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Abstract: Globalisation, rapid technological change, shifts in customer values
and other developments create a need for the constant renewal of companies
and industry sectors. However, current approaches applied in the study of
industrial transformation and renewal do not usually grasp the interactions
between the local industrial dynamics and emerging transitions with an
adequate clarity or lack a strategic future-orientation. To overcome these
challenges, we propose a systematic and integrated approach for creating
transformation pathways for a local industry sector in need of renewal. Our
approach combines multi-criteria assessment of companies, development of
future value networks and strategic roadmapping in a comprehensive
framework. Based on a case study we conclude that the approach helped to
broaden the horizon and bridge local competences to global developments, but
further research is needed in the better integration of the methods.
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1 Introduction

The operational environment of manufacturing industries is constantly changing: global
competition poses new challenges, customers' values and needs change, and
developments in technology present new opportunities and threats for existing
businesses. This continuous dynamic creates an imperative for companies, and indeed
entire industry sectors, to be cognisant of the constant cycle of adaptation and renewal.
However, the renewal requires resources for the exploration of opportunities and the
capacities for acting on the basis of the insights gained (March, 1991). The basic
problematic of the renewal is that companies may prefer business as usual and disregard
emerging signals of threats or opportunities, particularly if the identified challenges are
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perceived as too distant, either temporally or cognitively. Why change, when the current
business is doing fine?

Operational mode is problematic for companies, especially if the presumed relevance
of some factors proves to be incorrect or if a sudden non-identified disruptive
phenomenon changes the game radically. The required radical transformation might be
hindered by a number of factors; resistance to change due to a fixed habit of doing things
the traditional ways (lock in), lack of insight due to misapprehension of future
possibilities (myopia) and lack of a culture of cooperation required for direction
identification and allocation of resources for renewal (leadership in a silo).

The challenge has become more urgent as a result of globalisation and the increasing
pace of technological development. As a generalisation, the main approaches currently
applied in the study of industrial transformation and renewal focus on three levels: (1) the
level of innovation systems, (2) the level of state-regional nexus, and (3) the level of
companies. The innovation systems level includes, for example, national, regional,
sectorial and technological innovation systems (e.g. Lundvall, 1992; Cooke et al., 1997;
Hekkert et al., 2007). The research approaches usually focus on the structure and
dynamics of the systems, for example through lenses of industry, research and
government actors. A related approach is transition management (e.g. Geels, 2002),
which scrutinises the transformation of socio-technical regimes. The approaches at the
level of state-region nexus focus mainly on the initiatives led by the state and
implemented in the regions, such as regional foresight (e.g. Uotila et al., 2005), smart
specialization strategies and different cluster strategies (e.g. Rosenfeld, 2002). The
company level approaches include strategic management and foresight (e.g. Rohrbeck,
2011), vision building and setting, and technology roadmapping (e.g. Phaal et al., 2004).

There are two challenges with the above mentioned approaches; namely a gap
between the micro and system levels, and a deficiency in strategic futures perspectives,
including actions to bridge this gap. The approaches do not usually grasp the interactions
between the micro-level, the local industrial experience and the local specific dynamics
of the companies, and the system-level, the meta-level emerging transitions, with an
adequate clarity. The second shortcoming is the resulting deficiency to bridge the gap
through strategic future-orientation. The suggested approaches may lack a systematic
assessment of the current capabilities and be more driven by political hope than strategic
vision. Innovation system approaches often focus on analysing the problems of the
present and do not explicitly consider future options (for an exception to this rule, see
Ahlgvist et al., 2012). Strategic foresight could provide long-term views, but might focus
on too narrow a subject (e.g. specific technology), which prohibits thinking "outside the
square”. In addition, technology roadmapping could be realised in a too normative and
narrow a fashion.

This paper reflects on the creation of future pathways for a traditional and regionally
embedded industry sector that is in need of radical transformation and the novel
methodological solutions that could be developed for this purpose. We propose a
systematic and integrated approach for creating transformation pathways for a local
industry sector in need of renewal. Our approach combines multi-criteria assessment of
companies, development of future value networks and strategic roadmapping in a
comprehensive framework. We focus both on the micro-level of the companies and the
system level of the sector, analysing the capabilities and interconnections of the
companies. We also take into account the external landscape level pressures. Thus by
using the framework we are able to analyse the current state and capabilities, create and



analyse different structures for the industry, explore future possibilities from
technological, political and market perspectives and create pathways to reach different
desirable futures.

2 Theoretical background

Our methodological framework is based on three widely used methods: roadmapping,
value network analysis and multi-criteria assessment. While roadmapping provides the
backbone of our framework, we supplement it with the other methods. In this section we
give the theoretical background of these methods. The overall methodological framework
is described in more detail in section 4.

Foresight and roadmapping

Foresight is an ability, a process and a set of tools to anticipate future developments,
manage uncertainty and come up with responses to identified future challenges (see e.g.
Rohrbeck, 2011; Slaughter, 1997; Miles et al., 2008). It is used in identifying
opportunities and challenges, exploring alternative futures, gaining a better understanding
of the current situation and its development and creating strategies and plans for coping
with changing environment (Martin, 1995; Rohrbeck and Schwarz, 2013; Day and
Schoemaker, 2004). In the context of strategic management, foresight contributes to
different value creation forms (Rohrbeck, 2012, p. 441) and it has also been deployed to
develop new business fields for companies (e.g. Heger and Rohrbeck, 2012; Rohrbeck et
al., 2013; Battistella et al., 2012; Kraatz et al., 2012).

A popular method in foresight, used especially in the industry for strategy
development, is roadmapping (Kerr et al., 2012). Roadmapping is both the iterative
process of crafting a strategy as well as the end result captured in a visual presentation. It
combines different modes of knowledge with specific activity layers (Phaal et al., 2004;
Kostoff and Schaller, 2001). Roadmaps are tools for the combination of organisational
knowledge that may be ‘unlinkable’ with other strategic methods (see e.g Petrick and
Echols, 2004).

It is possible to make a distinction between two roadmapping cultures. First is the
culture of technology in which the roadmapping is approached as a normative instrument
to identify relevant emerging technologies and to align them with explicit product plans
and related action steps (see e.g Phaal et al., 2001). Second is the emerging culture of
strategy roadmapping which is perceived as a more dynamic and iterative process that
produces weighed crystallisations, usually in a visual form, of an organisation’s long-
term vision, and short to medium term strategies to realise this vision. This methodology
is called process-based or strategic roadmapping. It is based on an idea that roadmaps are
like visual narratives describing the most critical paths of future developments (Phaal and
Muller, 2009). This visual emphasis enables the use of roadmaps as crystallised strategy
charts that open simultaneous perspectives both on macro-level currents and micro-level
developments (see Blackwell et al., 2008).

Roadmapping, especially in its strategic form, is an adaptive process-based
methodology well suited for systemic contexts (see Ahlqvist et al., 2012): its visual
format enables the transparent formulation of visions with explicit linkages across the
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temporal spectrum (present, medium term, and long term) and roadmap layers (such as
drivers, markets, and enabling technologies).

However, there are challenges when applying roadmapping in the context of a
regional industry sector. The first is the tension between the local and the global, which
roadmapping does not explicitly address. There is a risk that roadmaps focus too much on
the local present situation and therefore are not able to create a compelling picture of a
radically different desired future and the path towards it. On the other hand, focusing only
on the global developments and available technology may lead to the results being
unconnected from the reality of the region. Therefore it might be useful to distinguish
explicitly between the local situation and the global state-of-the-art.

The second, related challenge is that roadmaps are seldom able to capture the
dynamics of the actors in the region. This is usually postponed to the more detailed action
planning phase that is based on the roadmapping. However, understanding the actors,
their interactions and the value creation dynamics might be useful already when
exploring the strategic pathways or the desired future.

Value networks

Value network analysis is widely used in describing the value creation dynamics and the
interactions between the actors in an industry sector. Value networks consist of
organisations that cooperate with each other to benefit all network members (Valkokari et
al., 2011). Value network describes the competitive environment: the power structures,
alliances and conflicts (Heger and Rohrbeck, 2012). Value network analysis aims at
generating a comprehensive picture of how value is generated in the network (Peppard
and Rylander, 2006). The main focus is on the present situation, although it has been
applied in exploring possible future value chains (e.g. Ahokangas et al., 2012; Wessberg
et al., 2013). The analysis focuses on the roles or functions of the nodes of the network
(e.g. saw mills) and not in specific organisations; therefore it does not explicitly assess
the competences of individual companies.

Multi-criteria assessment

In our framework the assessment of companies is based on Multi-Criteria Decision
Analysis (e.g. Belton and Stewart, 2002) and especially Multi-Attribute Value Theory
(e.g. Keeney, 1993) whilst adhering to the fundamental requirements of measurement
theory (Roos and Pike, 2007). The basic idea behind this approach is to include multiple
criteria, which are weighted according to their relative importance. Different alternatives,
or in our case companies, are evaluated with respect to each criterion. The result is an
overall value for each alternative, which reflect both the performance of the company
against each criterion as well as the relative importance of the criteria expressed in the
weights. Assuming that the attributes are mutually and preferentially independent
(Keeney, 1993), the overall values can be calculated by using an additive value function.

There are three main aspects in the assessment: criteria, scores and weights. The
criteria give the framing for the assessment and determine what is taken into account.
Scores represent the performance of the companies against the criteria. Finally the
weights represent the viewpoint taken in the assessment in that they determine what is
deemed most important, and how important are other criteria relative to the most
important one.



3 Description of the case study and its methodology

The proposed approach and framework is based on the South Australian Cellulosic Value
Chain Technology Roadmap project conducted in 2012 and 2013 in the Limestone Coast
region, South Australia, which forms part of wider region known as the Green Triangle.
The forest and wood products industry and associated value chain, along with many other
Australian manufacturing industries, have experienced a very difficult decade, peaking in
recent times from the exceptional circumstances created by the global financial crisis and
increased globalisation. These developments, coupled with internal factors such as a lack
of re-investment, aging equipment and poor management decisions, have resulted in a
significant reduction in industry profitability and a loss of employment opportunities that
have combined to create an atmosphere of doom and gloom.

The forest and wood products industry in the Green Triangle region was at the start of
the project highly challenged and even, according to some, in a state of crisis. Several
company closures and the transforming situation in the forest resource have left the
region in an uncertain state. The forest sector thus needs actions to boost and renew the
industry to a new level (see also Kettle et al., 2012). The objective of the project was to
provide the region with the information that would allow such a transition to take place.
The project was funded by Department of Manufacturing, Innovation, Trade, Resources
and Energy (DMITRE) and led by VTT Technical Research Centre of Finland.

The aim of the project was two-fold; to develop a roadmap describing how to make
the practices of the forest-based industry more efficient, both in the short and long-term,
and to identify companies interested in locating to the region. The project included 23
interviews with local Australian companies, 6 steering group meetings and 3 workshops,
where technology experts in forestry, biotechnology and cellulosic fibre industries crafted
strategic technology roadmaps for the region. The interviews were the main data source
used in analysing the current local situation. To better understand the global as well as the
national and regional context, an extensive literature review of over 600 sources was
conducted. The workshops were held to identify the emerging technologies, markets and
opportunities. The steering group gave feedback on the results on a monthly basis.

4 Methodological framework for creating transformation pathways

The methodological framework developed in the project is based on two dimensions. The
first dimension is the level of analysis, and the second one is the temporal-spatial scale.
Together these describe the focus points of the approach and aid in positioning the goals
of the methods used. We first describe the two dimensions and then the overall
framework with the suggested methods.

Levels of analysis: functional layers

To assess the companies in regional industry system we defined three functional layers
(figure 1) based on the layers in roadmapping and the levels in the Multi-Level
Perspective (MLP) (Geels, 2002). The functional layers describe the key functions of the
company in the context of drivers. These layers were also the basis for our
methodological framework. The first layer is the core functions that gather the most
elemental issues for a (forest) company. The core functions are divided into raw material
and resources, key products and customers, skills and human capital, and cost structure
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and finances. This layer is focused specifically to assess the key business processes of the
company.

The second layer is the transformation functions. This layer aspires to raise two
crucial insights for this project: firstly, it aims at assessing the capacity of the company to
transform and renew, and, secondly, it endeavours to identify the core components
required for the regional transformation of the forest industry in South Australia. The first
component is innovation and renewal that focuses on the potential of the company in
innovation-fostering activities and, through these, the renewal. The second component is
networking and collaboration that aims at identifying the capacity of the company to
form linkages and in finding useful channels for the development of its business. The
third component is business management and strategy that aims at recognising the
company’s capacity in strategy crafting and in constructing and realising feasible targets
for the future business development. The fourth component is technological capabilities,
which is used for evaluating the company’s competencies in adoption of new production
technologies and technology sourcing.

The third layer is called context functions. This layer consists of drivers in operational
environment at the regional (Green Triangle region), national (Australia) and global
levels. The aim of this layer is to understand, on the one hand, how the company is
embedded in the regional structure and, on the other, how the company perceives the
possibilities to exploit key drivers of change in national and global domains. The drivers
were analysed in six categories: industrial, cultural, environmental, financial, regulation,
and R&D.

Context functions
Drivers in operational environment
Green Triangle region / Australia / Global

Transformation functions

Industrial

R&D drivers ;
drivers

Innovation and renewal

Core functions

Raw materials and resources
Key products and customers
Skills and human capital
Cost structures

Networking and
collaboration

Technological
capabilities

Cultural
drivers

Regulation
drivers

Business management
and strategy

Environmental
drivers

Financial
drivers

Figure 1. Functional layers used in the assessment of the companies

Since these three layers were based on the layers used in roadmapping and the levels of
MLP, there are obvious similarities. The layer of the context functions is analogous to the



landscape level of the MLP and to the layer of drivers in roadmapping. It describes the
external changes and pressures that affect the local industry. The second layer of
transformation functions differs somewhat from the markets/products level of
roadmapping, in that it is more focused on the change capabilities of the system. It is
closer to the description of regime change in the MLP. However, the main point is that
the focus is on the system in contrast to its components or environment. The layer of core
functions is on the other hand more similar to the roadmapping level of technology and
knowledge, in that it focuses on the basic elements of the system. The niche level of MLP
emphasizes the protected spaces for experimentation and new innovations, which is an
important point in our methodological framework also, but not a key focus.

Temporal-spatial scale

In addition to the levels of analysis, there are two important dimensions to consider: time
and space. The time dimension is explicitly defined in roadmapping, and the
developments in in e.g. technology and markets are put into a time scale. A commonly
used time scale ranges from the present to the desired long-term future with one
intermediate step. The spatial dimension, on the other hand, is not explicitly considered.
However, it becomes especially important in the case of a regional sector behind the
global developments, because in that case there is a clear mismatch between the local
present situation and the global state-of-the-art. The challenge then becomes to map a
path through the state-of-the-art and further into the desired future state.

We thus define a temporal-spatial scale with three “steps” in our methodological
framework: the local present situation, the global state-of-the-art and the local desired
future embedded in the global context. The local present situation focuses on the
competences, knowledge, technology, markets, networks and interactions in the region at
the moment. It represents the starting point with the local historical burdens. The state-of-
the-art on the other hand focuses on the leading edge technology, global market situation
and opportunities, top knowledge centres and global networks. It represents the “external
world” with which the regional industry has to cooperate and compete in order to survive.

Aiming only at the state-of-the-art would lead to an endless catching up, to “skating
where the puck is, not where it will be”. It would also disregard the local special
characteristics. Therefore the aim should be further in the future, in a vision of the
regional industry, specialised and prospering in the global economy. This vision is based
on both the local present situation and the global state-of-the-art but goes beyond them.

Positioning methods in the framework

Combining the levels of analysis and the temporal-spatial scale leads to a matrix of the
focus points of the framework (figure 2). There are two interdependent narratives in the
framework: 1) Finding a path from the present situation through the global state-of-the-
art to a locally compelling and desirable future state, and 2) Taking into account the
regional competences and resources and the global pressures in the transformation. The
first narrative goes from assessing the present situation to creating a vision for the desired
future and then mapping ways to get there. The second narrative supplements the first
one in each of the steps: exploring the current perception of the global landscape and
systematically identifying the local competences, reflecting the local vision against global
scenarios, and exploring global drivers as well as emerging technologies.
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Competences performance and roadmap implementation
’ g
capacities of the
technology, knowledge e .f
organisations

Present State-of-the-art Desired future
Figure 2. Methodological framework

In line with these narratives, we have roughly divided the methods into three sections:
assessment, roadmapping and vision. In practice the boundaries between the methods are
of course not as clear as this. The assessment consists of exploring the perceptions about
the global landscape and context in the region by e.g. interviews, modelling the current
system using value chain analysis and understanding the current competences and
performance of the companies using multi-criteria assessment. The roadmapping methods
include exploring the relevant global drivers by e.g. doing a literature review, creating a
technology roadmap of the state-of-the-art and emerging technologies to see where the
technical development is heading and doing a strategic roadmap to integrate these both to
a crystallised picture of the current developments in markets, solutions and technologies.
The vision methods aim to create a set of compelling images of the possible future
directions for the region by reflecting global scenarios to the local context, creating
prospective value chain description based on the value chain analysis and enabling the
discussions of a common local vision.

Implementation of the methodological framework in the project

The process used in the South Australian Cellulosic Value Chain Technology Roadmap
project can be simplified to three main phases: company assessment (steps 1 and 2 in
figure 3), value network analysis (steps 3 to 5 in figure 3) and roadmapping (steps 6 to 8
in figure 3). As can be seen from figure 3, the process meanders across both axis, which
illustrates the reflection between the global context and the local situation. We present the
process as a sequence of methods, although in reality it was far more iterative and
overlapping.

The first phase of the project focussed on the assessment of the current companies. To
that end extensive interviews were carried out and the performance of the companies was
assessed according to the functions presented in figure 1 (Ahlqvist et al., 2013). The next
phase was the value network analysis, based also on the interviews. To map prospective



value networks, the current situation was reflected against four scenarios on the future of
the forest sector, found in the literature. We called these scenarios “lenses”, since they
provide a perspective into four different research frontiers in the industry. The final phase
was the roadmapping, which started with an extensive literature review to identify key
global drivers. These were used as background material in an expert workshop focused
on creating different technology roadmaps based on the four scenario lenses. The
technology roadmap and literature review was then used, along with patent analysis and
feasibility studies, to create strategic pathways to alternative futures. All these results
were then integrated into a recommendation report (Ahlgvist et al., 2013).

Assessment Roadmapping Vision
v
4 N N\ N
Context / Landscape __ 14C:::232\;r;:t§fn:;:vsz | 6.Literature review: 4. Literature review:
Endsfape global drivers scenario lenses
p | | 7
. ( ) (8.Strategic pathways ) (5 P i | h
Transformationarena / 3.Value chain analysis (based on literature .cr:(;?r?:?t;:see;aol:\e 1
Industry system (based on interviews) review and scenario lenses)
technology roadmap) cenario lense
x J X |
Core capabilities / (2.Multicriteria | (7-expert workshops: | | [ h
Competences )| assessment of L] Technology roadmap 9.Recommendation
technology, kno I’edge companies (based on (based on scenario report
n Y, w : .
’ interviews) ) L lenses) ) L )
Present State-of-the-art Desired future

Figure 3. Project process presented in the methodological framework

5 Discussion and conclusions

The methodological framework presented in the section 4 shows one way of combining
roadmapping, value network analysis and multi-criteria assessment. These three methods
complement each other in the context of creating future pathways for a radical
transformation of an industry sector: The roadmapping describes the pathways and the
big picture, the present and prospective value networks describe the dynamics between
key stakeholder groups in the industry system and the results of the multi-criteria
assessment provide a better understanding of the competences of the current actors.
Taken separately, these methods would only provide a partial understanding of what is
required to renew the sector. For example, the multi-criteria assessment gives an
overview of the competences and capabilities the local industry sector has, but does not
describe the dynamics and interactions between the actors or provide a future-oriented
plan for improving the situation. On the other hand, roadmapping by itself would not give
a concise and deep understanding of what is needed in the region to implement the
pathways described.

When implementing the methodological framework in the South Australian
Cellulosic Value Chain Technology Roadmap project, the main challenge was how to use
the prospective value networks in the roadmapping. Both roadmapping and the
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prospective value networks had the common starting point of scenario lenses, and
illustrated the situation from different angles. However, they ended up being rather
separate exercises, and the prospective value networks were not used in the roadmapping.
One way to overcome this might have been a workshop, where the technology roadmaps
would have been reflected against the dynamics of the value networks by the local
stakeholders. However, this was beyond the scope of the project.

Even though the methodological framework is developed to integrate multi-criteria
assessment, value network analysis and roadmapping, it is not restricted to only these
three methods. The main goal of the framework is to provide a systematic approach to
considering both the local situation and the global context both in the present and in the
future. The levels or functions described in figure 1 can be used in assessing the renewal
capacity of an industry. Likewise the temporal-spatial scale can be used in roadmapping
to map pathways from the local situation to a desired future taking into consideration the
global state-of-the-art and its development.

The process used in the project differs from conventional strategic planning in that it
starts from assessment and ends in visions of alternative futures, not vice versa. The
process can be described as an iterative horizon widening approach. The assessment
frame used, especially the transformation functions, oriented the perspectives of the
current situation towards the capacities to transform. It also positioned the local situation
to the global context. The value network analysis, on the other hand, provided an
illustration of the local industry system, its dynamics and interactions with the global
system, implying the needs and benefits of cooperation between the actors in the region.
Thus it widened the boundaries of the system from the region to the global competitive
environment. The prospective value networks illustrated possible changes in the
interactions and the role of the actors. The scenario lenses, technology roadmap and
literature review explored the current research frontiers of the industry sector. As these
were reflected back to the regional context, the plurality of futures became more
understandable. The decision on which direction to take was left to the regional actors;
the recommendations described the pros and cons of different pathways. Each step of the
process further widened the horizon, but not with a push from the researchers but in
interaction with the local stakeholders.

Since the approach was assessment driven in contrast to vision driven, the discussions
on the desired future were to a large extent left to the end of the process, and are still on-
going. The outcomes of the process describe possible transformation pathways and the
resources needed to implement them. These need to be discussed with the local
stakeholders with the aim of building a shared vision and commitment to implementing
it. These discussions fell to a large degree outside the scope of the project, but they are an
essential part of the methodological framework.

As the project was commissioned by the South Australian government, the
methodological framework is linked to supporting state-level and regional decision
making. The results of the project are meant to aid policy makers in the creation of a
future-oriented strategic agenda for the region to find ways to enhance the
competitiveness of the forest sector in the region. In this sense our approach can be seen
to “catalyse policymaking”.

During the project there has been a re-organisation of the key actors. This new
positioning may lead to a conflict over whose vision is implemented. It can be speculated
that this is linked to the regional government issuing a project on the future of the
industry; the local actors in the industry do not want to give the decision on the future or
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the formulation of the alternatives to the government. A key lesson regarding the
methodological frame is that participation in each phase as well as the consideration of
the local political culture is important. The project already aimed to build the basis for
cooperation via the interviews and local meetings, but the emphasis was perhaps more on
consulting and involving than collaborating and empowering (cf. IAP2, International
Association for Public Participation, 2007).

The proposed methodological framework provides a first step in finding the linkages
between roadmapping, value network analysis and multi-criteria assessment and using
them to create transformation pathways for an industry sector. Further research directions
include how to use the insights on the dynamics presented in value networks in
roadmapping and how to use multi-criteria assessment in the creation and prioritizing of
the roadmap paths.
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