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A B S T R A C T

For over 40 years, scenarios have been promoted as a key technique for forming strategies in uncertain en-
vironments. However, many challenges remain. In this article, we discuss a novel approach designed to increase
the applicability of scenario-based strategizing in top management teams. Drawing on behavioural strategy as a
theoretical lens, we design a yardstick to study the impact of scenario-based strategizing. We then describe our
approach, which includes developing scenarios and alternative strategies separately and supporting the strategy
selection through an integrated assessment of the goal-based efficacy and robustness. To facilitate the colla-
borative strategizing in teams, we propose a matrix with robustness and efficacy as the two axes, which we call
the Parmenides Matrix. We assess the impact of the novel approach by applying it in two cases, at a govern-
mental agency (German Environmental Ministry) and a firm affected by disruptive change (Bosch, leading global
supplier of technology and solutions).

1. Introduction

Established organisations typically have well-rehearsed strategic
decision-making methods that work well in stable environments.
Through tenure, they have learned the rules of the game in their re-
spective industries; through day-to-day competing, they have learned
how to gain competitive advantages; and through regular bench-
marking exercises, they have learned how to develop their business
towards a winning configuration. When, however, the stable environ-
ment is disrupted and radical market and/or technology shifts occur,
organisations can quickly find themselves in situations where their
traditional strategy formation methods fail (Gavetti and Rivkin, 2007;
Ringland, 2010). Such radical changes may lead to what Schumpeter
would refer to as ‘creative destruction’, and dealing with these changes
requires more than traditional strategy formation processes and tools
(Schumpeter and Opie, 1934).

In shifting environments, firms prosper that are able to find and
successfully compete for superior opportunities. The scenario technique
has been advocated for its ability to inform strategic decision-making in
environments that are both complex and uncertain (Gausemeier et al.,
1998; Schoemaker, 1993; Walsh, 2005). Examples include business
model, site- or production-planning, product portfolio-planning,

negotiation, or market-entry strategies in the private sector and sec-
torial policy development, crisis/conflict prevention, and international
development strategies in the public sector. We add that for the sce-
nario technique to be truly impactful, we need to improve its applic-
ability in collaborative strategizing, in particular in top management
teams that have limited time. We argue that the success of novel stra-
tegies that permit attainment of superior positions in the industry will
ultimately depend on the level of shared understanding and commit-
ment in the top management team. Hence, we need approaches that
facilitate direct participation of the management team that is re-
sponsible for setting the course of action.

One of the first and to-date best documented applications of the
scenario technique is Shell's scenario exercises in the 1970s. These ex-
ercises permitted Shell to foresee and prepare its business for a potential
rise in oil prices. When a sharp oil price increase occurred, as a con-
sequence of the Israeli-Arab conflict, Shell was better prepared than its
competitors and able to significantly improve its competitive position
(Jefferson, 2012; Wilkinson and Kupers, 2013). Following the inspiring
example of Shell, many firms started to adopt different variants of the
scenario method (Malaska et al., 1984; Linneman and Klein, 1983). In
most of these examples (including Shell), the scenario planning is run
by specialized staff units that tend to work independently and share the
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final outcome with decision makers.
Henry Mintzberg likes to make the point that strategy is ultimately

about creativity (seeing the options) and synthesis (deciding on a su-
perior course of action) and not about analysing data (Mintzberg,
1994a). In consequence, planners (i.e. the staff units collecting data,
providing analysis, etc.) should support the process, but forming
strategy should be left to the managers (Mintzberg, 1994b). The role of
the scenario technique (possibly supported by planners) would thus be
to boost the ability of (top) managers to identify superior courses of
action that are different from the status quo and to foresee the con-
sequences (Gavetti and Menon, 2016).

In line with other recent authors, we define strategizing ‘as a process
of inference, resembling multiple hypotheses formation and the selection of
one or more alternatives from an infinite range of options’ (Calabrese and
Costa, 2015). Whilst much of the literature on strategizing refers to ‘the
leader’ as the object of research, our approach focuses on team-based
strategy formation (Calabrese and Costa, 2015; Poarc and Thomas,
2002; Gavetti, 2012). Hence, we will use the term ‘strategizing team’ as
the entity of our approach.

In this article, we set out with the assumption that scenario planning
needs to be further improved to allow the strategizing team to self-run
or at least participate more actively in the process, rather than leaving it
to the planners (Mietzner and Reger, 2005). It has also been empha-
sized that in general, scenario planning and strategy formation should
be further integrated (Wright et al., 2013; Tapinos, 2012). In this ar-
ticle, we introduce a novel variant of scenario-based strategizing, which
we call the ‘Parmenides Matrix’ approach. We present the generic ap-
proach, discuss two application cases, and assess the benefits of the
approach. It permits the direct involvement of private or public sector
managers, which we will call strategists from here on, in the analysis
process, and it provides the platform on which strategy formation can
be built by using external data, tacit knowledge, and the intuition of the
strategists.

2. Challenges in scenario-based strategizing

2.1. Fundamental challenges

When Henry Mintzberg calls for strategy formation to be driven by
creativity rather than reliance on past data, he emphasizes the need to
overcome the formal rationality, often the norm in traditional strategic
planning exercises (Gavetti and Menon, 2016). The call also resonates
with the observation from Cyert and March, in their 1963 book, that
managers emphasize short-term, feedback-based learning rather than
aiming to anticipate long-term events and their consequences (Cyert
and March, 1963). Strategizing in uncertain environments has to build
on strategic foresight, i.e. the ability to identify a superior course of
action, which is different from the status quo, and foresee its con-
sequences (Gavetti and Menon, 2016). Based on the seminal work of
Cyert and March, the behavioural strategy identifies three bounds that
need to be overcome to form a superior strategy. In our article, we use
these bounds to measure the impact of scenario-based strategizing
(Gavetti, 2012):

• The rationality bound results from dominant representations within
industry clusters. In other words, firms within an industry tend to
perceive the world around them similarly and, in consequence, tend
to see the same opportunities, which are then not sufficiently at-
tractive as all competitors are targeting the same market position. In
scenario-based strategizing, we expect that the systematic identifi-
cation of change drivers and strategic options will help to overcome
the rationality bound.

• The plasticity bound results from inertia, which can have cognitive or
physical roots, i.e. firms might fail to act on opportunities because
they fail to see how they could (cognitive inertia), and organisations
could lack the resources and capabilities to act on the opportunity

(action inertia). Scenario-based strategizing may help here by pro-
viding strategists with a platform to engage in cognitive search,
which is not bound by what is feasible and what is known (Gavetti
and Levinthal, 2000).

• The shaping-ability bound is tied to the inability to legitimise both the
conceptualization of the environment and/or the new course of
action. Scenario-based strategizing can help to enhance the shaping
ability and, through participation, create a shared future outlook
and a sense of ownership in the strategizing team.

At this point, we conclude that scenario-based strategizing, if exe-
cuted effectively, may contribute to overcoming the three cognitive
bounds. There are, however, additional procedural challenges to con-
sider.

2.2. Procedural challenges

Goodwin and Wright (2001) present five general conditions that a
formal strategy evaluation procedure should meet: transparency, ease
of judgement, versatility, flexibility, and theoretical correctness. The
notion of theoretical correctness not only covers mathematical and con-
ceptual (‘model-theoretic’) correctness, but also the effective reduction
of cognitive biases (Armstrong et al., 2015; Ehrlinger et al., 2016).
Education of decision makers has shown not to be sufficient to com-
pensate for potential negative effects from cognitive biases
(Hodgkinson et al., 1999). Scenario planning can help and has been
attributed a positive effect on decision quality compared to more tra-
ditional tools (Meissner and Wulf, 2013).

Scenario planning reduces different types of decision-related biases,
such as confirmation bias and overconfidence (O'Brien and Meadows,
2013). When groups collaborate to make decisions, we also have to deal
with the (stochastic) bias and the general discussion bias that favours
preference-consistent information (Schulz-Hardt et al., 2006; Mojzisch
et al., 2008). Harries (2003) notes that scenario-based decisions create
‘understanding of the interaction between the actions, goals and knowledge
of the individual organisation and the environment in which they are oper-
ating’ and thus can be expected to contribute to enhancing decision
quality. In addition, the vested self-interests of group members or
dominant group leaders may favour poor alternatives. From practical
experience, transparent step-by-step and group-based evaluation pro-
cedures that require fact-based argumentation are means to control
such behaviour.

From a meta-cognitive perspective, a decision-making approach
needs to maximise the likelihood that all relevant accessible insights in
all of their manifestations (such as data, perceptions, stakeholder or
employee experience, and knowledge) have been utilised. Furthermore,
in order to stay transparent, the approach needs to provide information
about where the different insights have been used.

Ram and Montibeller (2013) highlight the need for more group
decision-making methods that also work across hierarchical levels.
Decision-making problems in scenario planning typically involve sub-
jective evaluations. Subjective evaluations are frequently criticised for
their lack of traceability. Groups have been associated with a reduction
of decision quality (Schulz-Hardt and Mojzisch, 2012), particularly due
to the lack of intensity of discussions and information processing
(Schulz-Hardt et al., 2006). Structuring discussions has shown to have a
positive effect.

Visualising discussion content in groups has a facilitation effect on
the solution of hidden profiles (situations where the ‘correct’ choice is
not evident from the beginning) and can positively influence the deci-
sion time and cognitive costs/benefits (Stasser and Titus, 1985;
Gettinger et al., 2013; Comi and Epler, 2011). Orzechowski and Necka
(2011) demonstrated that parallel information processing can com-
pensate for cognitive limitations such as memory capacity or attention
resources. Nassi and Callaway (2009) carve out the neuroscientific basis
of the visual system's parallel processing mechanisms. Larkin and Simon

T. Lehr et al. Technological Forecasting & Social Change 124 (2017) 214–224

215



(1987) compared diagrammatic and non-diagrammatic (sentential)
representations in information processing systems and concluded that
the topological-geographical relations provided by diagrams (visuali-
sations) are superior to verbal descriptions when it comes to problem-
solving. Visualisation shows particular strength in team-based rea-
soning processes. Comi and Epler (2011) found visualisation to act as a
catalyst of inter-organisational teamwork, leading to increased knowl-
edge-sharing quality, team performance, and satisfaction. Montibeller
and Franco (2011) propose visual inspection of performances and
spreads as the most helpful way of supporting decision makers in multi-
criteria decision analysis (MCDA). We thus conclude that effective vi-
sualisations should boost, in particular, the ease of judgement and the
transparency.

When applying mathematic modelling of robustness (i.e. a strategy's
relative performance across a range of plausible futures) in MCDA
models, we encounter additional problems (Goodwin and Wright,
2001). MCDA models confront decision makers with discrete and purely
quantitative results (the expectancy value of the ‘best option’). The
paradox is that while providing grounds for choosing one best option
should objectively raise the ease of judgement, typically, it subjectively
does the opposite. Strategists cannot only be expected to be frustrated
by the black-box phenomenon in which they subjectively lack control
over input going into the analysis. Mathematic/model-specific ex-
igencies of models, particularly with an increasing number of scenarios,
options, and objectives, quickly overburden our limited working
memory capacity (Favato and Vecchiato, 2016). In consequence, the
trustworthiness of the recommendation decreases. Maximising the
quality of the strategizing process is dependent on how three delicate
trade-offs are managed:

1. The amount of insights (qualitative, quantitative, explicit, and tacit,
as insights from intuition) that can be integrated in the strategizing
process before the levels of tangibility, transparency, and clarity
become insufficient (Stewart et al., 2013).

2. The amount of analysis that can be automated and where do stra-
tegists need to lead the analysis to create synthesis, for example, in
finding ways to optimise robustness and goal-based efficacy.

3. Where the process can be streamlined for efficiency and how we can
keep flexibility to add room for detailed and creative discussions
about options and choices. The flexibility should also be available to
integrate additional stakeholders into the process.

2.3. Constructing the yardstick and designing the approach

In the following section, we will use the yardstick (Fig. 1) to reflect
on the process improvements that we suggest. The strategizing quality
elements are used to guide the design choices made to define the Par-
menides Matrix approach. The five criteria can also be used for further
enhancements of the development of variations for different contexts.
The impact dimension will be used to reflect on the overall contribution
of the scenario-based strategizing in the two application cases.

Scenario-based strategizing has been proposed as the tool of choice
in cases with high degrees of uncertainty in the environment and/or
about the strategic options (Courtney et al., 1997; Van der Heijden,
2005). Applying the scenario technique permits apprehending possible
futures within which actions will need to produce an impact, challenge
conventional thinking, and improve decision-making (O'Brien, 2004).
Scenario planning entered the field of long-range and strategic planning
when environmental uncertainty started to increase in many business
sectors in the 1970s (Wilkinson and Kupers, 2013; Rohrbeck et al.,
2015). Courtney et al. (1997) argued that firms need to fundamentally
change the way they work with strategy when they enter uncertain
environments.

When designing scenario-based strategizing approaches, we aim to
provide a strategizing space in which strategists can use pre-developed
analysis, creativity, and intuition to create synthesis about goals and
strategy choices and assess how they will play out in a set of plausible
scenarios (Fig. 2). To boost versatility and flexibility, we propose to first
analyse the three dimensions (objectives, endogenous drivers, and
exogenous drivers) independently. We expect that this will also boost
the transparency about where tacit and other sources of knowledge are
being brought into the process (Stewart et al., 2013).

3. The Parmenides Matrix approach

3.1. Introduction

When designing scenario-based strategizing approaches, we need to
balance the trade-offs mentioned at the end of Section 2.2 and optimise
the five criteria defining the strategizing quality. To maximise versati-
lity, flexibility, and complexity tolerance, we propose a disaggregation
and individual visualisation of the necessary reasoning process into its
essential cognitive steps. The subsequent re-aggregation in a structured,
transparent, and accessible ‘reasoning architecture’ allows the strate-
gizing team to interactively rethink and base conclusions on shared
assumptions, cause-effect relationships, and priorities. This modular
approach allows for reorganisation of steps as well as the use of dif-
ferent tools and input sources (Kiker et al., 2005). Our approach can be
divided into three main phases (see Fig. 3). The situation analysis must
be sufficiently systematic to ensure comprehensiveness of drivers and
strategic objectives. The strategizing needs to include sufficient time
and analytic depth to facilitate a creative and out-of-the-box dialogue
among the strategists. The third phase needs to facilitate decision-
making in a way that ensures that the strategists can collaborate effi-
ciently and acquire a feeling of ownership (Kiker et al., 2005).

The three phases are further broken down into seven steps. The
arrows indicate how the outcome of one step is used as input for the
following (firm line). The dotted lines indicate that one step will in-
fluence another one. For example, the scenarios will further enhance
and influence the definition of the strategic options, but the main input
for the strategy definition are the endogenous key drivers. The grey box
contains tools that are typically used in the three phases. The portfolio

STRATEGIZING QUALITY

IMPACT

Overcoming the

Rationality Bound
Overcoming the

Plasticity Bound
Overcoming the

Shaping-Ability Bound

Transparency Ease of Judgement Versatility Flexibility Theoretical
Correctness

Fig. 1. Yardstick for judging impact and quality of scenario-based strategizing approaches.
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Fig. 2. Elements of a scenario-based strategizing approach.
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of tools can be customized to match different contexts. For example,
strategists with an appetite for more sophisticated tools may opt for
using morphological box, consistency, and cluster analysis to define the
set of plausible scenarios and consistent strategies. Others who are more
comfortable with the intuitive logics (IL) school would manually cluster
key drivers using, for example, the fishbone technique and develop
scenarios through a scenario cross.

3.2. Process sequence

Before engaging in scenario-based strategizing, it is important to
define the time horizon, the geographical reach, and the scope. This
will then also determine the suitable team of strategists. For broad
scopes and long-term time horizons, it would typically be necessary to
add participants from outside the organisation to ensure sufficiently
broad and divergent backgrounds. When the different team members
should get involved should also be considered. Often, external experts
would be involved in the situation analysis and provide further input on
strategizing results. The internal strategists would, however, drive the
strategizing and decision-making.

Step 1: Objectives. In the first step, the strategists set the strategic
goals. The goals can be derived from existing mission or vision
statements but need to be specific enough to serve as evaluation
criteria. Often, these goals consist of financial goals (e.g. revenue
growth, target profitability, minimum free cash flow) and non-fi-
nancial goals (e.g. reducing carbon footprint, creating societal
value). These goals may also be further prioritized by assigning
weights. Another definition relates to the time frame. Goal target
values and weights can be expected to vary across the short, mid,
and long term. For example, a firm may aim to grow aggressively in
the short and mid-term, to eventually reach a high profitability and
high level of corporate sustainability in the long term.
Step 2: Key drivers. The aim of the second step is to identify a set of
change drivers. To ensure comprehensiveness, team heterogeneity is
a key. Here, involving experts from other industries (particularly
from industries with a long planning horizon, such as architecture)
is a promising approach. In addition, frameworks can help, such as
using the PESTLE model for environmental factors, or the SWOT
framework. This often leads to a long list of change drivers. To
identify the most influential drivers, a cross-impact analysis can help
(Heger and Rohrbeck, 2012; Porter, 2005). Other alternatives in-
clude using a sensitivity or systems dynamics analysis (Vester,
1999). In the final step, key drivers are grouped into factors under
the control of the actor (endogenous) and those beyond control
(exogenous). The endogenous factors will be used as input for the
strategy development and the exogenous as input for developing the
scenarios (see also Fig. 3).
Step 3: Scenarios. The key exogenous drivers form the basis for
defining the scenarios. The scenarios should ideally reflect all of the
residual uncertainty in the environment, i.e. cover the entire scope of
plausible futures (Vester, 1999). Traditional IL suggests the con-
solidation of exogenous drivers into two main dimensions (scenario
cross), permitting the identification and description of four scenarios.
A more detailed analysis is possible through the usage of computer-
aided methods. Here, a larger set of factors can be used, and each
factor can be assigned a suitable number of alternative future per-
spectives. The consistency analysis builds on the input of the strate-
gists, they define which the future perspective of one factor can be
expected to be consistent with the future perspective of another factor.
This approach enables the generation of scenario clusters that differ in
many dimensions. In addition to these two generic approaches, there
are manifold alternative scenario techniques, which can all be used
within the framework of our approach (Kosow and Gassner, 2008;
Schoemaker, 1995). Even the usage of third-party scenarios may be an
option (Kosow and Gassner, 2008; Schoemaker, 1995).

Step 4: Strategies. In our approach, the strategic options may be
influenced by the scenario development but are independently
constructed on the basis of the endogenous factors. The approach is
the same as for the scenario construction. In our view, the in-
dependent construction of strategies is a key to challenge existing
strategies, mental models, and assumptions. By systematically de-
veloping consistent alternative strategies, we can reduce the ra-
tionality bound. A useful method here is also the general morpho-
logical analysis, which uses the endogenous key drivers as
dimensions (Ritchey, 2013). In addition, the construction of strate-
gies on the basis of options, rather than as a variation of existing
strategies, allows the development of more distant strategies, i.e.
strategies that deviate significantly from the status quo. The parti-
cipation of the strategists already in the scenario development can
further boost the distance of the new alternative strategies. The
more distant the alternatives, the higher the likelihood of identi-
fying a course of action that creates a competitive advantage
(Gavetti and Menon, 2016). The aim of this step is thus to develop a
set of 3–6 consistent, distant, and heterogeneous strategies.
Step 5: Efficacy evaluation. Through developing a set of scenarios
and a set of alternative strategies, the strategists have already suc-
ceeded in overcoming rational bounds that prevent them from
breaking out of dominant industry mindsets. However, this is at the
expense of exposing them to a complex decision-making space.
To enable identifying an optimal strategy, the decision-making is
broken down into two steps: first, the efficacy evaluation (Step 5),
and then, the robustness evaluation (Step 6). In the efficacy eva-
luation, the strategists are asked to evaluate to what extent the
strategy supports the different goals defined in step 1. This step
uncovers typically important trade-offs. For example, one strategy
may boost revenues at the expense of profitability, while another
one scores high on cash flow but low on revenue and profitability.
This efficacy rating is then aggregated into an index that can be
plotted on an axis. This technique works with any type of scale. To
create a meaningful index, the scores of the individual criteria are,
just as in MCDA approaches, multiplied with the weighting factors
and summated (Driouchi et al., 2009).
In group-based processes, we experienced that subjective evalua-
tions using ordinal scales tended to be more accurate (ratings have
to be ‘defended’), and the related discussion increased the partici-
pants' knowledge about the precise nature of the options.
Step 6: Robustness evaluation. In this step, the strategists assess
the robustness of the proposed strategies under the different sce-
narios, often using an ordinal scale such as highly robust (scenario
supports strategy), robust, neutral, potentially fragile, and highly
fragile. In this first step of the evaluation, the strategists ask the
question: Which strategy is best/worst adapted to a given scenario?
Criteria for evaluation can be feasibility, suitability, and accept-
ability in a given scenario (Stewart et al., 2013). In the second step
of the evaluation, the robustness score is consolidated for one
strategy across all scenarios. One way of consolidating is simply by
calculating the arithmetic mean. This is, however, often not ad-
visable, as it can be misleading in the case of outliers. We therefore
recommend plotting the ratings on a diagram and consolidating the
robustness score through discussion (see Fig. 4).
The illustrative example in Fig. 4 shows that Strategy 1 is only a
good match with Scenario 1 but highly unsuitable in Scenarios 2 and
3, giving it (after discussion) a robustness score of ‘highly fragile’. In
contrast, Strategy 3 is not particularly suitable in any of the three
scenarios but receives at worst a ‘neutral’ rating, making it, overall,
a robust strategy.
Step 7: Parmenides Matrix. Once both evaluations have been
carried out, the results are plotted on the Parmenides Matrix (see
Fig. 5), with scenario robustness on the x-axis and goal-based effi-
cacy on the y-axis.
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In the upper right quadrant, we find strategies that are both capable
of strongly supporting the objectives and robust in different scenarios.
The strategies in the upper left quadrant are effective but depend on
one or a few favourable scenarios. A decision for one of those should
always be accompanied by close scenario-monitoring to be able to
switch to an alternative strategy in a timely manner. In the absence of
world-class strategies, the trade-off between the more effective (upper
left quadrant) and the less effective (lower right quadrant) will be based
on the decision makers' risk/reward preferences. The Parmenides
Matrix also offers a platform for the strategists to have an informed
discussion about trade-offs and preferences to further inform the final
decision. Questions can include the following:

• How vulnerable is the most effective (goal-oriented) strategy?

• How effective is the least scenario-dependent (most robust)
strategy?

• How effective are my strategies in a specific (maybe most probable)
future scenario?

The Parmenides Matrix is the basis for identifying the optimal strategy.
Plotting the analysis in a matrix enables the strategists to have a deeper
level of discussion in which, frequently, assumptions about the risk pre-
ference of the organisation and the relative importance of objectives are
challenged. It also permits a deeper validation of the analysis and, if

necessary, altering the scores. We can thus expect that the usage of the
Parmenides Matrix can boost both ease of judgement and transparency.

4. Application cases

In the following sections, we will discuss two cases in which the
Parmenides Matrix approach has been applied. In both cases, we col-
lected feedback on its benefits vis-à-vis the traditional decision-making
approaches. We use a cross-case analysis to reflect on the ability of the
approach to reduce the three bounds associated with the behavioural
failures of organisations, which we described in the introduction
(Gavetti, 2012).

4.1. German environmental ministry

Our first case is the German Environmental Ministry. The aim of the
scenario-based strategizing project was to develop new strategies for
updating the German Resources Efficiency Programme (ProgRess) to
ProgRess II. Such a political process has several stages. In this case, UBA
(serving as an interface between science and policy, providing scientific
background for political argumentation for the German Environmental
Ministry) provided the draft text, which was then adapted by the
Ministry and forwarded to the cabinet with a series of adjustments.
Ultimately, the cabinet made the decision on the final text after
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Fig. 4. Robustness profile of four different strategies.
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negotiation between concerned ministries.
Throughout the whole process, stakeholders (e.g. representatives

from other ministries, industrial associations, and environmental
NGOs) tried to influence the process. Early involvement and exchange
with stakeholders could be a typical win-win solution for ministries and
NGOs (integration of positions, ‘buy-in’). Therefore, the project aimed
at integrating stakeholders and creating a ‘safe space’ to discuss
throughout the entire legislation process.

Based on preliminary assessments of global megatrends, a more
comprehensive ‘scanning’ was performed to further analyse the external
driving factors of the resource efficiency program (Lorenz and
Haraldsson, 2014). Five scenarios were developed in a participatory
process following the above-mentioned Steps 1 to 3. The scenario-
building team consisted of 20 experts from NGOs and ministries.

In the next step (4), five strategies were developed. One challenge in
this case was that the outcome should help to further develop an al-
ready existing program. Hence, it was difficult to introduce a different
mode of thinking by offering the space to develop multiple options'.
Nevertheless, ex-post feedback from participants, especially from
NGOs, was highly positive as ‘outlying viewpoints had seriously been dis-
cussed and assessed during the creation of the strategies’.

Due to the complex political setting of the project and the usual
difficulties regarding the definition of an actor perspective (possibly a
ministry, a market and its actors, or society), an evaluation of policy
approaches against objectives was not part of the process. Instead, this
was done by an expert group. Both assessments were conducted as
described in Steps 5 and 6. The final assessment of the strategies' ro-
bustness varied highly across scenarios, which was reported to be ‘very
interesting’ by a high-level representative of the Ministry, especially in
light of the political process.

A typical project that informs the legislative process would com-
municate the results of the analysis through one clear recommendation,
potentially with a few options/variants. In our case, the presentation of
the Parmenides Matrix facilitated a more balanced discussion of alter-
native strategies along the two dimensions, robustness and goal-based
efficacy. In addition, the matrix was used to visualise the divergent
scores from the different stakeholder groups (science community, po-
liticians, and industry representatives). This triggered an additional
beneficial discussion that ‘boosted the analysis and intensified the feeling of
ownership of the results among the participants’. The approach and, in
particular, the matrix were seen as an ‘important catalyst for the sub-
sequent policymaking process’ and particularly ‘potent for broadening the
solution search scope’, suggesting a positive impact on the reduction of
the rationality bound.

Applying the Parmenides approach in such a complex political set-
ting also revealed challenges. One issue was the lack of a precise actor
perspective, which complicated creating the buy-in of all participants.
In addition, the evaluation of policy approaches against the objectives
was done by the expert group, which inhibited a smooth adoption of the
results by the decision makers. In other words, the process was mostly
driven by the planners and not the strategists.

A further advantage, however, was that the cognitive demanding
assessments drew participants' attention away from thinking about how
to optimise their own position through influencing the outcome of the
process (i.e. promoting vested self-interest). We hence attest that the
process, in this case, has an ability to create its own gravity that draws
the participants towards creating a joint and more balanced solution for
a common problem. This is promising as alternative approaches typi-
cally work more as a platform for sequentially discussing the individual
priorities, identifying congruent interests, and finding compromises for
the divergent interests. If the approach can also, in other contexts, show
this ability to facilitate more collaborative strategizing, it would be
promising for overcoming the plasticity bound.

As for the shaping-ability bound, we cannot make final conclusions
in this case because many of the implications for the analysis are subject
to consultation before the final policy is approved. However, the shared

deep insights into scenarios and strategies can be expected to boost the
likelihood that meaningful actions are triggered.

4.2. Bosch

Our second case took place in a for-profit organisation. Bosch is a
leading supplier of technologies and solutions for mobility, industrial,
energy-building, and home appliances. Bosch is affected, like the re-
spective industries, by disruptive trends such as autonomous driving,
3D printing, and Industry 4.0, as well as new business models and
competitors.

The Parmenides Matrix approach was applied in the yearly ‘stra-
tegic dialogue’ between the corporate level and the business units. The
aim of this dialogue is primarily the identification of novel strategic
focus topics, which can include new target business fields or strategies
responding to competitors' challenges.

The Parmenides Matrix was applied independently in three different
business units in two European countries, giving us a portfolio of ap-
plications for in-case comparison. In the first application, the format of
the project was a ‘war-gaming exercise’ to analyse future competitive
environments and evaluate possible strategic positions. In the second
application, the approach was used to challenge a recently defined and
well-performing new strategy against possible future disruptions (wind
tunnelling). In the third application, a dynamic visualisation of the
Parmenides Matrix was developed to analyse the efficacy and robust-
ness of different strategic options over time. Participants in all three
cases were members of the board, from business unit management and
corporate strategy, as well as individual experts.

In the first application, ‘competitor-attack’ scenarios were devel-
oped, which not only allowed for an evaluation of different strategies'
robustness in the Parmenides Matrix approach, but also served as a tool
for mapping the vast amount of (real and potential) competitors. Based
on an indicator system developed for the different scenarios, the busi-
ness units were able to continuously track the robustness of the current
strategy and received predefined strategy elements that they could use
if the environment shifted towards an alternative scenario. The major
benefit of the second application was reported to be the broadening of
the horizon from a technology focus to a broader (market-driven)
perspective, also including a market outlook. The approach helped to
avoid overconfidence through systematically challenging the current
strategy's assumptions and continuously searching for ‘white spots’. In
the third application, the approach helped to challenge the currently
successful strategy by systematically running through options for stra-
tegic positioning of the business unit's product portfolio. The scenarios
were thus used to reposition a business that is competing in a saturated
market.

On a general level, the applications at Bosch were praised as an
effective answer to the challenges strategizing teams are facing today:

• Creating a platform for collaborative strategizing. The joint develop-
ment, discussion, and visualisation helped to increase the clarity of
the elements of the decision process (objectives, drivers, options,
strategies, and scenarios). This resulted in well-understood deci-
sions, in alignment towards a common overall picture, and a deep
understanding of the assumptions underlying the alternative stra-
tegies.

• Creating shared ownership of strategic options. Jointly discussing and
altering alternative strategies and scenarios helped the mixed teams
to transparently discuss (scenario-specific) options, deviations, and
assumptions by breaking up the overall complexity into smaller
elements.

• Raised efficiency. The approach was said to have increased the speed
and flexibility of decision-making. A regional president reported
that due to the ‘increased quality of the discussions, time-consuming
evasions could be avoided and as a result, the speed of decision-making
increased’.
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• Embracing uncertainty while keeping the approach manageable. While
the effort and the related knowledge generation required working
with a complex matrix, the participants felt that the approach was a
well-invested cognitive effort, particularly when compared with
traditional methods employed in the strategy dialogue. Effort for
updating than traditional methods and hence can be expected to
increase the company's strategic agility. The approach has been
evaluated as a ‘highly efficient framework’ by the executive manage-
ment.

• Continuous strategizing instead of closing the strategic dialogue. Another
comment was that the Parmenides Matrix, at first, felt un-
comfortable as it seemed to fail to propose a clear ‘optimal strategy’.
Ultimately, however, the participants felt that the dynamic frame-
work was a good platform to decide on a course of action for the
near future while staying available for continuous strategizing and
for facilitating organisational learning.

• An additional comment was that the approach helped to anticipate
strategic issues. That was seen in contrast to early approaches that
failed to ensure that the strategists saw ‘a decision coming up’. In
addition, the approach was reported to facilitate reaching clarity
and congruence among the strategist team by seeing a ‘big picture
evolve’.

4.3. Impact of the Parmenides Matrix approach

We set out with the proposition that scenario-based strategizing can
be expected to have a positive impact on overcoming the three cogni-
tive bounds (rationality, plasticity, shaping-ability) known in beha-
vioural strategy (Gavetti, 2012). To test this proposition, we built on
our process observations and interviews with participants. Observations
and interviews were first coded deductively, where we looked for evi-
dence that cognitive bounds were positively affected, i.e. we had quotes
or made observations that suggested that a particular part of the Par-
menides Matrix approach did contribute to overcoming the three cog-
nitive bounds. Following the Gioia methodology, we engaged in a
second analysis where we coded inductively, looking for patterns that
could explain why a certain step/method/tool contributed to over-
coming a cognitive bound (Gioia et al., 2012). The result of our analysis
is shown in Table 1.

In the public sector case, stakeholders reported having developed a
‘more comprehensive perspective on the overall issue’. In both cases, the
identification of endogenous and exogenous change drivers was sup-
ported by the use of frameworks such as PESTLE or SWOT.
Additionally, external experts were used to maximise heterogeneity and
broaden the scan for change drivers. Overall, the systematic and
modular approach gave the participants an impression of ‘not having
forgotten anything’. This led us to conclude that the frameworks raise the
comprehensiveness of the portfolio of change drivers. In addition, the
shaping-ability bound can be weakened as the confidence that the
analysis rests on a comprehensive appraisal of all change drivers can be
expected to raise the legitimacy of the final strategy recommendation.

In the Bosch case, the strategists commented that the approach
helped in ‘dragging [them] out of the comfort zone’, which suggests an
impact of broadening the strategic solution space. Our approach utilizes
two primary tools to enable mental leaps. The general morphological
analysis ensures that options are not directly ruled out because they are,
in the view of participants, not feasible/desirable/suitable. It forces
participants to define options first and hence disconnects the option
development from the judgement. The scenario analysis, for which we
used, in both cases, a computer-aided consistency analysis, reinforces
this disassociation of analysis and outcome. The comment that this
enabled ‘out-of-the-box thinking’ is a promising sign that the approach
contributes to overcoming the plasticity bound. The quote about the
popularity of a previously dismissed scenario reinforces this impact
expectation and the expectation that the methods contribute to over-
coming established mental models.

Another design element of the approach is to break down the overall
strategizing process into smaller cognition steps. This was said to result
in a ‘more relaxed interpretation/alignment of sometimes alarming current
daily business events’, or, in other words, the ability of the process to
refocus the participants' attention from promoting vested interests into
considering long-term optimization by going systematically through the
analysis steps. In the governmental organisation case, it was also seen
as a way to democratise strategizing: Steps 5 and 6 worked as a ‘facil-
itator for the exchange of interest and thus form a vital element of a de-
mocratic policymaking process’. This gives rise to the hope that breaking
down the strategizing process into cognition steps can reduce the
plasticity and shaping-ability bounds. The approach should be

Table 1
Evidence of the impact of the Parmenides Matrix approach.

Quotes/observations Impact Method/tool Affected bound

R P SA

• “More comprehensive perspective on the overall issue”
• “Impression of not having forgotten anything”

Broadening perspective, ensuring
comprehensiveness

Modular approach, PESTLE, SWOT
framework

✓

• Involvement of heterogeneous group of experts ✓

• “Thinking outside the box”
• “Dragging out of the comfort zone”

Enabling mental leaps (cognitive search) Morphological analysis ✓

• “I was surprised by the popularity [in terms of desirability] of a specific
scenario that wasn't amongst the ones seriously considered earlier”

Scenario analysis

• “More relaxed interpretation/alignment of sometimes alarming current
daily business events”
• Steps 5 and 6 as a “facilitator for the exchange of interest and thus
form a vital element of a democratic policy making process”
• “It's way more than the naked process; it's about fully immersing into
the issue in all its dimensions”

Emphasizing analysis (reducing
behaviour of promoting vested interests)

Decomposing of the strategizing
process into distinct cognition steps

✓ ✓

• “The final decision always depends on the full picture arising in my mind;
this picture has never been so visible”

Raising tangibility of options and trade-
offs

Parmenides Matrix ✓

• “Flexibility of discussing options, deviations and considerations based on
the presented approach”
• “Finally, I′m in possession of a strategic game board allowing for a
simultaneous consideration of all necessary elements and thus
challenging pre-existing pictures, views and beliefs”

Enabling open, strategic discussion,
synthesis, and strategic monitoring

Parmenides Matrix ✓ ✓

• “We didn't even need the calculations; the common picture in our minds
was the important result”
• “I simply couldn't have decided otherwise”

Raising confidence in final decision Parmenides Matrix ✓
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particularly impactful if participation is sufficiently engaging.
While the methods and tools discussed up to this point have been

used earlier, we were particularly keen on observing the impact from
the Parmenides Matrix visualisation. In the Bosch case, one manager
claimed that ‘the final decision always depends on the full picture arising in
my mind; this picture has never been so visible’. We translate this to a high
level of tangibility that permits an increase in the feeling of ownership
and control over the different options and trade-offs. In other words, the
matrix provides a connection between the strategists and the strategy,
similar to the connection between a pilot and his flight plan. If that
effect can be triggered regularly, it can be expected to boost the shaping
ability.

Even more important for us was the question of whether the ap-
proach enables creative strategizing and the forming of a synthesis to
finally provide the firm with a superior course of action, as advocated
by Henry Mintzberg (Mintzberg, 1994a). The first positive sign in that
regard was the observation of one strategist that the approach provided
‘flexibility of discussing options, deviations and considerations’, high-
lighting the ability of the strategizing team to openly explore different
options. The regional president of one business unit added, ‘Finally I'm
in possession of a strategic game board allowing for a simultaneous con-
sideration of all necessary elements and thus challenging pre-existing pic-
tures, views and beliefs’, which underlines the ability to form strategy
and provides the opportunity to develop strategic options that are
markedly different from the status quo.

The final threshold for overcoming the shaping-ability bound is,
however, that sufficient confidence is built. This is particularly relevant
if a strategy will be adopted that is distant to the current one. Here, it
was particularly interesting that one participant, compared with earlier
intensive mathematical modelling exercises, noted, ‘We didn't even need
the calculations; the common picture in our minds was the important result’.
This suggests that the tangibility of the mapping in the matrix can (to a
certain extent) substitute the number-crunching exercises associated
with strategic planning in a relatively stable environment. In stable
environments, business-case calculations or comparisons of net present
values define the optimal strategy. In uncertain environments, how-
ever, they are typically not conclusive, as they are built on too many
assumptions. Hence, it is particularly promising that the systematic
qualitative assessment seems to reach a sufficient level of confidence to
allow a final decision. In the Bosch case, the regional president of one
business unit said, ‘I simply couldn't have decided otherwise!’, underlining
that in uncertain environments, the Parmenides Matrix successfully
builds confidence.

Our cases and the impact analysis let us tentatively conclude that

the approach as a whole and the Parmenides Matrix in particular have a
positive impact on overcoming the three cognitive bounds that are re-
sponsible for the inability of organisations to drive renewal processes.
Furthermore, we were able to link individual elements of the process
(methods, tools, and approach characteristics) to the positive impacts.
That would also permit informing the customization of scenario-based
strategizing approaches for different organisational environments.

4.4. Participation of top management

One particularly important choice in the approach design is when
and how top management, or, in our definition, the strategists, should
participate in the strategizing process. Generally, we can expect that the
more top management participates, the higher the potential buy-in and
the higher the likelihood that the new course of action is legitimized
and enacted. However, in practice, full participation will stay rare, as
upper-echelon attention is scarce and delegation in strategic planning is
the norm. Hence, the question becomes how much delegation is pos-
sible and what trade-offs need to be considered. We expect that there is
not one best way, but in Fig. 6, we have highlighted the steps that have
been said to be particularly crucial for the strategizing team to parti-
cipate in.

We distinguish three levels. The first level consists of steps that can
be outsourced to strategic planners. Scanning for key drivers could be
one of those activities, as could the development of the scenarios. While
it is better if top management participates or at least contributes,
strategists often feel comfortable receiving the scenario overview and
engaging in the strategic discussions. The second level is review and
contribution. That typically involves activities such as assessing, rating,
voting, and commenting on intermediate results. The steps that fall into
this level and thus can be driven by planners and only reviewed by the
strategists are objectives development (Step 1) and the development of
strategy alternatives (Step 4). The assessment of robustness (Step 6) and
of the goal-based efficacy (Step 5) has to be performed by the strategists
to ensure a sufficient level of strategic discourse. The ownership of the
strategic recommendations will only be sufficiently developed if a deep
strategic discussion is facilitated through the approach. That will also
open up the opportunity for the strategists to actively move (i.e. re-
assess) strategies in the Parmenides Matrix after its first mapping.

5. Discussion

In our article, we have introduced a novel scenario-based strate-
gizing approach and reported on its application in two different

Objectives
1

Key Drivers

2

Strategies

4

Scenarios

3

Efficacy

5

Robustness
6

Parmenides
Matrix

7

Systematic
Situation Analysis

Creative, out-of-the-box
Strategizing

Collaborative
Decision-Making

I II III

needed for influences

Endogenous

Exogenous

full participation review/contribute Can be outsourced to strategic plannersStrategists (Management):

Fig. 6. Top management (strategists) participation.
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contexts, in a for-profit organisation with a corporate structure and in a
governmental agency. This allowed us to assess the applicability and
impact in different environments. Future research could apply the ap-
proach, or variants of it, in other contexts, altering, in particular, the
environmental uncertainty and the external pressure on the strategizing
teams. This should provide deeper insights into its impact in different
environments and on customization need.

In terms of the technical dimension of the approach, there are po-
tential weaknesses that should attract detailed scrutiny. First, the re-
duction of the framing bias due to separation of the two evaluation
procedures (robustness and efficacy) and the juxtaposition of the two
decisional dimensions in the Parmenides Matrix have merits but might
also carry important downsides that should be investigated further.
Second, the systemic identification of key drivers cannot fully eliminate
the IL deficit of narrowing perspectives due to an overemphasis on
‘efficient causes’. Derbyshire and Wright's (2017) proposal based on a
typology of causes offers a promising remedy in this regard (Rohrbeck
and Schwarz, 2013).

Based on the feedback of the participants, the positive effects of
software-supported visualisations in inter-organisational strategizing
teams (performance, satisfaction) shown by Comi and Epler (2011)
have been generally confirmed. However, there are also limitations.
Öllinger et al. (2015), for instance, were able to demonstrate that
successful representation of the causal structure and the control of a
complex scenarios require the concerted interplay of cognitive skills
that go beyond drawing causal maps. Bresciani and Eppler (2015)
systemically identified and categorised potential pitfalls of visualisation
as a starting point for further research on visualisation risks. Graphical
information presentation in negotiation situations has shown to yield
behaviour and strategy choices that differ from table representations of
the same information (Gettinger et al., 2012). It will be important to
empirically validate the usefulness and potential downsides of visuali-
sations during the different steps of the process.

6. Conclusion

With this paper, we aim to contribute to our understanding of how
the usage and usability of scenario-based strategizing can be enhanced.
We presented a novel process that we call the Parmenides Matrix ap-
proach and discussed its application in two cases. We used a two-level
yardstick in which we used the quality criteria for decision-making put
forward by Goodwin and Wright (2001) to inform the design of the
approach. We then applied the cognitive bounds known in behavioural
strategy to measure its impact. The case applications indicate that all
three (rationality, plasticity and shaping-ability) bounds can be reduced
by the approach.

To maximise the positive impact on the three bounds, we also
provide advice on where in the process and to what extent top man-
agement should participate. We conclude that top management can
outsource some of the scenario-based strategizing steps to strategic
planners but that they should drive the three final steps, i.e. the as-
sessment of robustness, goal-based efficacy, and the decision-making
based on the Parmenides Matrix. In other steps, the development of the
strategic alternatives and the development of the strategic objectives, a
reviewer role could be sufficient. Planners can, in addition, take over
most of the work on the identification of the key drivers and the sce-
nario development. Ideally, the identification of key drivers would be
an ongoing strategic foresight activity to ensure sufficient depth. It
could be implemented, for example, through ongoing scanning and
monitoring of key drivers (Rohrbeck, 2006; Rohrbeck, 2010).

The main promise that scenario-based strategizing holds is raising
the likelihood that strategists can form and execute strategies that are
distant from the status quo and yield a higher value-creation potential
(Gavetti and Menon, 2016; Rohrbeck and Schwarz, 2013; Rohrbeck,
2012). In our cases, we observed promising signs that mental models
were challenged and the openness to consider more distant alternatives

was increased. The evidence is, however, not conclusive, and further
research should apply pre- and post-measurements to determine the
change induced by the scenario-based strategizing.

Furthermore, it will be important to ask how our approach can be
integrated into a wider framework that promotes organisational
learning, particularly in fast-moving industries. Other methods such as
actor analysis, Delphi analysis, and multi-criteria evaluation could be
added (Bradfield et al., 2005). It might also be necessary to modify the
process, adding further steps (e.g. stakeholder analysis, benchmarking
exercises, and technology roadmapping), such as those proposed by
Heger and Rohrbeck (2012). Scenario-based strategizing could also be
particularly relevant for innovation networks consisting of public and
private organisations that create new value chains and business models
(Heger and Boman, 2015; Rohrbeck et al., 2013). In other cases, the
sequence might need to be changed (e.g. reassessing of objectives and
updating of key driver analysis after scenario development).

The difficulty in defining the actor perspective, identified in the
governmental case, points to a fundamental difference between deci-
sion-making in the for-profit and governmental spaces. In a firm, even a
large corporation, it is possible to take a clear actor's perspective and
define the related objectives to be pursued. Policymaking, however,
follows the principle of balancing the interests of a large number of its
stakeholders. In consequence, the application of our approach may
need to be further adapted to public contexts.

For the ability of the approach to boost strategic agility, the feed-
back from Bosch is particularly promising. The participants highlighted
the increase in speed of decision-making once the framework was es-
tablished. This speed also enables more frequent updating of courses of
action, which should enable moving towards real-time strategic deci-
sion-making, which was already predicted as a next step in strategic
issue management in the 1980s (Ansoff, 1980). This seems to be par-
ticularly crucial in today's complex and volatile environments. It would
also allow adapting strategy implementation to uncertain environ-
ments. Here, real options can become a powerful tool to define and
manage a portfolio of small investments in order to retain the right to
play in future markets (Favato and Vecchiato, 2016).

References

Ansoff, H.I., 1980. Strategic issue management. Strateg. Manag. J. 1, 131–148.
Armstrong, J.S., Green, K.C., Graefe, A., 2015. Golden rule of forecasting: be conservative.

J. Bus. Res. 68.
Bradfield, R., Wright, G., Burt, G., Cairns, G., Van Der Heijden, K., 2005. The origins and

evolution of scenario techniques in long range business planning. Futures 37,
795–812.

Bresciani, S., Eppler, M.J., 2015. The pitfalls of visual representations. SAGE Open 5.
Calabrese, A., Costa, R., 2015. Strategic thinking and business innovation: abduction as

cognitive element of leaders' strategizing. JET-M 38, 24–36.
Comi, A., Epler, M.J., 2011. Assessing the impact of visual facilitation on inter-organi-

zational collaboration: an experimental study. J. Universal Comput. Sci. 17,
1430–1454.

Courtney, H., Kirkland, J., Viguerie, P., 1997. Strategy under uncertainty. Harv. Bus. Rev.
75, 67–79.

Cyert, R.M., March, J.G., 1963. A Behavioral Theory of the Firm, Englewood Cliffs, NJ.
10.1016/j.ijforecast.2016.01.004.
Driouchi, T., Leseure, M., Bennett, D., 2009. A robustness framework for monitoring real

options under uncertainty. OMEGA Int. J. Manag. Sci. 37, 698–710.
Ehrlinger, J., Readinger, W.O., Kim, B., 2016. Decision-Making and Cognitive Bias.

Science Direct (online).
Favato, G., Vecchiato, R., 2016. Embedding Real Options in Scenario Planning: A New

Methodological Approach, Technological Forecasting and Social Change. http://dx.
doi.org/10.1016/j.techfore.2016.05.016. (in press).

Gausemeier, J., Fink, A., Schlake, O., 1998. Scenario management: an approach to de-
velop future potentials. Technol. Forecast. Soc. Chang. 59, 111–130.

Gavetti, G., 2012. Toward a behavioral theory of strategy. Organ. Sci. 23, 267–285.
Gavetti, G., Levinthal, D., 2000. Looking forward and looking backward: cognitive and

experiential search. Adm. Sci. Q. 45, 113–137.
Gavetti, G., Menon, A., 2016. Evolution cum agency: towards a model of strategic fore-

sight. Strateg. Sci. 1, 207–233.
Gavetti, G., Rivkin, J.W., 2007. On the origin of strategy: action and cognition over time.

Organ. Sci. 18, 420–439.
Gettinger, J., Koeszegi, S.T., Schoop, M., 2012. Shall we dance? – the effect of information

presentations on negotiation processes and outcomes. Decis. Support. Syst. 53,
161–174.

T. Lehr et al. Technological Forecasting & Social Change 124 (2017) 214–224

223

http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0005
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0010
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0010
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0015
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0015
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0015
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0020
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0025
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0025
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0030
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0030
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0030
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0035
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0035
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0040
http://10.1016/j.ijforecast.2016.01.004
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0045
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0045
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0050
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0050
http://dx.doi.org/10.1016/j.techfore.2016.05.016
http://dx.doi.org/10.1016/j.techfore.2016.05.016
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0060
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0060
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0065
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0070
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0070
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0075
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0075
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0080
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0080
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0085
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0085
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0085


Gettinger, J., Kiesling, E., Stummer, C., Vetschera, R., 2013. A comparison of re-
presentations for discrete multi-criteria decision problems. Decis. Support. Syst. 54,
976–985.

Gioia, D.A., Corley, K.G., Hamilton, A.L., 2012. Seeking qualitative rigor in inductive
research: notes on the Gioia methodology. Organ. Res. Methods 16, 15–31.

Goodwin, P., Wright, G., 2001. Enhancing strategy evaluation in scenario planning: a role
for decision analysis. J. Manag. Stud. 38, 1–16.

Harries, C., 2003. Correspondence to what? Coherence to what? What is good scenario-
based decision making? Technol. Forecast. Soc. Chang. 70, 797–817.

Heger, T., Boman, M., 2015. Networked foresight—the case of EIT ICT labs. Technol.
Forecast. Soc. Chang. 101, 147–164.

Heger, T., Rohrbeck, R., 2012. Strategic foresight for collaborative exploration of new
business fields. Technol. Forecast. Soc. Chang. 79, 819–831.

Hodgkinson, G.P., Bown, N.J., Maule, A.J., Glaister, K.W., Pearman, A.D., 1999. Breaking
the frame: an analysis of strategic cognition and decision making under uncertainty.
Strateg. Manag. J. 20, 977–985.

Jefferson, M., 2012. Shell scenarios: what really happened in the 1970s and what may be
learned for current world prospects. Technol. Forecast. Soc. Chang. 79, 186–197.

Kiker, G.A., Bridges, T.S., Varghese, A., Seager, T.P., Linkov, I., 2005. Application of
Multicriteria decision analysis in environmental decision making. Integr. Environ.
Assess. Manag. 1, 95–108.

Kosow, H., Gassner, R., 2008. Methoden der Zukunfts- und Szenarioanalyse. ITZ -
Institute for Futures Studies and Technology Assessment.

Larkin, J.H., Simon, H.A., 1987. Why a diagram is (sometimes) worth ten thousand
words. Cogn. Sci. 11, 65–100.

Linneman, R.E., Klein, H.E., 1983. The use of multiple scenarios by U.S. industrial
companies: a comparison study, 1977-1981. Long Range Plan. 16, 94.

Lorenz, U., Haraldsson, H., 2014. Impact Assessment of Global Megatrends - Two Case
Studies Connecting Global Megatrends to Regional Topics. Umwelt Bundesamt.

Malaska, P., Malmivirta, M., Meristo, T., Hansen, S.-O., 1984. Scenarios in Europe - who
uses them and why? Long Range Plan. 17, 45.

Meissner, P., Wulf, T., 2013. Cognitive benefits of scenario planning: its impact on biases
and decision quality. Technol. Forecast. Soc. Chang. 80, 801–814.

Mietzner, D., Reger, G., 2005. Advantages and disadvantages of scenario approaches for
strategic foresight. Int. J. Technol. Intell. Plan. 1, 220–230.

Mintzberg, H., 1994a. Rethinking strategic planning part I: pitfalls and fallacies. Long
Range Plan. 27, 12–21.

Mintzberg, H., 1994b. Rethinking strategic-planning part II: new roles for planners. Long
Range Plan. 27, 22–30.

Mojzisch, A., Schulz-Hardt, S., Kerschreiter, R., Brodbeck, F.C., Frey, D., 2008. Social
validation in group decision-making: differential effects on the decisional impact of
preference-consistent and preference-inconsistent information. J. Exp. Soc. Psychol.
44, 1477–1490.

Montibeller, G., Franco, L.A., 2011. Raising the bar: strategic multi-criteria decision
analysis. J. Oper. Res. Soc. 62, 855–867.

Nassi, J.J., Callaway, E.M., 2009. Parallel processing strategies of the primate visual
system. Nat. Rev. Neurosci. 10, 360–372.

O'Brien, F.A., 2004. Scenario planning - lessons for practice from teaching and learning.
Eur. J. Oper. Res. 152, 709–722.

O'Brien, F.A., Meadows, M., 2013. Scenario orientation and use to support strategy de-
velopment. Technol. Forecast. Soc. Chang. 80, 643–656.

Öllinger, M., Hammon, S., von Grundherr, M., Funke, J., 2015. Does Visualization
Enhance Complex Problem Solving? The Effect of Causal Mapping on Performance in
the Computer-Based Microworld Tailorshop. A bi-Monthly Publication of the
Association for Educational Communications & Technology Vol. 63. pp. 621–637.

Orzechowski, J., Necka, E., 2011. Intelligence and parallel versus sequential organization
of information processing in analogical reasoning. Stud. Psychol. 49, 41.

Poarc, J.F., Thomas, H., 2002. Managing cognitioin and strategy: issues, trends and future
directions. In: Pettigrew, A., Thomas, H., Whittington, R. (Eds.), Handbook of
Strategy and Management. Sage, London, UK, pp. 165–181.

Porter, A.L., 2005. QTIP: quick technology intelligence processes. Technol. Forecast. Soc.
Chang. 72, 1070–1081.

Ram, C., Montibeller, G., 2013. Exploring the impact of evaluating strategic options in a
scenario-based multi-criteria framework. Technol. Forecast. Soc. Chang. 80,
657–672.

Ringland, G., 2010. The role of scenarios in strategic foresight. Technol. Forecast. Soc.
Chang. 77, 1493–1498.

Ritchey, T., 2013. General Morphological Analysis - a General Method for non-quantified
Modeling. Swedish Morphological Society.

Rohrbeck, R., 2006. Technology scouting - harnessing a network of experts for compe-
titive advantage. In: 4th Seminar on Project and Innovation Management.

Rohrbeck, R., 2010. Towards a maturity model for organizational future orientation. In:
Academy of Management Annual Meeting, Best Theory to Practice Paper Award
Winner, Montreal, Canada.

Rohrbeck, R., 2012. Exploring value creation from corporate-foresight activities. Futures
44, 440–452.

Rohrbeck, R., Schwarz, J.O., 2013. The value contribution of strategic foresight: insights

from an empirical study of large European companies. Technol. Forecast. Soc. Chang.
80, 1593–1606.

Rohrbeck, R., Konnertz, L., Knab, S., 2013. Collaborative business modelling for systemic
and sustainable innovations. Int. J. Technol. Manag. 63, 4–23.

Rohrbeck, R., Battistella, C., Huizingh, E., 2015. Corporate foresight: an emerging field
with a rich tradition. Technol. Forecast. Soc. Chang. 101, 1–9.

Schoemaker, P., 1993. Multiple scenario development: its conceptual and behavioral
foundation. Strateg. Manag. J. 14, 193–213.

Schoemaker, P., 1995. Scenario planning: a tool for strategic thinking. Sloan Manag. Rev.
36, 25–40.

Schulz-Hardt, S., Mojzisch, A., 2012. How to achieve synergy in group decision making:
lessons to be learned from the hidden profile paradigm. Eur. Rev. Soc. Psychol. 23,
305–343.

Schulz-Hardt, S., Brodbeck, F.C., Mojzisch, A., Kerschreiter, R., Frey, D., 2006. Group
decision making in hidden profile situations: dissent as a facilitator for decision
quality. J. Pers. Soc. Psychol. 91, 1080–1093.

Schumpeter, J., Opie, R., 1934. The Theory of Economic Development. Springer.
Stasser, G., Titus, W., 1985. Pooling of unshared information in group decision making:

biased information sampling during discussion. J. Pers. Soc. Psychol. 48, 1467–1478.
Stewart, T.J., Frenchy, S., Rios, J., 2013. Integrating Multicriteria decision analysis and

scenario planning - review and extension, Omega. Int. J. Manag. Sci. 41, 679–688.
Tapinos, E., 2012. Scenario planning at business unit level. Futures 47, 17–27.
Van der Heijden, K., 2005. Scenarios: The Art of Strategic Conversation, 2nd ed. John

Wiley & Sons, Chichester, West Sussex; Hoboken, N.J.
Vester, F., 1999. Die Kunst vernetzt zu denken. Ideen und Werkzeuge für einen neuen

Umgang mit Komplexität. Deutsche Verlags-Anstalt GmbH, Stuttgart.
Walsh, P.R., 2005. Dealing with the uncertainties of environmental change by adding

scenario planning to the strategy reformulation equation. Manag. Decis. 43, 113–122.
Wilkinson, A., Kupers, R., 2013. Living in the futures. Harv. Bus. Rev. 91, 119–127.
Wright, G., Bradfield, R., Cairns, G., 2013. Does the intuitive logics method - and its

recent enhancements - produce effective scenarios? Technol. Forecast. Soc. Chang.
80, 631–642.

Thomas Lehr studied economics with a specialisation in industrial management and
marketing at Johann Wolfgang Goethe University in Frankfurt a.M./Germany, where he
also earned his doctorate, and Université Paris IX Dauphine/France. In 1998 he joined
Computer Sciences Corporation (CSC), one of the leading consulting, systems integration
and outsourcing companies worldwide, where he worked as program manager and
business development executive. He is chairman of the Parmenides Foundation in Munich
since 2007 and the Managing Director of the European School of Governance in Berlin
since April 2009. He provides policy and strategy consulting for the public sector, gov-
ernment authorities, universities and NGOs.

Ullrich Lorenz is senior expert in the section fundamental aspects, sustainability stra-
tegies and scenarios of the Federal Environment Agency (UBA), Germany. Since more
than 10 years he is responsible for strategic foresight, including scenarios analysis, trend
analysis and systems analysis. He is contact point for forward-looking services to the
European Environment Agency and member of the OECD Governance Foresight Group.
Before joining UBA he had been consultant in the office of the spokesman of the German
parliament for natural protection and tourism (1999–2001). He holds a university degree
in biology with specialisation in ecology.

Markus Willert studied engineering science with a specialisation on material science and
laser technology at the university of Stuttgart/Germany. He received a doctorate in the
field of laser material processing, institute of applied physics at Friedrich Schiller uni-
versity of Jena/Germany.

In 1999 he joined Robert Bosch GmbH, a leading supplier of technologies, solutions and
services for mobility, industrial, energy-building and home appliances. Before joining
corporate strategy to systematically develop a business sector, he took responsibility in
different roles at corporate research and the business units “Diesel Systems” and “Bosch
Rexroth”. As Vice President he is now responsible for a branch office offering Bosch
Security Technology, Solutions and Services.

René Rohrbeck is professor of strategy at the Aarhus School of Business and Social
Sciences, Aarhus University. His areas of expertise are corporate foresight, micro-
foundations of organisational capabilities, innovation and technology management.
Before joining Aarhus University, he spent 6 years in industry and worked on innovation
management at Volkswagen and corporate foresight at Deutsche Telekom.

His research has been published in international journals such as Technological
Forecasting and Social Change, Technology Analysis & Strategic Management, and R &D
Management. His editorial contributions include serving as the managing editor of the
special issue on Corporate Foresight for Technological Forecasting and Social Change.

T. Lehr et al. Technological Forecasting & Social Change 124 (2017) 214–224

224

http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0090
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0090
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0090
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0095
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0095
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0100
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0100
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0105
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0105
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0110
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0110
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0115
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0115
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0120
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0120
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0120
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0125
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0125
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0130
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0130
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0130
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0135
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0135
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0140
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0140
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0145
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0145
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0150
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0150
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0155
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0155
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0160
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0160
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0165
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0165
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0170
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0170
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0175
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0175
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0180
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0180
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0180
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0180
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0185
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0185
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0190
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0190
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0195
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0195
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0200
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0200
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0205
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0205
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0205
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0205
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0210
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0210
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0215
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0215
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0215
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0220
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0220
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0225
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0225
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0225
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0230
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0230
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0235
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0235
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0240
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0240
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0245
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0245
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0245
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0250
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0250
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0255
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0255
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0255
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0260
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0260
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0265
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0265
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0270
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0270
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0275
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0275
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0280
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0280
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0280
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0285
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0285
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0285
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0290
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0295
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0295
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0300
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0300
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0305
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0310
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0310
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0315
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0315
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0320
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0320
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0325
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0330
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0330
http://refhub.elsevier.com/S0040-1625(17)30848-X/rf0330

	Scenario-based strategizing: Advancing the applicability in strategists' teams
	Introduction
	Challenges in scenario-based strategizing
	Fundamental challenges
	Procedural challenges
	Constructing the yardstick and designing the approach

	The Parmenides Matrix approach
	Introduction
	Process sequence

	Application cases
	German environmental ministry
	Bosch
	Impact of the Parmenides Matrix approach
	Participation of top management

	Discussion
	Conclusion
	References




