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In innovation networks, participatory foresight activities can typically have
several functions. They can be seen as a tool for supporting decision-making
on science and technology (S&T) priorities, but they can also be expected to
contribute to the structures of a network beyond the scope of decision
making. Foresight activities are often limited by tight timeframes, budgets
and they need to be synchronized with other S&T processes. In this setting
there is a need for tools that reflect foresight process owners’ visions on
trade-offs between objectives that are more important than others, and goals
that can be achieved, given relevant constraints.

This thesis develops, deploys and analyzes decision analytic methodologies
for participatory foresight and priority-setting. The methodology enables
foresight managers to adjust their foresight process to serve multiple goals
and place emphasis on the objectives that are seen as most important.
Foresight processes can be adjusted to meet the desired objectives by i)
selecting a suitable “unit of analysis” for the analysis and discussion, ii)
defining an appropriate composition of stakeholders for the different phases
of the process, iii) different uses of decision analytic methodologies and iv)
varying emphases on internet surveys, decision analysis, and face-to-face
workshops.

This thesis consists of six articles, where variants of the methodology are
applied in different contexts. The articles include reflections from foresight
activities carried out in support of management processes in Finnish industry
clusters and in international research programs. They also include case
studies from public S&T policy making, supporting the identification of small
niche areas as well as providing input for decision-making on national
innovation policies.

Participatory foresight, S&T priority setting, multi-criteria decision analysis,
group decision support, participatory decision making, expert engagement,
technology management, innovation networks.
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Osallistavalla ennakoinnilla  voi olla monia eri kayttbtarkoituksia
innovaatioverkostoissa. Ennakointi voi tukea tiede- ja teknologiateemojen
priorisointiin liittyvaa paatoksentekoa, mutta se voi vaikuttaa verkostojen
rakenteisiin myo6s yleisemmalla tasolla. Kaytanndssa aikataulut, resurssit, ja
tarve kytke& ennakointi osaksi muita tiede- ja teknologiaprosesseja asettavat
rajoitteita  ennakointihankkeille. Naiden rajoitteiden takia tarvitaan
ennakointityOkaluja, joilla ennakointi voi palvella tavoitteita, jotka on katsottu
tarkeimmiksi ja jotka voidaan saavuttaa ndiden rajoitteiden puitteissa.

Vaitoskirjassa kehitetddn, sovelletaan ja analysoidaan paatdsanalyyttisia
menetelmid ennakoinnin ja priorisoinnin tueksi. Kehitetyt menetemat tukevat
ennakointiprosessien erilaisia tavoitteita siten, ettda prosesseilla voidaan
vastata tarkeimmiksi katsottuihin tavoitteisiin. Menetelman puitteissa
ennakointiprosesseja voi ohjata i) maarittelemalla sopivia tarkastelutasoja
analyysin ja keskustelun pohjaksi, ii) osallistamalla viiteryhmia prosessin eri
vaiheisiin, iii) soveltamalla erityyppisida paatésanalyysin menetelmia ja iv)
soveltamalla Internet-kyselyitd, paatdsanalyysia ja tydpajoja eri laajuudessa.

Vaitoskirja koostuu kuudesta artikkelista, joissa menetelman muunnoksia
sovelletaan erilaisissa toimintaymparistdissa. Artikkeissa kuvataan ja
arvioidaan tapaustutkimuksia, joissa ennakointia kaytetddn suomalaisten
teollisuusklusterien ja kansainvalisten tutkimusohjelmien johtamisen tukena.
Ne sisaltdvat myos julkisen tiede- ja teknologiapolitikan tapaustutkimuksia,
joissa on tunnistettu uusia niche-alueita ja tuotettu tietoa kansallisen
innovaatiopolitikan paatoksenteon tueksi.

Osallistava ennakointi, T&K prioriteettien asetanta, monikriteerinen
paatésanalyysi, ryhmépéaatoksenteon tukeminen, asiantuntijoiden
osallistaminen, teknologiajohtaminen, innovaatioverkostot.
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1. Introduction

Expert engagement and stakeholder participation are currently seen as one of the key
elements for the design and the implementation of successful science and technology
(S&T) policies (Asaro, 2000; Schot, 2001; Salo and Cuhls, 2003). Participatory
approaches in particular have been seen as useful in forward-looking identification and
analysis of future developments and S&T actions — i.e. foresight activities — (Irvine and
Martin, 1984; Salo and Cuhls, 2003; HLEGEU 2002), both in the public (Martin and
Johnston, 1999; Georghiou and Keenan, 2006) and private sector (Reger, 2001).

Initially participatory foresight activities were mainly seen as a means for improving
decision-making on innovation policies and strategies, by engaging experts to consider
alternative futures, and using their expertise to making better decisions (Irvine and Matrtin,
1984, Salo and Cuhls, 2003). Especially, participatory approaches were seen as useful in
supporting the development of thematic S&T priorities (Martin and Irvine, 1989), where
expert participation is needed to compensate and complement the lack of quantity and
quality of statistical data and empirical evidence. From the 1990’s onward, however, there
has been a growing trend of characterizing the value of participatory foresight activities
also in view of how they may “wire-up” international, national and regional innovation
systems and contribute to the innovation capacity of industry clusters and research
communities on a structural level (Martin and Johnston, 1999; Barré, 2002; Cuhls, 2003).
In this setting, foresight processes can be seen as a way of, for example, engaging
stakeholders to build a common vision and increasing their awareness and commitment to
S&T actions (Cuhls, 2003), creating new networks, strengthening existing ones (Lundvall,
1992; Martin and Johnston, 1999), and fostering diversity (K6nndl&, 2006).

The realization of new rationales for foresight processes does not mean that the more
traditional objectives are less important. Instead, nowadays the value of foresight
processes is seen through several functions. For example, Salo and Cuhls (2003) define
participatory foresight as follows: “an instrument of strategic policy intelligence which
seeks to generate an enhanced understanding of possible scientific and technological
developments and their impacts on economy and society, in order to support the shaping
of sustainable S&T policies, the alignment of research and development (R&D) efforts with
societal needs, the intensification of collaborative R&D activities and the systemic long-
term development of innovation systems.”

The need to deal with multiple objectives can also be seen in the management of foresight
activities (Salo et al., 2004). Several studies have raised the question of how to balance
the requirements of developing coherent and readily implementable recommendations for
decision makers and contributing to the innovation system at the aggregate (Rip, 2003;
Havas, 2003; Rask, 2008). However, despite the recognition of the need to include
multiple objectives, there seems to be lack of rigorous approaches and methodologies for
this purpose (Havas, 2003), especially within the coordination of priority-setting activities in
innovation networks (Salmenkaita and Salo, 2004). On one hand, too decision-oriented



processes and the domination of decision-makers may stifle creativity and new ideas
(Weber et al., 2008). On the other hand, the results of processes carried out through
methodologies that aim to produce information on alternative futures (such as the Delphi-
method; e.g. Linstone and Turoff, 1975; and scenarios; e.g. Bishop et al., 2007) or foster
interaction and creativity (such as expert workshops; e.g. Salo and Gustafsson, 2004) may
be difficult to translate into actionable recommendations for the decisions that the foresight
process may be expected to support (van der Meulen et al., 2003; Hjelt et al., 2001).
Excessive emphasis on the building of shared visions may also make foresight results
difficult to use; they may become too abstract and self-evident to benefit decision-making
(Keenan, 2003).

In large-scale national foresight activities, the need to serve several objectives is partly
met by applying multiple methodologies and by engaging a wide range of stakeholders
(e.g. Durand, 2003; Havas, 2003; Keenan, 2003; Georghiou and Keenan, 2006). However,
this may be resource-intensive and make the process time-consuming. In contexts such as
innovation networks, that are characterized by voluntary coordination of S&T activities and
relatively light weight management structures, the possibilities for extensive participation
and using several methodologies may be limited (Salo, 2001; Azzonea and Manzini,
2007). Despite having multiple objectives, foresight activities often must be carried out
within rather tight timeframes and budgets. Moreover, as foresight activities are often
expected to constitute an integral part of the broader S&T strategy development, they
should be adaptive to possible parallel processes and enable agile responses to the
rapidly changing innovation environment (Salo, 2001; Salmenkaita and Salo, 2004,
Eriksson and Weber, 2008).

The six papers of this thesis seek to respond to these challenges by developing new
methodologies for assisting experts and other professionals responsible for the design,
coordination and dissemination of foresight activities (later ‘foresight managers’) to better
deal with multiple objectives and limitations that process owners and participants set for
the foresight activities. Especially, this thesis develops methods for assisting thematic R&D
priority-setting in innovation networks where, alongside this function, priority-setting
process can be adapted to also respond to other foresight objectives, such as the
consideration of S&T opportunities from different perspectives, or enhancing networking
and diversity. Methodological development is focused to serve the management of
innovation networks, where the tight timeframes, restricted resources, and parallel
processes call for relatively light weight and readily implementable methodologies. Each
essay also describes a real life case. The relevance of these methodological approaches
and processes is thus reflected not only from related literature, but also from how they are
suited to support priority-setting and foresight activities in their particular contexts.

The rest of this summary article is organized as follows. Section 2 gives an overview on
the use of participatory foresight and summarizes the contributions of this thesis. Section 3
describes the methodological development presented in the thesis. Section 4 discusses
the use of the methodology, and Section 5 concludes with some future research topics.



2. Background and Contributions

2.1 Innovation Process and Innovation Networks

One of the main rationales for applying foresight methodologies is the need to anticipate,
foster and respond to technological change (e.g. Dosi, 1982, see also TFAMWG, 2004).
Keeping with the common approach of scholars and practitioners, in this thesis
technological change is not seen only as the development of a single technology, but as a
complex chain of technological development and product and process innovations, in
which their interrelations and dependencies play a central role (Metcalfe 1995). Moreover,
the focus of foresight activities is not just in technological development, but in the
innovation process. That includes also the system, where the technology is embedded,
and the dynamics, how technologies interact with the surrounding environment (Smits and
Kuhlman, 2004; Hekkert et al., 2007).

Participatory foresight can be seen as a tool for contributing to the innovation process and
it can be applied at many different levels of the innovation system (Edquist, 1997; Martin
and Johnston, 1999). The focus of foresight activities can be on the international
(Georghiou, 2001; Jewell, 2003; Carlsson, 2006) or national (Lundvall, 1992; Durand,
2003; Havas, 2003; Keenan, 2003) level, in a network (Salmenkaita and Salo, 2004) or in
a single organization (e.g. Reger, 2001; K6nnola et al., 2009).

The case studies represented in the articles engage mainly S&T experts from academia,
the private sector and the governance. In this thesis, foresight activities are considered in
the context of innovation networks (Bullinger et al., 2004) that include, among others,
research communities and industrial clusters. Compared to innovation system-wide
foresight processes, where technologies are analyzed in a broad context and considerable
emphasis is placed on their interactions with the surrounding society at large, this
approach narrows the focus. Such activities do not engage experts from organizations that
have more indirect impact on S&T activities, such as media, ministries responsible for
taxation, regulations and education and NGOQO'’s that aim to influence public opinion. They
mainly involve only organizations and actors that proactively contribute to technological
development through shared S&T activities. Moreover, foresight processes focus mainly
on identification and analysis of joint S&T activities and changes in society of particular
relevance to the innovation network, and do not analyze the impact of, for example, tax
incentives, public awareness campaigns and education policies that, indeed, are essential
part of the broader innovation system. Thus when referring to an innovation process, this
thesis considers technological development in context of innovation networks (see e.g.
Orsenigo et al., 2001).

2.2 Functions of Participatory Foresight in Innovation Networks

In innovation networks, foresight activities can be seen as a tool for managing the
innovation process — assisting the coordination of S&T activities and facilitating responses
to rapid changes in technology and society (Irvine and Martin, 1984, Faucheux and Hue,
2001). Foresight activities can have at least two kinds of functions; i) supporting decision-



making regarding the innovation process, especially thematic R&D priority-setting (Martin
and Irvine, 1989) and ii) contributing to the capacities of the network at a structural level
(Martin and Johnston, 1999).

2.2.1 Supporting Forward-looking Priority-setting

Priority-setting is one of the most common tools for managing the innovation process in
innovation networks (Martin and Irvine, 1989; Salmenkaita and Salo, 2004). Within priority-
setting, the role of foresight activities is often to identify trends and developments, elicit
prospective ideas on process and product innovations, and foster debate on their
interrelations among participating stakeholders.

Foresight activities can assist priority-setting deriving from both external and internal
pressures:

e Function 1.1 Matching S&T opportunities with changes in society and economy:
Priority-setting activities can explicitly seek to respond to external pressures such
as societal, environmental and economical changes in the broader innovation
system (e.g. Jarimo et al., 2005). In this context, foresight activities can assist
decision-making by producing information on trends, weak signals, threats and
challenges. It also offers a framework for analyzing potential S&T actions in view of
alternative futures that may be derived from these developments.

e Function 1.2 Internal coordination of S&T actions: Priority-setting activities can also
be driven by internal pressures to identify mutual synergies and overlaps, and
coordinate S&T actions to form coherent entities that are needed to develop and
commercialize innovations (e.g. Salo and Liesid, 2006). In this context, foresight
activities can be used to systematically map and analyze present and future S&T
activities and search for potential to leverage existing expertise in new markets.

2.2.2 Contributing to Capacities of an Innovation Network on a Structural Level

Beyond supporting decision-making, another rationale of foresight activities is to contribute
to innovation networks on a structural level (Martin and Johnston, 1999; Salmenkaita and
Salo, 2002). By presenting a framework for experts and other stakeholders to debate on
new S&T opportunities, new ideas and their relation to changes in society, foresight
activities can be used in support of the following functions:

e Function 2.1 Building a Consensual Vision: One benefit of engaging experts and
other stakeholders for foresight and priority setting activities is that it may increase
their commitment to the decisions made as a result of the process. However,
discussion of alternative futures and collaborative analysis of S&T opportunities and
challenges is also useful in increasing mutual understanding and building a
consensual vision — not only in view of ex-ante or ex-post evaluation of specific
decision alternatives - but on a more general level. This, again, may be beneficial in
synchronizing strategies and joint actions in a network, even beyond the decision
making scope.




e Function 2.2 Creating New Networks and Strengthening Existing Ones: One of the
characteristics of innovation networks is that the composition of actors and
stakeholders involved to the innovation process evolves over time. In addition to
changes in technological development, the roles of involved actors and
stakeholders changes, and there is a continuous need to engage new actors to the
innovation process. Sometimes there may be also a need for more systemic
changes; for example, integrating national innovation networks to the EU level. In
these kinds of contexts, by offering a structured framework for experts and other
stakeholders to debate S&T challenges and opportunities, foresight activities can
assist innovation networks to anticipate and shape their composition to keep pace
with technological development and societal changes.

e Function 2.3 Fostering the Consideration of Innovation Processes From Several
Perspectives: Within priority-setting, foresight activities can explicitly support the
consideration of alternative S&T activities from several perspectives, thus helping
decision-makers develop priorities that better respond to multi-faceted future
challenges and opportunities. However, consideration of alternative trends and
drivers, and prospective ideas on innovations from different perspectives can be
viewed as a learning process for evolved stakeholders (Cohen and Levinthal,
1989). This again, may be a critical factor for the network’s, and its’ organizations
capacity to develop new ideas and innovations (Cohen and Levinthal, 1990; Lane
and Lubatkin, 1998).

e Function 2.4 Feeding the Innovation Network with New Innovation Ideas:
Successful innovation processes do not always require totally new information and
skills. On the contrary, often innovations are the result of combining existing
knowledge in novel ways. Thus, by bringing researchers, industrialists, government
officials, and customers together, and by providing structured framework for
collaborative consideration of what kind of benefits new kinds of combinations of
existing and new knowledge would have in changing innovation system, foresight
activities can support the development of new ideas and innovations.

2.3 Contributions of the Thesis

This thesis develops, deploys and analyzes participatory methods for foresight and
priority-setting activities in innovation networks. The methodological development
described in the context of six case studies serves as a starting point for a methodological
framework that can be used as a basis for designing and implementing different foresight
and priority-setting processes.

The characteristics of the framework and methodological choices described in the articles
(later ‘the methodology’ in brief) give some responses to the challenge of balancing
between different objectives - especially between those that are related to decision-making
(functions 1.1 and 1.2) and those that expect foresight activities to contribute to the
capacity of an innovation network at the aggregate (functions 2.1, 2.2, 2.3 and 2.4) (e.g.
Salmenkaita and Salo, 2002; Van Aken and Weggeman, 2002, Keenan, 2003; Rip, 2003;
Rask, 2008; Weber et al., 2008). Based on the set objectives of a foresight process, the



methodology can be adapted to mainly support priority-setting, such as in papers [Il] and
[II]. If needed, the methodology also enables foresight managers to put more emphasis
on, for example, the identification of new networks, such as in paper [IV]. The methodology
enables foresight activities to serve several functions simultaneously. In paper [V],
methodology is used for both the building of a consensual vision among involved S&T
experts (Function 2.1) and supporting decision-making on S&T priorities (Function 1.1). In
papers [I] and [VI], methodological choices enabled — at the same time - efficient
coordination of S&T actions (Function 1.2), engagement of new experts to the innovation
process (Function 2.2) and fostering the consideration of the innovation process from
several perspectives (Function 2.3). In paper [l], foresight activities were also used to feed
new ideas to the innovation process (Function 2.4).The methodological development aims
to support the management of foresight activities constrained by tight timeframes and
parallel processes (Salo, 2001; Azzonea and Manzini, 2007). If needed, the methodology
enables the implementation of foresight activities within a couple of months; such as in
paper [ll]. If more time can be reserved for the activities, it can also be applied within
longer processes that engage a wide range of stakeholders from different scientific and/or
geographical areas, such as in papers [lll], [IV] and [V]. The methodology allows the
embedding of foresight processes in the surrounding innovation environment (Salo and
Salmenkaita, 2002; Salmenkaita and Salo, 2004); it enables the use of results from other
processes as input, such as in papers [ll], [VI], and it produces results, that can be easily
adapted for other activities, such in papers [ll], [Il], [IV].

Each paper presents a case study, where foresight activities serve several functions. In all
papers, the methodology is used to support priority-setting, but it is also used as a means
to contribute to capacity of innovation networks at a structural level. Table 1 below
summarizes the case studies, specific research settings, and their relation to the foresight
functions described above.



Table 1. Research Settings and Foresight Functions in Different Case Studies

Paper | Case study Specific research topics Foresight Function
n Design and implementation | ¢ Develop a multi-criteria decision Primary 2.3 and 2.4
of a participatory process analysis methodology for Secondary 1.2 and 2.2
for engaging stakeholders analyzing innovation issues from
to support panel work with diverse perspectives and
new innovation ideas and supporting the identification of
weak signals in the Finnish weak signals
Foresight Forum
L} Design and implementation | ¢  Analyze what kinds of challenges Primary 1.2
of a process for the European Commission’s Secondary 2.1, 2.2 and
participatory development innovation policy instruments place | 2.3
of national Finnish for foresight activities and identify
Strategic Research what kind of methodological
Agenda (SRA) for Forest- choices are needed to respond
Based Sector Technology these challenges.
Platform
[ Design and implement a e Analyze what kinds of specific Primary 1.2
process for the challenges there exist in the Secondary 2.1, 2.2 and
collaborative development management of priority-setting 2.3
of a joint research agenda activities in multinational research
for an international programs and identify what kind of
research program methodological choices are
needed to respond to these
challenges.
I\ Develop a methodology for | ¢  Develop a two-layered multi- Primary 1.2 and 2.2
the identification of expert criteria decision analysis
networks in an international methodology for the parallel
research program identification of research issues
and researcher networks.
V] Design and implement a e Develop a multi-layered Primary 1.1
national foresight exercise methodology for supporting Secondary 2.1 and 2.3
initiated by two Finnish participatory foresight activities
funding agencies e Analyze tradeoffs between
different foresight objectives.
VI Design a process for e Analyze how foresight activities Primary 1.2

participatory development
of a prospective research
agenda for the Finnish
packaging industry

can be embedded in the highest
decision-making bodies of
innovation networks

Analyze the use of an interactive
decision-support tool to support
priority-setting activities.

Secondary 2.2 and 2.3

Indeed, a methodological approach as such does not guarantee that the process will meet
the desired objectives. There is also a need to have an appropriate organizational setting
and participant base, as these factors often have major influence on the outcomes of the
process (e.g. Miles et al., 2002; Georghiou et al., 2008). In general, a strong institutional
setting and homogenous participant base are often seen as a good starting point for
producing readily implementable recommendations. Loose connections to the highest
decision making bodies and a more heterogeneous participant base, on the other hand,
are often associated with the objectives of enhancing creativity and diversity (e.g. Heijden,

2002; Rask, 2008; Weber et al., 2008).




Even though these basic principles were also the starting point for the described case
studies, the fact that different sets of participants were engaged to different parts of the
process made it possible to break the barriers to some degree. In case [l], for example,
parallel processes for students made it possible to collect innovation ideas from a very
diverse set of participants, but as the process for students was conducted separately, it did
not hamper the objective of producing actionable outcomes. In case studies [lll] and [IV], a
broad set of experts (over 400) from different countries participated in the process by
suggesting and evaluating ideas on potential research issues through the Internet, which,
overall, gave a good base for identifying and fostering new networks. However, as the
workshops were focused on certain research area and only 10-12 experts and decision-
makers participated in each workshop, it was possible to generate concrete results in a
limited time frame. A related approach was taken in case [VI], where a broad set of experts
from the Finnish packaging industry gave their ideas on research themes, but the final
decisions were taken by the board of the particular industry cluster association.

3. Methodological Development

3.1 Methodological Framework

The methodological development described in this thesis builds on four consecutive
phases:

1. Elicitation (or equivalently ‘solicitation’) of issues

2. Evaluation and comments

3. Development of shortlists of potentially interesting issues
4. Identification and analysis of the most interesting issues

Overall, this kind of framework provides a generic approach for a funneling process for
identifying important signals and trends, and selecting the S&T themes with the most
potential for further development (see e.g. Keenan 2003; Havas 2003; Georghiou and
Keenan 2006; Salo and Liesi6é 2006). However, based on the reflections from practical
foresight studies and literature reviews described in the articles, methodological choices
described below make the case studies also interesting for a broader audience, especially
in light of the need to serve several functions within limited time frames.

3.2 Methodological Choices

3.2.1 Definition of “Units of Analysis”

The methodological choice made in all of the described processes is the definition of the
unit of analysis — the basic element of analysis and discussion throughout the process
(see also Shim et al., 2002). In paper [lI], foresight activities were built around the
identification of “innovation ideas” and in papers [ll], [Ill], [IV] and [VI], where the aim of the
foresight activities was to assist decision-making on S&T priorities, participants identified
and analyzed “research themes” and “research issues”. In paper [V], which had a larger



scope to analyze some parts of the Finnish innovation system, foresight activities focused
on identifying “driving forces” and “focus areas of competences”.

Defining units of analysis gives the basic shape for the foresight process and it is a pre-
condition for other methodological choices, such as modularity and use of multi-criteria
decision analysis. A strict focus on pre-defined units makes it possible to focus the process
on the desired direction. In paper [lll], participants were encouraged to suggest and
analyze issues that may especially possess potential for EU wide cooperation and in paper
[I], participants were asked to suggest issues that, in their opinion, are new and innovative
in the given context. Through this definition, it was also possible to link other processes to
the foresight activity in question; in paper [ll], participants were asked to indicate how their
suggestion of research themes would contribute to a broader vision building process and
in paper [VI], participants were asked to link their proposals to other strategy processes
and consumer workshops. Using action-oriented units — such as a research issue or an
innovation idea — also helped foresight managers to guide the process towards concrete
results and overcome the challenge of foresight results being too abstract for decision-
making (Keenan, 2003).

As these basic elements of analysis were defined at the beginning of the process, it
provided space for freedom and creativity elsewhere. For example, there was no need to
produce background research or set a strict focus regarding the substance of the process.
Participants of the process were allowed to suggest, analyze and discuss any issues they
saw as important. At the same time the process remained understandable and transparent
for both for the involved stakeholders and instants that use the results of the process.

3.2.2 Well-defined Roles and Responsibilities

Another methodological choice that is common for all of the described studies is the
definition of roles and responsibilities for each involved stakeholders (see also Salo et al.,
2004). For example in paper [lll], researchers, industrialists and decision-makers had
different roles; researchers suggested research issues and evaluated them with regard to
novelty and tentative interest, industrialists evaluated issues with regard to their relevance
and suitability, some researchers and industrialists developed the first results to support
decision-making, and decision-makers made a tentative allocation of funds.

Through these choices, it was possible to engage a wide range of stakeholders to the
process cost-efficiently (both in view of funds used for process and the effort that the
stakeholders have to dedicate to the activities) as involved experts and stakeholders only
contributed to a small part of the process. This also made the process more transparent
and understandable for the foresight participants and the instants that use the results.
Well-defined roles and responsibilities also made it possible to focus the foresight process
to serve defined objectives — for example in paper [V] panels where particularly designed
to be interdisciplinary — as well as to design the foresight process to meet requirements,
such as geographical (papers [lll] and [V]) and/or gender (paper [V]) balance.



3.2.3 The Use of Multi-criteria Analysis

One of the distinctive methodological choices described in the articles is the use of multi-
criteria decision analysis (MCDA; Keeney and Raiffa, 1976) to analyze and communicate
the results of the surveys (see also Linstone, 1999; Salo et al., 2003). MCDA was used to
compile shortlists of issues (i.e. ‘innovation ideas’ in paper [l], ‘research themes’ in papers
[Il] and [VI] and ‘research issues’ in paper [lll] and [IV]) that, in view of the evaluations,
seem to be most interesting with regards to evaluation criteria. These analyses, again,
provided input for workshops organized after surveys.

The use of MCDA diminishes the time required for the workshops, as discussion in
workshops can be focused on those issues that seem to possess potential for further
analysis and productive debate. This again makes it possible to carry out rather broad
consultation processes (for example in paper [lll], over 200 experts from different
European countries gave their suggestions on research issues) without making the
workshop agenda too excessive. Moreover, MCDA can also be used to highlight issues
that might be important from different perspectives; in addition to support of consensual
decision-making, the analysis can be used to facilitate a more multi-faceted debate on
varying issues and their different characteristics.

The described case studies apply Robust Portfolio Modelling (RPM; Liesio et al., 2007,
2008) for analyzing the results. This method identifies the issues that receive highest
evaluations by calculating the Core Index (Liesi0 et al., 2007) for each issue. In this thesis,
this measure was used as a tentative indication on how relevant the particular issue is in
view of decision making scope and thus, how much effort foresight participants might
should pay attention to the particular issue in workshops.

The RPM-methodology has at least two distinct advantages; i) instead of analyzing what
issues receive the highest scores with regard to a certain criteria (for example, the most
novel ones), RPM highlights issues that get highest scores with regard to all of the
evaluation criteria (for example novelty, relevance and feasibility). Moreover, ii) instead of
giving strict weights for criteria (i.e. novelty=30%, relevance=20% and feasibility=40%), the
analysis allows for the use of incomplete information (e.g. Kirkwood and Sarin, 1985; Salo
and Hamalainen, 1992) and preference information on weights can be elicited as
incomplete rank-orderings. Thus, foresight managers can make statements such as
‘Novelty is more important than Feasibility’ or “Relevance is less important than Feasibility”
(Salo and Punkka, 2005), and visualize what issues get highest Core Indices, given
information on weights. Based on the objectives of the foresight process, discussion can
be focused on issues that best match the objectives of the process. For example, in the
case study described in paper [lll], the analysis puts the most emphasis on issues that
receive high rankings in criteria “Suitability for International collaboration” whereas in paper
[IV], the most emphasis is placed on the criteria “Networking”.

Beyond focusing discussion on issues that receive the highest scores in evaluations,
RPM-analysis can be used for different purposes. In paper [l], two kinds analysis were
presented in the workshops: i) consensual analysis that identifies the issues that receive
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the highest scorings and ii) dissensual analysis, that identifies the issues that receive not
only the highest, but also the most controversial scorings. The latter one was used to
identify issues that may include elements of weak signals (Ansoff, 1975). Thus, beyond
focusing workshop discussion on issues that are seen as the most relevant based on the
evaluations, RPM-analysis was used to focus the discussion on issues that may be
surprising, and controversial, and thus worth further consideration (Ansoff, 1984).

In paper [VI], workshop discussion was supported by an interactive decision support tool,
RPM-Explorer (Jalonen, 2007), that enabled the workshop facilitator to change relative
information on weights and illustrate how Core Indices vary by changing the emphasis of
different criteria. In addition to focusing the discussion on issues that seem to be most
relevant from a certain perspective (i.e. highest Core Indices with some weights), RPM
was used to screen and identify issues that are important from different perspectives.

In paper [IV], the RPM-framework is extended to identify potential researcher networks.
The developed analysis identifies issues that receive the highest evaluations with regard to
different evaluation criteria as well as researcher networks that could be built around these
issues. In addition to focusing the discussion on issues with the highest Core Indices,
discussion can be focused on issues that also possess potential for collaborative efforts
and on researcher networks that might be interested in carrying out the research related to
the identified issues.

Even though RPM-methodology has solid methodological foundations (see Liesi6 et al.,
2007, 2008), it does not mean that in the described case studies, the methodology would
have given straightforward answers to questions on which issues are explicitly better than
others. Firstly, it uses additive value function and in the case studies, each issue was
assumed to be independent from each other. Both characteristics can be criticized for not
capturing the real values of issues and the portfolios they constitute (e.g. Stewart, 1996).
Secondly, in the case studies, each issue was assumed to consume an equal amount of
resources and there was no strict estimation on the budgets reserved for S&T activities.
Thirdly, there was no explicit analysis on how statistically relevant the evaluations are, and
how well the evaluators represent different stakeholder groups.

Despite these weaknesses, RPM methodology, and the way it was used, was suitable for
supporting workshop discussions in the case studies. Additive value function is generally
considered as a reasonable approximation, especially if there is a need for transparent
and understandable decision support (e.g. Keefer et al., 2004; Hamalainen, 2004).
Moreover, in the workshops, the results of the analysis were only given as a starting point
for further debate and thus, the described weaknesses did not hamper the original purpose
of the use of the methodology; to give an indication of which issues might be relevant for
decision making on higher level priorities of collaborative S&T actions and screening the
issues from different perspectives.

3.2.4 Modular Process Design
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The case studies build on four consecutive phases described above. In the case studies,
the foresight activities were divided into different sectors (i.e. panels in paper [V], research
areas in papers [ll], [Il], [IV] and [VI]) and in each sector, foresight activities were carried
out parallel through the replications of these phases. Overall, the processes consisted of
different modules (i.e. execution of a process phase in a certain sector using similar
methodological support), that gave foresight managers the flexibility to design and adjust
the process to different contexts.

Modularity provides some response to the challenge of balancing between ‘centralized’
and ‘autonomous’ management of foresight processes (Havas, 2003). On one hand,
using similar phases and decision support tools in all sectors simultaneously facilitated the
synthesis of inputs from different sectors. On the other hand, modularity also gave different
sectors some freedom to use the given methodology adaptively. This was especially the
case in papers [ll] and [V], where each sector (i.e. ‘theme area’ in paper [ll] and ‘panel’ in
paper [V]) had a dedicated chair responsible for the foresight work in a particular sector;
some chairs built the workshop discussion mainly around web-surveys and analysis, and
some chairs used them only as one starting point for discussion.

Another advantage of modularity is that it makes the methodology suitable for different
contexts. It enables scalability in view of how many participants and sectors are included in
the foresight process. For example in paper [lll], the foresight activities engaged well over
400 experts around the Europe and the taxonomy of the internet surveys included over 20
sub-areas. Modularity also makes it possible for foresight managers to adjust the process
based on given time frames and objectives. For example in paper [l], where foresight
activities were designed to produce new ideas, phase 2 was repeated twice; in the first
evaluation round, participants gave verbal comments on innovation ideas after which they
elaborated their own suggestions based on the comments. Only in the second evaluation
round, participants gave numerical evaluations on innovation ideas. On the other hand, in
paper [ll], where most emphasis was placed on supporting decision-making in rather tight
schedules, there was no round for elaboration. In paper [V], that aimed to analyze S&T
opportunities especially in view of changes in the innovation system, the whole procedure
was repeated twice; the first round focused on analyzing changes in the innovation context
and identifying “’driving forces”, and the second round focused on identifying S&T actions
—i.e. “focus areas of competences” - that would best respond to the change in context.

Modularity enables an iterative process design that makes it possible to adapt the process
to parallel processes and changes in context and objectives. For example in paper [lll],
surveys were organized using taxonomy containing five research areas and over 20 sub-
areas and workshops were organized around 3 different themes. This was because there
was a need to organize workshops in which the participant base would be coherent
enough to carry out goal-oriented discussions. In this similar process, due to restrictions
related to the broader strategy development of the particular research program, analysis
on possible research networks (extension of phase 3 introduced in paper [IV]) was carried
out only after the first decisions on S&T priorities. This was due to an urgent need to
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provide some input for decision-making. In paper [l], in order to get fresh inputs for panel
work, phases 1-3 were carried out separately with students from the Helsinki University of
Technology.

4. Discussion

The methodological development presented in this thesis is described in context of case
studies on participatory foresight and priority setting activities in innovation networks.
However, the methodological framework is largely applicable in many other contexts and it
can be used in different kinds of ex-ante and ex-post (see Salo et al., 2006) S&T
evaluations and foresight activities.

4.1 Using the Methodology

The framework and the methodological choices described above, give a starting point for
designing and implementing participatory foresight processes in situations, where i)
decision makers must choose several S&T-related themes from a larger set of proposals
(in case studies, the number of proposals varied between 50-300, and the decisions
typically included 5-10 themes that were selected for further consideration), ii) there is
need for a rather broad involvement of experts and stakeholders (in case studies, the
number of participants varied from about 50 to over 400 experts) and, iii) decisions are
made jointly by several decision-makers (in case studies, final workshops engaged
typically 10-15 representatives from key organizations). The consecutive phases and
methodological choices provide a base for methodological support of mid-term foresight
activities with a time scope of 5-15 years: in general, variants of the methodology are
useful for activities that look forward at least 2-3 years as this is the minimum time required
for translating decisions into the actions, and generating the first results from S&T
activities. There is no maximum time limit — however, when dealing with issues with a time
horizon of 15 years or more, there may be need to complement the process with other
methodologies, such as macro-scenarios and creative techniques.

The starting point for applying the methodology is that foresight activities must be carried
out by (or in close cooperation with) an institution or a network that has a strong mandate
to carry the decisions further and facilitate them among evolved organizations and
stakeholders. This gives the process the legitimacy that is one of the initial requirements
for attracting experts and other stakeholders to participate in the activities (Irvine and
Martin, 1984). Another starting point is that there must be enough qualified experts and
stakeholders available that are capable of identifying and developing relevant proposals
for S&T activities and/or developments and evaluating them from several perspectives.
When supporting the identification and development of concrete, actionable
recommendations for S&T actions, this requirement obviously makes the potential
participant base rather homogeneous (i.e. researchers and other experts involved in S&T
activities). However with their specific expertise (i.e. scientific and/or industrial
background), the participant base can be more diverse and when exploring new, surprising
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ideas and opportunities (i.e. weak signals), it may be valuable to broaden the participant
base to be more heterogeneous (for example in paper [l], parallel process were carried out
among students of the Helsinki University of Technology).

The process is started with the identification of objectives and specific requirements
related to the foresight process. This includes discussions on higher level objectives
related to the functions described in Chapter 2.2 as well as defining the specific objectives
and requirements of the process (i.e. scope, participants, available time, budget, parallel
processes, etc.).

The design of the activities is started by defining the kind of modules the process will
consist of and who will participate in the foresight work in these modules. If the objective of
the process is mainly to support decision-making by deepening knowledge on certain
themes, the parallel parts of the process can be divided so that the experts that participate
in the work of the modules (i.e. surveys, workshops) have similar professional
backgrounds (such as workshops in paper [ll]). However, if the aim of the project is, for
example, explore new opportunities at the interfaces of present S&T communities, the
process can be designed to mix experts from different backgrounds. For example in paper
[V], panel work was especially designed to be multi-disciplinary. The process can also mix
both models; in paper [lll], web-based activities were designed to be multi-disciplinary but
the workshops were organized with a focus on more traditional themes. Moreover, the
process can be adjusted by putting different kinds of emphasis on consecutive parts of the
process. In case [V], web-surveys, evaluation and analysis were only seen as a means of
orienting participants to panel work and tentatively collect some ideas for further
discussion. In paper [VI], on the other hand, most of the foresight work was done through
the internet, and results from the surveys and analysis were straightforwardly taken to
support the discussions of the highest decision-making body (the board of the particular
industry cluster association).

The process can be also focused to meet the desired objectives though different
definitions of the unit of analysis. In paper [l], for example, foresight participants were
especially encouraged to identify innovation ideas that are new and surprising in the given
context and in paper [lll], participants developed and analyzed issues that are particularly
suitable for EU wide cooperation.

Also multi-criteria analysis can be used to adjust the foresight process in the desired
direction; this can be done, by i) using criteria that particularly aim to capture
characteristics that are seen as relevant; i.e. innovativeness, relevance and feasibility in
case [V], ii) emphasizing certain criteria over others; i.e. stating that networking is the most
important criteria in case [IV], and iii) using different kinds of approaches to analyze the
issues; i.e. the consensus/dissensus perspective in paper [l], parallel identification of
networks in paper [IV] and the use of RPM-Explorer®© to identify issues that are important
from different perspectives in paper [VI].
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4.2 Variants and Limitations of the Methodology

Even though this thesis presents the methodology as one coherent entity, the different
modules can also be applied separately and for different purposes. For example in the
described case studies, the elicitation of issues was done through internet. This was
mainly due to i) cost efficiency — i.e. ability to engage a broad range of experts and
stakeholders within very tight time frames and budgets such as in papers [Il] and [lll] and
involve experts that may not have the time to participate to workshops such as in papers [I]
and [VI], ii) avoiding ‘groupthink’ such as in paper [I] or iii) orienting participants to panel
work such as in paper [V]. However, the elicitation of issues can also be done differently.
After the case studies described in this thesis, the methodology is applied in different
projects, where phase 1 is carried out through structured brainstorming sessions in face-
to-face workshops® and a literature review by dedicated experts?. Moreover, in the latter
case study, the methodology was not applied for the identification of actions-oriented
research topics, but for identifying global trends and weak signals that may be particularly
interesting to the European Commission.

When applying the methodology, certain limitations must be taken to account, especially
regarding how much the process should rely on elicitation, evaluation and analysis of
issues (phases 1, 2 and 3) and how much emphasis should be placed on face-to-face
discussions. The first three phases are a good starting point for further discussions, but not
enough in itself. The methodology does not explicitly support the identification of
interdependencies and synergies between S&T actions; in the described case studies this
analysis is left purely for workshops. Nor does the methodology support more
comprehensive analysis between alternative contexts (i.e. trends, challenges, drivers,
macro-scenarios) and their relation to the potential S&T actions. Indeed, descriptions of
issues and discussions in the workshops included both of these kinds of elements and in
paper [V], foresight activities were carried in two layers (driving forces, focus areas of
competences), but there was no rigorous methodological support for combining these two
analytical layers. Moreover, in the described case studies, even though different parts of
the processes also included informal references on evidence-based information and
statistical data, they were not explicitly used in the analysis, which can be considered a
weakness of the methodology — especially, if such information is easily available.

" In Spring 2008, the Research group at the Systems Analysis Laboratory of the Helsinki University of Technology
carried out a survey and multi-criteria analysis on action priorities to support the development of a Strategic R&D
agenda for the Finnish Wood Product Cluster in Finnish Forest Industries. See more
http://www.rpm.tkk.fi/Puutuoteteollisuus/ (In Finnish)

%In Spring 2009, the Research group at the Systems Analysis Laboratory of the Helsinki University of Technology
carried out a multi-criteria analysis on global trends and weak signals, that supported discussion in a workshop “Facing
the future: global challenges in 2025 and policy implications” organized by the Bureau of European Policy Advisors to
Facing the future. See more

http://ec.europa.eu/dgs/policy advisers/activities/conferences workshops/challenges 2025 en.htm
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5. Conclusions and Future Research Questions

In innovation networks, foresight activities are typically expected to serve several
functions. They can be seen as a tool for supporting decision-making on S&T priorities, but
they can also be expected to contribute to the structures of a network beyond the decision
making scope. Often, foresight activities are expected to produce desired outcomes in
rather tight timeframes and budgets, and engage experts, stakeholders and decision-
makers that only have limited time to participate. Typically, foresight activities are also
expected to be an integral part of the broader S&T strategy design — this means that
foresight activities should use results from other processes as input as well as produce
outcomes that can be taken to support several other S&T-related activities.

These demands place challenges on foresight methodologies — they should enable
foresight managers to reflect the emphasis of different objectives as well as to allow
foresight activities to have multitude functions. This thesis presents participatory
methodologies for priority-setting and foresight activities that represent a step forward in
responding these challenges. The methodological development relies on methodological
choices such as surveys, multi-criteria decision analysis and structured workshops that, in
general, are an established part of the methodological toolbox of participatory foresight
(e.g. Miles et al., 2002; Glenn and Gordon, 2004; TFAMWG, 2004; Georghiou et al.,
2008). However, the main contribution of this thesis is the tools and analysis of how these
methodological elements can be used to focus foresight activities towards desired
objectives. In the developed methodology, this can be done by i) selecting feasible “unit of
analysis” as the base for analysis and discussion ii) defining an appropriate composition of
stakeholders in each part of the process iii) different uses of decision analytic
methodologies and iv) different emphasis on internet surveys, decision analysis and face-
to-face workshops.

As the methodology relies on phases and modules, through which the methodology can be
expanded and used for different kinds of processes, it also presents a fruitful foundation
for further research. For example, applying an extended RPM-framework that enables the
consideration of project interdependencies (see Liesio et al., 2008) would be a valuable
addition to the methodology as different trends, research themes and issues are quite
often dependent on each other. Also methodological support for multi-layered analysis (i.e.
changes in broader context vs. S&T actions) would enable a more comprehensive view of
future S&T opportunities and challenges (see also Liesié and Salo, 2008). One dimension
for further development is a decision analysis, that would better distinguish different
groups and/or individuals (i.e. analysis on how priorities differ, for example, among
academia, industry and practitioners) (see also Vilkkumaa et al., 2009). Other dimensions
for further development include, among others, embedding analysis that would apply real
options for modeling future uncertainties (see Eriksson and Weber 2008), development of
analysis that would explicitly support clustering of different issues in workshop discussions
and development of methodologies that would enable the use of evidence based
information and statistical data alongside expert opinions. Moreover, using the
methodology in different kinds of contexts, such as single organizations or value chains as
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well as in less technocratic fields such as social sciences, may provide valuable insights
for the further development of the methodology.
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