 

succeeded in supporting the introduction of simulation as a business tool at the 

company. Furthermore, the high satisfaction of the results indicates that good 

simulation results will impact the willingness to use simulation positively.  

However, good results will not always lead to increased acceptance. If other aspects, 

such as the project management, have been poor there is still a big risk that the client 

will not continue to use simulation.  

To conclude this master thesis, the contributions to literature and practice are; 

 Development of a frame of reference for simulation acceptance factors 

 Recommendations and guidelines for simulation acceptance based on the 

positioning of factors, moderators and inhibitors in the frame of reference 

 The insight of the complexity that affect simulation and its dependency on 

the project at hand 

 The importance of identifying soft intangible factors and the role that a local 

champion can play in this endeavour 

 The identification of inhibitors’ and moderators’ impact on simulation 

acceptance (rather than the impact of factors themselves) 

 The identification of the two-fold catch 22 dependency between specific 

factors and acceptance of simulation 

To be noted is that the findings are based on empirical studies and with a focus on 

the conduct of a simulation project, not just the adoption decision.  
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Appendix A Template of Surveys 

In this appendix, the templates of the three surveys are showed. 

A.1 The First Survey 
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A.2 The Second Survey 
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A.3 The Third Survey 

 

 



99 

 



100 

 

 

 

 

  



101 

Appendix B Project Directive from 

the Company 

In this appendix, the project directive created in the beginning of the master thesis, 

is shown. 

Project Directive  

Project Starting Year  

2016 

This is a document by and between two parties, the 

Project Owner and the Project Manager. 

 

Background In an increasingly competitive industry it is crucial to 

perform top results and minimize any unnecessary 

work that takes place. The company are in charge of 

multiple production sites that produce the furniture 

that we all have come to recognize. They face daily 

challenges to become more efficient and effective in 

order to keep the globally leading position currently 

obtained. In order to optimize factories and production 

lines, simulation can be a powerful tool and its 

popularity is growing bigger and bigger. As part of a 

long-term strategy the company are looking to expand 

their operations and increase production capacity by 

using simulation of production facilities to gain the 

best possible throughput and create a company-way of 

working with virtual manufacturing. This thesis is a 

part of a cooperation between the company and an 

external company focusing on building a simulation 

organization to support the company and their 

objectives. 

Purpose (Why) The purpose of this thesis is to create a simulation 

model of an existing production facility, use this 

model to analyze the manufacturer’s strengths and 

weaknesses and thereafter optimize the operation 

based on various scenarios. Furthermore, “the 



102 

company-way” of working with simulations will be 

emphasized, and standardized as a guideline to 

promote similar projects to other factories. 

Goal (What)  Build credible simulation models of the real 

production in a structured “the company-way” 

 Identify potential improvements 

 Test different ideas how to exploit 

improvements potential 

 Improve flow throughput time 

 Increase internal acceptance of virtual 

manufacturing 

 Gain business benefits through satisfying the 

customer 

Scope The scope will be discussed together with Factory 

Focus and the company and will therefore be 

determined in a later stage in this project.  

Delimitations During this master thesis some limitations will been 

made. Looking at Factory Focus, only parts relevant 

to the scope of the mission will be investigated. 

Another limitation, connected to the first one will be 

to only look into the parts of the production where 

information could be gathered in a feasible manner. 

This is due to time and resource constraints and could 

be developed in later projects. Further delimitations 

will be obtained when the scope is determined. 

When the simulation model is build and the 

optimization will be made, no major investment 

estimations will be done for the various 

improvements. Instead, the students will be limited to 

only estimate the return on investment, ROI, for each 

investment and thereafter, taking other factors into 

account. 

Prioritization  1. Time  

 2. Cost  

 3. Quality 

Time frame 20160118-201606013 (W3 – W22) 

Budget - 
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Deliverables  A simulation model built in AutoMod 

 Input data for the optimization (users could 

simulate by themselves) 

 User interface with input and output data (a 

user-friendly interface in Excel) 

 Recommendation of suitable improvements to 

optimize the plant for future scenarios 

 Academic report for the institute, the company 

and the manufacturer 

 Promotional poster for the company (to promote 

Factory Focus optimization to other sites) 

 Popular science summary for the institute 

Any known Risks See the Excel sheet named Risk Log – Factory Focus 

Known Dependencies This project is a collaboration with two other ongoing 

master thesis projects. 

Lessons Learned Lessons learned will be discussed and listed when the 

project have been carried out. The lessons will be 

guidelines both for the company but also for the 

students. 

Project Management 

Information 

Documents will be created when needed and stored 

online in a folder shared with the other two ongoing 

theses. These documents will also be send to the 

supervisors at the company by e-mail. 

Abroad contact will be by e-mail in terms of 

documents and by phone for urgent questions. One or 

two factory visits will also be made.  

Project Owner (PO)  

Project Manager (PM)  

Project Team (PT) Emma Trulsson & Elin Varga; students at the Faculty 

of Engineering at Lund University (LTH). 

Steering Group (SG)  

To keep Informed Management team in Factory Focus& supervisors at 

LTH and the company. 
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Appendix C Risk Management from 

the Company – MS Excel File 

In this appendix, the template of the MS Excel file for the risk management log is 

showed.  
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Appendix D Request for Information 

In this appendix, the template for the Request of Information (RFI) is showed. 
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Appendix E Assumptions and 

Simplification – MS Excel File 

In this appendix, the template containing assumptions and simplifications during 

the simulation project are showed. 
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Appendix F System Description 

In this appendix, the description of Factory Focus´s system are stated. 

The current system at Factory Focus that will be simulated and analyzed have six 

operations. Three of these are mostly automatic, while the remaining three are 

overall manually handled. For the automatic operations, the products are in general 

entering and exiting the stations on conveyors and flow through the machine 

automatically. For the manually made stations, the load and unload, handling and 

sometimes also the performing of the activity is done by people and forklifts. In the 

beginning of this system, there are always products available. This is also the case 

for the raw material used in the different operations. The six various operations are 

the following; 

 Roller coater UV 

 Spray line 

 Inspection area 

 Repair area 

 Assembling and packaging lines 

 Strapex 

The second and fifth operation is carried out on more than one station. The spray 

line consists of three different lines, each with one machine. For the assembling and 

packaging lines, there are seven different stations where various products are packed 

and in some cases also assembled and inspected. There are three similar packaging 

stations for MEDIUM parts, one for SMALL and one for BIG. The assembling and 

packaging of glass doors (GD) are made at the same time in a separate station, and 

packaging of the small drawers have also an own station. See a summary of the 

stations in Table 1 below. 

Table 1. A summary of the operations, the stations and the its title referred to. 

# Operation  # Station Machine # 

1 Roller coater UV 1 Roller coater UV 13 

2 Spray line 2 Spray line 14 

  3 Spray line 15 

  4 Spray line 16 
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3 Inspection area 5 Inspection - 

4 Repair area 6 Repair - 

5 Assembling and packaging 

lines 

7 Genax MEDIUM 27-1 

  8 Genax MEDIUM 27-2 

  9 Genax MEDIUM 27-3 

  1

0 

Genax SMALL 51 

  1

1 

Assembling and 

packaging GD 

52 

  1

2 

Packaging small drawers 54 

  1

3 

Packaging BIG 55 

6 Strapex 1

4 

Strapex 53 

The first station the products are entering in this simplified system is the roller coater 

UV. A majority of all products produced in Factory Focus is entering this machine 

but only 80 percentage of the capacity is available for the KF and CP. A main reason 

to that this machine today could be seen as the bottleneck for the flow. The reason 

to that some products do not enter this line is that one of the later spray machines 

have a similar functionality. In order to even out the workload some articles will 

instead go directly to the specific spray line, number 16. Before the operation, the 

products have the right dimensions, the right profile is already made and the edges 

is rounded and lacquered. In the roller coater UV the back cover for the KF, B-side, 

is painted (and for some products also the top cover, A-side). There is a minimum 

limit for the amount of incoming goods in order to start the roller coater UV for a 

specific color of four hours. When they leave this station, the product have six 

different flows that it could follow depending on the product type and routing; 

 Into the roller coater UV again for multiple layers 

 Directly to the inspection area 

 Directly to the packaging area 

 Further to spray line 14 

 Further to spray line 15 

 Further to spray line 16 

In case of a breakdown of this machine, no alternative is available and the products 

have to wait until the station is up and running again. This means that the entire 

factory will stop if the machine is down for a longer time, making it a crucial 
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element. There are three shifts with each eight operators working at station one 

during weekdays. The machine will not stop when the operators are eating or having 

coffee, and maintenance will be provided during weekends, hence not affecting the 

operations. The cycle time depends on which type of article that is running in the 

machine. Furthermore, some repair items rejected in the later operation inspection 

will return to the roller coater UV line to be processed again. Either only the A-side 

or both the A and B-side will need one new layer, requiring one or two turns in the 

roller coater UV. Therefore, a separate queue of repair products waiting to enter will 

be formatted in front of the machine in addition to the queue of originals waiting to 

enter. If there are any articles waiting in the original queue that should be produced 

this week these will always be prioritized above the repair flow. This first queue 

follows a first-in first-out (FIFO) principle for the first and multiple layer articles. 

The repair flow, prioritized last, will hence start when all scheduled for that week 

have been completed. Similarly, to the original flow four hours of production is 

required to start the roller coater UV for a new color for the repairs. In addition, if 

the specific color has been carried out in the line before the repair flows entrance 

only one hour is needed. The products entering station one again for multiple layers 

do not need to wait a certain time to dry or cool down since the UV function is 

managing this steps. 

The second operation is the spray line and consist of painting the top cover in a more 

durable and esthetic layer. Depending on the article, the products could enter three 

different machines. This decision is currently based on what is stated in the business 

software system which specify the route of every item in Factory Focus and its cycle 

times in these machines. However, there are small differences between the lines. 

Spray line 16 is a combination line, meaning that it has both spray and UV function. 

This makes it possible to paint two layers in one run; one UV layer (similar to the 

layer from roller coater UV) and one spray layer. Machine 15 (station three) differs 

from line 14 since it has a manual infeed. Furthermore line 15 is used by other 

products, leaving only 30 percent of its capacity available for KF and CP´s. The 30 

percent is represented by two bulks including two shifts each that occurs at Tuesdays 

and Thursday dedicated for the KF and CP flow.  

None of the spray lines stops for lunch nor coffee breaks since the operators will eat 

at different times, creating a rolling schedule. Although, the spray function is quite 

sensitive and must therefore undergo a cleaning procedure within each shift. This 

cleaning procedure will take about one and a half hour and is manually done and 

will be carried out in the end of the shift. For all lines, the operators are working in 

three shifts during the weekdays. In station two and four there are five operators 

each shift, meanwhile the manual infeed in station three result in more operators; 

nine people. If a breakdown will occur in some of these lines, these will not back 

each other up. Instead, the products will wait to enter the same line until the machine 

is up and running again. 

The cycle time for the spray lines depends on the article, however the time for a 

specific product will be the same for all lines. When the products are finished with 
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spraying, they will continue different routes depending on type, dimensions and if 

they will be painted again. Following routes are possible; 

 Into the same spray line again for multiple layers 

 Further to the inspection area 

 Further to the packaging area 

Just as for station one, some products will be painted again in the same spray line. 

However, in this case, the products have to wait eight hours before entering the 

machine again in order to dry and cool down (so they not will be bended). The 

products waiting for entering the spray lines have the same prioritizing as in station 

one (FIFO for the first and the multiple layers, and returning repairs from the 

inspection at last when the weekly production is done). Similarly, an order or set of 

repairs must contain a minimum amount of three hours of a specific color in order 

for the line to change setup or one hour if the current setup is applicable. The repair 

will go into the line that are first finished for the week and with a certain color. 

When all the layers are painted, the products will either move on to the inspection 

area or directly to dedicate packaging lines. The choice depends on the dimensions 

and type of product. The decision is similarly as for the spray lines based on the bill 

of operation. In general, SMALL and MEDIUM KFs and CPs, will go to the 

inspection area to be inspected before entering the packaging area. The BIG KFs 

and CPs are too large to handle in the inspection area and they are therefore also 

inspected during the packaging (station thirteen).  

Next operation is the inspection, station five. As mentioned, a majority of the 

SMALL and MEDIUM KF will go through this process to ensure that the products 

are correct and with sufficient quality when entering the packaging line. This 

operation is manually done with three shifts per weekday by six operators per shift. 

The cycle time to inspect one product is on average 15 seconds, and the setup time 

of changing from one pallet to another is five minutes. In each shift, the inspection 

will stop while the operators are eating. This break will last for 30 minutes. In 

addition, a coffee break of 15 minutes will take place with first half of the personnel 

and then the other half. Hence, reducing the capacity by 50 percent for two times 

the break. The inspection area handles the products according to a FIFO principle; 

the first pallet to arrive, the first to inspect. When the products are inspected, they 

could either be approved or failed. All outsorting from Factory Focus is made in 

this process, and no products will be outsorted from the machines. The various flow 

the products could follow is; 

 Failed 

 Repair (allowed up to three times);  

o 80 percentage; repair area for sanding painting both the A-side and 

the B-side 

o 20 percentage; into the spray line or roller coater UV 

o 50 percentage; painting only the top layer 

o 50 percentage; painting both A- and B-side  
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 Too big damages for repair or repair for more than three times 

 Scraped product 

 Rework 

 Approved product; to the packaging area 

If damages are detected, the product have to either be scraped, reworked or repaired. 

A scraped product will be discarded, rework will enter the raw material stage and 

be used for suitable new items and repair have two choices. The rework flow is 

however not involved in the system. For the repair flow, approximate 80 percentage 

of the product must be sanded in the repair area before entering the machines again. 

These products must be painted on both A- and B-side in the roller coater UV or the 

spray lines. In contrary, 20 percentage of the product could enter the machine right 

away without sanding. These products will be sent back to redo the previous process 

that was carried out. 50 percentages of these needs only one layer of painting (the 

top coat), and the other half needs to be painted on both B- and A-side. If detected 

after spraying the repair the products will return to enter either station two, three or 

four as the last priority for the machines. Similarly, if the previous step was carried 

out in the roller coater UV the products will instead return to station one to be 

repaired at the end of the queue. The items will thereafter return to its original flow 

and continue to inspection or packaging. If the same product has been repaired for 

three times, this will become a scraped product and therefore disregarded or be re-

entered in the system as rework. When one pallet in the order have been inspected 

the remaining and approved items will directly continue to the packaging area 

without waiting for potential remaining pallets in the order.  

Those products worth repairing and could not entering roller coater UV or spray line 

right away are entering the repair area. Here the products´ edges are sanded in order 

to reduce the damages and layers of paint, preparing for new layers. In this area, 

there are six operators working in three shifts per day. The cycle time for sanding 

one product takes in average three minutes and to change pallets (the setup time) 

will in average take five minutes. This operation is like the inspection made 

manually, and there is a 30 minutes break each shift while the operators are eating. 

The coffee break is treated the same as for the inspection. The principle FIFO is also 

applied in the area. 

The approved products from inspection is directly transferred to operation number 

five; the assembling and packaging lines. As mentioned above, the products entering 

station thirteen is not inspected in station five, but instead at the same time as 

packaging. For this station, six operators are working and perform the operation 

manually with three shifts per day. Here the BIG KF are first inspected and then 

packaged. The inspection time for the BIG parts is instead 30 seconds, otherwise is 

the procedure the same as in the inspection area. Furthermore, this station consists 

of two tables with both three employees, leading to a double capacity at this station.  

For all other packaging lines, the products are entering after the inspection area and 

no further inspection is carried out. Station eleven, the packaging for glass doors, 
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the doors are first assembled and then packaged. This station has six operators 

working manually for one shift per day.  Station seven, eight and nine is responsible 

for packaging all MEDIUM products. There are in total fourteen people working at 

these three lines, in three shifts per day. Of these fourteen eleven people is stationed 

at the packaging lines whereas three are in charge of the material handling, 

explained below. For all these three stations, the infeed is manual. However, for 

station seven and eight the outfeed is automatic by robots whereas in station nine it 

is still manual. Station ten is the packaging for SMALL KFs. One shift per day, with 

three operators working, is used here. Both infeed and outfeed is manual. The last 

packaging line is station twelve, where the packaging of the small drawers is carried 

out. In total six operators are working here, however one of these is classified as a 

material handler as for the medium lines. Leaving five operators for one shift per 

day, and as in station ten the infeed and outfeed is manually performed. The small 

drawers has its own packaging station since it has very small and narrow dimensions 

and a different packaging solution, including two pieces per package, compared to 

other items. All the packaging lines is down for 30 minutes for lunch and 15 minutes 

for coffee two times every shift. 

The packaging lines, station seven to thirteen, have some common characteristics. 

If a breakdown occurs, there will be no alternative but instead the products will wait 

until the machine is up and running again (except from the packaging MEDIUM 

with three identical lines). Cycle times within the packaging area is depending on 

both product type and hence the specific line used. The material handling in the area 

consists of six main tasks; moving pallets from the inspection to the packaging area, 

feeding pallets to packaging lines, moving pallets from packaging lines to strapex 

(for GD and BIG), moving left over pallets back in front of the packaging lines, 

organizing within the packaging area and getting packaging material to the lines. 

Each of these activities will be performed by the in total four persons previously 

mentioned (three from station seven to nine and one from station twelve). The time 

to move a pallet from inspection is in average five minutes, from the packaging area 

to feed the lines 30 seconds, move leftovers one minute and for the BIG parts 

packaging line and GD it will take four minutes to move the pallets to strapex. For 

the other lines this movement is done automatic. The material handlers will every 

ten minutes do some handling of raw material, such as packaging material, for three 

minutes. Similarly, every second minute they will organize within the area for one 

minute. The prioritizing of the waiting items in front of each line is according to the 

FIFO principle. The material handlers will similarly as the other manual labor 

stations have half an hour off for lunch. In addition, the material handlers will be 

down for the two coffee breaks.    

The last operation is operation six, the strapex line. In this station, station fourteen, 

the pallet with packed products are strapped and filmed. This station is up and 

running for three shifts per day during the weekdays and on each shift there are 2 

operators. The cycle time for this operation is also depending on product time and 

if a breakdown occurs, the pallets have to wait. The strapex operation is only 
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available 90 percentages for the KF and CPs, and the machine is down in 30 minutes 

per shift when the operators are eating and fifteen minutes per coffee break. In 

addition, five minutes every shift is required to change the plastic films in the 

machine. All products are entering this station after the packaging, and the principle 

FIFO is applied here as well. When the pallet is finished in station fourteen, it will 

continue on conveyors to the FGW. The FGW have unlimited capacity for the 

products from Factory Focus. 

In Table 2 all the different stations with some important data is summarized. 

Table 2. A summary of the machines various stops and capacity for KF. 

Station # # Shifts # Operators Tot break time per shift Capacity KF 

1 3 8 40 minutes (cleaning + 

coffee + exercise) 

83 % 

2 3 5 115 minutes (cleaning + 

coffee + exercise) 

100 % 

3 3 9 115 minutes (cleaning + 

coffee + exercise) 

30 % 

4 3 5 115 minutes (cleaning + 

coffee + exercise)) 

100% 

5 3 6 70 minutes (cleaning + 

coffee + exercise) 

100 % 

6 3 6 70 minutes (cleaning + 

coffee + exercise) 

100 % 

7 

3 14 

70 minutes (cleaning + 

coffee + exercise) 

100 % 

8 70 minutes (cleaning + 

coffee + exercise) 

100 % 

9 70 minutes (cleaning + 

coffee + exercise) 

100 % 

10 1 3 70 minutes (cleaning + 

coffee + exercise) 

100 % 

11 1 6 70 minutes (cleaning + 

coffee + exercise) 

100 % 

12 1 6 70 minutes (cleaning + 

coffee + exercise) 

100 % 
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13 3 6 70 minutes (cleaning + 

coffee + exercise) 

100 % 

14 3 2 70 minutes (cleaning + 

coffee + exercise) 

90 % 

Factory Focus is up and running during the weekdays and at weekends there are 

maintenance operations. The first shift in the week starts Sundays at eleven pm and 

the last shift per week is ending Fridays at eleven pm. One shift is eight hours long. 

Apart from the break for lunch and coffee there is a five minute long exercise break 

and five minute briefing, in total ten minutes, at the beginning of each shift for all 

the machines and operations within Factory Focus. All stations start to clean fifteen 

minutes before their shift stops to prepare for the following one. The resources will 

therefore be down during this time. An exception is the spray lines which are already 

down due to their longer cleaning procedure. The lunch break will take place at 

eleven am, seven pm and three am for all machines depending on if they have an 

active shift at the time. Similarly the coffee break occur two times per shift, the first 

one have been scheduled two hours into the shift and the second one four hours after 

the first one. 

To get an easier understanding of how the system works, Figure 41 illustrates the 

material flow. In this figure, the general routing for the various flow groups are 

shown, and what limitations that are made during the simulation project. 

 

Figure 41. The process map of the operations taking into consideration in the simulation model.  
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Appendix G User-friendly Interface 

in MS Excel 

In this appendix, the template of the user-friendly interface are showed. 
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Appendix H Description of the 

Software AutoMod 

In this appendix, a short introduction to AutoMod is mentioned. 

AutoMod is a discrete-event simulation (DES) model representing the actual 

components of a system and how they interact. This method is called the process-

interaction method, where the computer program follows the movement of an 

objective through the system. The objective will move as far as possible until it 

needs to wait, enter some activity, or exit the system. Once the movement is 

hindered, the clock will progress to the time of the next movement of any object in 

the model. Hence, discrete-event models are based on time and the user “run” rather 

than solve the model. AutoMod can be seen as dynamic since the passage of time 

will have an impact on the model. The system can with the help of system state 

variables be depicted at various points of time. However, since being a discrete-

event model the variables will only change at specific times. In between these they 

will remain constant. (Banks, 2004, pp. 6-11) 

The model will be based on some main building blocks; loads and attributes, 

resources, queues as well as activities and delays. The entities represent either 

dynamic objects that moves through the system, called loads in AutoMod, or static 

ones that serve other entities, referred to as resources. The loads can have attributes 

containing information regarding the carrier. Queues are places where loads will 

wait both physically and graphically. In addition, AutoMod uses queues to represent 

the load being in a resource and the connected resource will be used for the same 

amount of time. AutoMod uses activities to make time proceed. An activity is a 

determined duration of time, hence when an activity starts it is known when it will 

terminate. Similarly, a delay is period of time not known in advance. It may be 

caused by combination of system conditions. In AutoMod delays are used to make 

loads wait, in queues for an example. For both the activities and delays the beginning 

and end are events. In addition, for AutoMod the specific times that the system state 

variables will be triggered by an event. (Banks, 2004, pp. 7-10) 
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Appendix I About Factory Focus 

In this appendix, a short description of Factory Focus is mentioned. 

The physical layout of Factory Focus is divided into two sections. The first section 

is used for kitchen fronts (KF) and cover panels (CP), meanwhile the second section 

is for other products. An initial limitation in this case is to only look at the first flow. 

For this sub-factory, eleven main flow groups exist. Articles from the same flow 

group will in general follow the same stages within the production, as seen in Figure 

42. The first process is cutting, where the raw material board is divided to proper 

dimensions. Thereafter the parts enter a process for profiling and rounding of edges. 

The third process, where some products enters, is profiling and grooving of the top. 

This follows by the fourth process that is painting. The painting contains of three 

different processes, first edge lacquering, then coating of the base and lastly a spray 

process for the top layer. From here, the products proceed to the inspection area. If 

they are approved, they will continue to the packaging and finished good warehouse 

(FGW). In this project, the system will only contain the last operations with start at 

the base cover coating and end at the FGW. Furthermore, to determine the exact 

routing of the articles information from Factory Focus´s business system will be of 

assistance.  

 

Figure 42. Process map of Factory Focus. 

The planning procedure of the KF factory is initiated by the forecasted amount of 

items needed by the end customers. From this, a master plan is created which 

smoothens out production considering capacity restraints. The master plan states the 

amount per product to deliver to the FGW during one week. The full amount per 

article within a week is scheduled in a continuous flow. If the master plan's demand 
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is lower than one batch, the order quantity will be rounded up. Based on the result, 

a production plan is created by the production planner considering lead times.  

Based on prioritization logic at Factory Focus, the orders are planned and sequenced 

before entering the simulation model. Thereafter they are pushed from the painting 

to the packaging. The determinant of the sequencing through Factory Focus is the 

top color of the article. Factory Focus has three different colors in its range; white, 

off-white and grey. Although, a minimum amount of four hours in the roller coater 

UV and three hours in the spray lines is needed to start production of a color. An 

exception is for the repair flow. If the setup matches the specific color the time 

needed is only one hour. If these limits are not fulfilled within a week, the production 

will be delayed until the limit is reached.  
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Appendix J The Scope of the 

Simulation Project 

In this appendix, the scope of the simulation project is determine. 

The scope determine during the first factory visit could be summarized as in Figure 

43. As the figure shown, the objective will be to move the storage from FGW to in 

front of the packaging lines. Increasing the volume of stored products here and 

making the production more flexible. Furthermore, a question to solve is what to 

store in the WIP buffer, which the two circles demonstrate. Here, the definition of 

high runners and high variability plays a role. Should one of these be stored, should 

both be stored or should the products both be high runners and high variability? 

The business benefits from the above determine scope will be to provide an easier 

way to plan the everyday business and increase master plan adherence. By moving 

the buffer from FGW to the WIP the production and packaging plans will be more 

stabilized. The fact that Factory Focus played a very big role in determining the 

scope of the simulation project is thought as important. This generated an early 

feeling of involvement that worked as a good foundation for the continuing work 

and collaboration needed.  

To have a quite clear scope from the beginning could both be seen as facilitating 

and challenging. Concerning the actual scope that were determined, a big challenge 

was the fact that the issue of high outsorting rates would not be solved but instead 

managed. Although, lowering the outsorting rates is not a project suitable for 

simulation, but rather information sharing and developing among factories. 
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Figure 43. The scope of the simulation project. 
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Appendix K Future Scenarios for 

Factory Focus 

In this appendix, the future scenarios decide upon are listed. 

The WIP buffer; 

 What to include (which products, leftovers and raw material)  
 Hands-on suggestions for the design 
 Insert a pull system from the buffer instead of releasing a production plan  

Outsorting; 

 Decrease outsorting rates, both mean, deviation and the combination  

Inspection; 

 Have all inspection at one station  

Capacity; 

 Ramp-up production plan in order to see the increased capacity 
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Appendix L System Description of 

Future States 

In this appendix, the future systems are described. 

Adjusting the Outsorting Rate; 

The major issue in the current flow of Factory Focus is the outsorting, and how it 

makes planning harder. Therefore, a scenario in regard to this were chosen. To 

indicate how Factory Focus would perform if managing the outsorting three 

scenarios will be investigated. The first only lowering the mean values, the second 

only the deviation and thirdly to decrease both of the two mentioned.   

Additions to WIP Buffer; 

Since having many different packaging materials for the articles in Factory Focus, 

the raw material takes up a big space. In the future state one scenario will be to 

include these pallets in the buffer. While doing this no safety stock will be kept of 

the material and average stock levels will be used to interpret the space needed. In 

addition, the inclusion of the leftover pallets will be treated as a future scenario.  

Material and Production control; 

Another scenario will focus on changing the material and production control of 

Factory Focus. Instead of planning and executing a push system a combination of 

push and pull will be introduced. The WIP buffer will create a pull system that will 

generate production orders to the line in front of it.  

Ramp-up Production; 

As a final scenario, a possible future master plan will be used to see the capacity of 

Factory Focus. This will include a ramp-up of the master plan that will represent 

potential increase of the current range.  

 


