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ABSTRACT  
 
Purpose – The purpose of this thesis is to present the result of simulation process maturity (SPM) 
assessments in the pharmaceutical and manufacturing industry using a process maturity model derived from 
empirical research. The model is used to benchmark an organisations simulation capability and to apply the 
results of the assessment to develop a road map for implementing simulation process improvement as well 
as integration initiatives within the organisation.  
 
Methodology approach – This is a survey-based research on benchmarking simulation process in the 
industry. The SPM model was adopted as the reference model and data were collected through interviews 
with key simulation staff within each organisation with the aim of identifying anomalies or conformities in 
the way simulation projects are performed. A pragmatic scoring system was introduced based on the 
fulfilment of defined requirements to score findings from the interviews based on defined SPM tenets and the 
sample profiles SPM tier calculated. 
 
Findings – Each tenet of the SPM model consists of 3 maturity tiers with increasing level of complexity of the 
process. The results of the assessment showed that the overall average of SPM of the sample profile is at tier 
2. Key discrepancies representing the lowest and highest ratings are found to be mostly related to process 
understanding and management commitment.  A higher mean score is recognised for the samples displaying 
a deeper integration with top management and alignment with organisational strategic objectives. These 
maturity tiers and tenets reflect the extent of the implementation of contracting best practices within the 
studied industries.  
 
Research limitations/implications – This thesis uses a purposeful sampling approach designed at 
acquiring data on an organisational current simulation process. The assessment survey was conducted solely 
on qualified simulation personal within pharmaceutical and manufacturing. It is as such not clear whether 
the proposed SPM model will work within other types of industrial settings and if so how to organise the 
simulation activities in that setting. By purposively selecting the sample profile there are limitations 
concerning generalizability. Still, the conclusion based on the analysis of these benchmarking assessments 
may offer key take-aways in the context of process management. 
 
Practical implications – The findings suggest that benchmarking can be effective in measuring and 
improving simulation process capabilities within the pharmaceutical and manufacturing industry. The use of 
these benchmarking assessment can be instrumental in tracking the achievements of this process and enable 
management to measure the quality of the simulation activities in addition to offer guidance on what 
development actions to prioritise. By improving the simulation process, organisations will work towards 
furthering the integrity and credibility of its simulation studies. 
 
Originality/value – The existing literature does properly not present adequate empirical research in the 
field on maturity on the simulation process.  Also, the analysis method used in this study will further help 
organisation to perform self-assessment and determine their respective SPM. This value is reflected in using 
the results for implementing simulation process improvement initiatives that will ensure that the process is 
conducted in the most effective and efficient way.  
 
Keywords – Performance measurement, Maturity model, Simulation process maturity, Simulation process 
capability 
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1 INTRODUCTION 
This chapter gives an introduction to the research area and highlights its importance to manufacturing 
companies. In addition, this chapter outlines existing knowledge to provide an initial understanding of this 
thesis objective. Further, a problem is identified, and two research questions are proposed. Finally, the 
chapter details the scope of this thesis.   

 
1.1 Background 
The literature describing simulation processes supporting the development of production systems spans well 
over 40 years. On this account, several authors describe the simulation process as a series of sequential steps 
that increase the probability of a successful simulation outcome (Balci & Ormsby, 2017; Carson, 2005; Law, 
2007; Nordgren, 1995; Cantot & Luzeaux, 2011; Shannon, 1998; Robinson, 2004; Fowler & Rose, 2004). 
These steps include, but are not limited to a design, development and deployment phase. Whereas the design 
phase includes aspects of definition and direction of a project the development phase is related to the 
activities performed to build the model and collecting relevant input data. Finally, the deployment phase 
includes the implementation of results within the organisation (Fowler & Rose, 2004). 
 
This simulation process is crucial for increasing the competitiveness of existing production systems and 
developing the capabilities of companies towards greater decision making (Martin & Caris, 2018). 
Accordingly, the simulation process is essential to create and deliver effective and usable data to decision 
makers at operation, tactical, and strategic levels of organisations (Brailsford & Hilton, 2001) . In addition, 
studies suggest that adopting a simulation process increases the prospect of developing verified and 
validated models and implementing their results (Harmon & Youngblood, 2005). The simulation literature is 
quick to point out the many benefits of well-structured simulation processes and their influence on increasing 
the competitiveness of manufacturing firms. For example, the simulation process mitigates risks and 
enhances the likelihood that simulation projects capture the interaction, interdependence, and complexity of 
production systems necessary for the appropriate prediction of operational performance (Robinson, 2004; 
Cantot & Luzeaux, 2011). Also, managers unfamiliar with simulation and novel simulation practitioners stand 
to benefit from a simulation process by avoiding previously identified pitfalls and thereby obtaining 
significant time investments (Laguna, et al., 2013). 
 
Thus, to sustain this advantage this process upholds, it is necessary to have precise, predicable and repeatable 
control over the simulation process that is being followed (YongGang & JianJie, 2010). Control of the process 
in general and the performance evaluation of it are one of the most important instruments for an effective 
management of the process (Zare, et al., 2018). In any organisation, evaluation of the process capability and 
recognition of the status quo of its process maturity is the starting point of building a short- or long-term 
strategy to implement reforms for increased process capability towards a best practice (Rezai & Ebnerasoul, 
2004) 
 
However, regardless of the necessity of process control, little attention has gone towards the control of the 
organisational simulation process maturity. By focusing only on developing individual competencies 
surrounding simulation, organisations are ignoring a critical area in the success of its simulation process. 
Individuals competence will lead undoubtedly lead to success in performing the simulation process tasks and 
activities, organisational simulation process maturity however, will ensure consistent and improved results 
for the organisation (Frame, 1999). However, despite this importance of a holistic approach to SPM, much 
remains to be known regarding the state of research on what capability indicators and their 
operationalization reflect the activities consistent with the simulation process, given their relative 
maturation. 

 
1.2 Problem Formulation 
Though the simulation process is a core subject in literature on simulation of production systems (Martin & 
Caris, 2018), these studies have principally focused on common practices which often have a strong 
resemblance with each other and include similar steps in key activities (Carson, 2005). Thus, studies have 
mostly been prescriptive, but absent in empirical research that show definite praxis in manufacturing 
companies. In particular, it is not clear on what activities constitutes a simulation process in the eye of 
industry practitioners that is needed to design, develop and deploy a simulation study. 
 
Meanwhile, the necessity and applicability of simulation studies in manufacturing companies have very much 
changed in this time frame, judging from the extensive recent literature that is indicative of a strong 
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correlation between simulation and competitiveness (Fowler & Rose, 2004; Harmon, 2009). Yet for all what 
academics and practitioners have come to know, there remain clear limitations to understanding what best 
practices define how discrete event simulation (DES) model are designed, developed, and deployed by 
manufacturing companies to harness this competitiveness. 
 
In this regard, based on what prior research has shown, this thesis suggests two limitation that currently 
impede the advancement of best practices in the field of simulation. Firstly, there is an inherent lack of precise 
guidelines that is applicable and in line with companies’ operational performances. This grey area suggests 
that projects proponents can set any practise as “best practise”, often resulting in activities that differ in each 
simulation project and in return compromising their success rate and making simulation difficult and 
complicated (Nordgren, 1995). After all, a simulation project is only successful if it provides information that 
will aid in decision making and make a company more profitable (Robinson, 2004; Cantot & Luzeaux, 2011). 
 
This is representative in the scarcity of literature on simulation process maturity. While process maturity is 
a heavily studied topic, little research has gone towards evaluating the simulation process in terms of 
maturity to drive increased simulation capabilities. This research gap signifies an unexplored research 
domain.  
 
Also, a lack of accessible and valid data on key metrics makes it difficult for policy makers to gauge upcoming 
projects and define an unambiguous best practise without knowledge on what activities in the process are in 
need of development and what decision horizon that should be evaluated against. The above limitation may 
hinder the advancement of simulation processes applied in organisations as no present literature provides 
clear guidelines on the implementation of evidence-based best practice strategies to further an established 
simulation process. 
 
Hence the existence of a distinct value in empirically exploring this gap in research in order to assess and 
evaluate the maturity of the simulation process in the industry. Much to the benefit of both the academic body 
of knowledge and manufacturing companies by providing a clearer picture of which activities are consistent 
within the simulation process and which areas that need attention to improve its maturity. 

 
1.3 Aim and Research Questions  
When preparing for the future most established enterprises are looking to improve the utilisation of DES, 
often without any sense of where they are going or where they will end up. This thesis will present an 
assessment tool as a viable pathway to improve understanding of the requirements and elements of DES, 
based on best practise and standards developed by business process architecture, expert simulation design 
and current praxis simulation in industrial organisations. Considering this, the overall objective of this thesis 
is as follows:   
 
To develop a model to improve understanding of the requirements and elements of the discrete event simulation 
process to drive increased simulation process capabilities. 
 
On this basis, the objective will be quantified by addressing the following three research questions:  
 

• What is the current state of practice regarding the simulation process in the manufacturing industry? 
• What distinguishes companies that have built advanced simulation capabilities?  
• What are the key enablers for improved simulation capabilities? 

 

 
1.4 Scope of the thesis 
The study of the simulation processes used by manufacturing companies is at the core of this thesis and aims 
to add to the already vast academic research on DES. The objective is the develop knowledge to contribute 
an understanding of what criterions define the simulation process and in turn enable assessments of where 
manufacturing company’s current simulation process maturity (SPM) is. The research follows a defined set 
of principles as to what constitutes the outlines of a simulation process; thus, the thesis is limited in the 
boundaries of the current understanding of a distinct process. Much in the same vein as described by Fowler 
and Rose (2004) and Robinson (2004). 
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Taking this into account, there may be other factors at play that contribute to the way simulation processes 
are defined and applied in an organisation. Thereby, this thesis excludes other preeminent influential factors 
that contribute to the design, development and deployment of simulation models. Although each studied 
company are part of a complex organisational structure, this thesis studies the simulation process as an 
individual entity, not subject to external forces. 

In addition, the topic studied calls for a structure that enables the assimilation and utilisation of developed 
knowledge. Therefore, a SPM model will be created in order to visualize the findings of this research and 
provide the means for future guidance in the development of the simulation process. The model is as such 
limited by the empirics in this study and exclusively represents the findings from the sample population. 
Taking this into account, key activities in the SPM model is reliant on already existing knowledge and had to 
be generalized in terms of the sample size and project scope. This calls for that the study should be seen an 
exploratory search that is tested on evidence that is anecdotal.  

As previously stated, the majority of data in this thesis were collected in a manufacturing environment. 
Namely in the pharmaceutical and automotive sector in Sweden. This signifies certain boundaries for the data 
set as this only represents the perspective of the sample population. However, additional data were 
incorporated to not limit the findings, mainly consisting of previous academic research to allow for the results 
of the thesis to be transferable to other industrial sectors. Still, while the results will highlight key aspects 
and recommendation for manufacturing companies to consider, it should not be viewed as all-encompassing 
roadmap to blindly follow. Rather it seeks to facilitate understanding of the simulation process that is 
currently used and offer guidance as to where it needs to be developed further to increase the 
competitiveness of DES in organisations. 

Finally, this thesis does not concern itself with the type of industrial setting the selected cases operate within, 
what was aimed at was capturing the widest possible coverage of responses on general simulation 
understanding, model design, model development and model deployment that is currently applied by 
manufacturing companies. As mentioned earlier this in itself limits the application to focus on DES. Based on 
the choices of the cases involved in the thesis, each case represents different attributes including how much 
resources that have been dedicated to DES, time spent refining the internal simulation process or overall 
acceptance of DES as a tool to drive changes in the production system. 
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2 RESEARCH METHOD 
The aim of this chapter is to provide an overview and motivation behind the research methodology used in 
this thesis. Descriptions draw from the works of Bryman (Bryman, 2012) and (Yin, 2009) by presenting the 
approach and design this research adopted. In addition, how data was collected and interpreted to fulfil the 
thesis objective is defined. Finally, aspects of validity and reliability of the methods used in this research are 
discussed, 

 
2.1 Research approach 
In order to explore and develop a simulation process model that is consistent with design-theory on maturity, 
this research adopted an explorative approach that was conducted on simulation modelling practice and 
research-oriented projects assessing activities that constitutes a simulation process in Swedish 
manufacturing companies. The choice of an exploratory case study type is derived by the overall study 
purpose of expanding and identifying new research, i.e. the study is more so focused towards know-what 
research rather than understanding the know-how or know-why of the study objective (Bryman, 2012; Yin, 
2009). 
 
Further, this thesis can be characterized as an applied research. The outcome of the thesis should as such not 
only be of scientific value but in turn also contribute to practical industrial settings (Baimyrzaeva, 2018). 
Thus, an emphasis of having a multi-objective value of the outcome is deeply align with the prospects of an 
interactive research approach. This calls for a focus on collaboration between the practical and the research 
with the aim of producing knowledge in conjunction between participants and the researcher throughout the 
entire research process (Svensson & Nielsen, 2006). Given this, the research was heavily influenced by the 
interaction with employees at the manufacturing companies studied and the common interest to understand 
the simulation process, its improvement and standardisation. The emphasis of close interactivity in this type 
of research does not neglect the researchers own academic independence, i.e. the process of reflection and 
summarizing results has been left to the researcher’s individual accord. 

 
2.2  Research method 
To answer the previous stated research questions in this thesis an adequate and appropriate research 
method should be used to obtain accurate results. It is key that the selected methodology should outline the 
strategies, processes or techniques used in the collection of data for analysis in order to uncover new or better 
understanding of the studied topic and fit the overall objective. Looking into a statement of Zainal (2007)on 
case study methodology some distinct benefits are to be found: 
 
“Case study method enables a researcher to closely examine the data within a specific context. In most cases, a 
case study method selects a small geographical area or a very limited number of individuals as the subjects of 
study. Case studies, in their true essence, explore and case study as a research method investigate contemporary 
real-life phenomenon through detailed contextual analysis of a limited number of events or conditions, and their 
relationships.” 
 
Given this description, the opportunity to rigorously derive results from context specific data and allow for 
the exploration and comprehension of complex issues given a specific set of entities, the case study research 
method can be viewed as robust and thus appropriate in the present study given the nature of the research.   
 
Moreover, as verified by (Robson, 1993), a case study is the learning of a subjective contemporary 
phenomenon or phenomena, with the researcher not affecting the study object. In this regard, this approach 
is applicable for this thesis as the nature of study is comparative, and the selected case study approach by 
means of its applicability will allow for identification of key differences and similarities in surveyed 
manufacturing companies simulation process, without disrupting the simulation process.  
 
Another argument in favour of a case study approach is that data will be obtained from multiple levels and 
perspectives. That is, the application of case studies infers that present and past phenomenon are studied 
from multiple sources of evidence (Leonard-Barton, 1990), ensuring that data from study objectives are 
rigorously sourced. The final reason for using the case study approach is the lack of empirical studies focused 
on simulation processes as executed by manufacturing companies, and their maturity level. A flexible design 
approach allows for systematic data collection procedure and results to emerge bottom-up (Robson, 1993). 
This allows for the possibility for research questions to change or develop during the research process and 
the approach to collect data could be abandoned as new approaches arise.  
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To establish a fit between stated research purpose and a case study methodology the unit of analysis will be 
the simulation process described by each manufacturing company. This means, as described by (Voss, et al., 
2002) that the same phenomenon can be studied in multiple contexts from the same study object. 
 
 

2.3 Research design 
When defining a research method, one must also take into account the design, i.e. the guide of the study that 
takes you from questions to answers (Yin, 2009). There is also a need to define the selection of the sample 
profile used. This thesis applies theoretical sampling to identify a reference population of manufacturing 
companies. The next section first describes this methods applicability and use in this thesis and after defines 
the choice of a multiple case study. 
 

2.3.1 Sample profile 
When using theoretical sampling the objective is to identify cases that in conjunction replicates or extend 
emergent theory with the aim of finding a reference population, assuming that the cases are not chosen 
randomly (Eisenhardt, 1989). Considering the topic at hand, three different sampling criterions were applied: 
1) Industrial setting, 2) DES experience, 3) Ease of access. 
 
Sampling criterion 1 – Industrial setting 
Companies operating in or in close concert to an industrial setting are the targets for this reference 
population. This criterion is set to allow for comparison of companies that operates by the similar boundaries 
of operations. The focus would as such be on finding cases that allowed for comparison between sampled 
data but at the same time allow for generalisations of findings, as recommended by Yin (2009). The target 
application of DES in sample companies will thus be based on DES within the production system development 
domain. That is not to say that the application of simulation in manufacturing companies are much alike, as 
this is seldom the case. But rather that initial reasons for conducing simulation projects follow the same 
patterns.   
 
Sample criterion 2 - DES experience 
The companies selected for the case study should have previously initiated DES projects or are currently 
applying DES for production system development, thus having a basic understanding of the simulation 
process that is being followed. This requirement is a result of the objective to gain knowledge from 
individuals that have expertise in areas of simulation in respective company. In this thesis this is key, as this 
expertise will form the basis for this thesis empirical research, requiring a focus on individuals with a specific 
predefined expertise on simulation to allow for adequate analysis and generalizations.  
 
Sample criterion 3 – Ease of access 
This thesis has a limit on the number of cases and locations that could be targets of the reference population. 
Sampled companies has by the restrictions impeded by the scope of this thesis been chosen on its ease of 
access as to comply with the time restrictions set on this research. As the three sampling criterions are 
considered, 7 companies were contacted and accepted to take part of the thesis. These selected companies 
are summarized in the table below: 

 
Table 1. Overview of companies selected for the reference population 

 Company A Company B Company C Company D Company E Company F Company G 

Industry Pharmaceutical Automotive Automotive Automotive Consultant Automotive Automotive 

 
Study 
location 

 
Sweden/UK 

 
Sweden 

 
Sweden 

 
Sweden 

 
Sweden 

 
Sweden 

 
Sweden 

 
Product 

 
Medicines 

 
Axles & 
transmissions 
for 
construction 
vehicles 

 
Automotive 
components 

 
Heavy 
vehicles 

 
Simulation 
models 

 
Engine and 
engine 
components 
for heavy 
vehicles 

 
Engines for 
automotive 
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2.3.2 Multiple case study 
Considering this, a multiple case study approach was used as the objective is to examine several cases to 
understand similarities and/or anomalies between manufacturing companies regarding how the simulation 
process is applied. Yin (2009) describes this phenomenon as a theoretical replication, i.e. the study predicts 
contrasting results (e.g. on applied simulation process steps) for predicable reasons (e.g. the vast theory on 
simulation process steps). Moreover, multiple cases were used to achieve generalizations of findings and 
reduce bias of results. This approach to research design also kept the study grounded in the boundaries of 
qualitative research, as the outcome of this thesis would require collection, analysis and interpretation of 
data that are not easily reduced to numeric (Murphy, et al., 1998). 

 

2.4 Data collection 
Two main data collection methods were used in this thesis: interviews and review of previous literature, 
where the interviews stood for the main bulk of data to form final contextualisation. A preliminary review of 
literature in areas defined by the research scope preceded any data collections to identify gaps in knowledge 
and provide justification for the proposed research. This preliminary review also formulated questions that 
would act as a stepping off point during initial interviews and observations that cascaded into the 
development of a semi structured interview guide. In turn, literature and interview data would become 
effective tools to stimulate analytical thinking and contextualise findings towards the development of a 
framework that would improve the understanding of the requirements and elements of the discrete event 
simulation process to drive increased simulation process capabilities. This research strategy enables the 
principle of triangulation (Eisenhardt, 1989; Yin, 2009; Voss, et al., 2002), as multiple viewpoints will allow 
for greater accuracy of judgement by the convergence of information from different sources bearing on the 
same phenomenon. The methods of data collections are further discussed in the following sections. 

 
2.5 Review of literature 
As previously stated, prior to the interviews the first step in the data collection segment was to develop an 
interview guide (see Appendix 1) that contained the research variables that the interview sought out to 
address. The research variables in focus were: (1) Simulation understanding - comprehension about 
simulation in the organisation. Frequency of use and administrative structures supporting simulation. (2) 
Design – Specification including project customers, goals and deliverables, as well as defining a project team 
and plan for model development and conceptual models. (3) Development – Establishing a number of model 
development options, including non-simulation alternatives, selecting identifying entities and activities, 
determining and collecting input data, as well as the methods for model verification and validation. (4) 
Deployment – Activities including experimenting, simulation output analysis, data maintenance and model 
integration, as well as presentation and use of simulation results for the project customer audience. Relevant 
metrics for these variables where identified in literature to ensure sufficient coverage in the designed 
interview guide. 
 
A second objective of the literature review was also to establish a fundament for references to frame key 
activities in the simulation process and is equivalent meaning to a maturity model. This was done with the 
purpose of bringing overall clarity to the contextualising of findings (Kothari, 2004). Identified literature was 
found in electronic databases Google Scholar, Diva and PRIMO to identify authenticated articles, journals or 
books for referencing. Search strings were developed through a combination of the operators “and” or “or” 
in conjunction or independently with the following keywords: Discrete event simulation, process, simulation 
framework, process maturity. Deductions where then made on data that contained at least one of the searched 
terms in either abstract or keywords and were published in either peer-reviewed journals or contained in a 
book. No restrictions on year of publication was made as to not limit the generalisations. 
 
Finally, data that seemed viable to use in this thesis passed through an initial screening process were briefly 
reading the abstract and conclusion rated their viability and relevance to use in this study. The selected 
literature was analysed systematically to identify common trends or anomalies that could be linked to the 
simulation process either by itself or in conjunction with process maturity agendas. 

 

2.6 Interview 
Interview data included a total of 7.2 hours of 9 interviews with 10 respondents with a background in 
engineering. Respondents were purposefully selected based on their background and proficiency in the use 
of DES as part of their daily functions. The number of interviews had no target saturation, but rather were 



7 

 

kept doing until a level had been reached were additional interviews did not relay any relevant features to 
the emerging constructs. 
 
Due to the qualitative nature of this case study, a semi structured interview approach was selected. The 
purpose of selecting this type of interview was to understand the contextual factors that govern the problem 
that this thesis focused on. Also, semi-structured interviews are well suited for the exploration of perceptions 
and opinions of respondents on complex issues and enables probing if more information and clarification in 
answers are required (Barriball & While, 1994). This was appropriate for this thesis given its exploratory 
approach. Lastly, the varied professions, educations and personal biases of the selected sample group 
precluded the use of standardised interview guidelines.  
 
The interview guide was established on open-ended questions which would not prohibit the respondent in 
simply “yes” or “no” responses, but rather offer them explicit freedom in the manner they choose to express 
their views in. The structure of the interview guide was segmented into three focal areas. The first part dealt 
with a formal background of respondents and information about their designation and previous experiences. 
Whereas the second part covered the respondents own experience on the design, development and 
deployment phase of simulation projects, aimed at helping in solving core issues relating to this thesis 
research objective (Aimed at addressing the first research question). The final segment intended at covering 
aspects of threats and opportunities the respondent perceived were key to their established simulation 
process in respective manufacturing company (Aimed at addressing the second research question). 
 
Ethical concerns were considered, and respondents were informed that their identities are not to be disclosed 
and be kept anonymous before conducting each interview as to not limit their responses. Each session was 
taped and transcribed verbatim as with the respondent’s consent and sent to the respondent for verification. 
This was done to assess the accuracy and completeness of the information collected and ensure that no 
valuable information was lost in translation. As a result, relevant data could be extracted from the 
transcription regarding its preciseness to the thesis objective. Table 2 summarizes the details of interviews 
conducted in this thesis. 
 
Table 2. Data for interviews 

Case No. of respondents Background Interview date Duration (min) 

Company A 3 Senior statistician  Mars 30 
  

Industrial engineer February 60 
  

Production engineer February 47 

Company B 2 Project manager Mars 56 
  

Production developer Mars 
 

Company C 1 Industry 4.0 manager April 22 

Company D 1 Senior engineer April 60 

Company E 1 CEO/Professor February 54 

Company F 1 Flow simulation driver Mars 57 

Company G 1 Simulation engineer April 47 

 
2.7 Data reduction and analysis 
There are different approaches to analyse qualitative data (Baddoo & Hall, 2002; Burnard, 1992; Miles & 
Huberman, 2013), however a common approach is the identification of categories and themes in the data 
(Creswell, 2014). Judging from the process by Baddoo & Hall (2002), this method is mostly suitable for 
seeking out frequencies of occurrence of detailed category issues. On the other hand, Burnard (1992) and 
Miles & Huberman (2013) data analysis process is seen as more suitable for cases in which the nature of the 
study does not call for explicit frequency identification, but rather that the whole analysis process is 
conducted qualitatively and manually to systematically analyse textual data. This thesis is interested in 
interpreting meaning from themes derived from the perspective of the company’s current simulation process, 
and to that degree is not concerned with quantitative frequencies of data. Therefore, an interim content 
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analysis based on the works by Burnard (1992) and Miles & Huberman (2013) was considered appropriate 
for this research. Also, corresponding to the exploratory nature of research in this thesis, a continuous 
interplay between theory and data was required during the analysis process. 
 
The data analysis in this thesis sets out to identify the current state of practice of simulation in manufacturing 
companies and gather a general understanding of the breadth of recognition for simulation across Swedish 
industries. To identify common themes or categories that could be used to categorize sampled companies in 
accordance to its maturity tier, the following process was adopted by Miles & Huberman (2013), who defines 
the process of analysis consisting of three flows of activities: 
 

• Data reduction, consisting of simplifying and abstracting data into coherent practicable information 
• Data display, consisting of structuring data into compressed assemblies of information that allows 

for conclusions to be draw. 
• Conclusion drawing/verification 

 
The defined activities accumulated into a data analysis process consisting of five steps. A key to completing 
these steps is the consistent interplay between the theoretical and empirical, that was defined in the research 
method as described in section 2.1. An initial review of relevant literature on simulation process theory was 
conducted (Step 1). This formed the groundwork of what was to be the point-of-interest and focal point 
within relevant simulation process dimensions that would outline the analysis model. These key variables 
were previously described in (Review of literature), consisting of understanding, design, development and 
deployment. Step 2 involved analysing empirical data with the objective of identifying themes for SPM 
assessments by coding of data. As defined by doing content analysis, the rationale for this categorisation is to 
find patterns in data, in terms of answers given by the respondents (Miles & Huberman, 2013). This analysis 
of data followed a sequential process covered in the following section: 
 
Interview transcripts were read thoroughly, and key terms were underlined that could be associated to the 
purpose of the interview guide. Key phrases were reiterated with the objective to remain as descriptive and 
literal as possible. Sometimes resorting into paraphrases. Phrases was reduced to create cluster patterns of 
key interests. This clustering process resulted in several distinct clusters – too many to analyse 
independently. 
 
Next the emerged clusters were reduced. This was the process of pattern coding as clusters were reduced 
and/or combined to form “meta-clusters” that would allow for more easily organisation and development of 
conceptualisation about them, that is, explain them. Themes were as such allowed to emerge from the data 
set. This identification of themes was the first exchange from empirical to the theoretical, in short, a first 
inductive leap. However, the restrictive reliance of previous theory that formed the interview guide 
simultaneously outlined the entire process, directing the analysis to form certain subgroups that was based 
on the theoretical, e.g. the simulation process. This approach kept the research both inductive and deductive 
at the same time, requiring a close interplay between theory and empirical data.  
 
Lastly, the contextualisation of findings i.e. explaining the wider picture in which they make sense was done. 
This was done by comparison to theories discussed in simulation process literature, observing whether 
answers differ between individuals involved and trying to identify anomalies or outliers, that is, empirical 
data that do not match the underlying theory. This contextualisation of findings also provided the guidance 
of what was to become the empirical framework, where additional scrutinization was applied to the data set. 
 
In the next phase (step 3), within-case analysis was performed to identify the uniqueness within each case 
(Eisenhardt, 1989). This constituted of developing detailed descriptions for each surveyed company in this 
thesis. These case write-ups were in alignment with the previously defined research variables, that is, 
understanding, design, development and deployment. This accumulated into the identification of recurrent 
patterns within each research variable, resulting in the identification of a set of sub-variables connected to 
the categories originally used for coding the data. All together the four main categories had 13 subcategories. 
This in turn outlined the criteria used in the SPM assessment, which will be further detailed in section 5.2.2. 
 
Step four concerns the cross-case analysis, that is, the identification of patterns across cases to allow in-depth 
exploration of similarities and differences across cases (Eisenhardt, 1989).The cross-case analysis built upon 
the case write-ups and stringent comparisons were made between each case and the identified 13 
subcategories described in step 3. This analysis showed that beyond the criterions defined, there is also a 
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dimension of maturity assigned to each criterion. In total three tiers of maturity were identified with 
ascending level of SPM, which is further detailed in section 5.2.3. 
 
In the fifth and final step, conclusions were drawn by comparing the results from the analysis with other 
related theories. For instance, identified criteria’s in the simulation process were evaluated with previous 
associated theory to further the validity of the findings. 
 
 

2.8 Ensuring validity & reliability of research  
Qualitative research is often criticized for having internal bias, relying on anecdotal evidence or lacking rigor 
(Murphy, et al., 1998). To this extent, there needs to be a strong assessment in which claims are supported 
by convincing evidence. In qualitative research this is obtained by addressing both the validity and reliability 
of the study as a valuation of both the objectivity and credibility of the study. This is judged by four criteria’s: 
Construct validity, external validity, internal validity and reliability (Yin, 2009). 
 
Construct validity 
This validation criteria are about establishing whether or not the instruments measured what they were 
supposed to measure. In case study research this can often become problematic to obtain, as research are 
often judged based on subjective or anectodical evidence (Yin, 2009).However, by using multiple methods 
and sources, often described as triangulation of data multiple viewpoints will allow for greater accuracy of 
judgement by the convergence of information from different sources bearing on the same phenomenon 
(Leonard-Barton, 1990).For instance, the connection or disconnect between applied simulation process steps 
found in empirics represented by different roles within the surveyed companies and those advocated by 
experts in the field of simulation are judged by its synergistic capabilities across all spectrums of the collected 
data. 
 
Internal validity 
Internal validity, often referred to as the establishment of causal relationships (Voss, et al., 2002). It also 
reflects that a given study makes it possible to eliminate alternative explanations for a finding (Nolan & Behi, 
1996). A key threat to internal validity in this thesis is the sample selection (Berk, 1983). However, taken 
from anecdotal evidence this thesis implies that an expert elicitation of the respondents was required, as the 
knowledge about DES in companies is mostly restricted to those who practise it. Seldom is this knowledge 
spread further than this in the organisation. For this reason, the judgement used to select the units to study 
seemed appropriate as the analytical generalisation depend on explicit expertise knowledge in each sample 
profile. However, the subjectivity and non-probability of this sample technique imply that the research can 
be highly prone to bias (Nolan & Behi, 1996). In other words, a sample that is purely based on the judgement 
of the researcher needs to be based on clear criteria to ensure its internal research validity.  
 
External validity 
External validity is key when generalising a set of research findings, however it is usually not advisable to 
generalise the findings of limited cases to a wider domain as its difficult to assess how well the outcome will 
be in other settings (Yin, 2009). In total 7 companies were part of the sample profile. Although this thesis 
does not claim that this is a statistically representative sample, the surveyed manufacturing companies range 
from smaller region-based companies to larger multi-national companies that comprises a broad range of 
application areas in numerous industrial fields. By using a sample of companies of varying complexity and 
size one particular group is not overrepresented as homogenous groups often a prone to bias (Coolican, 
2014), and help discovering contextual boundaries of the simulation process. Similar approaches have been 
done by other researchers e.g. (Baddoo & Hall, 2002). 
 
Reliability 
Another indication of quality of research, according to Yin (2009) is a research reliability. This implies 
the existence of internal fidelity of collected data and whether performed observations can be repeated 
during the data collection process (Fiona, et al., 2003). While a margin of variability is always present in 
qualitative research (Murphy, et al., 1998), reliability i.e. consistency of outcome should come of the applied 
methodology that yield results within similar dimensions. As such, a high degree of transparency of 
conducted research methods in the form of careful documentation and transcriptions was done to 
enhance research reliability. Further, the consistency in data was constantly verified with respondents 
to address stability in findings and further analysed by refutation. 
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3 THEORETIC FRAMEWORK 
Before entering into a detailed description on what constitutes process maturity, it is important to develop a 
general view of the simulation process that is under scrutiny in order to understand how these will intersect. 
This chapter aims to provide such perspective by giving a brief overview of the general activities in a 
simulation process. A summary of maturity models is also presented in the context of process assessment 
and how it will interconnect to the simulation process is detailed. This chapter sets out to give a strong 
research base that is grounded in scientific theory that provides support for the rest of this thesis.  

 
3.1 Global simulation process 
Several authors describe a series of steps for performing a simulation study, among them are, Fowler & Rose 
(2004), Robinson  (2004) and Law (2007). As a result, there are several diagrams and descriptions that 
summarises key activities in a simulation process, each with their own preferred way of clarifying how to 
conduct simulation modelling. However, a thoroughly review of these clarifications show that in principle 
they are quite similar, all outlining distinct processes that should be performed in a simulation study. 
Differences, for the most of it is in the explicit naming of the processes and how sub-processes are defined 
and divided. The simulation process described below is grounded in part on the work by Fowler & Rose 
(2004) but is also a synthetisation of authors preeminent in each process step. A generic and universal 
simulation process will include the following steps in one form or another: 
 
Model design: 

• Formulation of a problem 
• Establishing objectives and organise the project 
• Carry out modelling and collection of data 

Model development: 
• Code the model 
• Validate the model and data 

Model deployment: 
• Go through and analyse the results 
• Develop final report 
• Deploy the application or capitalise the model 

 
This process is expected to be mostly linear, moving between steps in a sequential manner. However, there 
may be some causes for iteration (Robinson, 2004). The steps will now be described in more detail. 
 
Model design 
As part of the design phase will be the development of a conceptual model (Fowler & Rose, 2004). Despite its 
importance within the simulation process (Robinson, 2004), an agreed-upon universal agreement of a 
description of conceptual modelling do not exists (Onggo, 2009). Existing methods range from simple 
assumptions (Carson, 2005), to complex pseudo-code models (Shannon, 1998). Still, as defined by Robinson 
(2004); the overall objective of any simulation study is the recognition that a real-world problem exists. A 
modeler must attempt to understand this problem and its underlying nature in order to suggest a simulation 
model that has enough complexity to tackle it. Based on the definition given above, the author further 
suggests that the development of a conceptual model should involve the following key sub-processes: 
 

• understanding the problem situation (a precursor to conceptual modelling),  
• determining the modelling and general project objectives,  
• identifying the model outputs (responses),  
• identify the model inputs (experimental factors),  
• determining the model content (scope and level of detail), identifying any assumptions and 

simplifications. 
 
There will undoubtedly occur iterations forwards and backwards between these sub-processes. However, 
there will also be iteration between the conceptual modelling and other activities in the model development 
process (Balci & Ormsby, 2017; Robinson, 2004). That being said, the conceptual model is an abstract process 
that should be viewed as a separate entity from the modelling software (Martin & Caris, 2018), but at the 
same time have a strong interplay between the two. According to Robinson (2004), the continuation of 
learning during a simulation process (model coding and experimentation) may call for a revision of the 
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conceptual model as a greater understanding of the problem is obtained and objectives may change during a 
project. 
 
Data collection and analysis are included in conceptual modelling as it is necessary to gather preliminary data 
in order to understand the problem at hand. Also, details of the data sets required are identified by the 
conceptual model that in return translates into input to the development of the computer model (Martin & 
Caris, 2018; Robinson, 2004). Data collection is a key activity in modelling, as the validity of the model is not 
only based on the artefact constructed but also on the quality of the data input (Shannon, 1998).  This 
translates into that a simulation model will contain large amounts of data, which are described by Cantot & 
Luzeaux (2011) as the following: 
 

• System parameters that gives precise usage of the model and allows for calibration. 
• Input data and the scenario that are to be simulated which gives the initial values for the first state 

variables. 
• Output data which not only includes the raw results from the study, but also execution parameters 

and statistical data. 
 
The data will be present at every step of the simulation process, as seen in Figure 1 and needs to be planned 
and executed rigorously, as this is often the principle difficulty to overcome (Cantot & Luzeaux, 2011). 
 

 
Figure 1. Role of data in simulation (Cantot & Luzeaux, 2011) 

Overall, the objective of conceptual models if sufficiently expressed, should provide a means of 
communication between players in a simulation study being the modeller, clients and domain experts (Pace, 
2000). This builds a consensus about the nature of model and how it should be used.  
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Model development 
In this phase, the developed conceptual model is converted into an executable model (Martin & Caris, 2018; 
Robinson, 2004). In its most general sense this simply refers to the development of a model on a computer, 
transferring the knowledge obtains from concept to a visual and executable model. This development of a 
computer model is in its own right an iterative process in such a way that a process is extended, verified and 
refined in a sequential way (Nordgren, 1995). To ensure quality of the model a verification process, which 
ensure that the installation of the model conforms to its specifications is conducted (Cantot & Luzeaux, 2011; 
Law, 2007). This proves that the model satisfies the initial demands set by the conceptual model. In addition, 
validation activities are done to ensure that the model represents the real-world problem to the extent it will 
be used for. In this phase a decision must also be made whether the model development will be made 
internally or left to external experts. Cantot & Luzeaux (2011) argues that this should explicitly be done by 
trade experts as the development of the model requires perfect computing abilities. On the other hand, 
Laguna, et al. (2013) states that frequent users of simulation should establish an internal group of staff 
capable of handing the demand for simulation. 
 
Model deployment 
When a simulation study is conducted to answer specific questions, the analyst can do experimentations with 
the model, i.e. stating different scenarios and testing them to evaluate the output (Martin & Caris, 2018). This 
obtains a greater understanding of the real world and aims to provides solutions to that problem. A process 
that is further described by Robinson (2004) as “what-if” analysis, i.e. making adjustments to model inputs 
and running parameters to reflect on the premise “what if we change X”, allowing for thoroughly analysis and 
learning of the generated output. This outcome of experiments is described as solutions and/or 
understanding, as simulation models not always search for concrete solutions to a problem, but also to 
develop a deeper understanding of the real world.  
 
In the context of simulation studies, implementation of results can be understood in three ways: 
implementing the findings, the model or as learning. Indeed, these are to no extend mutually exclusive and 
the implementation process may include several of these ways (Robinson, 2004). If findings are to be 
implemented, a clear well-documented final report and an implementation process needs to be performed to 
put a solution into practice (Martin & Caris, 2018). Further, if the interpretation of implementation is the 
model in itself, i.e. the model is given to clients for their own use, explicit user documentation and training is 
required to allow for the client to become the model user and perform experiments on their own accord. In 
final, as learning is mostly intangible it cannot be directly identified. This results in that there is no formal 
process for implementation, but rather that learning comes as a result of the process of developing and using 
the model. This learning, albeit informal and hard to recognise, should not be undervalued (Robinson, 2004). 
 
 

3.2 Process maturity models 
Maturity models are a tool do drive capability improvements that in recent decades have seen an increase in 
popularity (Harmon, 2009). With the assumption of predictable patterns of evolution and change the 
maturity model raises development of capability in a clear path of predefined stages (Mettler, 2011). This is 
distinguished by maturity models into what extent an organisation has consistently developed its capabilities 
and is captured in terms of a maturity score, i.e. a figure that represents an aggregate result of the capability 
levels of all capability areas (Forstner, et al., 2013). Some models will offer guidance on capability 
development by suggesting improvement measures as best practices, most models however, only contain the 
set of capability areas their characteristics on each maturity level, leaving the identification of best practices 
to the model user (Curtis & Alden, 2007). 
 
At its core, process maturity models deal with processes in general or processes from a specific domain (de 
(de Bruin & Rosemann, 2007). For example, a software engineering process is covered in the Capability 
Maturity Model (CMM), the COBIT maturity models deals with IT governance processes and the Capability 
Maturity Model Integration for Services (CMMI-SVC) presents a model for service processes (Paulk, et al., 
1993). Indicative of this is that process maturity models does not distinctly focus on operational capabilities 
in terms of an organisations core processes. According to Forstner, et al (2013) this is because capabilities 
are clearly valuable to the core of operations and non-substitutable. Process maturity models instead 
represent operational capabilities of support or sub processes with a dynamic capability related to that 
specific management process. In short, a process maturity model is intended to make an organisation 
processes more reliable and ensure that the output is of sufficient quality, by developing capabilities 
representing both core and sub processes (Paulk, et al., 1993). 
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One of the most cited process maturity models are those belonging in the realm of CMMI, indicative of these 
types of models is the support of capability development on two layers (Paulk, et al., 1993). By using these 
models two improvements paths emerge, namely continuous and staged representation. What is signified by 
a continuous representation is that capability development is initialised on a process area and implements 
predefined improvements to a desired extent. The staged representation on the other hand is driven by top-
down initiations from the organisational level. The goal is to implement improvement measures of previously 
defined process areas according to predefined rules in the CMMI (Forstner, et al., 2013). 
 
 

3.3 Assessing processes using maturity models 
Organisations have realised that the proficiency of a process must be gauged on whether the process is 
yielding the desired results or working within the given boundaries. Unsurprisingly this has in turn led to the 
understanding of that processes can be optimized to yield even greater results (Heller & Varney, 2013). 
Without doubt a challenging prospect, requiring a deep understanding of how the process is working. A 
maturity model can in this instance give organisations important directions on how to manage and improve 
the process but also depict an improvement path to guide towards that what lies ahead (Tarhan, et al., 2016). 
Further described by (Netland & Alfnes, 2011) as an approach by which it aims to aid organisations in 
benchmarking the maturity of processes relative to industry best practice. Heller & Varney (2013) specifies 
this in more detail and offers four pragmatic reasons for organisations to use maturity models: 
 

• increase visibility to proven, systematic practices from best practice organisations;  
• create a structure that determines what work gets done, when and by whom;  
• facilitate a collaborative dialogue about process management; and  
• generate a consistency of process capture and use.  

 
To assess this aptitude of a process, maturity models are developed to represent distinct tiers of maturity of 
a process in addition to each tier features and relationships to other tiers (Röglinger & Becker, 2012). By 
increasing the capability of a process, it in turn leads itself to become predictable and quantifiable. With the 
ability to measure, the process can steadily improve it capability and the organisational competence of the 
process increases, ensuing in a more mature process (Ahren, et al., 2004). In this context, maturity can be 
defined as a measure of effectiveness in any specific process  (Dinsmore, 1998). However, as argued by  
Rendon (2008), process maturity is not related to the passage of time, but more so reflective of how much 
resources have been allocated and how far an organisation has come to continuously improve its capability 
in that specific area. The logical consequence of this is that organisations will mature its processes at different 
rates. Diverse nature of businesses that operates within different boundaries and with varying emphasis 
placed on process improvement will ultimately yield different movements in the development of a process 
maturity. Some may advance quickly, while others might be stagnant or even decrease its maturity.  
 
According to Röglinger & Becker (2012), maturity models will often serve three distinct purposes: They may 
be descriptive, using it to conduct as-is assessments of processes. They could also act prescriptive, which 
include the identification of desirable tiers of maturity and opportunities for process improvement. Finally, 
the purpose could be comparative, using the maturity model for assessments to conduct internal or external 
benchmarking.   
 
That being said, there is no consensus in literature whether a higher process maturity tier leads to tangible 
performance increases of the process. Take for instance research from Mullaly (2014). This research found 
that while maturity models are being used to drive improvements, there is little evidence of that the increase 
in maturity in practice corresponds to improvements in performance of the process. Further, García-Mireles 
& Garica (2012) argues in their review that: “most published maturity models are based on practices and 
success factors from projects that showed good results in an organisation or industry, but which lack a sound 
theoretical basis and methodology” (p.279). On the other hand, Nieto Rodriguez & Evrard (2004) found in 
their research that the higher the maturity tier, the more likely it is to deliver superior performance and 
business benefits. Apart from this, Verweire & Van den Berghe (2003) linked organisational stages of growth 
with the argument that management and operational processes must be in alignment with the corresponding 
maturity level.  
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3.4 Understanding the levels of maturity 
 
Low level of maturity 
The lowest tier of maturity is often categorised as having ad hoc, even chaotic processes (Paulk, et al., 1993; 
McCormack, et al., 2009). The process in this tier delivers results that suffice however are frequently over 
budget and schedule. Success often depends upon the expertise or heroics of individuals within the 
organisation, rather than on the reliance of a proven process (Paulk, et al., 1993). This, according to Cronemyr 
& Danielsson (2013) is a consequence of that lower tier organisation often does not have a stable 
environment where development and maintaining organisational process structures comes without 
extensive effort. This is further reiterated by Paulk, et al. (1993) who describes that organisations in this tier 
typically abandon planned procedures and revert to old habit when projects face problems. Indeed, even the 
most robust process cannot withstand the instability created by an absence of a sound management practise. 
In similar vein, Wheeler (1997) defines lower tier maturity as a state of chaos. A process in this state is not in 
control and does not meet customers’ expectations. Due to this lack of control it is very difficult to improve 
processes in this state and attempts in doing so often distorts the process further. Harrington (1991) offers a 
more nuanced approach and defines the lower levels of maturity as understood and operates according to 
prescribed documentation. 
 
Medium level of maturity 
When an organisation reaches a higher tier of maturity, the focus shifts from focusing on issues primarily 
regarding technical processes to more so focus on aspects of organisational and managerial operations 
(Paulk, et al., 1993). Further, McCormack (2007) describes maturity criteria’s in this dimension as defined, 
basic processes are defined and mapped. Process aspects are added to the organisation, but functions are still 
the chief concern. In addition, Wheeler (1997) calls this level the threshold state. By removing all causes for 
variation, i.e. focusing more so on the process instead of the product, the process will reach an equilibrium 
where it is control and able to be improved. The process is also effective and efficient, as defined by Harrington 
(1991). This entails that customer expectation are being met and that the process is systematically measured, 
and streamlining has started. 
 
High level of maturity 
Processes at the highest levels of maturity are distinguished by that the entire organisation is focused on 
continuously improving the process with the means to identify weaknesses and reinforce the process 
proactively (Paulk, et al., 1993). It is highly effective and in statistical control (Harrington, 1991; Wheeler, 
1997), as well as fully integrated to the organisation (McCormack, 2007). It is anticipated that organisations 
reaching the highest level of maturity is capable of producing results with immaculate reliability within 
predictable boundaries of allocated resources. Improvements at this level occurs both in incremental 
advancements of the existing process, but also by innovation using new technologies and (Paulk, et al., 1993). 

 
3.5 Previous research on simulation maturity 
By disintegration of the simulation process steps into activities, each containing one or more artefacts, a more 
detailed structure is generated (Scholten & Udnik ten Cate, 1999). A more detailed structure of the simulation 
process allows for a better assessment of what activities constitutes to what performance criterions. 
Humphrey (1989) uses this disintegration to assess operational practices based on a capability maturity 
model (CMM) and synthesises the process to further classify the activities in to fitting in one of the following 
stages: ad hoc, repeatable, defined, managed, and optimised. Scholten & Udnik ten Cate (1999) took 
inspiration from this model and presented a simulation maturity model consistent with the structure of a 
CMM, the stages proposed were similar in defined stages (Figure 2) but fitted to better represent a simulation 
modelling process (SMP). 
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Figure 2. Stages in the simulation maturity model (Scholten & Udnik ten Cate, 1999)  

In addition, Goienetxea Uriarte, et al. (2017) presents a lean optimisation maturity model, distinguishing 
simulation maturity into three distinct tiers of maturity. The lowest level of maturity in this model has tents 
related to that simulation is seldom used and the organisation has limited knowledge on simulation. The 
medium tier is a direct extension on the lower tier, the organisation has increased its understanding of 
simulation has it has a greater impact on daily operations. The highest tier describes simulation to be deeply 
integrated into the organisation, no decisions are taken without the use of simulation. 
 
Apart from the modest model presented by Scholten & Udnik ten Cate (1999) and the directives defined by 
Goienetxea Uriarte, et al. (2017), there is a distinct scarcity of literature that indicate what constitutes 
maturity in a simulation process that has been disintegrated into activities. At its core principle however, a 
SMP is no more than an abbreviation of a software process (Scholten & Udnik ten Cate, 1999), which share 
similar process characteristics such as a set of activities, methods, practices and transformation that people 
use to maintain and develop models. This equivalence also translates into that when maturity grows, the 
simulation process will be more defined and more constantly implemented across the organisation (Paulk, et 
al., 1993). 
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4 EMPIRICAL FINDINGS 
The empirical findings in this thesis are represented by research conducted on Swedish and UK based 
companies operating in pharmaceutical, automotive industries, auxiliary research was also performed on a 
technology provider. A common denominator that is present in all researched organisations is the existence 
of previous knowledge on DES, or that simulation studies has been conducting to varying success among 
studied samples.  This chapter is structed as follows: firstly, a brief overview of the company is presented. 
After that is each surveyed indicator is presented separately by each company and key findings from the 
mapping, analysis and survey results are presented.   

 
4.1 Company A  
Company A is a leading global biopharmaceutical business with its customer base located worldwide with 
strong orientation towards research and innovation in order to deliver new advanced medicines. The plant 
studied is the company’s largest producer of products with different support functions and processes present. 
 
General understanding 
The recognition of simulation to drive decisions is mostly limited to key staff within a simulation network 
within the organisation. It is evident from one of the respondents that simulation is not fully recognised 
outside of this network as requests for simulations are often out of DES boundaries, as demonstrated by the 
following quotes: “They don't know, they want to build a simulation to be able to answer all their questions 
regarding the production”, “…they think it's some kind of miracle medicine that can give them all the answers, 
but it can't.”. For this reason, the staff that works with simulation is trying to establish simulation as a 
mandatory step in new projects to allow for greater understanding and frequency. But have yet to succeed as 
simulation is not highly prioritized by the organisation as the technique has recently been introduced. As of 
this only a few simulation projects have been conducted with its support to decision making being mostly 
limited by scope. The simulation network consists of staff from different sites in Europe that all share other 
responsibilities other than simulation. 
 
Model design 
At company A, simulation studies begin by an external imitative. A request might come from a person that 
have seen or heard about simulation previously with an urgent problem. However, simulation is sometimes 
not the right fit for the problem as simulation is often seen as a “last resort” if other options does not suffice.  
The reasons for starting a simulation study is as such not fully clear, indicative of that knowledge about 
simulation is mostly isolated to key staff. The nature of simulation studies has been mostly that of 
operationally specified, focusing more on processes on the production floor with just a few studied bordering 
to more strategic. This is also represented by the short-term focus of the few studies that have been 
performed, often consisting of answering questions that will have short term implications aiming at 
answering questions related to for example procurement decisions, set-up times or pallet sizes.  
 
Criterions for evaluating projects is agreed upon by all respondents as not being sufficiently detailed. When 
asked, one responded replied: “We don't have any effect goals that we measure. I don't think we’re quite so 
good at that. We have a project scope, this is what we should do, but the effect, I don't think that we consider 
that so much.”. This lack of consensus entails that a project is enough only to the extent it fulfils the customers 
demand on the project. Also, there is ambiguity on what projects that should be pursued. As the organisation 
does not have any formal understanding of what can be done and what cannot be done with simulation, some 
projects that have been done could have been solved with simpler means.  An example given by one 
respondent is where it was found out that the results could have been calculated with an Excel spreadsheet 
instead.  “If I had been the one deciding where to do simulations or not in that project, I wouldn't have.”, stated 
by one respondent on this situation. 
 
Finally, the acquisition of data is obtained by either the simulation specialist or the requester from an ERP 
system or from subjective measurements, sometimes on the verge of rough estimates when time is of the 
essence.  
 
Model development 
The development of models is according to one of the respondents usually troublesome. Being part of an 
international simulation network difficulties occur when coordinating activities and functionalities. All staff 
that is a part of the network share other responsibilities then simulation, making it difficult to set aside 
adequate time for their simulation projects. However, once a sufficient understanding is granted and time is 
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allocated, the company is aware of the process steps that are prescribed by academics and tries to follow 
them to its best abilities. Given that the company has recently starting using the simulation, there are 
tendencies however to jump straight to model coding without any preliminary activities. Verification and 
validation of model are to some extent represented by anecdotal or subjective activities. One respondent 
reiterates: “When you look at the result you see, is this …?”. Still, there is evidence that a structured approach 
has also been followed in projects. One of the respondents explains validation activities that had been taking 
that show strong resemblance to both face validity and comparison to other models. This was however, only 
done once in the project. 
 

Model deployment 
In correlation to the limited understanding of simulation from top management, the results from a project 
has partial impact on driving changes to production system, as described by one of the respondents on how 
the results are perceived: “…but they aren't totally convinced, because it seems to be a big step from looking at 
the result and doing anything about it. Because the result from that one was quite clear, that wouldn't be … 
would be quite easy to implement the rhythm wheel here, in this production, and it would be beneficial as well. 
But still we don't have any, and we had the right stakeholders on that meeting. So, it should have. But I don't 
know if it is some kind of scepticism”. However, when conducting smaller projects that can be verified by 
calculation by other means the result usually gets accepted as valid by the stakeholders.  

 
4.2 Company B  
Company B is one of the largest machine processing plants in Europe developing wheel loaders, dump trucks 
and strategic components. The studied plant has production of components with axles and transmissions for 
construction equipment for its subsidiaries. 

 
General understanding 
The simulation projects that has been conducted at Company B has in most cases been that of isolation. This, 
according to the respondents is a result of that the competence and know-how of simulation is mostly isolated 
to a few individuals within company B. Simulation models have as such generally been built on these 
individuals own accord for themselves, or as of the requests to do a simple to model from production 
managers in the company. In addition, the respondents argue that they themselves must push simulation 
projects to the organisation in order to get attention and allocated resources. No formal structure is in place 
that facilitates simulation projects within the company but is instead reliant on that an individual with a 
general understanding of simulation recommends a simulation project to be done to upper management.  
 
Model design 
When asked about the main driver behind conducting a simulation study the respondents state three main 
objectives that initialises a simulation study: generate understanding, visualization and improve 
performance of a process. Also, as the respondents work with production system development this is mostly 
indicative of green field projects, looking to improve a future state process. However, there is little clarity on 
the organisational objectives for conducting simulation projects are defined. As empirical evidence hints 
towards that the reasonings are mostly on an individual level, taken for example from what one respondent 
says: “So the organisation for me has been I identity somebody I want to simulate and then I try to build a model 
for it. So, it’s very none formalized.”.  
 
As no formal process is in place for screening and conducing simulation projects, reasonings to do simulation 
often embed themselves in aspects of subjectivity, relying on what the individual that wants to do a 
simulation study deem like an appropriate project. In this regard, when asked about what initialises a 
simulation study both respondents agree upon that a lack of uncertainty and understanding of the process 
being studied is what initialises most cases. Considering this there is no true screening process for deciding 
upon which projects to pursue, but more so a judgement of urgency and importance of the project. After a 
brief set of questions, mostly regarding scope and purpose of the problem the individual who does the 
simulation decides if the project is worth doing. Considering this ad hoc modelling process, no formal 
conceptual model is usually developed as to signify the start of a simulation project but rather the company 
seem to favour to jump directly to model coding and instead base key information required to build the model 
on individual subjectivity. 
 
There is an adequate understanding about the decision purpose of criterions for evaluation. Projects are 
based on comparative means as to generate confirmation or recommendation of a concept and the successes 
are evaluated on if targets were met. However, no formal definition of problem formulation exists. As one 
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respondent states: “So yeah, we’ve built this and so what do you actually want to look for? And then we have to 
rebuild it, because we didn’t really understand the mission. So, I think a lot of this stuff comes with formalizing 
the process more.”. What should be measured is usually a repercussion that comes up after the model has 
been built. Moreover, the interview indicated that the nature of problems modelled is largely operational, 
focusing on production flow parameters that directly affect operational planning and decision-making on a 
ground floor to middle management level.   
 
In regard to data management, the company relies on what’s already available by ERP systems. This system 
allows for data inputs to mostly be quantitative based on concrete processes. For green field projects 
however, manual collection of data is occasionally represented by anecdotal data and substantial sorting is 
required to ensure sufficient validity of the data. Still, data management is a chief concern at company B 
according to the respondents. Some input data will only be based on approximations and thus, the model’s 
output will not fully represent the process that is being modelled.   
 
Model development 
As indicative of the ad hoc modelling process at company B, the model coding phase is performed by staff 
that have novice knowledge in the simulation software. These staff mainly consist of production engineers 
whom all share other responsibilities other than simulation. The respondent also mentioned that previous 
projects had also been outsourced to external consultants. Validation and verification activities are restricted 
to comparisons to flow times from retrieved data. This to ensure that the developed model represents the 
real-world problem to such a degree that decisions will be trustworthy. No further verification activities were 
mentioned by the respondents. 

 
Model deployment 
It is noted by the interview that the process areas of model design and development consume the lion’s share 
of the simulation projects schedule at company B. This is indicative in such a way projects are formulated, 
where the overall objective of a study is most projects to visualize or improve understanding, seldom to find 
an optimum result. However, when such is the case, the search for an optimum is done infrequently.  

 
4.3 Company C 
This company manufactures all-wheel drivetrains for the automotive industry. Its customer base includes 
several high-profile brands that is present on a global scale. The development of the all-wheel drive system 
is developed on an advanced technical construction and is realized through highly automated processes. 
 
General understanding 
Albeit there is some recognition of simulation and its capabilities, this is strictly limited to certain individuals. 
This comes as direct response of that the company does not have any structure for conducting simulation 
projects itself but is instead relying on external parties to do so. At the moment this is often university student 
who does projects in deep isolation separately from the overall business strategy and objectives for the 
company. Still, this does entail that the results from these projects have been used to take decisions, giving 
direct value to the company and generating a deeper understanding of its capability. 
 
Model design 
From the interview its apparent that the drivers for simulation is more so operational in nature, for example 
to evaluate batch sizes, utilisation or buffer sizes i.e. problems related to material flow. However, the drivers 
to conduct a study are to a great depth represented by the urgency to solve a problem which often share the 
same low definition of the true objective. It is unclear if simulation is the right fit. The decision horizon for 
simulation projects are described as both short- and long-term decisions. The same clarity is not represented 
in the criterions for evaluating a project, no KPI’s are measured, instead a result is defined as successful when 
“you see it in the real-world”, as described by the respondent. The formulation of the problem to be studied 
will often emerge bottom-up, someone in the process sees an issue and that issue is brought up as a potential 
simulation case. Due to the highly automated processes and deep digitalisation present in company C, most 
input data are available in ERP systems. 
 
Model development 
As previously described, there is no internal structure for conducting simulation projects. As of this, no 
development process is defined, but more so follow an ad hoc process. However, since most studies are 
performed by students from universities, it is usually up to them to define the process that is followed and do 
the coding of the models. Verification and validation activities are represented by measuring throughput time 
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in the real-world system in comparison to the model, if these matches, we have indications of that the model 
represents the real-world system, as defined by the respondent.   
 
Model deployment 
Indicative of the lack of formal structure around simulation projects and the lack thereof of a standardised 
way of doing simulation studies any experimentation with the model is strictly limited to an individual 
accord. As simulation projects conducted at the company is primarily made by students, the process will 
differ by a case by case basis, and so will the experimentation and search for an optimum. This is also the 
situation for how the output will be presented to and perceived by key stakeholders. As such, there is no 
evidence of a deep understanding of statistical analysis or the requirement to do so. 
 

 
4.4 Company D  
Company D is a leading provider of transport solutions, including trucks and buses for transport applications 
globally. Production takes place in Europe, Latin America and Asia that holds facilities for global interchange 
of components and vehicles.  

 
General understanding 
Simulation has not a formal position within the company but is more so based on experience of individuals 
who know where a simulation study might fit the problem.  As the technique is not mandatory the studies 
usually occur sporadically, mostly restricted to larger more expensive projects. This entails that the structure 
behind the organisation of simulation are not specified in daily activities, but instead activated when 
necessary. This represents that the organisation knows what to expect from simulation however, its 
capabilities seems to be isolated to the simulation specialists, as indicative of the following statement: 
“Usually there is a problem somewhere, an issue or an assignment … an idea, let’s say, in a project or in 
production. And the first thing for us is always to sit down and see if this is something that benefits from flow 
simulation for any reason or if we can do it in an easier way. Sometimes maybe we can see easily “oh, here it’s 
better to make a time study” and then make a combination diagram in Excel and then we can tell you “this is the 
capacity”, for example.”. 
 
Model Design 
The motivation to conduct a simulation study usually comes from a problem situation in a physical flow. A 
simulation is never initialised without an established demand from a customer. This entails that the driver of 
a study is usually obtain a greater understanding of this problem, reiterated by the responded as the 
following: “…if we simulate this, we have more solid ground, we have more facts, we will have a bit clearer 
requirement.”. These projects are more so related to production engineering that are connected to tactical or 
strategic decisions, often to try to better the understanding of a green field project to evaluate the investment 
parameters. This also translate into that the company emphases long term prospects instead of short term. 
 
Evaluation of simulation projects are based on four aspects: cooperation, excellent, very pleased, pleased, not 
pleased. Once a project is finished it is assessed by these aspects by the assigner of the project. This is 
performed to find weak points in the process and to strive for continuous improvement. The acquisition of 
input data is done through a standardised data input sheet developed by the simulation staff. However, due 
to sometimes outdated data, many times the data must be updated or gone through to ensure its validity as 
input data. Also, as many green field projects are conducted, where real time data is not present, a 
combination between anecdotal data and real time data from ERP systems is used. This activity is performed 
in parallel with the model development phase. 
 
Model development 
When developing models company D will for the most part follow a rigours standardised process, with room 
for iteration when needed. As described by the respondent as: “It’s not really straight process, it’s more circular 
or somehow…”. The coding of the model is done by an internal group of simulation specialists that share other 
responsibilities other than simulation. Finally, validation and verification activities often consist of structured 
walkthroughs of the model in conjunction with a rigors comparative process that verifies that the data match. 
However, since projects are often green field, for example studying a future production line were comparison 
to other real-world processes is not possible, validation is often a subjective activity. For the most part relying 
on face validity, i.e. the model must logically work. 
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Model deployment 
As part of the structure of the process used for simulation is an experimentation phase. This comes as a given 
step as the search for an improved result is often prescribed by the initial objectives. Since this step is 
standardised the respondent mentions that they use several methods in order to test the model to identify 
an optimum. The results of the study are then presented to key stakeholders in a standardised procedure, 
often presentation material consisting of PowerPoints. However, as simulation is just a small piece of a large 
puzzle amongst several other techniques in aiding decision making on a project, the result on their own does 
not represent major game changers. But more so helps to build up a variety of perspectives that in 
collaboration gives a coherent picture of the problem. 

 
4.5 Company E  
Company E was founded 2014 and operates in the technology provider hemisphere as an external party for 
manufacturing companies. The company offers consultancy services to customers looking to optimize 
production flows or increase competence in production system engineering in general. Given the nature of 
business, the staff consist of mainly industrial engineers and computer scientists, all with expert knowledge 
in simulation-based optimisation.  
 
General understanding 
In light of that company E operates as a consultant it was understood from the interview that DES operates 
mostly at a high level in the organisation, providing the means of offering their services to customers that 
seldom does not have the depth of knowledge on DES as them. Albeit the interview did not explicitly cover 
how often simulation projects are conducted by company E, it is in their best interest to advocate that decision 
on system design changes should not be applied without simulation for its customers. Still, the respondent is 
quick to announce that what company E offers is not only a simulation model, but a selling point that is more 
aligned with that of a solution to a real-world problem. Provided this insight, there is a distinct focus on 
optimisation and experimentation when conducing projects in company A and the respondent emphasizes 
that this is not an afterthought, but more so the core of the business practise. 

 
Model design 
Based on the data collected from the respondent at company E, it was noted that project owners of companies 
often were the main initiators for conducing simulation projects. The respondent argued that this was 
especially true for green field projects or reconfigurations. Possibly hinting towards that in more novice 
organisations the drive towards implementing DES if often a result of an individual with DES experience that 
sells the idea to upper management. If that person would not order for it, simulation would likely not be seen 
as an option. 

 
Model development 
When asked about company E’s practical application of a simulation process the respondent stated that: “I 
think it’s pretty classical”, implying that the process follows the general steps  as defined by Robinson (2004) 
and Law (2007). Given that company E also are providers to its customers, this process is also defined and 
lead by employees at the company. While the simulation process for company E is changed on a case to case 
basis, there is still ground for a standardised process that is in alignment with the overall business objective. 
   
However, the respondent also is quick to point out that while a process is followed, company E puts more 
emphasis on the experimentation and urges its clients to put more thought into the optimisation of the 
problem. Still, even if there is a strong collaboration between the provider and customer and a mutual 
understanding of the project, it is dedicated simulation staff at company E that performs the building of the 
model and verification. The activities that constitutes the validation and verification process is however, 
revealed to follow an unorthodox approach. DES model validation and verification made extensive use of 
optimisation techniques to push models to certain extreme values and analyse the way the model behaved. 
If at this point the model started to behave in an unpredictable manner this instance could be used to validate 
the model output.   
 
Model deployment 

As previously mentioned, symptomatic of company E is a large emphasis on the experimentation phase in 
their simulation process, according to the respondent, this activity often overlooked, or completely ignored 
by its customers. This interpretation has translated into that their overall business model is aligned with a 
rigorous scrutinization in a search for an optimum on a case by case basis. In addition, since the company is 
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a consultant that provides solutions through simulation, the solutions (e.g. results) are presented through a 
standardised procedure.  

 
4.6 Company F  
Company F is a manufacturing company in the heavy vehicle industry. The studied plant manufactures engine 
and engine components that is exported to a global market. Production of parts is separated into three highly 
automated processes within the plant from casting, processing and assembly. These processes are supported 
by separate functions from within e.g. maintenance or logistics. Being a leader in its field the company has 
come a long way in digitalisation and computerisation of both its operational and strategic processes.  
 
General understanding 
There is a distinct understanding within Company F of both the benefits and limitation flow simulation offers, 
as well of the importance of a robust process that support it. This is reflective in that simulation objectives 
are greatly aligned with the organisations overall business strategy and departments. Much of the activities 
in the simulation process is performed in collaboration with staff with cross-functionality. This is evident 
when asked about how the simulation process is performed at the company as the simulation administrator 
stated the following: “So, there is some project or some department in need of decision support in some problem, 
or they have some questions. So often we just try together with them to understand, what is it really that they 
are wondering? What are they asking about? And then we try to do a model that can evaluate those question.”.  
 
The organisation of simulation projects is strictly formal, with apart from dedicated staff that work full time 
with simulation also personal that can handle easier projects. Projects are initiated by a requester that call 
for a simulation study to be conducted on a specific issue. A Simulation specialist is assigned to the project 
and works in close collaboration with the requester throughout the project, including understanding the 
problem in detail to ensure that simulation is the right fit and if so, develop the conceptual model. What is 
key in this structure is according to the respondent commitment. Either from the requester or higher up in 
hierarchy that understands that simulation is not a quick fix and that apart from the obtaining a result you 
should also develop an understanding of the process. 
 
Model design  
The current setup at Company F allows for any manufacturing engineer, previously mentioned as a requester 
to request a simulation project. To ensure that the request fits the simulation process used, a formal education 
has been conducted for all manufacturing engineers on simulation to ensure sufficient understanding before 
requesting a project. However, the respondent also mentioned that knowledge about simulation is often 
spread from mouth to mouth. This setup entails that a study is initialised when an engineer finds a problem 
he wants solved, it is not a mandatory procedure in overall business operations. 
 
The type of decisions supported by simulation are mostly tactical in nature, sometimes ranging into strategic 
when problems relate to large investments for the company. This comes as a consequence of that the 
requester is often is from first level, i.e. low in the hierarchy and the problem that person wants to solve 
seldom affects the area that is outside that person’s expertise. There is a wish to change this to move decisions 
to more strategic, with requests coming from higher in the hierarchy. At the moment however, the 
understanding of simulation is not common knowledge across all organisational levels and the requests 
restricted to tactical. The respondent states that this knowledge gap will decrease when good results are 
proven for management, generating understanding and acceptance of simulation.  
 
The structure of collected data is integrated into an automatic system that stores all necessary data for 
conducting simulation projects. Still, the respondent is quick to say that a project will normally consists 80% 
of data collection and issues due to plant transferability has led to that these 80% mostly consist of figuring 
out what data is correct. Noteworthy is that the simulation specialist is not responsible for data collection, as 
this is done by either the requester or a specialist on the area the model is being built on however, the process 
will not proceed until both parties have signed off on the data. 
 
Model development 
The development of simulation models follows a rough time estimates where simulation activities are 
planned percentage wise for that range of time, detailed by the respondent as: “…60% of the time will be 
collecting data and build the model, and we will have a couple of weeks to verify and validate, and so on.”.  
Verifications of models is as such a key step in the simulation process. Apart from that it is done continuously 
during the process by the simulation specialist it is also done as a group activity with an external party as a 
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final step in the process. This allows for the perspective of the simulation to come through, in addition to 
knowledge from the real systems point of view as to make sure sufficient verification of the model. The 
activities that constitutes validation is however less defined. This is according to the respondent mostly 
present when validating for a future system, i.e. green field projects. This usually comes down to a subjective 
or anecdotal validation of the model that is inconsistent in nature and is such a key area in the process that 
company F is looking to improve. 
 
Model deployment 
As mentioned earlier, there is still a knowledge gap between the simulation practitioners and upper 
management, making the acceptance of results from the organisation sometimes difficult. Company F tries to 
mitigate this by presenting results in a way decision-makers are familiar with by following a standard 
template used in other projects. In time, this approach together with a thorough explanation of the result to 
key stakeholders the knowledge gap decreases, and results are understood and accepted. The 
experimentation process area is likewise a jointly activity between the requester and the simulation 
specialist. The overall simulation process at Company F is set up to foster knowledge during the process, what 
experimentations that should be tested is as such developed in tandem with other activities as greater 
understanding of the real-world problem is obtained by both the requester and simulation specialist  Also, 
there is a consistency in the scrutiny of models to obtain what is the most optimum output, showing a deep 
understanding of what makes the model deployment process area successful as found by the following 
statement: ” And then do a presentation for the requester or that team that are interested. And then, we give 
some time to … for the requester and his or her team to reflect. And then we either go back and redo with new 
questions, or whatever, or we close.”.  
 

4.7 Company G  
This company is an automotive engine manufacturer for one of the leading car brands globally. This plant 
represents the largest manufacturer of engines of the company’s portfolio managing a total output of 500 000 
engines annually that is shipped globally. The factory consists of several production lines for all different 
processes necessary when producing an engine. 
 
General understanding 
To its greatest extent, the simulation activities at company G are fully aligned with the organisations overall 
business strategy. This alignment results in that a simulation has become a mandatory step in all production 
development projects to evaluate different concepts or configurations, implying if a project has not utilised 
simulation the project cannot finish. The optimal configuration is then used as a request for suppliers to 
adhere to in order to “identify problems early before it costs money” as the respondent describes it. This deep 
integration between simulation the organisational strategy has resulted in a core understanding for 
simulation both vertically and horizontally across the company. Naturally, this understanding of simulation 
has been built up over a long time and comes from a strong collaboration between the industry and 
academics. This, according to the respondent has been a journey. Confidence in simulation has been built 
with the quality of the results that was delivered through simulation over time and management realising its 
potential to drive improvements. Its strong collaboration with the academy has also realised into that some 
management position taught simulation prior to their role in company G, commitment from management was 
as such already a prerequisite when introducing simulation.  
 
Model design 
At company G, the model design phase is seamlessly integrated between improvements and simulation 
project. Thus, a formal structure exists constituting in what order activities are done and what evaluating 
criterions should be used. This structure follows a quality matrix that every project follows, allowing for 
consistency amongst all improvement projects by sharing the same project gates and thus share the same 
criterions for evaluations. A project is initialised when a request comes from an engineer, as per mandatory 
as every time that there is a change in the factory that needs to be evaluated, simulation will be used. This 
request defines the problem that is to be modelled and the objective. As the process progress however, the 
simulation specialist may offer suggestions to stakeholders if a potential improvement emerged that the 
request did not cover.  
 
Evaluation criteria is as such not defined in any specific domain but can span from more operational to 
strategic decisions depending on the project objective. This is also present at the decision horizon, where 
projects are seldom limited to a specific domain. Telling of this is the depth company G has gone towards in 
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fully specifying how a project is evaluated. As defined by the respondent as KPI’s focusing on where the 
process is compared to a target. 
 
Input data for the models are collected as part of the request, following a standardised data sheet that must 
be filled. Further described by the respondent as follows: “So, when we build a fully detailed simulation model, 
what type of data do we need? And then we have different sheets for that in that input data sheet. And then they 
fill it out for us with all the station numbers, availabilities, cycle times, tools, like lifespan of tools, change 
frequencies, the measuring frequencies.”. With all input data stored in an Excel file the input can be 
automatically read and imported to the model seamlessly.  
 
Model development  
The model development phase is heavily organised around a structural and standardises process that is 
mandated to be followed. As previously mentioned, this process follows the same structure as all other 
improvement projects at company G, not just simulation studies. Indicative of the important role simulation 
has in projects; the company is using dedicated simulation staff to carry out its main activities. This also 
includes activities consistent with verification and validation of models. However, as most projects conducted 
are green field, validation of the model is impossible as to no physical system exists to compare to. The 
respondent argues for that while this is a problem, validation is done by having a very detail input data. “We 
make sure that we have all the data so that we cover all the bases, everything that can happen. If we have it 
included in the simulation model, then that is the validation, basically.”. However, a feasibility check is always 
performed on the system to ensure that the model behaves as predicable and its output is in the right span. 
 
Model deployment 
Experimentation and optimisation are key for company G when conducting studies. As stated, when a concept 
has been developed it is always refined to search for a new optimum, after which it is sent to suppliers for 
evaluation and sent back to the simulation staff, the process reiterates itself. This way, models are 
consistently scrutinised to obtain the best result. In a similar vein the presentation of result is dependent on 
who the recipient will be in the project. “…you have to make it understandable”, the respondent describes as 
to create a common language to make the results understood and utilised.  This means applying statistical 
tools and representation techniques that fit with the corresponding customer of the project.  
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5 A new proposed SPM model 
The following section presents the developed maturity model, describes the intricacies of its tiers and tenets 
and states its applicability through a synthesis of theory and empirics.  
 
 

5.1 Introduction to SPM model 
The matrix proposed in the next section draws from the CMMI (Forstner, et al., 2013) blueprint and 
nomenclature, as the quasi-standard nature of CMMI models allows for easy replication. However, the SPM 
model abstract in some distinctiveness wherever reasonable to better fit what was found from the survey of 
companies and key aspects identified in simulation literature. For example, when developing the model, it 
was not the goal to attempt to map the simulation process from a predefined set of criteria. As the thesis 
investigates organisations that have prior not used SPM models for simulation capability development, the 
relevant process areas need to be identified as well as the maturity level changes for respective process area. 
Because of this, this thesis identifies basic reasoning underlying maturity conditions from a combination of 
what activities companies conducted when doing a simulation study and how these activities fit into the 
underlying simulation and maturity theory.  
 
This modest model aims to support organisations in identifying their current soundness of simulation and 
provide guidelines on how they can develop their simulation process further or benchmark towards 
identifying a best practice in. In addition, it may serve as a starting point in identifying gaps in the system to 
help improve overall simulation performance. The model functions as through either self-assessment or 
external assessment, a company or organisation receives a tier rating in the range of novice, intermediate to 
advanced, representative of where they best fit in accordance to the SPM criterions. This allows direction 
about how the current state of the simulation process impact operational performance and identifies weak 
areas that requires resources to steer the organisation towards best practices derived from industry findings. 
Focus is not to get the most accurate diagnosis of what is usually a rather complex process, but rather to 
compile a comprehensive overview of the SPM in a resource efficient and visual way. The proposed model, 
shown in Table 7, organises simulation activities into three tiers of SPM into which thirteen activities 
constituting simulation process tenets. Each succeeding level enables objective simulation process 
assessments. This format enables that even with limited knowledge on DES, a facility or other business 
manager can review simulation operations to determine how they measure up to standards.  
 
Worth mentioning is that a quantitative scoring system is not necessary for the SPM model to be used. The 
value of a SPM audit is the ability to detect weakness in the simulation process, not on the evaluation of a 
number. When applied, the characteristics of the tiers bellow and above an organisation current analysis are 
exposed and makes it apparent what separates them from lower or higher performers. The details of the 
model are further detailed in the next section. 
 

5.2 SPM model tenets and tiers  
The SPM model presented in this thesis is a maturity grid covering the explanation of each maturity tier with 
moderate complexity. The process areas of the maturity model are built upon the described simulation 
phases by Fowler & Rose (2004) e.g. model design, model development and model deployment. Further detail 
was added by evaluating the element of general understanding of simulation across the sample profile in 
addition to minor guidance from the works of Scholten & Udnik ten Cate (1999). The model is analysed at 
three tiers of maturity: novice, intermediate and advanced maturity which are abbreviations from the depth 
of the results from the empirical survey of companies. Analytical coding of responses could be categorised in 
the range of clear novice to advanced answers on simulation practises, thus the identification of the three 
maturity tiers. This constituted in a matrix worth of three tiers of increasing simulation complexity. The 
details of the identified tenets and tiers are further presented below. 
 

5.2.1 Simulation process Tenets 
In order to gauge each simulation phase in more detail the simulation process steps originally derived from 
a synthesis from expert opinion from the likes of Fowler & Rose (2004) and Martin & Caris (2018). These 
phases described were assessed for identifying key activities associated with that phase. In total 13 tenets, 
i.e. simulation process activities were defined as to provide a framework with which to consider the 
simulation process in its entirety. This was done to check that all the bases are covered in the model and 
enable a meticulous diagnostic of problems within the simulation process and an action plan developed and 
implemented. These tenets were the results from identified common clusters and themes when conducting 
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interviews with the sample profile, but follow common aptitudes defined by the prescribed simulation 
phases. This forms a constellation of interrelated activities that all influence an organisations simulation 
process capability. As there is no hierarchy amongst these tenets a significant advancement in one part will 
be difficult without addressing others. The tenets and its characteristics are described in Table 3. 
 
Table 3. Details of simulation process tenets 

   

Phase Tenet Characteristic 
Formal 
understanding 

Recognition Acknowledging the potential for simulation to drive 
improve performance  

Frequency How often simulation projects are conducted in the 
organisation 

  Organisation of 
simulation 

Administrative structure supporting simulation 

Design Drivers Reasons for conducting simulation projects 
 

Decision support Specification of a decision (long or short term; 
strategic, tactical, operational; evaluation parameters)  

Data Input data acquisition and its analysis (Pace, 2000) 

  Conceptual model Abstraction of a real-life problem (Robinson, 2004) 

Development Development process Steps taken by an organisation to develop a simulation 
model (Martin & Caris, 2018; Nordgren, 1995)  

Model coding Competence level of simulation staff (Nordgren, 1995) 

  Verification and 
validation 

Actions taken by simulation staff to ensure 
trustworthiness of a model (Martin & Caris, 2018) 

Deployment Experimentation Search for an improved understanding/result after 
first findings (Robinson, 2004)  

Simulation output Statistical and graphical representation of model 
outputs (Robinson, 2004) 

  Implementation Influence of simulation results in the performance of 
the organisation (Robinson, 2004) 

   
 

5.2.2 Simulation process maturity tiers 
To identify a maturity tier for an organisations simulation process there is a need to fully understand how 
organisations with different maturity approach a particular process. In doing so, each identified tenet is 
required to be described in for each maturity tier in detail in a manner that is clear and concise to identify 
important characteristics of that capability. The development of tiers for the SPM model were in addition to 
having its foundation in the  CMMI models (Forstner, et al., 2013), is also a synthetisation of key practises 
found in the empirical survey. This data underpinned the identification of the different tiers of SPM.  In this 
context, a tier in the SPM model would provide a layer in the foundation to strive for continuous simulation 
process improvement in. Each tier would also encompass a set of process goals that when satisfied, stabilises 
an important aspect of SPM. From this description the three proposed tiers of increasing SPM are: Novice, 
intermediate and advanced. These are further detailed in the next section. 
 

5.2.3 Tier 1: Novice simulation practice  
The strength of the simulation process is reflected in the organisation’s simulation team’s ability to take own 
initiatives without dependencies of upper management involvement or support. The result is a reliance on 
an individual’s capability to follow through a simulation project on that person’s own accord, causing projects 
to often occur sporadic, when there is time or that a project fits the individual’s interests. A lack of cross-
functionality implies that the strength of the different stages in the simulation process will not be in an 
equilibrium. Some stages of the process may show great results (e.g. model coding (often relying on individual 
competence)), while other aspects that rely on cross-functional operations does not (See Table 4). 
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Table 4. Novice tenet characteristics 

Simulation tenet Characteristics 
Recognition The staff of the organisation know about an existing technique called 

simulation. (Goienetxea Uriarte, et al., 2017) 

Frequency Simulation has never been applied or it has been applied once or twice 
but its results have not been utilized or communicated. (Goienetxea 
Uriarte, et al., 2017) 

Organisation of  
simulation projects 

No internal structure supporting simulation (Verweire & Van den 
Berghe, 2003) 

Drivers Urgent problems with low definition, simulation might not even be the 
right fit (Laguna, et al., 2013) 

Decision purpose Little to no clarity about: 
 -Decision horizon 
 -Nature of decision 
 -Criteria to evaluate decisions 
 -Formulation of problems and objectives 

Data Represented by subjective opinions 

Conceptual model None constructed 

Development process No process, ad hoc simulations  (McCormack, et al., 2009; Paulk, et al., 
1993) 

Model coding Rely on external partners 

Verification & Validation No validation process in place 

Experimentation No experimentation, model results are taken as true as long as they 
seem correct 

Simulation output No understanding of statistical analysis or requirements to do so 

Implementation Studies achieve objective. The organisation is aware of the kind of 
results that could have critical impact 

  

  
 

5.2.4 Tier 2: Intermediate simulation practice 
Tier 2 moves to the next level of complexity. Several techniques used at this tier are natural developments of 
tier 1 tools. Further, policies for managing a simulation project and procedures to implement those policies 
are established. Rather than acting on own intuition, planning and management of new projects are based on 
experience with similar projects. An objective in reaching Tier 2 would be to institutionalise effective 
management processes for conducting simulation projects, enabling organisations to repeat defined best 
practices developed in earlier simulation projects. Tier 2 is, indeed, a project focused tier with little to none 
accommodation for individual intuition. Moreover, this tier applies documented policies that establish the 
realm and boundaries for managing the simulation process. In short; the simulation process is well-defined 
and activities well-coordinated (See Table 5). 
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Table 5. Intermediate tenet characteristics 

Simulation tenet Characteristics 
Recognition Key staff have a basic understanding of simulation, but not the rest of the 

organisation. (Goienetxea Uriarte, et al., 2017) 

Frequency A few simulation projects have been conducted and the results have 
been used to take decisions. (Goienetxea Uriarte, et al., 2017) 

Organisation of  
simulation projects 

Unformal structure, simulation activities are not specified in daily 
activities. 

Drivers Simulation specialists sell the idea of a project to other functions in the 
organisation 

Decision purpose Sufficient understanding: 
. Decision horizon 
. Nature of decision 
. Criteria to evaluate decisions 
. Formulation of problems and objectives 

Data Derived from single-source, cleaning of data is required (Harmon, 2009) 

Conceptual model CM is understood, but used infrequently (Robinson, 2004) 

Development process There is a process, but this is not followed 

Model coding Simulation staff that share other responsibilities 

Verification & Validation Verification and validation occur once in the simulation process 

Experimentation The search for a result is improved occasionally 

Simulation output Statistical analysis and visualisation of simulation models occurs 
occasionally 

Implementation Results are accepted or implemented. Results from simulation projects 
have important but limited impact 

 

 

5.2.5 Tier 3: Advanced simulation practice 
When conducting simulation projects consistently well at Tier 2, eventually the organisation will derive a set 
of tried and proven simulation process steps shown to aid productivity and improve quality of simulation 
results within the organisation. Having gotten this far, the organisation is ready to institutionalize what it has 
created. Moving from Tier 2, i.e. a project-orientated tier to Tier 3, which incorporates the entire organisation. 
Standardised processes for developing and maintain simulation projects across the organisation is 
documented, including simulation process steps and management processes that are integrated into a 
coherent whole. Processes defined at Tier 3 are utilised (and reformed as necessary) to support the 
simulation team to perform projects more effectively. Two chief quantifiable qualities of simulation practices 
in Tier 3 organisations are standardisation and consistency. Here, simulation process and management 
activities have become stable to such a degree that quality of results is predictable by continuous monitoring. 
Moreover, this Tier encompasses engaged simulation team members that is clear on the organisational goals 
and simulation processes are in concert with other organisational work. (See Table 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



28 

 

Table 6. Advanced tenet characteristics 

Simulation tenet Characteristics 
Recognition DES objectives are aligned with the organisation's overall business 

strategy. Acknowledges the potential of DES to drive improved 
performance, consciously searching for additional information on how to 
further the simulation process. (Rendon, 2008; Robinson, 2004) 

Frequency The organisation does not take any important decisions about system 
design and/or improvement without applying simulation (Goienetxea 
Uriarte, et al., 2017) 

Organisation of  
simulation projects 

Simulation team member roles and responsibilities are formally defined 
and is adequately staffed with desired cross-functionality. 

Drivers Seamless integration between improvement and simulation projects. A 
process exists specifying the use of simulation. 

Decision purpose Deep understanding: 
. Decision horizon 
. Nature of decision 
. Criteria to evaluate decisions 
. Formulation of problems and objectives 

Data Rigorously derived from multiple independent sources and statistically 
correlated with estimates of uncertainty. Autonomous input of data to 
model. 

Conceptual model Validated against objective party. Applied continuously during the 
simulation process and updated accordingly.  

Development process Consistency in the use of a standardised simulation process 

Model coding Coding verified against CM. Dedicated simulation specialists (Martin & 
Caris, 2018; Nordgren, 1995) 

Verification & Validation Multiple methods for continuous V/V in simulation process (Harmon & 
Youngblood, 2005) 

Experimentation Models are consistently scrutinized for obtaining optimal output and to 
developing a deeper understanding of a real-world problem. 

Simulation output Standardised simulation output verified against CM. Standardised 
presentation towards organisation. 

Implementation The implementation of results proved the study right and results from 
simulation projects influence critical organisational objectives. When 
things go wrong there is some sort of analysis of why things went wrong 

 
 

5.3 SPM model 
By merging all the details mentioned above, a summary matrix was created shown in Table 7. This matrix is 
meant to be used to diagnose the current practise of simulation within an organisation, articulate a desired 
future state and coordinate programs for change. The model is based on the assumption that higher tiers of 
SPM include the requirements of the lower tiers. For example, an organisation cannot be at a tier 3 maturity 
in a tenet if it does not have positive responses for the tier 2 requirements in that tenet. This entails that the 
way to use this model is to start assessing the tier 1 maturity of the organisation in question and work 
upwards until the organisation fails to reach a certain tenet requirement.  
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Table 7. The Simulation Process Maturity model 

Tier General understanding Model design Model development Model deployment 

  

Recognition Frequency                    
Organisation of 

simulation 
projects   

Drivers                     
Decision 
purpose  

Data                     
Conceptual 

model  
Development 

process           
Model coding  

Verification 
& validation 

Experimentation            
Simulation 

output  
Implementation  

1 The staff of the 
organisation 
know about an 
existing 
technique 
called 
simulation. 

Simulation has 
never been 
applied or it 
has been 
applied once or 
twice but its 
results have not 
been utilized or 
communicated. 

No internal 
structure 
supporting 
simulation 
projects. 

Urgent 
problems 
with low 
definition, 
simulation 
might not 
even be the 
right fit 

Little to no 
clarity  

Represented 
by subjective 
opinions 

None 
constructed 

No process, 
ad hoc 
simulations 

Rely on 
external 
partners 

No 
validation 
process in 
place 

No 
experimentation, 
model results are 
taken as true as 
long as they seem 
correct 

No 
understanding 
of statistical 
analysis or 
requirements 
to do so 

Studies achieve 
objective. The 
organisation is 
aware of the 
kind of results 
that could have 
critical impact 

2 Key staff have 
a basic 
understanding 
of simulation, 
but not the 
rest of the 
organisation. 

A few 
simulation 
projects have 
been conducted 
and the results 
have been used 
to take 
decisions. 

Unformal 
structure, 
simulation 
activities are 
not specified in 
daily activities. 

Simulation 
specialists 
sell the idea 
of a project to 
other 
functions in 
the 
organisation 

Sufficient 
understanding 

Derived from 
single-
source, 
cleaning of 
data is 
required 

CM is 
understood, 
but used 
infrequently 

There is a 
process, but 
this is not 
followed 

Simulation staff 
that share other 
responsibilities 

Verification 
and 
validation 
occur once 
in the 
simulation 
process 

The search for a 
result is 
improved 
occasionally 

Statistical 
analysis and 
visualization of 
simulation 
models occurs 
occasionally 

Results are 
accepted or 
implemented. 
Results from 
simulation 
projects have 
important but 
limited impact 

3 DES objectives 
are aligned 
with the 
organisation's 
overall 
business 
strategy. 
Acknowledges 
the potential of 
DES to drive 
improved 
performance, 
consciously 
searching for 
additional 
information on 
how to further 
the simulation 
process. 

The 
organisation 
does not take 
any important 
decisions about 
system design 
and/or 
improvement 
without 
applying 
simulation. 

Simulation 
team member 
roles and 
responsibilities 
are formally 
defined and is 
adequately 
staffed with 
desired cross-
functionality. 

Seamless 
integration 
between 
improvement 
and 
simulation 
projects. A 
process exists 
specifying the 
use of 
simulation. 

Deep 
understanding 

Rigorously 
derived from 
multiple 
independent 
sources and 
statistically 
correlated 
with 
estimates of 
uncertainty. 
Autonomous 
input of data 
to model. 

Validated 
against 
objective 
party. 
Applied 
continuously 
during the 
simulation 
process and 
updated 
accordingly. 

Consistency 
in the use of a 
standardised 
simulation 
process 

Coding verified 
against CM. 
Dedicated 
simulation 
specialists 

Multiple 
methods for 
continuous 
V/V in 
simulation 
process 

Models are 
consistently 
scrutinized for 
obtaining optimal 
output and to 
developing a 
deeper 
understanding of 
a real-world 
problem. 

Standardised 
simulation 
output verified 
against CM. 
Standardised 
presentation 
towards 
organisation. 

The 
implementation 
of results 
proved the 
study right and 
results from 
simulation 
projects 
influence critical 
organisational 
objectives. 
When things go 
wrong there is 
some sort of 
analysis of why 
things went 
wrong 
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6  Analysis & discussion of results  
The present chapter analyses and discuss the results of the empirical findings in conjunction to its assessment 
with the SPM model. It starts with an overview of the current practice of simulation based on the results from 
the assessment, followed by an analysis on what good practices are identified. Finally, some 
recommendations for improvements of the simulation process capability is proposed. 

 
6.1 Empirical evidence of current state of simulation practice 
The first research question looks to address the current state of practice of the simulation process in the 
industry. By applying the empirical findings in section 4 to the developed SPM model presented in section 5 
provides a synthesis of what (to the extent the surveyed companies are generalisable) key simulation 
activities match the steps and activates detailed by literature and more importantly: what discrepancies that 
exists. To determine the maturity level of the surveyed companies the associated requirements of each 
maturity tier and appropriate content of empirical findings was placed in the following tables. If failure to 
meet the tenet requirement, the appropriate performance gap was noted. Otherwise the perfect score was 
documented by a yes or no answer, indicating if a tenet in that tier has been achieved. Since the accumulated 
and declared details of the model has already been stated, the bulky share of the tables is deliberately not 
presented. In the following table, an assessment of a surveyed company with the SPM model is given as an 
example of how the scoring was performed.  

 
Table 8. SPM analysis on Company B of the general understanding process area for tier 1 maturity 

Maturity 
tier 

Tenet 
Tenet 
requirement 

Empirical findings Performance gap(s) 
Pass tenet 

(y/n) 

1 Recognition The staff of the 
organisation 
know about a 
technique called 
simulation 

Simulation 
recognition is mostly 
isolated to a few sets 
of individuals 

 
 

y 

 

 
Frequency 

 
Simulation has 
never been 
applied or it has 
been applied 
once or twice 
but its results 
have not been 
utilized or 
communicated 

 
Studies have been 
performed and its 
results have led to a 
greater 
understanding of 
real-world problems 

 
 

y 

  

 
Organisation 
of 
simulation 
projects 

 
No internal 
structure 
supporting 
simulation 
projects. 

 
No internal structure, 
simulation studies 
are done on 
individual accord 

 
Lack of a dedicated 
structure for 
organizing 
simulation projects  

 
n 

 
The results from the assessments of all companies is presented in Table 9. The table presents all tenets with 
its corresponding SPM rating for each tenet presented as an overall average from the assessments of all 
companies. This table suggest that the overall SPM lies within the intermediate range, with some 
discrepancies as for example in the drivers and implementation tenet. The following section will go into more 
detailed on the assessments regarding the studied simulation phases. 
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Table 9. SPM score results 

 
 

6.1.1 General understanding of simulation  
This research suggests that the average company has reacted poorly to establishing an understanding of 
simulation, both as a technique to drive changes to production systems and the process that is being followed 
to conduct a simulation project. Measuring reactions of this phenomenon on two dimensions we find that the 
average company has neither efficiently adapted simulation to its business strategy to address the new 
realities of competition, nor engaged in vertical integration fully between the staff responsible for simulation 
and top management. While there certainly is recognition of the technique, realised in the intermediate 
scoring represented by most surveyed companies, seldom does this recognition go further than just to be 
understood by key individuals in the organisation.  Although there is some ambiguity as of the nature of this 
discrepancy. An identified correlation is that of the time simulation has been a part of the organisation. This 
in itself is not surprising, as with most new technologies the adaptation will usually start at the grass roots 
level. As seen in the case for company A and company B, which recently have starting using simulation, in 
comparison the highly mature practices demonstrated by the likes of company F and company G. 

 
Two thirds of respondents in our survey say that their company have used simulation to take decisions, while 
only two has engaged in a significant transformation of its business to ensure that no system design decision 
is made without a mandatory simulation study. Moreover, our survey finds that even among companies 
attributed advanced maturity, few are doing simulation projects consistently. An implication that emerged 
from this approach is the question of how ambitious you should be with simulation. Some organisations 
studied pursue highly ambitious initiatives that have the potential to be game changers. Others choose more 
modest goals. For example, changing a buffer size as an experimental step towards improving productivity 
or automating a simple task. There is no right answer on level of ambition. That said, there are only few 
examples of organisations that have succeeded in bringing about radical transformations with simulation 
technologies, while there are many examples of organisation successfully going after low-risk simulation 
projects. 
 
Although there are circumstances were highly ambitious projects may be appropriate. This thesis implies 
that they are best suited for settings were the simulation has been substantially tested. The organisation has 
already had successes with large scale simulation and top management are fully onboard. For most 
companies, the best approach is to develop a series of modest simulation models in the same general area of 
operations e.g. improving cycle time, that together have the potential to have substantial effect on the 
company. That way, each simulation will be relatively low risk and the company will have time to ease in to 
applying simulation to more ambitious projects. To an extent, this was present at company A. Were a low-
risk project, albeit misinformed on the decision purpose, showed a good reception from management. 

2,29 2,29
2

1,86
2 2 2 2

2,29
2,57

2,29 2,29

1,86

STATE OF SIMULATION PRACTICE
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6.1.2 Current practice of model design 
There is a strong resonance with the advocacies that describes the difficulties with data management e.g. ( 
(Cantot & Luzeaux, 2011; Shannon, 1998), and what the empirical findings points towards. All surveyed 
companies imply that the most challenging aspect of their simulation process is the acquisition and 
management of data. Even amongst companies that show great prosperity in their simulation capability and 
have a standardised method of handling referents, data is frequently mentioned as an encumbrance, rather 
than an enabler. Indicative of this is that no surveyed company fulfilled the advanced SPM tier for data. 
 
However, the reality is still that the result of that all surveyed companies show intense responses at is 
evidence of tier 2 maturity at the data collection tenet. This is indicative of the highly automated processes 
and deeply digitalized systems that are present in the current industry. The data is available, in fact, often in 
an abundance. The problem that has emerged is more so to know what data is correct and valid to use as 
input. Amongst all companies there is a need for manual tinkering with the data to make it fit the model or to 
ensure adequate validity. That being said, there is strong evidence that the industry looking into 
automatically generated models, indicative of the industry 4.0 agenda. 
 
In addition, only one company showed an intense response to have a seamless integration between projects 
and simulation. Making it a mandatory step in every project.  This is not surprising, as this is representative 
of the company that has fully vertically integrated simulation to the organisational. However, this does not 
directly translate to a greater simulation process capability as a higher exposure to more simulation projects 
has its drawbacks, further detailed in section 6.2.3. 
 

 

6.1.3 Current practice of model development 
There is some ambiguity of the process that is being followed by the sample profile. Most companies say they 
follow activities that are consistent with those prescribed by e.g. Robinson (2004). However, a majority of 
companies show more intensity in their responses to follow an ad hoc approach. Often jumping into coding 
before any preliminary activities. This is a mistake. Our analysis suggests, in accordance with Cantot and 
Luzeaux (2011), that good practice simulation requires the groundwork (i.e. the conceptual model) to be 
done beforehand in order to fully understand the process and objectives that is under scrutiny. The yield will 
come of a greater ability to provide decision support to decision-makers and create a positive trajectory that 
gives legitimacy to the simulation process being used. This eagerness comes, as described by a respondent 
from company A, from that the simulation software is something new, interesting and “fun”. However, this 
practice does not favour the simulation process, often making the coding process more tedious. 
 
Taking both the intensity of the response and the degree of integration into account, we find that only 
company F and company G has responded to have fully dedicated simulation staff. Undoubtedly, as with most 
processes, the more you put in the more you get out. This is certainly the case for simulation as well, as these 
are also the companies that show the higher overall maturity. This pragmatic approach is not novel. However, 
the evidence that there is a strong correlation with those companies that apply dedicated simulation staff and 
a strong simulation capability. As described by Laguna et. al (2013), simulation is at its core a software 
development process and share the same development circumstances. If you do not work consistently with 
the simulation software, it will be difficult to hone your skills to be able to produce more advanced models, 
this was very much the case for company A. More than often, if there is long time between projects a 
simulation specialist might have to start learning from scratch. Taking much needed time away from other 
more value adding activities in the simulation process. In this case, if the structure of the organisation does 
not call for dedicated simulation staff, one could argue that it might be better to rely on an external partner 
with a perfect command of the system architecture and performance, or in constant liaison with such experts, 
resonating with the arguments by Cantot and Luzeaux (2011), leaving the design and development stages to 
the simulation staff. This way, learning of the system is still achieved by the organisation however, more time 
could be dedicated to do optimisation and deployment of results. Indeed, control of the modelling is an 
advantage but is not enough to guarantee a valid and relevant model (Laguna, et al., 2013). 

 

6.1.4 Current practice of model deployment 
What is evident from the results of the SPM assessment is that the process area associated with deployment 
tenets are closely related to the tenets of those in general understanding. This correlation could be linked to 
the evident finding that if there is a weak understanding of simulation by the organisation, the result of a 
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study will consequently be hard to implement. On the other hand, a strong recognition will often result in 
greater capacity to deploy models and its results used to make decisions. This phenomenon is may seem 
rational by nature, and it is. At the end of it, if top management is not able to comprehend the results (by 
lacklustre understanding of simulation capabilities), it will be a great challenge to convince them otherwise, 
even if the result show great promise. This interplay between vertical integration of simulation and the 
maturity of model deployment is preeminent in all surveyed companies. 

 
What is seen by the empirics is that many companies are using (or a looking to use) a standardised simulation 
output. This would entail that the presentation to key management, often the most crucial part in a study, 
would follow a structured approach suited to bridge any potential knowledge gap the audience possess.  This 
is key.  

 
6.2 Distinguished advanced simulation capabilities 
The research finds that only a small minority of companies are successful at taking their simulation process 
consistent with their corporate strategy, but among these companies, four clear tactics emerge that identify 
the attributes of consistently superior simulation practice. (1) commitment from management, (2) advanced 
simulation capabilities, (3) alignment of maturity tenets and (4) commitment. This is further detailed below. 

 
6.2.1 Obtaining management commitment 
The organisation’s top management must set the stage for the design project itself and for the subsequent 
implementation process. Empirical evidence shows that if top management does not buy into the proposed 
change, the improvement effort is bound for failure. This is reflected by the fact that top-management support 
is emphasized in all surveyed companies that display significant advancement in the simulation process, in 
line with the arguments by (McCormack, 2007). 
 
In fact, the more significant and vital the change is, the more urgent top-management inclusion becomes 
necessary. On the off chance that the scope and significance of the process to be modelled and implemented 
are more diffident and mostly strategic in nature, including top management from the entire organisation 
may be less critical. In this instance it may be enough to solely involve management of the function or 
department that that is to most extent involved in the studied process. 
 
The study highlights however, no matter the importance, securing management commitment is not 
straightforward. What the empirical findings hints towards is that commitment by management cannot be 
accomplished without proper understanding of the capability of the organisation’s simulation process and 
its limitations; that is, management won’t commit to something it doesn’t completely understand. True 
commitment to simulation is as such only feasible when management has sufficiently understood all elements 
constituting the organisations simulation process and has recognised the need for integration. See for 
example, the case of company G, where true recognition by top management has been achieved and 
simulation is fully integrated into corporate strategy and business operations. This has resulted in that core 
drivers for simulation are coming from both top-down and bottom-up incentives.  
 
We may recall findings from company A, company B and company C, that many failures associated with the 
simulation process have been attributed to a lacklustre recognition from the organisations middle-
management and lack thereof of top management commitment and integration. These two issues are firmly 
related on the grounds of that individuals, including that of mid to top managers are bound to have less trust 
of simulation as the technique in most surveyed companies have only been used in a short time span. If top 
management commits and fully integrate both vertical and horizontally simulation into its business processes 
the empirical evidence hints towards that the simulation process are much more capable in both its design, 
development and its deployment of models. 
 
This premise might seem pragmatic, however there is strong evidence that most companies surveyed often 
overlook this step in the rush to move a project forward. Unambiguous support form management must be 
gained early in the project, or there will most likely be a strong reluctant to implement the results from the 
study and consequently the simulation process will be considered a failure. As argued by Laguna, et al. (2013) 
and further reiterated in the empirics, what is a key component to mitigate this risk is education. This is 
evident from the strong indications from companies showing lesser maturity on tenets in the general 
understanding process area in this thesis, represented in that in most cases management has little to no 
knowledge on simulation modelling. In those cases where this is not true, the above statement is seldom true. 
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If not, management will have very unlikely expectations regarding the scope or capabilities of simulation, 
often requesting problems to be solved that is not suitable for simulation or out of the area of expertise for 
the simulation staff. 
 
In order to obtain support from management there is a need to help them understand the simulation process 
that the organisation practises and establish rational expectations for projects. This phenomenon is identified 
in the case for company G, where management positions have previously taught simulation or been taught 
on simulation before entering their position within the company. This understanding of simulation has 
resulted in a simulation process that is fully vertically integrated to business operations, mitigating any 
misunderstandings regarding scope or limitations for projects. However, this management configuration is 
not often the case amongst organisations. 
 
As seen by most lower tier companies, there are tendencies that those not familiar with simulation 
overestimate the possibilities a simulation software can do, or what the simulation specialist is capable of 
doing. Several preliminary meetings should be held before with the attendance of management to allow for 
all parties to gain insight into the project and objectives. In turn, the conceptual model should also be verified 
by both the customer and management to ensure every key player in the project is aware its scope. 

 

6.2.2 Simulation good practice 
Good practice simulation, while concepts for successful simulation studies are widely covered in literature 
(Martin & Caris, 2018; Robinson, 2004; Carson, 2005), this thesis suggests that good practice for simulation 
is in its highest regard subject to a level of partiality. Not only is this demonstrated by company E, which 
practises simulation on a high maturity tier, but its simulation process is highly case dependent. Moreover, 
as indicative of that of company F and company G, good practice also depend on the place simulation has in 
the corporate strategy. Still, some common elements that is indicative of successful simulation projects are 
identified as the requirement of a mix of both quantitative and qualitative aptitudes, solid support from 
numerous areas of the organisations and a suite of tools and methods to enable adequate capability. This is 
representative to a high degree in the companies that achieved a high rating in the SPM model. We arrived at 
this conclusion by assessing the tenets described in section 5 and how the sample profile fit into the 
developed tenet requirements. In doing so, three clear good practices emerged. 
 
First, the importance of identifying what criterions will be used to measure if a simulation study will be a 
success. In its broadest term, a successful study in that of one that delivers information at the right time to 
support an important decision. In this context, the right information is information that decision makers are 
familiar with and know what to do with it to deliver value to the organisation. Judging from the vast array of 
information that drives a simulation, as seen in the variety of drivers and objectives identified in the empirical 
findings, the nature of information that is important to decision makers may often vary. Beyond the most 
common outputs associated with a simulation study – such as cycle times (company B), utilisation (company 
C) – other types of information may also be of interest, for example to explore green field projects or identify 
the rationale behind certain decisions (company D). 
 
Secondly, providing a high-fidelity answer at the wrong time in the project can be detrimental to a project’s 
success. Reliable information that is too late is often less influential for a decision then an estimate that is 
provided in time and to the right person. This is observed in most companies with a lower maturity in this 
thesis, focusing on providing a high-fidelity answer and a near perfect replica of the real-world process, often 
at the cost of extensive time and resources. In some cases, a rough-cut estimate may suffice that provides 
mere direction on where to the final decision may lead. This is often enough to make an adequate assessment 
of the objective, much to the benefit of the organisation. Further, it is often the case that organisations are 
reluctant to fully trust the result of simulation outright, making excessive simulation practice unnecessary. 
 
The third aspect of good practice might be out the simulation staff’s control, however, is still critical to 
understand. In particular, the success of a simulation is connected to its ability on affect a decision. If the 
information is not delivered to the correct person in the organisation in the correct setting, more specifically, 
the individuals that can make those decisions within the organisation, the simulation study is mostly in vein. 
The concern of this phenomenon was pertinent even among the highest rated companies in this research. 
Most respondents stated the importance of communicating the result to decision makers in layman’s terms, 
so that people without simulation expertise may comprehend the result fully. In light of this issue, several 
high tier companies have started to look into standardised ways of communicating results. Often this is done 
in a standardised template that is familiar to key stakeholders to make the communication of results easier. 
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6.2.3 Identified pitfalls of good practice simulation 
Apart from obtaining management commitment, as described in the previous section, some common pitfalls 
that hinders successful simulation can also be identified from the surveyed companies. This include but is not 
limited to the following eight obstacles.  
 

1. Occasionally the biggest mistake is made at the start of a simulation study. On the off chance that the 

organisation has picked the wrong real-world problem to investigate with a simulation study, the 

study is running a very high risk of failing its objective. A situation where this is present is when the 

circumstances call for a simulation to be conducted on a problem that already have a “known” 

solution or that a decision has already been made but not communicated thoroughly. This has been 

the case for company A, which have struggled with identifying the right problem to simulate, in part 

of lack of understanding from top management or the requester. In certain organisations, some 

thresholds in their standardised business practice requires a simulation study to be conducted, e.g. 

the case of company G. In this instance, a study might be initiated well after management have 

already committed to a course of action. Another situation relates to the failure to realize that the 

problem might be readily solved using other tools or techniques such as a simple spreadsheet 

calculation. The expense of a simulation study should be avoided if possible if cheaper alternatives 

are available that provide similar quality of results. To address this most higher tier companies 

surveyed have implemented a preliminary analysis in order to identify if the problem can be solved 

with other means as to mitigate this pitfall. 
 

2. To increase the opportunity of giving an adequate answer of a study at the opportune time, the 

simulation staff may need to use cautious when to initialise a simulation project. On the off chance 

that the process owner is still considering differing ideas on how to solve the fundamental problems 

of a system, it may be untimely to perform a dedicated simulation study when a rudimental analysis 

may be more fitting at this point. What the survey hints towards is that most companies are often 

very eager to start to simulate, viewing it as an exciting new tool often without considering the 

repercussions. Certainly, simulation is a powerful tool however, it should be used with caution, in 

the right time and follow a rigours process in order to confirm a sufficient result (Robinson, 2004). 

 
3. It is very evident from the empirical findings that all experienced simulation staff agree that data 

management is the most challenging and treacherous aspect of a simulation study. Not only is it time-

consuming, but often there is not enough of it, or what is available requires extensive sorting and 

analysis for it to be useful as input. As data is the fundament of a simulation study (Shannon, 1998), 

it is important to define what data requirements are needed early in the process and to specify how 

to obtain it. The duration of a project may vary based on the availability of data for the process. Also, 

appropriate data may exist deep within large databases or ERP systems and mining and organizing 

the require data will not be a trivial task, as modern organisation have a tendency to store a lot of 

data on numerous processes and machines. Company D and company G have looked into solving this 

problem by requiring a mandatory data input sheet from the project owner before any simulation 

activates take place. This puts the accountability of data management on the project owner instead 

of on the simulation staff and allows the team to have access to all necessary data to conduct the 

simulation. Moreover, as the sheet follows a standardised format, projects are often easy to replicate 

and makes following a rigorous standardised simulation process easy. 
 

4. Building a validated and useful simulation model will at its core share strong resemblance to a 

software development project and thus faces similar risks and challenges (Scholten & Udnik ten Cate, 

1999). Amongst these, a widely discussed risk in software development projects is that they often do 

not finish on time (Paulk, et al., 1993). As stated above, for successful simulation, the time 

information is provided to decision makers is often as important as the quality of the information. 

While there is numerous reason a simulation project provides results late, a common theme 

identified from the survey is that companies often get too involved in model coding, looking to 

replicate the real-world problem to near perfection and getting lost in detail. In return, leaving no 
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time for analysis. As with the activities of verification and testing of the model, this should be 

performed throughout the simulation project. 

 
5. To many or too few objectives. The more objectives that is picked, the harder the project will be to 

deliver sufficient results. This blurs the causal relationships between objectives. On the other hand, 

if you don’t have enough objectives it basically means you missed potential improvement or 

assessment potentials. 

 
6. The objectives are too verbose or too vague. It is easy to get carried away when setting objectives, it 

is not uncommon to make it so detailed that it’s not readable. Other tends to be so blue-skied and 
vague that that the objectives are almost motherhood. The issue then becomes when the objectives 
is later revisited you will often have forgotten what you talked about and what specific process area 
you wanted to focus on. Keep the objectives clear and concise.  
 

7. The availability of data. This is a big issue. It’s important to define the correct objective and most 
appropriate variables of a simulation project but is a data system in place to enable the enough input 
to develop the model. If a project is designed around data that is not already available or not possible 
to obtain, the project is dead on arrival. By the time the data is acquired for the model it might already 
be too late and other techniques might have taken simulations place. There is a need to be realistic 
about the data sources you have available. 
 

8. It took too long to implement the model. The design and development of the model got done but the 
deployment was delayed. The problem being that human nature has a very short attention span. If 
you do not get to deployment phase started within 60 days of finishing the development, the 
momentum is lost. 
 

 

6.2.4 Maturity alignment 
Another central proposition that emerged of this research is that apart from improving simulation 
performance, an organisation needs to align the different tenets of the simulation process in correspondence 
with its maturity tier. This proposition entails that an organisation has a higher chance of being successful in 
conducting simulation studies if all components of the SPM model are more or less at a similar maturity level. 
For instance, an intermediate simulation process goals should be unequivocally known and streamlined to 
support the tenets for intermediate practices, (As presented by company F and company G). If an organisation 
is misaligned, e.g. company A, some key tenets outrun others. For example, the company has a clear and 
defined model design and development phases, however, lacks in efficient deployment of models and there 
is no discipline to manage recognition tenets. This situation has clear drawbacks and leads to frustration 
among simulation staff as the substantial amount of work put into models often have little to no impact on 
operations. In this company, there is a strong vision of simulation but no action. Its competitive advantage 
from conducting simulation for improving production system development is flustered. 

 
The nature of problems companies encounters with its simulation process as a result of maturity 
misalignment is different depending on the type of misalignment. Illustrating the maturity tier of each tenet 
of the SPM model offers insight where management should pay attention. Often this is at the tenet that is the 
least developed and needs to be brought to a higher tier of maturity. On the other hand, if a tenet is 
overdeveloped in comparison with the overall maturity tier, it might be beneficial to set less ambitious 
objectives for that tenet. 
 

6.2.5 Commitment to the cause 
Achieving advanced simulation capabilities takes time. None of the surveyed companies that have gotten far 
with simulation have been able to get to their current state in a short time and without hindrance, but rather 
have had to be highly resilient and dedicated to its cause. This survey claims that a high degree of commitment 
has been required to achieve a highly capable simulation process. The simulation staff of those with high SPM 
have often had to face several setbacks and resilience is as it seems a prerequisite to succeed but will on its 
own not suffice. To achieve advanced simulation capabilities is a profound venture that will, to some extent 
require initiatives from the entire organisation, ranging from basic education off staff on simulation 
possibilities to integration into business strategies and operations. Indicative will be that of the length of time 
it takes to reach a higher state of SPM, displayed in most advanced simulation companies as seldom being 
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shorter than 10 years. The distinguished characteristic of companies being successful will in this sense be 
those that have the will to realise and accept the commitment of reaching advanced simulation capabilities 
over a long period of time, while being resilient in producing high-fidelity simulation models to showcase the 
possibility and capability of the simulation process. This phenomenon can visually be displayed in in Figure 
3. What is seen is that the advancement of the simulation capability will, according to the companies surveyed 
be a winding road faced with setbacks that will inhibits its advancement. Key will be the overall commitment 
and resilience.  
 

 
Figure 3. Relationship between time and SPM 

 
6.3 Simulation process enablers 
 

6.3.1 Selecting the right simulation projects coordinator 
One of the more common attributes of failed simulation initiatives is the lack thereof of a dedicated simulation 
project coordinator. The selection of a simulation coordinator does not share similar traits that of a project 
manager, projects have start and end dates, people then move on to other ventures. By contrast, running the 
coordination of simulation needs to be done on an ongoing basis. This calls for a more detailed explanation 
of what the role of the simulation coordinator entails, covered in the next section.  
 
The simulation coordinators tasks change with the different phases of the simulation process. Once an 
organisation has decided to use simulation to help aid decisions in production development, it’s time to figure 
out who will be the coordinator. In those cases where an external consultant is being used to facilitate the 
process, its best to take the consultants advice in understanding the coordinators role and who will be best 
suited for the position. In the case of when the simulation process will be run internally it’s still important to 
understand the role in great detail prior to the selection. While the role of a simulation coordinator holds 
several responsibilities and tasks, a few key roles is detailed bellow. 
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1. Running an introductory simulation workshop. This may become essential, especially of an external 

consultant is not being used. The simulation project coordinator with management at their side 

should conduct a presentation to the leadership team, introducing them to the concepts of 

simulation, its benefits, how the process will run, the associated timelines and everybody’s roles. 

 
2. Communication. Once a decision is made on pursuing simulation, the coordinator needs to work with 

management roles to develop a communication to go out the to the entire organisation. This memo 

will briefly introduce the simulation concept, why it is done, who is involved and what the key 

milestones are. The aim is to request organisational wide support as the simulation process is 

executed.  

 
3. Scheduling and participating in meetings with stakeholders. When going through the simulation 

process phases, frequent meetings needs to be held with key stakeholders in the project. Scheduling 

these meetings is one of the roles the coordinator plays. To succeed, the coordinator has to have the 

ability to engage with management in a high-level conversation in an unbiased discussion on the 

strength and weaknesses a simulation would offer the organisation.  

 

 

6.3.2 Simulation Process Checklist (SPC) 
In its most basic of form, a good practice simulation consists of reviewing the simulation model and objective 
often in conjunction with signoffs with management after each simulation phase, as detailed earlier. 
Structured walk-throughs with clients should occur periodically across the project to validate logic and 
mitigate errors in the model. The structured walkthrough consists of going through the model constructs and 
logic with an external partner. In this context, this thesis presents a simulation process checklist (see 
Appendix 2), with the aim of addressing some of the core pitfalls mentioned above. As previously stated 
however, one of the main concerns with establishing a successful simulation practice is establishing 
commitment from top management. As this is at its core an organisational issue that must be solved both top-
down and bottom-up, this is not covered in the checklist. What the focal point in this checklist present is a 
process that encourages an iterative integration with top management by proposing a stepwise methodology 
to conduct a simulation study. By combining good practices and leverage points identified from high tier 
simulation companies, as well as following the general structure of a simulation process prescribed by Law 
(2007), Robinson (2004) and Fowler and Rose (2004). The checklist presents a comprehensive method for 
administrating a project to ensure enough expose in each simulation phase. In addition, key tools and 
techniques are recommended in each step as to make the process for the simulation staff more of an ease of 
use.  
 
Given its firm underpinning in good practice defined by empirical research, the checklist provides a 
consistent basis to guide projects in practice in addition to ensure that a simulation project does not overlook 
any key activities. The use of a standardised methodology will give credibility to the process and demonstrate 
to top management that the project is structured after an established methodology. Noteworthy is that the 
proposed checklist positions the actual data management of a simulation model in a broader context than 
what most simulation experts dictate, this thesis argues that as ways to require input data will very much so 
be case dependent and a standardised methodology not applicable across all cases. The checklist is built to 
be followed sequentially and after each activity in the process a checkmark is made at respective activity to 
indicate that it is in fact finished and the next activity can start. This visualises the progress of the project and 
makes it easy to gauge if an adequate pace is being followed in the allocated time frame. The proposed method 
has been validated by presenting it to three intermediate simulation analysts and a formal agreement on the 
structure has been made. 

 

6.3.3 SPM progress matrix 
Once a current state has been identified and the organisation is aware of its tier of SPM the matrix presented 
in Figure 4 provides recommendations that can be applied to further an organisations simulation process 
capability. To ensure a maturity alignment a systematic approach is also recommended implying that all 
novice simulation tiers should be acquired before starting to implement higher level activities. The matrix is 
further detailed next. 
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By analysing the empirical findings, there is evidence that both external and internal organisational systems 
are interconnected. For instance, improving the process of simulation will inevitably require effort or changes 
in both organisational structures as well as changes in the process or people, as seen in the lesser mature 
companies surveyed where there is both a lack of commitment from management and the process lacks 
structure and rigour. In order to improve a process with this interconnectivity, much like the case for the 
simulation process presented in this thesis, there is a need to clearly understand these connections. 
 
Given that the information sampled from the surveyed companies range from covering organisational 
structure to the management of internal processes when conducting a simulation study, this thesis proposes 
a way to understand this interconnectivity through the applications of a systems view on capability initiators 
connected to the simulation process. The three identified capability initiators are as follows: 

 
• Organisational initiator: The first identified initiator is observed by taking a macro perspective, 

this fundamental perspective forms the structural integrity of major functions that comprise the 
organisation. Variables at this initiator are defined by the performance in strategic, organisational 
objectives and the deployment of resources. We see this applicable for simulation in the way 
management is integrated into simulation studies at the organisation and how the structure is 
formed around simulation projects. 

 
• Process initiator: The next initiator affecting an organisations performance is defined as a process 

initiator. Viewing past functional boundaries that represents the organisation, the process initiator 
is seen in the way how works gets done. For this thesis this is defined as how simulation projects are 
managed within the organisation, that the simulation process works effectively and efficient and is 
driven by customer requirements. 

 
• People initiator: The output of the simulation is dependent on the process it follows. The process, 

in turn, are being performed and managed by people that affect the simulation process and its result. 
This performance initiator includes, but is not limited to simulation staff responsibilities, 
standardisation and training. For instance, this would cover the how simulation staff operates in 
practice when conducting a study, what roles do they have for achieving the result and what 
restrictions are in place 
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Figure 4. SPM progress matrix 

This matrix as well as the SPC presented in section 6.3.2 in conjunction with the overall guidance previously 
presented in this chapter aims to be utilised in concert to work efficiently in improving the performance of 
simulation. If so, the aim is to: 
 

• Diagnosing and eliminating poor performance of simulation 
• A motivator for continuously improving the simulation process 
• A road map for guiding organisations in a new direction or to address maturity alignment 

 
Finally, an important point is that not all simulation process areas needs to be designed for integration and 
cross-functionality, some such as those governing the model development phase just needs to be very reliable 
and incorporate continuous improvement tools such as Sig Sigma. However, for the simulation process areas 
that are central to management integration, such as recognition and the organisation around simulation 
projects, flexibility is essential to ensure that new strategies and capabilities can be implemented seamlessly.  

 
Thus, arguments could be made for that one essential aspect of increased simulation capability will be the 
flexibility. Meaning the ability to operate effectively while not being tied down a rigid set of steps. Thus, 
flexible simulation process is different from simple process improvements. Flexibility requires to have a clear 
understanding of what the simulation process is supposed to achieve and the freedom to adapt the process 
as necessary. While to purpose of the simulation process must be well established and widely shared. The 
information required by the process and the means to the ends should not be fixed or narrowed. For example, 
the purpose of simulation objectives is to ensure individual and management alignment to strategy and goals. 
However, just aligning top-down objectives is not adequate. In addition to coming from top management, 
objectives can emerge from customer requests, compliance mandates or come from internal customer 
requirements. How to achieve alignment then should not be overtly specific. 
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7 CONCLUSIONS AND RECOMMENDATIONS 
This final chapter of this thesis presents the conclusions of this research based on the outlined research 
questions. Finally, research contributions and recommendations for further studies is presented. 

 
7.1 Conclusion 
DES applications for production system development in manufacturing companies is growing rapidly (Martin 
& Caris, 2018). A multitude of simulation process steps to ensure sufficient quality of outcome are being 
proposed to enable companies to execute successful simulations in dynamic environments (Nordgren, 1995; 
Cantot & Luzeaux, 2011; Robinson, 2004). While these processes have been widely accepted as protocol for 
conducting simulation studies, there is still no clear assessment on how these processes are applied in 
practice by the industry by this assessment provide evidence of what constitutes good practice in simulation. 
This was the very relevant problem for this thesis. 

 
In light of this problem, there are three identifiable artefacts formed in this research. Firstly, this study 
designs a process assessment model that provide rigorous level of procedural complexity when gauging 
company SPM. Moreover, it sheds light on areas in the simulation process that for a surveyed company might 
show weakness or a lack of intangible knowledge in that process step.  In turn steering the company to a good 
practice align with company directives by addressing the what and how to increase the soundness of 
simulation practice. The proposed model encompasses three tiers of increasing development and maturity 
are located across the vertical axis in the SPM model. Following the arguments of Paulk, et al. (1993) each 
succeeding tier enables increasingly objective simulation process capability, constituting in a higher maturity 
rating. By paring the tiers of SPM and the thirteen tenets, an organisation is granted a better understanding 
of the individual elements that will help realise a more rigorous, structured and controlled simulation 
process. 
 
Another artefact of this research is the simulation process checklist that gives organisations a novel 
empirically derived tool to help offer guidance on what activities constitutes the simulation process. Finally, 
the last artefact is the SPM progress matrix that aims to bridge the gap between maturity tiers. These artefacts 
are the result of fulfilling this research objectives by answering three research questions, further detail 
bellow. 

 
The first research questions aim to bring clarity on what practice of simulation is being used in the industry. 
The conducted survey finds that even among companies attributed an intermediate to advanced tier of 
simulation, few are doing it in alignment with their broader business and corporate strategies. Only one 
fourth of surveyed companies are identified as to have fully integrated their simulation practice and 
corporate strategy. The answer to the first research question contributes to achieving the objective by 
empirically gather understanding of what constitutes a simulation process in the eyes of its practitioners and 
thus identify what activities needs to be managed. 
 
The second research question is an extension on the first question by identifying what distinguish advanced 
simulation capabilities. The empirical findings arrive at the conclusion that it is the ability to collaborate and 
integrate with the organisation. This research finds that a focus on collaborating, both within the organisation 
and with external partners and stakeholders is essential in how advanced simulation companies create 
business value and establish competitive advantage. These companies recognise that the simulation process 
blurs, or in some cases obliterates traditional organisational boundaries and demands a focus on 
collaboration, commitment and cooperation that is unprecedent for most companies. The broad implications 
for these findings are evident in the strides of excellence companies like company F and company G have 
taken towards a fully vertically integrated simulation process, that in turn delivers extensive value to the 
organisation. 
 
While the benefits of collaboration are clear, so too is the reality that many organisations still have a long way 
to go in making the collaboration and integration of the simulation process the priority it needs to be. Less 
than half of the respondent in this survey on their simulation process showed evidence or strong evidence 
that their organisation is increasingly organised around cross-functional project teams or aligned with 
overall business strategies. 
 
In turn, it is also evident that no matter how advanced an organisation is at designing and developing 
simulation models, if there is not a strong recognition by the organisation, most importantly from top 
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management for the capabilities and limitations simulation has, the modelling activities will in most cases be 
in vein, as the deployment of result seldom is accepted by the organisation. Resulting in lack of moral for the 
simulation specialist. What is required is champion projects that can distinctly display to top management 
functions what beneficial value a simulation project could offer an organisation in making production system 
decisions. Given time this building of trust of the technique will allow for greater understanding and in turn, 
a fully integrated simulation process. Thus, to conclude the objective of the second research question, it’s 
worthwhile to summarize the critical factors to bear in mind while setting up a simulation initiative. The 
following 6 factors are identified from this research as essential to institutionalize a best in class simulation 
process. 
 

1. The simulation process should clearly comprehend the organisational objective and strategies. It 

should also have well defined, achievable objectives aligned to the enterprise strategies. If this is 

attained the process will translate this to achieve the expected outcome on individual simulation 

projects. 

 
2. Regular and effective communication regarding organisational change is required to ensure 

acceptance of simulation and avoid potential resistance. 
 

3. Well defined and documented processes, policies and templates for simulation projects are required 

to ensure standardisation across activities.  

 
4. Strong governance, accountability of participants and presence of relevant metrics to track 

performance and capability is critical to ensure that the simulation process is adhered to.  

 
5. High visibility and management support are key to ensure adaption across the organisation. 

 
6. The simulation program should have the appropriate level of authority to have an ability to affect 

decision on projects and initiative required actions. A part of this authority should cascade down to 

individual project managers, this would ensure that key simulation process tasks proceed 

unimpeded.  

The answer to the second research questions contributes to the overall objective by offering identified 
pragmatic approaches that characterizes good practice simulation, aiming to improving its capability. 
 
The last research question is aimed at bridging the gap between the developed tiers of SPM. This led to the 
development of two artefacts derived from the empirical studies, as previously described. The Simulation 
Process Checklist is designed as a first leap towards an improved simulation capability by offering key 
activities that should be performed in a sequential manner. Recommended tools and techniques are also 
presented. The progress matrix identifies that people, process and organisation are the initiators towards 
improved simulation capabilities. These initiators are put in relation to the identified tiers of maturity to 
create a matrix of recommendations to move from tier to another. 
 
The findings are an important first leap in a field that has only received limited consideration from academics 
and industry. Organisations that are looking to start a simulation initiative, or that have started one but are 
looking to further its simulation capabilities, this thesis offers a starting point. Even though the 
communication of this research is aimed at an audience already familiar with the DES and its applicability in 
industrial contexts, the study also contains useful data for a managerial audience. It is key when developing 
the simulation process that managers have a good understanding of the implications when conducting 
simulation projects. This understanding must include a general knowledge of limitations and possibilities of 
DES providing desired levels of satisfactory projects.  
 
Simulation is not a fad, in the eyes of many academics and industries it is one of the leading technologies in 
the paradigm of industry 4.0. Leaders need to begin laying the groundwork for their simulation strategy or 
risk being left behind. Companies that are laggards should expect their established competitors to eventually 
adopt simulation and be aware that many are doing so now. Companies that ignore the power of this 
technology, and the business processes and models they enable will be at a considerable disadvantage as we 
move rapidly into a data driven world.  
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7.2 CONTRIBUTIONS AND FUTURE RESEARCH 
The main contributions of this research are the SPM model and its assessment on manufacturing companies. 
The SPM model demonstrates the feasibility of using assessment methodologies to highlight a best practice 
for simulation practices and provides guidance on how to reach it. Since the SPM model is the first artefact to 
address this task on its own accord, it in itself is a contribution to research science. Moreover, it will serve as 
a hypothesis to be tested by future empirical work. This thesis may have relevance for organisations that are 
attempting the journey to a simulation process maturity. By providing guideposts, milestones and measure 
it may help answering the question “Where do we currently stand and what is next?”. 
 
That said, the validation of the proposed model should be a first action addressed in future work. This study 
did to some extent prioritise the analytical generalisations around the unit of analysis, additional 
confirmation from companies that meet the sample criterion should be made to ensure that the developed 
artefacts in this research are sound. 
 
Further research is also required around the identified process tenets (see Table 3). Even though the s13 
tenets are derived from empirically sound characteristics, it is plausible that the current research has not 
covered a complete range of tenets that affect the simulation process. Also, there is a high probability that the 
identified tenets are interrelated, implying that tenets regarding the design phase have a correlation to the 
development phase. This relationship is not covered in this research. Accordingly, future research could focus 
on how these tents are linked and its connexion to each other.   
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9 APPENDICES  
 
9.1 Appendix 1 – Interview guide 
 

Simulation phase Question 

Background   
 

What is your formal position within the company? 
 

What are the main responsibilities that you work with and what is your area of 
responsibility? 

 
What is your previous work experience and education, and how long have you 
been working for your current employer? 

General questions about 
simulation process 

  

 
How do you define a simulation process and what activities constitute a simulation 
process? 

 
What is the definition of a simulation process at your company? 

 
What are the main objectives of a simulation process? 

 
How are simulation projects organised at your firm? 

 
What do the stages of a simulation process look like i.e. when are things done, in 
what order? 

 
Does your firm have a formal simulation process or method? 

 
How are activities coordinated in a simulation process, when these span different 
functions or departments? 

 
Can you describe how the simulation process and projects at your firm interact? 

 
Does the simulation process give your firm a competitive advantage? Can you 
explain how? 

Questions about design 
phase of a simulation 
process 

  

 
What is your experience of simulation processes in simulation projects? 

 
Who initialises simulation projects at your firm, where do the ideas for simulation 
projects come from? 

 
What are the main drivers to conduct a simulation project in your firm? 

 
How does your firm screen for new simulation projects? 

 
How does your organisation decide what simulation project to pursue? 

 
What type of decisions are supported by simulation projects at your organisation, 
are these operational, tactical, or strategic?  

 
When implementing a simulation study, does your organisation focus on short or 
long-term priorities? 

 
Against which criteria are simulation projects evaluated? 

 
How are problems formulated in a simulation project? 

 
How are objectives defined and framed in a simulation project? 

 
Who participates in simulation projects at your firm? 
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Questions about the 
development phase of a 
simulation process 
 
  

  

 
How are modelling activities in a simulation project planned and scheduled at your 
firm?  
How is input data for simulation projects defined and collected at your firm?   

 
How are output data for simulation projects defined at your firm? 

 
What verification and validation activities occur in a simulation project at your 
firm? (Including data, model development, and results) 

 
How are data (input/output) for simulation projects verified and validated at 

your firm?  
How does your firm evaluate the validity of results for a simulation project? 

Questions about the 
deployment phase of a 
simulation process 

  

 
What departments and functions are the main users of simulation projects in your 
firm?  
How are the results of a simulation project perceived when compared to other 
alternatives by end users at your firm? 

 
How are the results of a simulation project used at your firm? 

Questions about the threats 
and opportunities 

  

 
What is the potential of simulation in your organisation? 

 
How does the work in simulation projects operate in practice at your firm?  

 
What are the problems, conflicts, and solutions in a simulation project? What is 
working well or perhaps not so well? 

 
What is the most important thing that will make your firm succeed during a 
simulation project?  
What do you need to change about in simulation projects - if you were allowed to 
wish freely?  
What are the obstacles in simulation projects? 

 
Considering all possible outcomes, what are the risks in a simulation project? 

Questions about success or 
strengths of a simulation 
process 

  

 
What are the critical factors and activities in a simulation process that will make a 
simulation project succeed? 

 
Please explain, based on your experience, how to make the activities of simulation 
process work in practice? 

 
Can you explain the different activities and factors that you described previously 
are related to each other, and what firms can do to link individual factors to a 
whole? Start with the factor you consider most important and elaborate on how it 
is related to other factors you consider important? 

 
How do you anticipate that technological advances related to Industry 4.0 could 
change the simulation process in your firm? 
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9.2 Appendix 2 – Simulation process checklist  
 

Simulation process steps checklist 

Step 
Simulation steps - Objectives and checkpoints 

✓ 
Key tools / 
Techniques 

Step 1: 
Problem 
structure 

Definition of a problem, objectives and simulation task 

1.     A formal definition of the problem was defined.   
-Action plan 
-Project charter 
-Project planning    
worksheet 2.     Other means for solving the problem has been considered.   

3.     Objectives are understood, and scope of project defined.   

4.     A schedule for completing the simulation process steps was 
developed.   

5.     Key stakeholders signed off on the projects purpose, scope and 
significance.   

Step 2: 
Conceptual 

model 

Development of a document containing key information required to build the simulation 
model 

6.      A basic process flow chart was developed.   
-Flow charts 
-Revision tables 
-ERP data 

7.      Input & output parameters for the model was defined.   

8.      A definition of entities that will flow through the model was 
established.   

9.      Activities with associated resources were identified and defined.   

10.    Scope, level of details and assumptions of the model was defined.   

11.    Data collection methods have been established.   

12.    The conceptual model is evaluated by the customer and an 
objective party.   

Step 3: Model 
coding 

The conceptual model is transferred into a computer model using dedicated software 

13.   A modelling approach was decided upon.   
  

14.   A basic model was developed that follows simple logic.   
15.   A final model was developed that represents the process 
adequately.   

16.  The model is easy to use, flexible, visual and quick to run.   

17.  The model is verified against the conceptual model.   

Step 4: 
Verification 
& Validation 

Debugging the model to ensure indented operation 

18.  Identified implementation errors was solved.   
-Blackbox approach 
-Historical data    
validation 
-Comparison to 
other models 
-Face validity 
-Structured 
walkthrough 

19.  Structured walkthrough of the model with staff members is 
performed.   

20.  Model output is compared to flow times retrieved from data.   

21.  The results from the model are trustworthy.   

22.  Key stakeholders signed off on that the verification & validation 
activates are sufficient.   
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Step 5: Model 
results & 

experimentation 

Evaluation of simulation output and optimisation of results 

23.  Run parameters were specified.   
-Graphical plots 
-DoE 
-Optimisation 
-Personal    
judgement 

24.  Warm-up period was determined and integrated so that the 
system does not start from an empty state.   

25.   Scenarios were tested, and the output evaluated.   

26.  The objective of the simulation project was achieved.   

27.  Key stakeholders signed off on the results.   

Step 6: 
Implementation 

The implementation and reporting of simulation results 

28.   A method was established to document and communicate the 
findings from the simulation.   

-Before & after 
results graph 
-Radar chart 
-Action plan 
-Management 
presentation 

29.    A documented final report of findings was developed 
containing recommendations for the decision-makers.   
30.   User documentation and training was done on how to use the 
model.   

31.   The learnings that was achieved from the project was detailed 
and noted.   

 


