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Two of the main foresight challenges are how to handle complexity and uncertainty of evolving technology tracks, which may merge and create new
challenges for the management of a company in order to avoid sub- optimization. Complexity refers to the difficulty of identifying and quantifying
causal links between a multitude of technology tracks and the degree of interdependency between these tracks. The nature of this challenge can be
traced back to several factors such as variable delay periods between causes and effects, increasing synergisms between hitherto separated technology
tracks as well as a number of intervening stakeholders at different levels of technology management in an organization. Uncertainty comprises lack of
knowledge in addition to variable responses of management to identical technological tracks. The purpose of this paper is to identify and reflect on
the obstacles and possibilities of using the combination of narrative and numerical simulation to explore uncertainties and complexities of technology
development and implementation in companies. Foresight as a method to develop technology management strategies can hardly be organized as a
separated step by step procedure of either qualitative or quantitative processes due to the complexity and uncertainty of the more or less interrelated
technology tracks. Accordingly, the foresight approach must allow for interaction between the real-world system and the model builders, for example
by using an interacting narrative and numerical simulation approach. This combined simulation approach (CSA) can support strategic decision
making by providing different scenarios in combination with computer simulation. CSA is a way to evaluate complexities and risks by addressing
possible future events in a more systematically way than is often occurring in companies. The use of CSA makes it possible for management to close
the often experienced knowledge and activity gaps between the strategic, tactical and operational levels in a company. The outcome of developing and
using CSA is a generic approach that enables the interaction between narrative simulation (scenarios) and numerical simulation. These interactive
processes can take place on the strategic, tactical and operational levels of an organization and thus contribute to close the gaps that often exist
between these levels. The combined foresight simulation approach is, however, not without practical and epistemological challenges, which will be
discussed in this paper, based on the authors” knowledge and practical experience gained by using CSA in a real-world company context. The
contribution of this paper to the field is a further development of the existing foresight knowledge about the use of a combined narrative and
numerical simulation with the main purpose to provide more consistency between the strategic, tactical and operational plans and activities occurring
in a company with special focus on technology management.

Keywords: Strategic foresight, narrative simulation, numerical simulation, decision making.

Introduction

Over the last decades globalization has resulted in a highly competitive business environment. The
changing market conditions as well as the evolution of technologies have increased the need for
more competitive, dynamic, and robust enterprise strategies, which has been proved as late as with
the financial crisis. The need to plan for the future and to be able to adapt to changing
circumstances seems to be increasingly important. This puts emphasis on the need for alignment
between different functions in the organization so that the organization pursues the same strategic
purpose. Methods and processes are needed to manage the strategy development so that well-
informed decisions and actions can be made.

Strategy can be developed through the use of many different methods, but typically the methods
focus either on narrative perspectives or numerical perspectives. There is a growing concern that the
predictive mathematical models conventionally used for understanding the dynamics of business
systems are too limiting to serve as tools in future studies, because they cannot reproduce the
sudden changes seen in societies. Therefore, it is argued that more robust strategic tools emerge
from the interaction between the narrative and numerical contributions (Kljajic, Bernik et al. 2000,
Phaal, Farrukh et al. 2010, Baramichai, Zimmers et al. 2007, Kemp-Benedict 2004). Scenario
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development in addition to mathematical modelling are both methods that have become
increasingly applied as strategic tools in management (Hazy, Millhiser et al. 2007) as they both
have different forces in relation to strategy development. A combination of a narrative and
numerical approach could possibly strengthen strategy development since two different methods
could put highlight on issues neglected if only one type of approach is used. It also puts emphasis
on the fact that it is important to view strategy not only as something that is developed on the
strategic level, but also as something that is developed, implemented, and used across the strategic,
tactical, and operational level.

Technology management foresight is characterized by great uncertainties and complexities, because
it can be difficult to predict the affects of investing or not investing in a certain technology (von der
Gracht, Vennemann et al. 2010). There are many aspects to consider and the return of an investment
can be difficult to determine. This puts great emphasis on the involved stakeholders to investigate
and examine different consequences and possibilities of various technologies. These consequences
are often rooted in different disciplines, and this makes a transdisciplinary approach interesting
since it can draw on the advantages of different methods (Popper 2008). In this paper we will argue
that a Combined Simulation Approach (CSA) can be used as a strong tool for the management to
examine different strategies and their impact on the strategic, tactical, and operational layers in
relation to technology management foresight given that the approach combines two methods rooted
in two different paradigmatic positions.

Transdisciplinary Research

Strategic foresight deals with the long term future and is a transdisciplinary approach as the
problems dealt with are often complex, ill-defined, dynamic, and intersectoral (Rasmussen,
Andersen et al. 2010, Gallati, Wiesmann 2011). There are many definitions of transdisciplinary
research and some definitions put more emphasis on the importance of participation of
stakeholders:

“Transdisciplinary research, in turn, here denotes interdisciplinary cooperation, involving

not only scientists but also practitioners from beyond the realm of science (e.g., the
users) in the research work” (Pohl 2010).

Within organizational studies there is a long tradition of recognizing that the contexts within which
managerial decisions are made are dynamic and should be acknowledged as an active part of an
analysis. Reality is viewed as emergent and in a continuous state of becoming, and research design
should include both qualitative and quantitative research methods (Green, Kao et al. 2010). In this
paper we view transdisciplinary research as consisting of the essential idea that either- or choices of
paradigms should be rejected, and instead the focus should be on “what works” in getting research
questions answered (Punch 2009, Johnson, Onwuegbuzie 2004). Transdisciplinary research can be
used to observe different layers of a phenomenon since quantitative methods can be used to
measure some aspects and qualitative methods some others (Feilzer 2010). The idea of
transdisciplinary research is to find a middle ground between philosophical dogmatism and a
workable solution (Johnson, Onwuegbuzie 2004). Furthermore, it is found that the involvement of
stakeholders in the research work is very important if the workable solution is actually going to be
implemented and used, given the fact that the stakeholders possess key information and knowledge
related to the research area. Important information can be stored in mental models and not in written
form, making it difficult to access. These mental models are complex and subtle and often the basis
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of organizational decision making. They incorporate hard quantitative data as well as subjective
qualitative data and personal judgmental aspects in relation to a given situation. Therefore, it is
important that the process involves the stakeholders in a participatory way that also focuses on the
complexity of the system, such as for example uncertainties in relation to data (Gallati, Wiesmann
2011). In relation to strategy making, this is a process that involves strategy formulation in
combination with the analysis of the likely evolution of the business environment in order to detect
the opportunities and threats that emerge from emerging trends and to deal with them properly
(Vecchiato, Roveda 2010). It is a systematic way of managing knowledge, which can be crucial for
example for companies in order to gain competitive advantages and cope with the rising challenges
of the increasing turbulent business environment (von der Gracht, Vennemann et al. 2010).

There is a wide range of approaches and methodologies to improve future-oriented decision-making
for instance scenario analysis, future creating workshop, simulation and modeling, gaming, and
road mapping. Furthermore, strategic foresight can be developed from a company perspective
focusing on the main players and the forces that originate inside the industry where the firm
competes. These activities can be technology trends and competition analysis. It can also be
developed from an industry perspective in order to examine the political, economic, ecological,
societal, and technological landscapes which surround it. The strategic foresight analysis can be
targeted to decision makers within the operational level, the business level and the corporate level at
the firm. Typically, the corporate level deals with evaluating the long term attractiveness of
different industries and investments. The business level focuses on a specific business area in order
to determine which competitive advantage to pursue in the long run. Foresight activities at the
operational level focus on a specific organizational unit or project in order to determine how to
implement the business strategy successfully. The time horizon expands from short term, which is
often related to the operational level, to long term, which is often related to the corporate level
(Vecchiato, Roveda 2010). New approaches to foresight introduce a concept of corporate foresight
which is based on an open and interactive perspective that focuses on the communication process
rather than on methodology (von der Gracht, Vennemann et al. 2010).

The approach in this paper deals with complex problems in the real world. The modeling of this
approach is an iterative approach and can refer to the numerical modeling itself but also to different
sources of knowledge, such as mental databases/mental models, written databases, and numerical
databases. Given that the modeling itself seeks to solve a problem, it has an operational focus.
Generality is aimed at by providing transferable insights, models and approaches, and transfer to
other contextual settings requires careful validation and adaptation. The integration of stakeholders’
knowledge and perspectives and transdiciplinary methods are important from the beginning,
because the participatory process has to be carefully structured to enable mutual learning. This also
ensures the validation of the modeling process, because the output is constantly debated with the
stakeholders (Gallati, Wiesmann 2011).

Strategic Simulation

The term “simulation” is broad and used in different situations. Computer-based simulation has
long been used to project the behavior of systems too complex for analytical calculation. Simulation
has also been used for many decades to enable human visualization and learn about complex tasks.
Traditional strategic analysis can be supplemented with experiential perceptions gained by acting in
the future and assessing solution characteristics before investing in the actual development and
deployment, and therefore strategic simulation is a way to support strategic thinking (Rouse, Boff
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2005). In order to overcome the challenges met when determining which technology track to pursue
it is important to uncover and investigate uncertainties plus the complexity of the situation. This can
be done in many ways, but we argue for a transdisciplinary approach towards simulation in order to
examine the consequences and opportunities of different technological tracks. Strategic simulation
is seen as an approach combining two methods, narrative and numerical simulation, and is rooted in
two different traditional paradigms. This combination can shed light on areas not uncovered if only
using one. The two methods applied will be described in the following along with the Combined
Simulation Approach (CSA).

Narrative simulation

In this paper narrative simulation is defined as Interactive Scenario Analysis or Scenario Planning
(Lindgren, Bandhold 2009, Van der Heijden 2005, Rasmussen 2011) and is concerned with the
development of pictures of what might be as well as how to get there by the means of dialogue
between scenario builders and relevant stakeholders. There is no single definition of scenarios, but
in this paper a scenario is seen not as a forecast nor a vision, but more as being related to different
views of the future to facilitate risk management which is related to strategic planning (Lindgren,
Bandhold 2009). Scenarios can help decision makers, planners and stakeholders to get an overview
of and deeper insight into the possible outcomes of particular decisions. The special feature of
scenario analysis is the long term perspective (1-100 years) on top of the combination of vision-
making, story-telling, and strategy formation (Rasmussen 2011). Telling stories about systems helps
ensure that stakeholders share a sufficiently wide view to avoid missing vital aspects of problems.
Scenarios vary from brief stories to richly structured analyses, but are almost always based on the
idea of a sequence of actions. People are very good at reasoning from even quite brief stories, for
example they are good at detecting inconsistencies, errors, and threats with little effort, and this is
why scenarios are powerful tools. Scenarios are applicable to systems of all types and may be used
for different purposes (Alexander 2004). Though scenarios can never be value-free explorations
(Kahn, Wiener 1967), they help the users to see the future through various sets of lenses, stretching
beyond the ‘conventional wisdom’ or ‘conventional mental map’ (Van der Heijden 2005). Scenario
analysis confronts stakeholders with environmental uncertainties by presenting them with several
different outlooks on the future and is claimed to be an effective strategic management tool, since it
has different functions:

e Evaluation and selection of strategies — Scenarios can provide a framework within which all
kind of information and various factors can be more effectively and easily judged by
decision-makers.

e Integration of various kinds of future-oriented data — besides quantitative data, scenarios can
handle qualitative data.

e Exploration of the future and identification of future possibilities — by exploring the future
scenarios can help identify strategic problems and opportunities faced by an organization as
well as generate strategic options to deal with them.

e Making stakeholders aware of environmental uncertainties — scenario analysis brings
uncertainty into the management process.

e Stretching stakeholders’ mental models — scenarios explicitly confront stakeholders with
their own biased viewpoints.
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e Triggering and accelerating processes of organizational learning — scenarios are
representations of the real world and an area where stakeholders can test hypotheses by
doing so also learn faster (Bood, Postma 1997).

Numerical simulation

Numerical simulation is in this paper defined as computer simulation, which is an analytical
technique by which a mathematical or logical model of a real system is built in order to draw
conclusions about the behavior of the real system. This is done by studying the behavior of the
model of which the cause-and-effect relationships are the same as (or very similar to) those of the
system under study (Jacobsen 2005). There are many different forms of computer simulation, but
the numerical simulation used in this paper refers to simulations, not showing exact results nor the
best solution, but showing trends and indicating consequences of a scenario (Jacobsen 2005). A
numerical simulation is seen as a representation of a system, and it can give a simplified description
of reality or possible future results? It can be used to analyze different solutions, and the idea behind
creating a model is to learn about the system. Therefore, it is also important to point out that a
model is a representation of reality and not a complete replica of a real system, and simulation
building should strictly adhere to including the relevant factors with respect to the needed results
and evaluation (Jacobsen 2004, Pidd 2004, Ross 2006, Harrell, Tumay 1995, Chaharbaghi 1991).
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 analyze it. Computer
simulation is needed to assist people in capturing the inbuilt dynamics of a feedback model in
addition to the complicatedness of a system, for example great dependency between variables and a
large amount of variables. It can also be used to reveal unexpected side-effects and counterintuitive
behavior. There are many applications possible for numerical simulation, but in this context focus
will be on strategy development, which will be further explained in the following. Narrative and
numerical simulations have been used separately for many years and each has proven successful
within strategic planning. Each of these methods also has its shortcomings that can, however, be
overcome by the other approach. Therefore, it is interesting to examine the strength of a combined
method in relation to strategy development and implementation.

The combined simulation approach (CSA)
The CSA is the combination of narrative and numerical simulation and it can be used as a tool to

support strategic decisions regarding different scenarios. Below a figure illustrating the combined
approach can be seen.
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Figure 1: A model of the combination of two methods

Interaction

Figure 1 shows the combination of narrative and numerical simulation and the elements of
combining narrative and numerical simulation. It emphasizes the idea that the two methods,
narrative and numerical simulation, should be used in an interactive way as well as the fact that the
stakeholders should be involved in the process through interaction with the observer/modeler. The
idea of the CSA is not to model all aspects of reality, but to look at certain aspects of a system and
then make scenarios based on this area of concern. This means that even though the total system is
not replicated it is still the basis of the scenarios and numerical models. Based on the scenarios, the
numerical models are developed, and the process of interaction is started with the numerical model
because new inspiration to the scenarios and their further development, which again can further
develop the numerical models. It is not necessarily all aspects of the scenarios that are numerically
modeled, but this is also the strength of the approach, because the narrative simulation can describe
aspects that cannot be numerically simulated, and the numerical simulation can clarify the
complicatedness and hidden mental models that may exist in the narrative simulation. Furthermore,
the combination should enhance creativity by working with uncertainties since the idea is to think in
an experimental way and not to reflect the current reality, and also to generate more qualitative
output variables in the model, inspired by the narrative simulation. The interaction between the
scenarios and the model is important. The idea is to find the narrative points in the numerical
simulation, and this is why the interaction between the scenarios and the model is very important..
This suits strategy development because strategy description deals with uncertainty. The
combination and interaction of the two methods should enhance the clarification for both sides since
the idea of the combination is to start with a scenario and then translate this narrative into a
computer model which forces a precision and clarification. This can for example be seen in relation
to the where the delimitations in relation to a system should be made. It may be a classic pitfall for
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numerical simulation if the whole system is modeled, resulting in a model that is not very usable for
the model user and too complicated to apply. However, the combination does not stop there because
the important point is the interaction, which again should help clarify uncertainties and ambiguities
in the narrative and the scenario. This combination can also enhance creativity because the
numerical model offers feedback to the narrative model, which then again can be further developed.
The narrative model can then again expand the numerical model and in this way create an iterative
process. It can be seen how responsive an outcome is to changes in specific parameters and under
certain conditions, and exploring the boundaries of the model can provide valuable insight into both
the narrative and the numerical model. This means that many different situations can be researched
and adapted as things evolve. One of the forces of the combination is that it opens up for
communication: the narrative and numerical models are an opportunity for others to share their
insights and critique of the models while they are developed. By making the models explicit, it can
be subjected to outside review. The model structure can also be reused by either the model builder
or the model user (Hansen 2012, Kemp-Benedict 2004). In this particular case, it means that the
stakeholders could follow the work of the scenarios as they evolved over time and give concrete
feedback on them, especially the numerical model was also developed in parallel and gave a visual
reflection of the scenarios.

The advantage of combining scenarios with numerical simulation is that the method attempts to
look ahead and give an input to how the future may look, without being able to predicted it. An
important aspect is also that the model is never finished — it can be constantly developed and
adjusted to new information. The focus should be on the interaction of the two methods and on
using the narrative part to describe the situation and further develop it and on using the numerical
part to show the scenarios and further enhance them. Decisions regarding certain aspects in the
narrative part can also be carried out by the stakeholders, thus ensuring agreement and concise
information. (Loucopoulos 2004, Kljajic, Bernik et al. 2000, Baldwin, Allen et al. 2010). The
advantage is that the method can be used to investigate several different possibilities in relation to
the choice of technology strategy in order to see what possible consequences different choices will
have. Furthermore, the method involves stakeholders on different layers in the organization, thereby
shedding light on mental models plus stored information.

Closing the Gap between the Strategic and the Tactical Level in an Organization

The approach of combining the two methods is also a way to focus on the fact that there are several
layers in an organization. Given that strategy development and implementation are areas that relate
to all of the organizational layers, the intention is that this approach should support a dynamic
strategy development and implementation at all three levels and that it can be used to communicate
to different levels in the organization.

There are two important dimensions of interaction in the approach:

* The interaction between the numerical and narrative simulation

* The interaction between the researchers and the stakeholders (e.g. managers, practitioners).

This interaction supports the process, and since clarification, creativity, communication and
knowledge sharing between researchers and stakeholders takes place through these interactions it is
a very important part of the process as also the complexities become clear. At this level a lot of the
empirical generation and interpretation takes place because the researchers have to collect
knowledge in order to understand the company, the situation, the stakeholders and the mental
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models in order to determine and understand the need and complexities. The interaction between
the stakeholders and the researchers should take place concurrently in order for the stakeholders to
gain ownership of the process and for the approach to be embedded in the company, and therefore
this is not illustrated in the figure below. This is also due to the fact that the division between the
researcher/modeler and the stakeholders tends to disappear when the stakeholders become more and
more part of the development and act more like co-developers. The interaction between the two
methods is, however, illustrated below as well as how the process interacts on several layers. It is
not possible to see in advance in which direction to take the next step, but below is shown an
example of how a process could develop.

Reference scenario

—— e S~

> Scenario A Scenario B Scenario C Scenario D
>
A A A A
\ 4 \ 4 v v
Numerical Simulation
Scenario Al Scenario A2 Scenario A3

Numerical Simulation

/

, o

Scenario A2a

Scenario A2b

Scenario A2c

>

Scenario A2d

Numerical Simulation

P e

Scenario A2b(1) Scenario A2b(2)

Figure 2: The process

The figure shows that the process started with a reference scenario, which in this process is defined
as a scenario describing the current situation in order to clarify what kind of variables are relevant
to consider in order to challenge the existing strategy and develop new possible strategies. This is a
good starting point because it also helps the researchers and the stakeholders clarify what kind of
data is needed for the development of the numerical model. Based on the reference scenario and the
interaction between researchers and stakeholders, the different scenarios can be made, e.g. from
difficulties experienced in the current situation. This could for example be hidden costs in relation
to outsourcing for production companies, bottle necks in the treatment system for hospitals, a wish
to reduce fuel costs in the shipping industry. The interaction between the two methods can
challenge some point of views as scenarios that appeared to be attractive can be found to be more
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expensive than expected when explored more profoundly. During such a process, it can become
apparent that certain knowledge is not shared or debated. Here, the method can be an effective tool
for putting focus on complexities such as hidden aspects of the strategy in addition to on the
different possibilities of how it could be further developed.

The process above shows how the method is a way to move from the strategic level to the
operational level and back again. The level of scenario A represents for example the more strategic
level, where management is interested in examining the costs related to e.g. the outsourcing strategy
in order to determine whether this strategy should be pursued or changed. Based on this, several
scenarios for how large a part of the production could be outsourced to for example China and how
a larger part of the production could be carried out in-house can be made. Based on these scenarios
and numerical simulation of these scenarios, new ideas regarding the fact that the total costs of each
scenario result in the level where we find scenario A2. This step leads on to more numerical
simulations that bring forward the fact that some costs are hidden and not directly linked to the
outsourcing costs in the current setup, even though they have hitherto been included in these costs.
This is related to the level of scenario A2b in the process model above. This process makes it
possible to simulate different new possible scenarios of the future, which brings the model back to
influencing the strategic choices of which outsourcing strategy to follow. This also puts light on the
uncertainties and complexities that existing relation to technology management foresight, as for
example an outsourcing strategy’s cost effectiveness is also dependent on possible new technologies
for production and so forth.

An example of the creative aspects of the interaction between the narrative and numerical
simulation is that initially a plan can be to pursue scenario A, B, C, and D, but the numerical
simulation can form new ideas as to what could be interesting to examine based on the input and
output variables and the results. The numerical model can show that some narratives are
unattractive or unrealistic to pursue, and then the numerical model becomes the creative basis of
further developing the narratives. This was experienced in one of the cases where the method was
applied, and where scenario A2 became the reference scenario which showed that it was this
scenario that was actually interesting to develop further. The interaction between the two methods
was used to explore new and innovative ideas through a combined effort, and it also helped see
different viewpoints, taking several scenarios into consideration. Since the models were presented
to several persons in a company and used by them as well, the interaction was also a way to
incorporate knowledge sharing in the involved departments. This indicates that the interaction
between the two methods can be creative in the way that both the scenarios and the numerical
simulations can be constantly developed.

The transdisciplinary research is developed through the interaction between the narrative and
numerical simulation, and at times it takes place in the researcher’s head and is, therefore, not
always visible, for example when choosing how to build the model and what to call the variables.
Thus, the interaction between the researchers and the stakeholders is very important in order to
communicate to the persons that are not involved in the simulation what it demonstrates. This is
essential so that the stakeholders experience the creative input that both the narrative and numerical
models can give, but also so that the stakeholders develop ownership of the process. Furthermore,
the approach is a good way to communicate to people outside the process because the method is
both visual and constantly developing. This could be seen in one of the company cases, where the
approach was used and where the results were sent directly to the top management who took it into
consideration. The method supports a form of knowledge culture, encouraging people to work
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together. The above figure shows an example of how the scenarios and numerical models have been
developed in depth and across layers in the company because the strategy in the scenarios as well as
the numerical models have become more and more detailed and operational. The process involves
both researchers and several persons from a company working in different areas and with different
opinions. The process can continue iteratively, proving that the transdisciplinary method can
successfully be used to assist the strategy process. It is also possible that if the scenarios and
simulations are used with a broader user group in the company, and perhaps also outside the
company, new ideas could emerge. In the cases where the method has been applied, the
management found the results and the method very usable since the method is a tool to make
different scenarios and relatively quickly tests several consequences of each scenario before they
are carried out in reality. In this way, the method supports the strategy making process and makes it
possible to learn without having to face the real costs in a transdisciplinary approach.

Relevant Areas of Combined Simulation

The approach has been used in different cases in relation to strategy development. In one case it was
used to support the intended strategy chosen by the management based on a more rational analysis
in relation to the choice of distribution strategy. In another case, it was initiated due to the fact that
the top management had made a strategy regarding outsourcing that was questioned by one of the
departments in the company, as they found that there were several hidden costs not uncovered when
planning to outsource. This shows that the approach was both used in a top down approach on top
of in a bottom up approach. It is possible to move around in several layers because the method
works on the operational, the tactical, and the strategic level — it has shown how these levels are
interconnected. Since strategy often in practice combines a centrally made design with a more
decentralized adaptation the approach supports this. The method can help in the strategy process as
decisions often must be made in the short term in response to long-term goals or proposed changes.
Through back casting, scenario analysis and numerical simulation can link long-term transition
related to each scenario to the shorter time horizon of current decision makers by making strategy
formation plans including goals, various milestones, needed resources and how to obtain them as
well as types of opposing interest, inertia and barriers to be taken into consideration.

In relation to the challenges met by companies in relation to technology management foresight, the
method could also be a valuable tool since it could be interesting to examine different technological
tracks before pursuing them and investing in them. Many industries have to consider possible
attractive and profitable technologies and make critical decisions in relation to whether to follow
them or not. This means that it can be interesting to pursue different scenarios and the consequences
of these scenarios since there can be different elements that can affect the decision. The CSA makes
it possible to describe and explore different technological tracks on top of the influence on the
business of these tracks. In this way, the method enables a more enlightened decision process. There
are different examples of technological tracks with major impact on diverse industries. One
example is the fast developing robot technology in relation to production. Robots are expensive to
invest in, and it is therefore very interesting to examine in which scenarios it can be relevant to
invest in robots for production. Issues in this context could be variables for instance salary costs in
different countries, the robot setup and quality. Another area could be the shipping industry where
the fuel costs are very high. This makes it interesting to examine whether and when it is profitable
in the long run as well as in the short run to build and invest in ships that are energy efficient in
relation to the market and the fuel price in addition to ships that can sail on other more
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environmentally friendly and cheaper fuels in relation to the possibilities of retrofitting existing
ships. A new ship is very expensive to invest in, and it is important to consider all aspects, meaning
that it is possible to test different situations and impacts in order to make a well-considered
decision. Within the healthcare sector, technology is also developing fast, and it is important for the
hospitals, politicians and the pharmaceutical industry to consider which technologies and tracks to
follow in order to ensure the best treatment for the population as well as the best profit. There are
many possibilities in relation to treatment, medicine, and monitoring, e.g. nanotechnology, tailor-
made treatment, bio informatics, robotics and more. The different technologies offer great potential,
but it can be difficult to get an overview of the possibilities and consequences of following the
different technological tracks. The area of food technologies is also an area where the choice of a
technology or a track has to be made with great care. This is due to the fact that there are many
aspects in addition to stakeholders to be considered both in relation to ethics, safety, and consumer
information. The examples of possible areas of application shown above demonstrate the strength of
the method and its application potential across industries. This also opens up for the possibility to
further develop and enhance the method.

One of the strengths of the method is that the scenarios and the numerical simulation are developed
through close interaction with the stakeholders. This means that the model developer has to keep in
mind that there is a possibility of being too heavily influenced by the stakeholders and their
opinions. It also implies that it is a time demanding process, meaning that the stakeholders have to
use the necessary time for the method to be developed and implemented properly.

Conclusions

Narrative simulation makes it possible to explore paradoxes and opposing interests through
alternative imaginations of future situations. Numerical modeling of selected parts of the scenarios
can supplement the narrative analysis by carrying out a sensitivity analysis to examine the reaction
of certain output variables to a certain change of input values. Since narrative simulation has an
important function with regard to involve stakeholders in the scientific and designing activities,
narrative simulation can be relevant in addressing many strategic issues in companies such as
corporate social strategies, product development, market development, environmental strategies,
optimization strategies, cost reduction strategies etc. Narrative simulation facilitates an exploration
about possible functional linkages, and numerical simulation can add further knowledge about how
much these relationships influence each other. The model developer(s) and model user(s) must
interact to focus on interdependent relationships and the functioning between different sub-systems.
The expert knowledge that the model user(s) possess can be applied to the narrative and numerical
simulations, and through interaction with the model developer(s) it can be integrated into new
scenarios and numerical models. The approach can show stakeholders the likely effects of their
preferences and viewpoints in a given scenario, and it can be used at many different levels in a
company.

The above process model shows that it is possible to operate with both the breadth and the depth of
developing strategies. It is possible to develop many possible futures and investigate their potential
because the number of scenarios developed is up to the stakeholders and researchers. But it is also
possible to go into 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 actually reach a much specified level through the disciplinary
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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.

Through cases it has been found that the approach is a way to support strategy development, and
possibilities for the approach to be used in relation to technology management foresight exist since
it makes it possible for decision makers to systematically test several different outputs of possible
solutions in order to prepare for future consequences. The method is a way to evaluate risks and
address possible unforeseen problems in a methodical way without having to guess or forecast. The
two dimensions of interaction support the strategy development as the interactions make it possible
to analyze different aspects in relation to strategy within the framework of both narrative and
numerical simulation. The interactions also support the implementation of strategy, involving
several persons, both employees and stakeholders, in the process. The method appears to work on
several levels because it is developed at the operational level but is used to support and improve the
strategy development at either the tactical or strategic level. This shows that the method supports
strategy implementation since the data needed are found at the operational level through
interactions with employees at the operational level. This can support the development and
implementation of a new strategy because the persons that will be affected by the strategy have
been a part of the process.

Acknowledgements

The methods are currently being further developed in a project funded by The Danish Maritime
Fund.

References

Alexander, | (2004). Introduction: Scenarios in System Development. In Scenarios, Stories, Use
Cases - Through the Systems Development Life-Cycle, IF Alexander and N Maiden (ed), pp. 3-24.
West Sussex, England: John Wiley & Sons, Ltd.

Baldwin, JS, Allen, PM and Ridgway, K (2010). An evolutionary complex systems decision-
support tool for the management of operations. International Journal of Operations & Production
Management, 30(7), 700-720.

Baramichai, M, Zimmers, EW Jr. and Marangos, CA (2007). Agile supply chain transformation
matrix: an integrated tool for creating an agile enterprise. Supply Chain Management-an
International Journal, 12(5), 334-348.

Bood, R and Postma, T (1997). Strategic Learning with Scenarios. European Management Journal,
15(6), 633-647.

Chaharbaghi, K (1991). DSSL II: A Powerful Tool for Modelling and Analysing Complex Systems.
International Journal of Operations and Production Management, 11(4), 44-88.



International Association for Management of Technology
IAMOT 2013 Proceedings

Feilzer, MY (2010). Doing Mixed Methods Research Pragmatically: Implications for the
Rediscovery of Pragmatism as a Research Paradigm. Journal of Mixed Methods Research, 4(1), 6-
16.

Gallati, U and Wiesmann, U (2011). System Dynamics in Transdisciplinary Research for
Sustainable Development. In Research for Sustainable Development: Foundations, Experiences,
and Perspectives, U Wiemann and H Hurni (ed), pp. 345-360. Bern, Switzerland: Geographica
Bernensia.

Green, SD, Kao, C and Larsen, GD (2010). Contextualist Research: Iterating between Methods
While Following an Empirically Grounded Approach. Journal of Construction Engineering and
Management-Asce, 136(1), 117-126.

Hansen, MS (2012). Strategic Simulation - Support of Innovation and Operation in Distribution and
Production Networks. Unpublished doctoral dissertation, Technical University of Denmark,
Department of Management Engineering.

Harrell, C and Tumay, K (1995). Simulation Made Easy - A Manager's Guide. Georgia, US:
Engineering & Management Press.

Hazy, JK, Millhiser, WP and Solow, D (2007). Mathematical and Computational Models of
Leadership: Past and Future. In Complex Systems Leadership Theory: New Perspectives from
Complexity Science on Social and Organizational Effectiveness, JK Hazy, JA Goldstein and BB
Lichtenstein (ed), pp. 163-193. Mansfield, US: ISCE Publishing.

Jacobsen, P (2005). Simulation - Unpublished compendium notes used in the course 'Simulation in
Production and Services', Technical University of Denmark, Department of Management
Engineering.

Jacobsen, P (2004). Production of Modularised Product Systems. In IFAC-MIM Conference on
Manufacturing, Modelling, Management and Control.

Johnson, RB and Onwuegbuzie, AJ (2004). Mixed Methods Research: A Research Paradigm
Whose Time Has Come. Educational Researcher, 33(7), 14-26.

Kahn, H and Wiener, A (1967). The year 2000. N.Y. US: Macmillan.

Kemp-Benedict, E., (2004), From Narrative to Number: A Role for Quantitative Models in Scenario
Analysis. citeseerx.ist.psu.edu [14 January 2013].

Kljajic, M, Bernik, I and Skraba, A (2000). Simulation Approach to Decision Management.
Simulation, 75(4), 199-210.

Lindgren, M and Bandhold, H (2009). Scenario Planning. The link between future and strategy.
UK: Palgrave Macmillan.



International Association for Management of Technology
IAMOT 2013 Proceedings

Loucopoulos, P (2004). Evaluating Scenarios by Simulation. In Scenarios, Stories, Use Cases -
Through the Systems Development Life-Cycle, IF Alexander and N Maiden (ed), pp. 411-428. West
Sussex, England: John Wiley & Sons, Ltd.

Phaal, R, Farrukh, C and Probert, D (2010). Roadmapping for strategy innovation - Aligning
technology and markets in a dynamic world. Cambridge, UK: University of Cambridge, Centre for
Technology Management.

Pidd, M (2004). Computer Simulation in Management Science.West Sussex, England: John Wiley
& Sons, Ltd.

Pohl, C (2010). From Transdisciplinarity to Transdisciplinary Research. Transdisciplinary Journal
of Engineering & Science, 1(1), 74-83.

Popper, R (2008). Foresight Methodology. In The Handbook of Technology Foresight, L
Georghiou, JC Harper, M Keenan, | Miles and R Popper (ed), pp. 44-90. Heltenham, UK: Edward
Elgar Publishing Limited.

Punch, KF (2009). Introduction to Research Methods in Education. London, England: SAGE
Publications Ltd.

Rasmussen, B, Andersen, PD and Borch, K (2010). Managing Transdisciplinarity in Strategic
Foresight. Creativity and Innovation Management, 19(1), 37-46.

Rasmussen, LB (2011). Interactive Scenario Analysis. In Facilitating Change - Using interactive
methods in organizations, communities and networks LB Rasmussen (ed), pp. 140. Denmark:
Polyteknisk Forlag.

Ross, SM (2006). Simulation. US: Elsevier Academic Press.

Rouse, WB and Boff, KR (2005). Organizational Simulation. New Jersey: John Wiley & Sons, Inc.

Van Der Heijden, K (2005). Scenarios - The Art of Strategic Conversation. West Sussex: John
Wiley & Sons, Ltd.

Vecchiato, R and Roveda, C (2010). Foresight in corporate organisations. Technology Analysis &
Strategic Management, 22(1), 99.

Von Der Gracht, HA, Vennemann, CR and Darkow, | (2010). Corporate foresight and innovation
management: A portfolio-approach in evaluating organizational development. Futures, 42(4), 380-
393.



