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Abstract 
The Combined Simulation Approach (CSA) is a way to evaluate risks and address potential unforeseen 
problems in a more interactive way than what is often observed in practice in companies or sectors. The 
approach is based on a combination of scenario analysis and discrete-event computer simulation with which 
the strategies can be continuously developed. The contribution of this paper is to narrow the knowledge gap 
between strategic, tactical and operational levels of an organisation. The paper demonstrates how it is 
possible to work proactively with both the breadth and depth of strategies using a Danish knowledge 
intensive company as an example. 

Keywords: Narrative simulation, numerical simulation, foresight, scenario building, strategy, backsourcing 

1. Introduction 
Future studies can be based on either forecast or foresight methodologies. Forecasting is the attempt to 
estimate or predict future occurrences [111-118]. In contrast, foresight studies do not attempt to predict 
future events, but to imagine and analyze the impacts of several possible futures [1-4, 37, 57-60]. This paper 
focuses on foresight, especially how foresight studies can benefit from a combined narrative and numerical 
simulation approach, as well as the potential pitfalls of such an approach. The combined use of narrative and 
numerical methodologies in foresight studies has been the subject of intense debate [5-25, 4]. 
 
The majority of foresight practitioners have used narrative approaches, because they consider the 
extrapolation from past and current data as insufficient to address future possibilities. Nevertheless, an 
increasing number of foresight practitioners argue that a combination of narrative and numerical 
methodologies are a promising but also challenging way to proceed [5-6,  8-9,  15-18,  23,  26-29, 30-31, 
106-110]. 
 
It is argued that more robust strategic tools emerge from the interaction between the narrative and numerical 
contributions [22, 32-34]. A combined narrative and numerical approach can strengthen strategy 
development [20]. The anticipation is that a Combined Simulation Approach (CSA) can be used to consider 
future options and risks by combining initiatives at the strategic, tactical, and operational levels. “CSA” is 
the researchers’ formulation of an approach that has been discussed widely and combines two well-known 
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methods: scenario analysis and computer simulation. This combination has been examined by the researchers 
in multiple settings [19, 35, 25, 106-110].  
 
In this paper we will show how CSA proved to be useful for management in a Danish production company to 
examine different outsourcing/backsourcing strategies and their possible impact on the strategic, tactical, and 
operational levels. However, first we will clarify how we define narrative and numerical foresight methods. 
A methodology is numerical when it applies only statistical/mathematical tools and data [36, 12, 10, 9]. It is 
narrative when it consists of stories written as words and/or visualized by drawings and words [1, 6, 35, 4, 
2]. CSA is characterized by the use of text, images, and numbers in a sequential and/or interactive manner. 
Finally, a participatory approach, regardless of whether narrative or numerical data is used, is one by which 
the outcome requires interactions between the foresight practitioners and relevant types of decision makers 
and stakeholders [1, 37]. How participatory CSA was executed is explained later on in this paper.  
 
The approach in this paper addresses complex, real-world problems. The modelling of this approach is 
iterative and can refer to the numerical modelling itself, but also to different sources of knowledge. In large 
organizations, specific knowledge issues are commonly distributed between several units. A context-oriented 
foresight approach necessarily involves many different knowledge sources in order to create a cohesive 
knowledge base. However, the participating members of the organization should not just be reduced to 
“information wells”. A more beneficial approach that will motivate participants to think creatively and 
constructively is to provide an explicit contextual understanding of why and how their knowledge is 
important. This means that, throughout all of the different phases, the foresight process must remain 
transparent and contextualized [37-38, 1]. This also includes the validation [39-41] aspects of the modelling 
process, because the output from the different steps of the combined simulation approach is discussed on an 
ongoing basis with the stakeholders [38]. Before we describe how CSA was applied to a specific project, we 
will briefly introduce the two methods – narrative simulation and numerical simulation. 
 
2. Narrative simulation 
In this paper, scenarios are defined as different images of the future. Underestimating the importance of 
analysing future uncertainties can lead to policies and strategies that neither protect against possible threats, 
nor serve to take advantage of the opportunities connected to these uncertainties [21, 57-58]. Scenarios can 
help decision makers, planners and stakeholders gain an overview of and deeper insight into the possible 
outcomes of particular decisions. The special feature of scenario analysis is the long-term perspective on top 
of the combination of vision-making, storytelling and strategy formation [1]. Scenarios vary from brief 
statements to richly elaborated narratives, but are almost always based on the idea of a sequence of actions. 
To reach their target audience, narratives must be able to fascinate their stakeholders by containing points 
and events that clearly transcend the present state in a desirable direction. But they must also allow the 
stakeholders to identify with at least some of the actors or actions in them [1-2, 4, 59-61].  
  
3. Numerical simulation 
There are many different applications of numerical simulation, but the one used in this paper refers to the 
analysis of the consequences of a narrative scenario becoming a reality in the future [62]. A model is a 
representation of reality and not a complete replica of a real system [36, 62-63]. Simulation building should 
be strictly limited to inclusion of the relevant factors with respect to the needed results and evaluation [36, 
64-67]. Numerical simulation consists of two aspects; the simulation tool, such as a simulation language, and 
the “modeler”, who uses the simulation tool to build a model and analyse it. Computer simulation is needed 
to assist people in capturing the inbuilt dynamics of a feedback model, and in handling the complexity of a 
system, such as a large number of variables. It can also be used to reveal unexpected or unintended side 
effects that occur as a consequence of the deliberate actions. The program ProModel was used to create the 
numerical simulations. ProModel is a standard commercial off-the-shelf software program developed by the 
ProModel Corporation (www.ProModel.com). It is a discrete-event simulation technology that is used to 
plan, design and improve new or existing manufacturing, logistics and other operational systems 
(www.promodel.com). ProModel was considered easy to work with for both the designer and user as it has 
elements that the designer builds with using a minimum of programming and as the model can run with 
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graphical representations and the output can also be shown in graphical representation which make it easy to 
communicate with the decision makers.  
 
4.  The Combined Simulation Approach (CSA) – the model and discussion issues 
CSA’s structure and processes are shown in figure 1.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Combined Simulation Approach 
 
Figure 1 shows the combination of narrative and numerical simulation and the elements involved in 
combining narrative and numerical simulation. It emphasizes the idea that the two methods should be used 
interactively, and that the stakeholders should be involved in the process through interaction with the 
observer/modeler or foresight practitioner. The CSA method is a collaborative approach that combines 
scenario building with computer simulation. This combination serves to enrich scenario creation. As can be 
seen in figure 1 above, the narrative component was in this case driven by the researchers/observer in 
cooperation with the stakeholders in order to find the area of concern and create relevant scenarios. The 
result from the narrative component of the CSA method was then used by the researcher/observer to build a 
numerical model in cooperation with the stakeholder/model user. This numerical model can be used by the 
stakeholder/model user to guide strategic decisions and also acts as a method to check the scenario 
assumptions and stimulate the generation of new ideas on how the scenarios could develop further. This is 
indicated by the arrow between the Scenarios and the Model in figure 1 that depicts continuous interaction 
between the two methods.  
 
The CSA does not aim to model all aspects of reality, but to look at certain aspects of a system and then 
generate scenarios based on this area of concern. The narrative simulation can describe aspects that cannot be 
numerically simulated, and the numerical simulation can clarify the complexities and inconsistencies hidden 
in the narrative simulation. The combination and interaction of the two methods can enhance the clarification 
of both the narratives and the numerical models [19, 106-108].  
 
Usually, the process will start with a scenario, and then proceed to translating this narrative into input and 
output variables usable in a computer model. This combined approach can also enhance creativity because 
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the numerical model offers feedback for the narrative model, which can result in new and useful additions to 
the narratives. The improved narrative model can reciprocally impact the numerical model. In this way, an 
iterative process occurs between the two methods of simulation. This can illustrate how responsive an 
outcome is to changes in specific parameters and under certain conditions. The examination of the 
boundaries of the model can provide valuable insight into the resilience and usability of both models. This 
means that many different situations can be researched and adapted as things evolve. Making the models in 
visual form means that they can more easily be subjected to outside review. The model structure can also be 
re-used by either the model builder and/or the model user [19, 68]. This means that the stakeholders can 
follow the work on the scenarios and the computer simulations as they evolve over time and provide concrete 
feedback on them.  
 
The main discussion issues in the literature regarding combining participatory narratives and numerical 
simulation methodologies in foresight studies can be summarized as: 
 

• What are the relevant purposes of using combined participatory narratives and computer-based 
simulation [1, 2, 5, 32, 33, 19, 20, 69-71]? 

• What are the possible strengths of such a combined approach [5, 1, 6-20, 22, 23, 25, 35, 72]? 
• What are the possible risks or downsides of such a combined approach [5, 1, 6-19, 23, 25, 31, 35, 

73-74]? 
 
This paper will not discuss all possible purposes, but instead focus on CSA as a methodology to help 
decision makers and relevant stakeholders in a business context gain more systematic insight and the 
capabilities to consider both short and long-term issues, before they formulate a strategy and/or action plan 
for future activities. In addition, the paper will discuss the strengths and weaknesses of using mixed methods. 
In particular, the paper will reflect on the CSA approach as a means for increasing organizational insight into 
future issues, developing capacities to handle possible future events, and making decisions on the basis of 
combined simulations of possible paths that could be taken. However, the risk of there being inconsistency 
between the narratives and computer modelling, as well as the danger of missing connections between the 
simulation results and the contextual reality will also be discussed. In addition, the potential drawback of 
participatory biases in the development process of the narratives will be reflected on, as well as how this can 
be counteracted by involving stakeholders at different layers in the organization.  

5. The problem setting and scenario development in the company case study  
The following case study illustrates how CSA has been used to combine strategic, tactical and operational 
alternatives in a trans-national Danish company.  
 
One of the company’s vice presidents questioned whether lower costs were actually being achieved by 
outsourcing the company’s production of tools and parts to Chinese suppliers. It was debated whether 
increasing automation was actually outperforming the lower salary levels in China, as these salaries had also 
started to increase. It was agreed that an examination of how the technological development might impact on 
the outsourcing/backsourcing strategies would be made. Throughout the process, the researchers attended the 
company several days a week and visited various departments to gather data and information relevant to the 
scenarios and the simulation, and to carry out interviews. Interviews were conducted with employees in the 
production department, the research and development department, the department for operations, and the 
financial department. These interviews with key actors were conducted to create possible pictures of the 
future. Data was collected to calculate the total cost of this strategy, and a numerical model was designed to 
make the simulation. The results were discussed with the key actors, and the narrative scenarios were further 
developed and refined.  
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At the beginning, the Vice President of Component Manufacturing was the main stakeholder, and to start 
with, the researchers focused on this department in order to gather information about the Danish and the 
Chinese production as well as the outsourced functions. The researchers met with the Vice President of 
Component Manufacturing approximately two to four times during a month in order to discuss the findings 
and the development of the scenarios and simulation. The researchers also spoke with the other employees in 
the department in order to gather information about the department, and also specific data related to the 
production and outsourcing for the numerical simulation. After a period of two months, it was agreed that it 
was necessary for the researchers to gather information from other departments in the company. This was 
arranged so that the researchers spent approximately one month within the other departments listed above in 
order to verify and validate the data gathered at the production department and to gather additional 
information in relation to the outsourcing and production.  
 
The original justification for offshoring/outsourcing in 2001 was based on the differences in salary levels for 
manual labor in Europe and Asia. However, the salary level in Asia had increased since 2001, and the 
company therefore considered whether they should move the factory to another country where the salary 
level would be lower. However, some departments did not think that this was viable in the long run and 
would have preferred the company to consider a more long-term, stable and competitive solution. Based on a 
reference scenario resembling the company’s current situation, four new scenarios were developed. The 
development of the four scenarios took place through interaction with the managers. The four scenarios – 
differing in the level of automation and the extent to which activities are in-house or outsourced – are shown 
below in figure 2. 
 

 

Figure 2: Four scenarios for outsourcing/backsourcing [68, 75] 
 
Figure 2 shows the four scenarios and their different levels of automation and different degrees of 
outsourcing. In scenario A, the production of a product is divided between a supplier and the company. 
Assembly of the product occurs manually – as was the case at the time in the company. The scenario is 
constructed on the basis that the outsourcing strategy consistently focused on outsourcing a larger part of the 
production to suppliers in China. There are several uncertainty factors for scenario A, such as potential 
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changes within the Chinese market and society, the risk of political disturbance, changes to the regional plan 
and increases in the salary level.  

In scenario B, a strategic partnership with another company is formed. The strategic partner handles all 
production. The level of automation for product assembly is high in scenario B. The strategic partner has the 
competencies to carry out assembly using an automated process and at a competitive price. Most likely, the 
partner also has automated production of plastic parts and tools. This scenario was evaluated to take place 
further into the future as a fully automated assembly process was not considered realistic within the next 3-4 
years. Even when the technology is mature, it is not a given that the company will invest in it because the 
business is characterized by small volumes, high complexity, small parts that have to be assembled precisely, 
and a relatively short product life cycle. This means that any return on the investment will be difficult to 
achieve. The scenario is nonetheless relevant as there is considerable potential in having an automated 
assembly process. Due to the fact that an automated assembly process is evaluated to be 7-10 years away, 
this scenario was not investigated further. It can, however, be particularly consequential, as an automated 
process could result in the salary level decreasing in relation to the total cost of a product, thereby making 
the location of the assembly process only of minor importance.  

Scenario C also involves a high level of automation. The focus is on the company producing more internally. 
An automated assembly process means that assembly becomes more independent of salary level, which 
again means that the assembly can take place in Denmark. All activities in the company are gathered at one 
location, which can create synergies. The congregation of activities can result in reduced costs for location 
and property maintenance. The scenario will also result in a reduction of travel expenses for their own 
factory in China, such as in scenarios A and B. In addition, considerable resources are lost in day-to-day 
work due to travelling. All costs related to cooperation with suppliers will be eliminated, as well as the cost 
of communication. This scenario was not investigated further as it was considered that the technology would 
not mature enough in the near future to make it feasible.  

Scenario D is characterized by a low degree of automation. The products are assembled manually in a 
factory located in an Eastern European country – such as the Czech Republic – but owned by the Danish 
company. The headquarters and research and development department are located in Copenhagen and the 
production site is in Denmark. The production site is expanded, and capacity is enhanced. The capacity at the 
tool shop at the headquarters can also be increased. All activities are in-house. The need for coordination and 
control of suppliers is eliminated, and employees can focus on their core tasks. Travel expenses are 
drastically reduced. Visits to the factory in Eastern Europe can be made in one day, in comparison to visits to 
the factory in China which typically take 5-7 days. This results in reduced travel and accommodation costs. 
Scenario D is highly realistic, but is not part of the company’s current outsourcing strategy.  
 
During the process of developing the four scenarios and through the cooperation with the Vice President, it 
became clear that the VP seriously questioned the current outsourcing strategy of the company. He requested 
the development of three sub-scenarios within scenario A in order to examine different possibilities.  
 
5.1 Scenario A 
The three sub-scenarios under scenario A differ from each other with regard to how much production is 
outsourced to third party suppliers: 

• Scenario A1: The third party suppliers produce all plastic tools, all plastic parts and all hybrids. 
• Scenario A2: The suppliers produce approximately 65%, and the company produces the remaining 

35%. 
• Scenario A3: The company produces 65% plastic tools, plastic parts and all hybrids, and the Chinese 

third-party suppliers produce the remaining 35%. The suppliers produce the most simple tools and 
parts.  
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Through discussions with company management, it became evident that scenario A2 was interesting to 
pursue. Furthermore, the Vice President found it useful to identify the total costs related to the company’s 
current outsourcing strategy for plastic tools in order to compare the current situation with new potential 
situations. In this scenario, the headquarters and the research and development department are located at the 
same address. Production is also located outside the major city as well as at a larger factory in China where 
the products are assembled. The company cooperates with two or three carefully selected Chinese suppliers 
and some suppliers from Northern Europe that specialize in making plastic tools. In relation to electronic 
components, the company cooperates with a large manufacturer in Thailand. The set up can be seen in the 
figure below. 
 

 

Figure 3: Scenario A2 [68, 75] 
 
Scenario A2 poses a challenge in developing all of the necessary tools in time and at sufficient quality so that 
they can be used in the planned production of plastic parts. It is also a demanding task to get the production 
of plastic parts at the Chinese supplier to run in a timely manner. In reality, moving a tool from the company 
in Denmark to a supplier in China is a difficult task. The scenario was selected as a reference scenario 
because of its similarities to the current situation. Because of this, scenario A2 formed the basis of the first 
numerical simulation. The other scenarios can also be pursued and analysed in the same way that A2 will be 
in the following. 
 

5.2 The Numerical Simulation  
In order to question the current outsourcing strategy, it was necessary to identify the total costs. The 
impression that too many resources were being used to control and support the suppliers. This, in 
combination with the increasing prices in China, led to a questioning of the whole setup. There are different 
costs to consider when determining the total costs – such as indirect costs (that cannot be seen directly in the 
budgets) related to production. It could also be relevant to consider any hidden costs (such as CO2 
emissions), but this falls outside the scope of this paper.  
 
Some of the costs can be found in the budgets for the suppliers. Other costs, such as travel and 
accommodation for quality assurance visits to the suppliers, can also be found in the budgets, but they are 
not directly tied to the use of suppliers. The amount of time spent by consultants and employees at the 
suppliers’ sites should also be calculated and added to the costs. The output of the model should therefore be 
the total costs in relation to producing a tool that can be approved and used in the plastic part production.   
 
Based on several interviews, both at the production site as well as at company headquarters, a list of costs 
was developed together with management. This list was also inspired by information found in internal 
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documents, strategies for the tools, and articles [69, 76]. It was important to discuss and formulate the list 
together with management to improve the different forms of simulation and make them more realistic. The 
list of different cost types is: 

• Tool production  
• Approval of tools 
• Production of plastic parts 
• Approval of plastic parts 
• Repairs  
• Materials 
• Shipment 
• Travel  
• Investments in machines 
• Maintenance of machines 
• Qualification of suppliers (beginning) 
• Qualification of suppliers and training (ongoing) 
• Cooperation of improvement and innovation 
• Adaptation of procedures 

After the list had been made with management, it was also discussed and approved by several stakeholders. 
The list was used as a basis for specifying the input variables. 

5.3 Input variables 
The different input variables and the data related to those input variables will be described in the following. 
Because it was the indirect costs of outsourcing which were most interesting to examine, it was agreed that 
the cost of the suppliers would be used as an input variable. These costs could be seen directly in the budgets 
for the suppliers. They consist of costs for the number of tools the company had planned to produce in a 
given year, as well as the related costs per tool. The table below shows how many tools were planned for in a 
given year and the supplier responsible for each of these tools.  
 

 Expected division of tool production (number of tools) 
Category Tool shop Scandinavian suppliers 1. Chinese 

supplier 
2. Chinese 
supplier 

Plus 2 15 - - - 
Plus 1 - 24 24 - 
0 - - 25 - 
Minus 1 - - - 19 
Minus 2 - - - 15 

Table 1: Expected tools [68, 75] 
 
The “category” refers to the level of complexity of the tool, where plus 2 is the most complicated tool. This 
particular tool is made by the tool shop in Denmark because, based on the company’s experience, the 
suppliers were not able to produce this at the required quality level. The production prices for each tool can 
be seen in the table below. The price is related to the complexity of the tool and the supplier. The prices have 
been provided by the manager of the tool shop. 
 

 Tool 
shop 

Scandinavian 
supplier 

1. Chinese 
supplier 

2. Chinese 
supplier 

Category     
Plus 2 414,000 550,000  - 
Plus 1 272,000 350,000 138,000 - 
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0 207,000 - 120,000 - 
Minus 1 138,000 - 90,000 90,000 
Minus 2 92,000 - 45,000 45,000 

 Table 2: Tool prices in DKK [68, 75] 
 
Table 2 shows a more complete list of prices than is necessary to understand table 1, but this is to illustrate 
that the tool shop in Denmark has the capacity to make all of the different categories of tools, only at a 
higher price for tools in category 0, minus 1, and minus 2 than the Chinese suppliers. These particular tools 
are comparatively less complicated and the Chinese suppliers can make them to the expected standard. The 
Chinese suppliers can also make tools in category Plus 2 and Plus 1, but they cannot deliver at the requisite 
quality level. The Scandinavian supplier can also make all tools, but they become too expensive in 
comparison with the Chinese suppliers for tools in category 0, minus 1, and minus 2. The tool shop is 
actually cheaper than the Scandinavian supplier, but the company uses the Scandinavian supplier due to 
capacity limitations. In the numerical model, the prices of the tools were collected in one variable for each 
supplier.  
 
To find the total costs, the indirect costs and the costs of resources must be added. Indirect costs were related 
to four different types of employees that travel to ensure the quality of the various tools. The four groups are: 

1. Employees in R&D who work with design of plastic parts and approval of the tools  
2. Employees in Production who work with ramp-up and approval of the tools  
3. Employees in Purchasing who select and cooperate with the suppliers  
4. Employees in Purchasing in China who have the most contact with the Chinese suppliers 

The costs include air travel, other transport, hotel and other living expenses such as food. The table below 
shows the costs of travel.    
 

Costs for Danish specialist per trip to a Chinese 
supplier, in DKK 
Plane ticket – ordinary 10,000 
Accommodation 5,000 
Resources (40 hours at DKK 550)  22,000 
Day’s-notice plane ticket – immediate 
problem 

25,000 

 Table 3: Cost in DKK of travel to China [68, 75] 
 
Table 3 shows the costs for sending one specialist from Denmark to China to fix a specific problem (such as  
quality). Often such specialists are required to leave at short notice and therefore the plane ticket costs 
approximately DKK 10,000. Furthermore, there are the costs of staying in China for around one week of 
DKK 5,000. And the salary costs for the specialist approximate to one week’s work at DKK 550 per hour. If 
there is an immediate problem and the specialist has to leave with only one day’s warning, the plane ticket 
often escalates to a cost of DKK 25,000. These costs were entered into the numerical model based on the 
company’s experience of how often these problems arose and then given a stochastic variation in the model.  
 
These costs can also be seen in the numerical model: 

• “I31 DK travel support 1st Chinese supplier” – for travels to the 1st Chinese supplier. 
• “I32 DK travel support 2nd Chinese supplier” – for travels to the 2nd Chinese supplier. 

The names of these variables were also chosen by the researchers, and the “I” in front indicates that these 
were indirect costs. The resources used for project management were divided between the four types of 

9 
 



employees listed above. The researchers worked together with the company’s employees to make the 
specifications precise and detailed. A significant amount of time was used on coordination and 
communication in order to avoid misunderstandings between the company and the suppliers. The costs of the 
resources used to coordinate activities with the two Chinese suppliers are identified using the following two 
variables: 

• “I21 1st Chinese supplier support” contains the costs related to the 1st Chinese supplier. 
• “I22 Chinese supplier support” contains the costs related to the 2nd Chinese supplier. 

The Chinese employees work together with the Chinese suppliers. They are all engineers. The costs of these 
employees are based on an estimate from Danish management. The variables represent salary costs and 
travel expenses for cooperating with the suppliers: 

• “I11 support 1 Chinese supplier Engineer” – for the costs of working with 1st Chinese supplier. 
• “I12 support 2 Chinese supplier Engineer” – for the costs of working with 2nd Chinese supplier. 

The table below summarizes all the input variables described above. 
Input Variables 

• B toolshop1 
• B tool design supplier EU 
• B 1 Chinese supplier 
• B 2 Chinese supplier 

• I31 DK travel support 1 Chinese supplier 
• I32 DK travel support 2 Chinese supplier 
• I11 support 1 Chinese supplier SQE  
• I12 support 2 Chinese supplier SQE  
• I21 1 Chinese supplier support 
• I22 2 Chinese supplier support 

 Table 4: Input variables 
 
The table shows the input variables that were developed for the model. These input variables are – as 
explained – found through data gathering and interviews with employees in the company to determine the 
outsourcing cost drivers. The names of the input variables reflect the names of the different suppliers and 
whether they represent known costs (B) or indirect costs (I).  

5.4 Output Variables 
The total cost of outsourcing was automatically calculated by the simulation as an output variable based on 
the known and indirect costs of outsourcing. It was especially interesting to focus on the total indirect costs 
of each supplier in order to compare the two suppliers in question. In the project, the difference will indicate 
whether there are extra costs for the company in using Chinese suppliers instead of Scandinavian suppliers.   

5.5 The Simulation Model 
With its roots in the initial idea to examine the total costs of outsourcing, and based on the above input and 
output variables, the numerical model was built. The model was constructed on the basis of how a tool is 
produced, meaning its path from beginning to end, and the costs involved in this process. For instance, a tool 
is first developed in Denmark by the tool shop and is then sent to China to be implemented in the overseas 
production. The Chinese site needs to learn about the new tool and how to use it, which in most cases can be 
complicated. Then the tool is integrated into production. This means that it is possible to follow the number 

10 
 



of produced tools and in the same way track the different types of costs related to the production of each tool. 
Figure 4 shows how the model looks in the modelling program ProModel.  
 

 

 

Figure 4: The simulation model [68, 75] 
 
Figure 4 is a visual representation of the simulation model. The simulated time period is one year. During 
one year the company produces 122 tools. The model does not segment each year – rather, the tools are 
assumed to be produced concurrently throughout the year because the focal point for the company was to 
calculate the costs of producing the various tools during a year, rather than examining when the different 
tools were produced. However, the model can be constructed so that the different tools are produced at a 
given time.   
 
The model is created in such a way that it is possible to track the number of tools made and the different 
types of costs relating to each tool. The total costs of producing the 122 tools can also be found. The 
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numbers are shown as a function of time. The images at the top of the simulation show the Danish tool shop 
as well as the Chinese production site and the Chinese suppliers. The fields below the images show some of 
the numbers that are viewable throughout the simulation – such as the number of tools being made, the cost 
of the tools, travel costs, total costs, etc. This makes it possible to follow the model in real time. The 
development of costs over time can be seen in the next figure. Figure 5 shows the costs of having tools 
produced by the two Chinese suppliers. The direct costs involved in having the tools produced by Chinese 
supplier number 1 is shown by the green line and is by far the most expensive (company names have been 
removed for confidentiality reasons).    

 
Figure 5: The output file seen graphically [68, 75]  
 
The red line shows the costs involved in having Chinese supplier number 2 produce the tools. The other lines 
represent costs that form part of the total direct costs depicted by the green and red lines. For example, the 
cost of project management for the first Chinese supplier, shown by the blue line, are approximately 57% 
higher than the price on which the Purchasing Department would base their decision of which supplier to 
order the tools from. For the second Chinese supplier, which delivers less complex tools, the costs are 21% 
higher. The simulation also shows the added costs in using the Chinese suppliers, which gives a true 
indication of the costs involved in using them, as compared to the prices on which the Purchasing 
Department will base their decision.  
 
Applying the CSA process within the company culminated in different departments participating in 
development of and use of the scenarios and simulation models. Furthermore, opinions voiced by various 
persons across the different departments were noted and integrated into the scenarios. The visual part of the 
simulation and the fact that the numerical simulation was able to handle the complicatedness of many 
different data highlighted how the total costs involved in outsourcing were relevant to consider. The final 
report was sent to the company’s top management and alerted them to the fact that there were costs involved 
in outsourcing and offshoring that had, so far, not been taken into consideration. The report was prioritized 
and management initiated an examination into the current outsourcing strategy. Furthermore, a cross-
functional team was established consisting of the Vice President of Component Manufacturing and key 
persons from Operations, Finance, and R&D. The purpose of the team was to enhance knowledge sharing, 
communication, and cooperation between the different departments so that areas such as outsourcing costs 
could be handled and discussed.   
 
The process described above involves both CSA facilitators and company personnel working in different 
areas and with different opinions. It can continue iteratively, thus proving that CSA can successfully be used 
to assist the strategy process. It is also possible that if CSA is applied to a broader user group within the 
company, and/or to external relations of the company, new ideas could emerge. In the cases where CSA has 
been applied, management found the results highly usable to quickly test the consequences of each scenario 
before decisions were made about future outsourcing/backsourcing activities. The visual modelling enhanced 

Direct Cost of supplier 2 

Direct Costs of supplier 1 

Cost of project management  supplier 2 

Cost of project management  supplier 1 

Travel Cost from Denmark 

Costs of Chinese Engineers supplier 1 

Costs of Chinese Engineers supplier 2 
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the creative interaction between company employees and the CSA facilitator. Moreover, the modelling was 
successfully used in several instances to translate tacit knowledge into explicit knowledge. This could be 
seen in examples where the production team in Denmark expressed (through the visual model) the total cost 
of suppliers for the supply chain team in Denmark, who received a visual representation. These positive 
results are also mentioned by Schirrmeister and Warnke [77]. Before the narrative and numerical models can 
be elaborated, the CSA facilitators have to collect knowledge from/of the company, the situation, the 
stakeholders and the mental models in order to determine and understand the needs and complexities. The 
interaction between the stakeholders and the CSA facilitators should take place concurrently in order for the 
stakeholders to gain ownership of the process and for the approach to be embedded within the company. 
Furthermore, this interaction is important because stakeholders increasingly become part of the development 
of companies and act more like co-developers. Figure 6 summarizes the iterative process of working with 
CSA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The interactive process of CSA 
 
Figure 6 shows how the process started with a reference scenario, which in this process is defined as a 
scenario describing the company’s current situation. This provided a good starting point because it also 
helped the CSA facilitators and the stakeholders clarify the kind of data needed for development of the 
numerical model. Based on the reference scenario and the interaction between CSA facilitators and 
stakeholders, the different scenarios (A, B, C, and D) were constructed. Interaction between the narrative and 
numerical simulation challenged some existing points of view as some of the scenarios that were anticipated 
to be most attractive for the company were found to be more expensive than expected when explored more 
thoroughly. During such a process it became apparent that certain knowledge was not shared or debated. 
Thus, CSA proved to be effective in drawing attention to complexities – such as the indirect aspects of total 
cost. The figure above shows that scenarios A, B, C, and D were simulated numerically and, based on the 
simulations, scenario A was chosen as the focus. This resulted in three further developments of scenario A – 

Scenario A1 Scenario A2 Scenario A3 

Numerical Simulation 

Scenario A2a Scenario A2b Scenario A2c Scenario A2d 

Numerical Simulation 

Scenario A2b(1) Scenario A2b(2) 

Reference scenario 

Scenario B Scenario C Scenario D Scenario A 

Numerical Simulation 
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A1, A2, and A3. These three sub-scenarios were then simulated numerically and, based on these simulations, 
scenario A2 was further developed and so on. Figure 6 illustrates that the process is ongoing and iterative as 
it reflects the usual experience that new possibilities and obstacles continue to appear.  
 
6. Different Organisational Levels 
The process of working with CSA involves moving between the strategic, tactical and operational levels 
within the company. This was exemplified in this case where the first scenario and problem formulation 
occurred on a tactical level, based on the concerns expressed by the Vice President of Component 
Manufacturing regarding the actual costs of outsourcing. These concerns were then discussed, with the result 
that they were transformed into a reference scenario. To develop this scenario, the operational level was 
engaged through data collection and interviews with several employees in different departments to develop 
the different scenarios as precisely as possible, based on the information regarding production, outsourcing, 
and costs. Further, the actual values for the input parameters had to be found at the operational level, based 
on data for travel costs, production costs, supplier information, quality information etc. All of this 
information was checked at the tactical level with the Vice President of Component Manufacturing as well as 
other stakeholders. When the simulation had run and the results were produced, these were again checked at 
both the operational and tactical levels. The strategic level was involved at the end of the process when 
several scenarios and simulations had been made. This resulted in an awareness regarding the outsourcing 
costs, as well as an initiative at the tactical level where leaders from different departments were requested to 
meet on a more regular basis to discuss issues and potential development opportunities. It was found that 
CSA was an effective tool for strategy development, as it provided a structured approach to both inform and 
make strategic choices. Furthermore, CSA added a dynamic component to strategy development by 
facilitating several strategic conversations about a range of possible futures, challenging the participants in 
the process to look beyond the typical frameworks and change their mental models in relation to the 
company’s outsourcing strategy. In addition to these conversations, CSA provided the opportunity to 
compare strategic options across multiple scenarios in relation to outsourcing. The CSA process moves 
between the different layers in the organization as illustrated below.  
 

 
Figure 7: CSA as a tool for strategy development 
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As the process is described in figure 6, it is argued that the combination of the qualitative scenarios and the 
quantitative computer simulation helps promote strategic conversations in the company – as was the example 
in this case where different scenarios regarding the outsourcing strategy were examined, both qualitatively 
and quantitatively. The conversations took place at different levels within the organization: the initial 
conversation started at the tactical level and then moved back and forth between the operational and tactical 
levels as the scenarios and simulations were elaborated on and validated, so that at the end of the process 
they could be discussed at the strategic level. Following this, the conversations were again brought to the 
tactical level with the cross-functional team that was established. To begin with, it was the 
facilitators/researchers that promoted the more dynamic strategic conversations through CSA, but as the 
process continued, the facilitators were needed less and less because the different stakeholders had been 
engaged and were able to manage the process themselves to a larger extent. 
 
7. Areas for using a combined simulation approach 
Within a company context, combined simulation approaches like CSA can be used to intensify the raising of 
awareness about possible challenges in the future (“awareness raising”), for capacity building of cooperation 
between decision makers, participatory stakeholders and facilitators of the process, as well as for policy 
building and decision making based on the simulations [1, 70-71]. These general purposes outlined in the 
literature will be reflected on in relation to the case study described above. 

 
7.1 Awareness raising 
The main objectives of awareness raising are the formulation and dissemination of socio-economic, 
environmental, infrastructural and/or technological trends that must be recognized and analysed before 
policy decisions are made [78-81]. Awareness raising by means of CSA includes the following types of 
activities: 

• Trend-tracking, to detect weak and strong signals to gain insight into emergent drivers of change 
• Risk analyses, to increase awareness of the potential risks attached to different routes 
• Trust building, to agree on the needs, values, and benefits of using CSA for the target audiences 

Awareness raising is a CSA activity that occurs before, during and after a specific CSA study is conducted. 
In practice, this was illustrated when one of the case company’s vice presidents cast serious doubt on 
whether the company was actually achieving lower costs by outsourcing the production of tools and parts to 
Chinese suppliers. As explained, it was debated whether the increasing level of automation was in fact 
outperforming the lower salary levels in China because these salaries were also starting to increase. This 
debate led to trend-tracking to examine how the technological development could impact the 
outsourcing/backsourcing strategies. As the different departments did not agree on the outsourcing strategy, 
it was also necessary to carry out trust building in order to show all departments that there was a need to use 
CSA to examine the size of the indirect costs and whether another strategy could be more effective. This was 
carried out by making a reference scenario that resembled the company’s current situation. This allowed the 
different statements to be tested before proceeding with CSA and the risk analyses of the four new scenarios 
that were developed. This allowed us to increase the awareness of the potential risks inherent in several 
different routes.  
 
7.2 Capacity building 
The main objectives of capacity building are to institutionalize interactions between CSA practitioners, 
stakeholders and policy makers. Here we draw a distinction between two institutional levels that are closely 
interrelated: 

• Procedures, including structure, rules and methods of communication and decision making 
• Roles, including the anticipations and interaction patterns between the institutionally related actors 

Capacity building includes the following activities: 
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• Skill development of the target audiences, increasing their abilities to participate in and apply the CSA 
studies. This also includes the development of concepts and practices for thinking about the future – a 
‘foresight culture’ [82] 

• Communication channels between CSA practitioners, stakeholders and policy makers  
• Trans-disciplinary cooperation by the means of CSA workshops, enabling the stakeholders, policy 

makers and foresight practitioners to undertake more interactive roles and create new configurations of 
scenarios and road mapping 

• Initiator skill development to use CSA to increase the number of new ideas and projects [83] 
• Opponent skill development to use CSA to challenge the new ideas and assumptions [83] 

Capacity building is closely related to awareness raising both in the sense of ensuring the effectiveness of the 
latter, and as a possible spin-off effect of awareness raising. The case company consisted of several 
departments with employees from all kinds of backgrounds, which emphasised the need for skill 
development and trans-disciplinary cooperation. This was done through a series of meetings, interviews, and 
workshops with the different departments in order to both understand them and to get them involved in the 
process. The active participation of the employees also meant that the communication channels were open as 
there was direct contact between all the departments. The general scenarios were continuously refined to 
more specific scenarios through interaction with the Vice President and other stakeholders in the company, 
indicating that both initiator and opponent skills were developed through the use of CSA.  
 
7.3 Policy building 
Policy building includes creating the process, facilitation of the process and the consequent output of the 
process – whether these are policy statements, laws, standards, strategies, research priorities and/or practices 
based on the resulting policies in question. In general, policy building in this sense can help policy makers to 
make short-term decisions framed by a long-term perspective. It provides them with methods to think more 
interactively and systematically, as compared to the often fragmented ways of making day-to-day policies 
[84-85]. 
 
Policy-building activities include the sub-types listed below: 

• Reformulation of current issues, CSA facilitation may help participants to draw attention to new aspects 
of current issues, as longer term perspectives become clearer. Such a reformulation can “open the 
window” for new political trade-offs and/or innovative systems. 

• Putting new issues on the current agenda, CSA can draw attention to new issues that are not yet on the 
political agenda. Due to the combined long- and short-term orientation of foresight studies, political 
issues that are not yet visible or recognized on the current agenda can be identified and included in a 
policy-making process. In a corporate context this means that new business fields are explored.  

• Pointing at emergent issues/risks, The combination of long-term and short-term approaches in CSA can 
provide information about the cumulative comprehensive effects of current ‘harmless’ effects of a 
certain political decision [86]. 

• Identification of future technologies, CSA studies can identify emerging technologies that may solve 
current problems within the framework of the present policy decision or by developing a new political 
strategy.  

The interactive process of CSA (figure 6) is an example of this, as the process describes the intention to use 
CSA to link the long-term perspective with the short-term perspective. Starting from a reference scenario 
resembling the current strategy, it is possible to reformulate the current issues by moving in depth through 
multiple scenarios that become increasingly detailed and short-term through the interaction. This can also 
reveal new possible obstacles and put new issues on the current agenda. This was seen in our case because 
the Vice President found it interesting to identify the total costs for the company’s current outsourcing 
strategy for plastic tools in order to compare the current situation with new possible situations. This had not 
been considered before, because the company had focused on reducing the actual salary level by outsourcing 
production. It was therefore interesting to examine different variations of scenario A2 in order to point at 
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emergent issues/risks for each possible scenario. Some scenarios also pointed to future technologies – as a 
fully automated assembly process was not considered to be realistic within the next 3-4 years.  

8. Strengths and pitfalls 
Foresight studies have observed several advantages of combining narrative and numerical simulation. Based 
on our experience from different sectors (such as healthcare, production and the maritime industry), 
interactive and participatory CSA makes it possible to incorporate a range of different values, interests and 
experiences from heterogeneous stakeholders and experts in the field [87].  
 
It thereby becomes possible to maintain complexity without losing an overview of the impacts that key 
drivers have on the issues simulated in the models. In sum, the combined simulation approach increases the 
level of confidence that the decision makers and stakeholders can have in the models, and motivates them to 
reflect on and use the outputs. However, there are also several pitfalls in the use of this combined approach 
[22, 88-91].  
 
8.1 Pitfall: Participatory biases 
One of the strengths of the method is that both the scenarios and the numerical simulations are developed 
through close interaction with stakeholders. But such close cooperation can also be a problem if the CSA 
practitioners become biased. This means that they must remain aware of the risk of being too heavily 
influenced by some of the stakeholders and their opinions. It also implies that it is a time-consuming process, 
meaning that the stakeholders have to agree that they are willing and able to put in the time necessary to 
ensure a successful CSA output [87, 92-94]. In our project, it was solved by involving many different 
departments in the process, and making sure that multiple different stakeholders participated and contributed 
to the narrative and numerical simulation.  
 
8.2 Pitfall: Reproduction 
Using CSA can also run the risk of simply reproducing existing assumptions [1, 52-53] – particularly when 
scenario development only follows mainstream thinking. To prevent such a useless approach, several authors 
argue for a stronger emphasis on ultra-creative scenarios and an effective interaction with numerical 
simulation [5, 19, 57, 73]. In order to reduce the likelihood of experiencing this downside for our project, in 
the second part of the analysis, we elected to pursue a scenario that was dismissed by the company in the first 
part of the case.  
 
8.3 Pitfall: Number fascination 
Peter Drucker’s mantra, “if you can’t measure it, you can’t manage it” still has momentum among decision-
makers in private and public organizations. In CSA studies, numbers may look more certain than they really 
are [95-96]. Therefore, it is important that numbers require us to be more specific and precise in the 
description of the input and output variables of the models. This provides a beneficial base for continuous 
discussion and dialogue. The benefits of using quantitative models in foresight studies seem to lie more in 
their facilitation of a comparison between decision alternatives relating to specific scenarios than in their 
absolute values [97]. In order to counteract the pitfall of “number-fascination”, CSA practitioners must 
explicitly state the different types of ignorance (known unknowns, unknown knowns and unknown 
unknowns) [98]. It is essential that the CSA practitioners clearly explain the purposes of using numbers. 
Furthermore, CSA’s focus is to develop the narrative and the numerical simulations in parallel in order to 
avoid fixation on one approach.  
 
8.4 Pitfall: Creating hyperopia 
Foresight practitioners in general recognize the normative view that foresight studies contribute to the 
resilience of strategic planning. However, little research exists to explain when contextual conditions make 
its application inappropriate – for instance, when strong emphasis on foresight results in hyperopia in which 
the long-term perspective is favoured to the extent that short-term considerations are marginalized [74]. In 
this project, hyperopia was avoided because the company took a rather short-term perspective.  
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8.5 Pitfall: Missing the connection between the narrative and numerical approach 
The process for creating the narrative simulations must be transparent and explicitly described. But there is 
still a chance that a number of inconsistencies between the narrative and numerical simulation models will 
occur. Some authors believe that achieving consistency between the narrative and numerical outputs is 
“…one of the weakest links” [99]. Along similar lines, Kosow has pointed out that, 
 
“….Overall, transformation rarely allows a perfect fit between the driving forces described by the storylines 
and those needed as input parameters by the models” [35]. 
 
The question is, what does “a perfect fit” mean? As already pointed out, a full translation of narratives into 
numbers is perhaps unrealistic, but less can also be useful. Our point is that an important task is carried out 
when a foresight approach like CSA creates a continuous interaction between decision makers, stakeholders 
and foresight practitioners with the common purpose of developing and discussing possible strategies for the 
future. An “imperfect fit” may also initiate fruitful conversations [3, 100] and help decision makers to 
achieve a deeper and more systemic way of thinking before they make their decisions.  
 
9. Conclusions 
Narrative simulation makes it possible to explore paradoxes and opposing interests through alternative 
imaginations of future situations [101-104]. Numerical modelling of selected parts of the scenarios can 
supplement the narrative analysis via a sensitivity analysis that examines the reaction of certain output 
variables to a certain change of input values [25, 72]. Since narrative simulation has an important function 
with regard to involving stakeholders in the strategic and implementing activities, it can address many 
strategic issues within companies. These include corporate social strategies, product development, market 
development, environmental strategies, optimization strategies, cost-reduction strategies and so on. Narrative 
simulation facilitates an exploration of possible functional linkages, and numerical simulation can add 
further knowledge about the extent to which these relationships influence each other.  
 
The process model described above shows that it is possible to work with both the breadth and the depth of 
developing strategies. It is possible to develop many conceivable futures and investigate their potential 
because the number of scenarios developed is determined by the stakeholders and CSA facilitators. But it is 
also possible to drill down to a very detailed level and examine each scenario in depth in relation to several 
parameters, according to, for example, technology management foresight. This is also the new part of the 
method, as it is possible to reach a very specific level through the disciplinary approach. This also 
emphasizes that if a strategy is to encompass and shed light on the various complexities in such a process, it 
should be developed across the different layers of the organization [61, 103].   
 
CSA can be used to enhance awareness raising, capability building, and policy building as it can be used for 
practical present-day decision-making – while at the same time it improves the decision-makers’ capacities 
to view those decisions in relation to possible long-term impacts. However, it is also important to mention 
that there are a number of pitfalls – some of them briefly outlined in this paper. Though we regard CSA as a 
major step in further anchoring foresight in decision making, there are still a number of dilemmas to 
consider. 
 
10. Implications for further research 
Our dilemma can be stated as: How can CSA be sufficiently contextualized and tailored so that it motivates 
decision makers to use it and, at the same time, avoids the “puppet” role that legitimizes already anchored 
expectations and chosen paths of development? 
 
As pointed out by van Lente, 
“… Statements about the future are not innocent descriptions but are performative…Once they are voiced 
and circulated, they will legitimize, steer and coordinate efforts also for unintended purposes. They may be 
used, for instance, to strengthen the legitimacy of selected priorities”. [105] 
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These dilemmas are relevant not only to the use of CSA, but to foresight approaches in general. However, 
because CSA is intended to be carried out through the continuous interaction between decision makers and 
other stakeholders – rather than conducted in an “isolated ivory tower” – the risk of being forced into a 
“puppet” role is more serious than in more traditional academic foresight studies. More research on and 
clarification of how foresight practitioners can cooperate interactively with stakeholders while retaining 
sufficient distance to still be able to claim the principle of “arms-length” is needed. 
 
Another dilemma is that ever-increasing computer power may have broad and challenging implications for 
the dynamic balance between narrative and numerical simulation. The emerging functions of computation 
will become accentuated [73]. It is not necessarily a negative tendency, but it can weaken the CSA principle 
of allowing the narratives to guide the creation of input and output variables for the numerical model, as 
suggested in this paper. A new social role for computation may include the emergence of steering systems 
which can develop the narratives in direct interaction with stakeholders. The foresight practitioner’s role may 
then be reduced to influencing the steering systems before the interaction takes place and assessing the 
output when the interaction process has been conducted. This is not necessarily what will happen, but it 
might be one of several possible future outcomes. Therefore, foresight practitioners should consider how 
their future roles might change and what skills they might need to develop in response. 
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