Helsinki University of Technology
Systems Analysis Laboratory Research Reports
E19, May 2006

DIVERSITY IN FORESIGHT: INSIGHTS FROM THE FOSTERING OF
INNOVATION IDEAS
Totti Könnölä

Ville Brummer

Ahti Salo

Distribution:
Systems Analysis Laboratory
Helsinki University of Technology
P.O. Box 1100
FIN-02015 HUT, FINLAND
Tel. +358-9-451 3056
Fax +358-9-451 3096
systems.analysis@hut.fi
This report is downloadable at
www.e-reports.sal.hut.fi/pdf/E19.pdf
Series E - Electronic Reports
www.e-reports.sal.hut.fi
ISBN 951-22-8208-9
ISSN 1456-5218

2

Title:

Diversity in Foresight: Insights from the Fostering of Innovation Ideas

Authors:

Totti Könnölä
VTT Technical Research Centre of Finland
P.O. Box 1000, FI-02044 VTT, Finland
totti.konnola@vtt.fi
http://users.tkk.fi/~konnolat/
Ville Brummer and Ahti Salo
Systems Analysis Laboratory
Helsinki University of Technology
P.O. Box 1100, 02015 HUT, FINLAND
ahti.salo@tkk.fi
www.sal.hut.fi/Personnel/Homepages/VilleB.html
www.sal.hut.fi/Personnel/Homepages/AhtiS.html

Date:

May 2006

Status:

Systems Analysis Laboratory Research Reports E19 May 2006

Abstract:

Foresight activities have often provided support for objectives such as priority-setting,
networking and consensual vision-building. In this paper, we draw upon complementary evolutionary perspectives and discuss these objectives from the viewpoint of diversity which may be vital in contexts characterized by technological discontinuities
and high uncertainties. We also argue that although the scanning of weak signals has
been widely advocated in such contexts, the solicitation of ideas for prospective innovations may provide more focused, action-oriented, and comparable reflections of future developments. For the analysis of such ideas, we develop a collaborative foresight
method RPM Screening which consists of phases for the generation, revision, multicriteria evaluation, and portfolio analysis of innovation ideas. We also report experiences from a pilot project where this method was employed to enhance the work of the
Foresight Forum of the Ministry of Trade and Industry in Finland. Encouraging results
from this project and other recent applications suggest that RPM Screening can be
helpful in foresight processes and the development of shared research agendas.
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1 Introduction
In the 1980’s, publicly funded foresight activities were largely seen as an instrument for
assisting in the development of priorities for S&T resource allocation [1]. Later on, stakeholder participation and networking have been viewed as increasingly essential dimensions of foresight activities for ‘wiring up’ the innovation system [2]. Reports from recent
participatory foresights, in turn, have emphasized the importance of common visionbuilding as a step towards the synchronization of the innovation system [3].
These overarching trends can be regarded as complementary dimensions of how foresight
can strengthen the long-term performance activities of the innovation system. They are
also reflected in the taxonomy of Barré [4] who distinguishes between objectives for (i)
setting scientific and technological priorities, (ii) developing the connectivity and efficiency of the innovation system, and (iii) creating a shared awareness of future technologies. Yet, because these objectives tend to be inherently consensual, it is pertinent to
draw upon evolutionary perspectives which recognize the historical accumulation of innovation capabilities [e.g., 5]. In particular, these complementary perspectives emphasize
the importance of evolutionary flexibility and adaptability of innovation systems, especially in contexts characterized by technological discontinuities and high uncertainties.
We therefore posit that a key issue in foresight activities for the fostering of innovation
capabilities and activities is diversity; defined as the condition or quality of being diverse,
different, or varied; difference, unlikeness [6].
Diversity is likely to be crucial during the early development stages of innovation cycles
characterized by multiple alternatives and dissimilar beliefs [5]. This notwithstanding,
attempts to promote diversity need not resort to fragmental ‘anything goes’ approaches
4

that would thwart the exploitation of economies of scale, for instance [e.g., 7]. Rather,
they call for the explicit recognition of diverse perspectives on techno-institutional coevolution and the purposeful formation of new coalitions with specific technological trajectories [8], with the aim of creating viable alternatives for existing dominant designs
and also for escaping conditions of techno-institutional ‘lock-in’ [9–11]. Indeed, Grabher
and Stark [12] observe that too dense or too extensive networks may decrease the
adaptability of an economic system. This suggests that an adequate level of balance is
desirable in the structuring of ‘loosely coupled’ networks.
The relevance of diversity for foresight objectives has important implications for methodological choices and management activities. For instance, the ability to anticipate
alternative different futures may be enhanced by various dimensions of diversity, of
which the open-ended consultation of different stakeholder groups and the analysis of
variability in their statements are but two examples. Interestingly enough, consultation
processes of this kind are integral to the methods for the scanning of weak signals which,
however, tend to produce relatively unstructured pools of ‘signals’ [13,14]. Arguably,
such processes can provide results that are more amenable to subsequent analyses if a
narrower characterization is adopted in the definition of the relevant ‘units of analysis’,
for instance by focusing on innovation ideas that can be viewed as reflections of weak
signals. Also, because the resulting ideas can be contrasted more meaningfully than
loosely defined ‘signals’, they can be subjected to systematic evaluations with regard to
multiple perspectives [15].

In this paper, we develop a new foresight methodology RPM Screening which consists of
distributed generation, mutual commenting, iterative revision, multi-criteria evaluation
and portfolio analysis of innovation ideas. This method – which builds on the Robust
Portfolio Modeling methodology [16] – responds to diversity considerations in that it engages different stakeholder groups, encourages them to submit ideas on prospective innovations, and explicates multiple perspectives in the evaluation and analysis of these
ideas. We also report experiences from the use of this method in the Foresight Forum of
the Finnish Ministry of Trade and Industry. In this Forum, RPM Screening was employed
to support expert groups working on three themes i.e. (i) nutrigenomics, (ii) health care
and social services and (iii) services for the provision of personal experiences. Parallel
processes were conducted with postgraduate students in a course on decision analysis at
the Helsinki University of Technology. Experiences from these processes suggest that
RPM Screening can provide support for networking, vision-building and agenda-setting,
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particularly when used in conjunction with workshops and other face-to-face communication activities [17].

2 Diversity and Foresight Objectives
Several authors [e.g., 18–21] emphasize the importance of diversity in innovation systems.
Here, we employ diversity in reference to existing innovation activities as well as emerging innovation capabilities based on new technological options, visions, and value networks [8]. The diversity of technological options subsumes both physical technologies in
the form of technological artifacts and infrastructures, as well as social technologies [22]
such as routines, hierarchies, and institutions.
The relevance of diversity is apparent in view of path-dependent selection processes at
different levels of the innovation system, including its organizational, sectoral, regional,
national, and international dimensions. Both evolutionary and institutional economists
[e.g., 5,23,24] have identified dynamic path-dependent processes that are driven by the
economies of increasing returns and institutional acculturation. These processes – which
may lead to ‘lock-ins’ to existing production and social systems [9–11] – are often characterized by the emergence of standards, dominant designs, and practices which reduce
uncertainties of later actions while creating stable expectations concerning the behavior
of others. These evolutionary perspectives can be further supplemented by noting that an
individual’s behavior is guided by “bounded” or “procedural” rationality [25,26] and satisficing behavior (i.e., rules of behavior are changed only when these no longer lead to satisfactory outcomes [27]). At the organizational level, path-dependencies and satisficing
behavior tend to strengthen the surveillance, mental, and power filters of information
[28], thus gradually diminishing the organization’s ability to identify signals of change.
While technological and institutional path-dependence may support the efficient exploitation of present resources [24], it can limit the range of technological options, visions and
value networks, thus reducing innovation capabilities in the long term. Feldman and
Audretsch [29], for example, report empirical evidence that specialized innovation activities within a narrow industry are less fertile than diverse activities across complementary
economic activities and industries. Diversity is therefore likely to be particularly vital in
times of discontinuous radical changes that replace existing components or entire systems and, at the same time, destroy old competences and create new value networks [8].
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In more concrete terms, diversity can be linked to widely discussed foresight objectives
(i.e., priority-setting, networking and common vision building) as follows:
•

Priority-setting supports the identification of common future actions and the efficient
allocation of resources [1] whereby attention is often given to the economies of scale
[e.g., 7]. Yet, excessive prioritizing may decrease the diversity of options that challenge
conventional approaches and dominant designs [e.g., 30]. This may increase the level
of inertia within techno-institutional systems and cause them to become increasingly
dependent on their historical paths due to the paucity of available alternatives [9–
11,24,31]. In such settings, foresight needs to support the generation of ideas on new
alternatives and recognize the full range of valid perspectives in priority-setting
[32,33].

•

Networking enhances the connectivity of the innovation system and can improve its
performance [2,34]. However, excessive emphases on the strengthening of existing
networks [e.g., 12] and the optimization of their efficiency may create pathdependencies which, at the extreme, establish techno-institutional conditions that
lock-out alternative technological options [10]. Thus, apart from strengthening existing networks, foresight should contribute to the creative restructuring and even the
destruction of lock-in conditions by engaging different stakeholders in the proactive
generation of rivaling visions [8]. Such activities can foster the emergence of competing coalitions based on different value networks and encourage the envisioning of different architectures, configurations, features and standards [35].

•

Building a consensual vision of the future and its technologies reduces uncertainties
and helps synchronize the strategies and joint actions of different stakeholders [e.g.,
3]. Yet, the pursuit for a consensus on the most probable future and its technologies
may lead to conservative and abstract results [33,36], to the effect that existing pathdependencies are further strengthened. Nor are general abstractions readily actionable, especially if responsibilities are not clearly identified [37]. The search for a consensual vision of the future should therefore be complemented with – or even be replaced by – the exploration of alternative futures and respective techno–institutional
arrangements [8].

At the methodological level, emphases on priority-setting, strengthening of existing networks and common vision-building tend to be coupled with approaches that contribute
more to convergence rather than the creation of diverse coalitions that reflect different
technological trajectories [5], rivaling technological options, or disparate visions and
value networks. Indeed, many foresight methods tend to solicit diverse viewpoints at the
outsets [38] and then converge towards more consensual statements. In the Delphi7

method [e.g., 39], for example, the participants’ individual statements are synthesized
into collective estimates through an iterative process of feedback, reflection, and revision,
whereby some of initial disparities among the participant’s statements are lost.

3 Innovation Ideas as Reflections of Weak Signals
The attempt to accommodate diverse perspectives on the future is central to the methods
for the scanning of weak signals [13,14,40]. Ansoff [28] defined weak signals as “imprecise early indications about impending significant events”. Later on, this definition has
been expanded to accommodate additional characteristics, such as new, surprising, uncertain, irrational, not credible, difficult to track down, related to a substantial time lag before maturing and becoming mainstream [13,14,41].
The above characterizations, however, are highly subjective, which is one of the reasons
for why the scanning of weak signals may result in an extensive and elusive set of fragmental issues that are not amenable to systematic analyses. The absence of a shared
interpretative framework, in particular, may make it difficult to see how the signals relate
to one another, or what they signify to different stakeholders. In consequence, it may be
helpful to adopt a more focused characterization by soliciting signals that convey ideas
about future innovations instead of charting future-oriented statements with a less specific focus. Indeed, in his seminal discussion Ansoff [28] already stressed short descriptions of “issues” focused on opportunities and threats. Such issues have close parallels
to mini-scenarios – or nodes of discussion – that portray alternative future paths [42].
The focus on innovation ideas is also aligned with the systemic and action-oriented nature of innovation processes:
•

The systemic nature of innovations derives from the recognition that innovations
emerge in the wider context of techno-institutional co-evolution [43] where the ‘success’ of an innovation is contingent on the complex interplay among the supply of
S&T knowledge, industrial production and societal demand, among others [5]. Thus,
because innovations (and innovation ideas) combine numerous such elements in
various ways, they can manifest a much broader set of weak signals, albeit indirectly.

•

The action-oriented nature of innovation makes it possible to ask under what conditions and in what ways envisaged innovation ideas can be best promoted; such an
analysis can suggest yet other signals. Furthermore, action-oriented ideas may pro-
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vide seeds for initiating systemic changes among fragmental decision-making entities
[44].
Motivated by the above remarks, RPM Screening developed in this paper is based on the
open-ended solicitation of ideas on prospective innovations that may reflect other, more
loosely defined signals. Specifically, the solicitation of weak signals by recourse to innovation ideas may not cover all phenomena (in a direct sense), but helps obtain a pool of
material consisting of comparable ‘units of analysis’ that can be meaningfully assessed
with regard to multiple perspectives [15].

4 A Foresight Project with Diverse Perspectives
In mid-2004, the Ministry of Trade and Industry in Finland established a Foresight Forum which was conceived as an open-ended instrument for facilitating the generation,
dissemination, and assimilation of information in support of innovation activities.
Through this instrument – the second phase of which was started in Spring 2005 – the
Ministry invited experts from several stakeholder groups to theme-specific expert groups,
workshops and seminars. The theme groups were also supported through communication channels such as e-mail lists and a dedicated websitei. These activities, it was hoped,
would contribute to an enhanced understanding of technological, societal, and economic
developments over the next 10 to 15 years, allowing the participants to act in recognition
thereof in their respective organizations.
In co-operation with the Forum co-ordinator, we planned and facilitated a six-month
pilot project for supporting the three theme areas in the Forum, i.e., (i) nutrigenomics, (ii)
health care and social services, and (iii) services for the provision of personal experiences.
Specifically, our pilot project sought to (i) engage a larger number of participants in the
theme area work, beyond the some 10–20 named participants who were closely involved
in the work of each theme area, (ii) to develop a systematic foresight method for the
scanning, elaboration, evaluation and analysis of weak signals in view of multiple perspectives; (iii) to deploy this method in each theme area and (iv) to disseminate the results to a wider audience. We also organized parallel processes on the same theme areas
with about 60 postgraduate students in a course on decision analysis at the Helsinki
University of Technology.
After two months into the project, the objectives of the pilot project were slightly adjusted,
in recognition that responsiveness in foresight management may be warranted [17]. In9

stead of scanning across a broad spectrum of all sorts of weak signals, without additional clarification on what kinds of signals would be of interest to the Forum, it was
deemed pertinent to focus on innovation ideas which, as we have argued above, can be
regarded as indications of weak signals. Specifically, the participants were encouraged to
submit “concrete and context-specific ideas for innovations that (i) are related to the theme
area (e.g. nutrigenomics), (ii) are new to the participant or have received insufficient attention in his/her opinion, (iii) may be related to technological discontinuities, (iv) are interesting in light of present observations, (v) may provide an opportunity for the development of
an innovation (an applicable new technology, concept, method or practice) within 10-15
years, and (vi) may require collaboration among different actors.”
Internet-based decision support tools were employed extensively in the generation and
evaluation of innovation ideas. This choice was made because the generation of diverse
ideas in face-to-face meetings can be difficult and time-consuming for organizers and
participants alike [17,45]. In contrast, Internet-based distributed work can provide efficient and systematic support for stakeholder participation while allowing for features
such as anonymity and flexibility in terms of time and place [46]. Due to the limitations
of the Internet as a platform for social interaction, however, the Internet-based process
was run in connection with workshop meetings. The activities in the pilot project thus
consisted of Internet-activities, based on RPM Screening, and subsequent face-to-face
meetings among invited experts within each theme area. Because the novelty of the project lies in its methodological advances, we focus on the Internet-based activities and the
use of RPM [16] in the analysis of innovation ideas.

4.1 Phases of the Project
An Internet-based consultation process was carried out in each theme area with the aim
of engaging diverse participants (e.g., developers, researchers, users, students) in the
collaborative generation, revision and evaluation of innovation ideas. In each theme area
about 50 participating experts were invited from the following stakeholder groups:
•

industry ~ 10 %,

•

government ~ 40 %

•

research ~ 30 %,

•

commerce and non-governmental organizations ~ 10 %, and

•

technology entrepreneurs and investors ~ 10 %.
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In addition, about 60 postgraduate students were engaged in a parallel processes that
were organized in conjunction with a course on decision analysis that Helsinki University
of technology.
The above rationale for the selection of participants can be linked to Stirling’s [47, p. 42]
analysis of three interlined dimensions of diversity, i.e., variety (number of categories),
balance (apportionment to categories) and disparity (differentness of categories). That is,
the selected participants represented several stakeholder groups (variety), whereby an
attempt was made to secure a sufficient number of participants from each (balance). The
parallel processes with postgraduate students brought additional perspectives that
clearly differed from those represented by the recognized experts (disparity).
For the Internet-based consultation process, a project website was set up for the purpose
of soliciting ideas with the Opinions-Online© decision support tool. In the later phases,
the evaluation results were analyzed with the RPM Solver© software tool [16]. The participation in all the processes was reasonably active, even though the theme ‘services for
the provision of personal experiences’ suffered from the lack of participation, mainly because of the busy holiday season for tourism entrepreneurs at the time when the consultation process was organized. The participants’ contributions in the different phases of
the internet–based consultation process are summarized in Table 1. In each theme area,
the process was consisted of the following four phases.
(Table 1 around here)

(i) Generation of innovation ideas
The Forum coordinator sent an e-mail to the invited participants, requesting them to
read instructions on the project website and to submit 1-7 innovation ideas. It was estimated that the writing of innovation ideas (max. 250 words per idea) would take about
15-20 minutes. The website for submitting these ideas remained open for two weeks. The
participants were able to add new ideas in several separate sessions.

(ii) Commenting and elaboration of ideas
In the second phase, the participants were invited to work with the help of two websites.
The first website provided support for commenting other participants’ ideas and for revising one’s own ideas, while the second website made it possible to read the other partici-
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pants’ comments. These websites were open for two weeks, and the participants could
visit them as often as they wanted to.

(iii) Evaluation with regard to multiple criteria
In the third phase, the participants were asked to evaluate proposed innovation ideas
with regard to three criteria using the Likert scale 1-7: (i) Novelty – How new is the idea?
(ii) Feasibility – How feasible is the idea? (iii) Societal relevance – How extensive and desirable impacts would the innovation lead to?
To keep the workload of participants at a reasonable level, the number of evaluation criteria was limited to three. The criteria were selected so that they would be meaningful for
the evaluation of different ideas and comprehensive enough to cover diverse evaluation
perspectives [15]. The participants could freely choose the ideas that they would evaluate,
in order to ensure that the evaluation task would not call for an excessive effort: thus, we
could expect that the evaluations would pertain to ideas the evaluators were most interested in. The evaluators were encouraged to augment their numerical statements with
written comments and to provide suggestions for actions through which the ideas could
be promoted.

(iv) Multi-criteria portfolio analysis
After the Internet-based participatory phases, the results were analyzed with RPM software toolsii, in order to synthesize the participants’ multi-criteria evaluations and to develop tentative priority-lists consisting innovation ideas that seemed particularly interesting in view of these evaluations. The results of this analysis were then discussed in workshops for the three theme areas.

4.2 Diverse Perspectives in the Analysis
Following Ansoff’s idea of weak signals, an innovation idea must be viewed as relevant by
some participants if it is to be treated as a weak signal. However, if an idea receives consistent and extensive support, it is less surprising and possibly indicative of a trend-like
phenomenon that is unlikely to be missed.
More formally, it is possible to outline archetypal categories by using the means and
variances of the participants’ evaluation ratings. When an idea has a high mean and low
12

variance it is likely to reflect a trend; and when it has a very low mean (and hence low
variance, too, because only positive scores are possible), it may be considered as noise.
However, when an idea has a sufficiently high mean but a high variance, it may qualify
as a weak signal, because it is strongly supported by some experts while others regard it
as less relevant.
While the above discussion parallels the earlier literature on weak signals, our case was
different because innovation ideas were evaluated with regard to not one but three criteria (novelty, feasibility, and societal relevance), resulting in six criterion-specific measures for each innovation idea (three means and three variances based on the participants’ ratings on the three criteria). The explication of multiple criteria thus brought additional perspectives into the analysis; but it also raised the question of how the different
criteria should be weighted: for example, innovation ideas that are not very novel may be
societally relevant and therefore interesting.
Because it may be difficult to justify ‘true’ or precise criterion weights, it seems that
analyses for identifying ‘most interesting ideas’ should accommodate different interpretations about what criterion weights are feasible. In consequence, we adopted the RPM
methodology [16] in the analysis of innovation ideas, because this methodology explicitly
admits incomplete information about criterion weights. Thus, apart from the consultation of multiple stakeholder groups, diverse perspectives could be brought into the
analysis of innovation ideas not only by considering multiple criteria (means and variances of the participants’ ratings), but also by incorporating different interpretations of
how important the criteria were relative to each other.

4.3 Robust Portfolio Modeling
In its standard formulation, RPM [16] supports the selection of project portfolios in the
presence of resource constraints and possibly incomplete information about (i) the relative importance of evaluation criteria and (ii) the projects’ performance with regard to
these criteria. In the Forum, the RPM methodology was employed by regarding innovation ideas as ‘projects’ and collections of ideas as project portfolios, respectively. The task
of identifying subsets of most promising ideas for subsequent workshop discussions was
thus modeled as a project portfolio selection problem with incomplete information about
the relative importance of evaluation criteria.
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In RPM, the overall value of each idea is expressed as the weighted average of its criterion-specific scores (i.e., evaluation ratings); moreover, the total value of a portfolio is
obtained by summing the overall values for the ideas contained in it. The identification of
‘most interesting’ ideas (or projects) is based on the computation of non-dominated portfolios (i.e., portfolios such that there does not exist any other portfolio with a higher total
value with regard to all feasible criterion weights). Thus, a key feature of RPM is that it
provides measures for the attractiveness of individual ideas, based on analyses that are
carried out at the portfolio level.

4.3.1 Formal Development of RPM
In technical terms, the portfolio selection problem can be formalized as follows. Let

{

}

X = x 1 , K , x m denote the m ideas that are to be evaluated with regard to n criteria. The
score of the j-th idea with regard to the i-th criterion is vij ≥ 0 , while wi denotes the relative importance of the i-th criterion. Following the usual convention in multi-criteria decision analysis, the components of a feasible weight vector w = {w1 K wn } are non-negative



and add up to one so that they belong to the set S = w



n

∑w

i

i =1


= 1, wi ≥ 0 .


The overall score of the j-th idea can now be defined as the weighted sum of its scores

(

)

n

V x j , w = ∑ wi v i j .
i =1

A portfolio is a subset of all ideas X (i.e., p ⊂ X ). The total value of a portfolio p of ideas
can be obtained by summing the overall scores of the ideas in it, that is

V ( p , w) =

∑ V (x

x j ∈p

j

 n

, w = ∑  ∑ wi vij  .
x j ∈ p i =1


)

In the Foresight Forum, we sought to identify subsets of most interesting innovation
ideas, whereby the resource constraint was derived from the question of how many ideas
from each theme area could be taken forward for further work. This requirement corresponds to the observation that if no more than R < m ideas can be taken forward, only
portfolios with at most R projects are feasible. The set of feasible portfolios is therefore

{

}

PF = p p ≤ R where p denoted the number of ideas in portfolio p.
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The corresponding optimization problems can be formulated with the help of integer variables z j such that z j equals one if the idea x j is in the selected portfolio and zero if this
is not the case, i.e.,

 1, if x j ∈ p
zj = 
.
j
0 , if x ∉ p

(

)

Multiplying the overall value V x j , w for each idea by the corresponding integer variable

 n
j 
z
∑
j  ∑ wi v i  . When the feasibility conj =1
 i =1

m

z j , the total portfolio value is equal to the sum
m

straint

∑z

j

≤R

is also accounted for, it follows that for a given weight vector

j =1

w = {w1 K wn } , the portfolio with the maximum total value is obtained as a solution to the
problem
m
 n

max ∑ z j  ∑ wi vi j 
z1Kzm
j =1
 i =1

m

∑z

j

≤R

j =1

z j ∈ {0,1} ∀ 1 ≤ j ≤ m.
In the presence of incomplete weight information, feasible weight vectors belong to the
set S w ⊂ S which is defined by preference statements about the relative importance of
the criteria. Moreover, portfolio p dominates portfolio p’, denoted by p f p ' , if and only if
(i) the total value of p is higher than or equal to that of p’ for all feasible criterion weights

w ∈ S w and (ii) its value is strictly higher for some feasible weight vector w ∈ S w (i.e.
p f p ' ⇔ [V ( p, w) ≥ V ( p ' , w) ∀ w ∈ S w ∧ ∃ w'∈ S w such that V ( p, w') > V ( p ' , w')] ). The set of
non-dominated portfolios PN consists of those portfolios for which there is no feasible
portfolio

with

a

higher

{

total

overall

value

for

all

feasible

criterion

weights

}

(i.e. PN = p ∈ PF ¬( p ' f p ) ∀ p '∈ PF ).
Information about the desirability of an innovation idea can be provided by examining in
how many non-dominated portfolios it is contained. This information is conveyed by the

{

}

Core Index value CI ( x ) = p ∈ PN x ∈ p

PN , defined as the ratio between (i) the number of

the non-dominated portfolios that the idea belongs to and (ii) the total number of non15

dominated portfolios. Thus, if an idea belongs to all non-dominated portfolios, it has Core
Index value 100 %; conversely, if it does not belong to any non-dominated portfolios, it
has a Core Index value 0 %. Ideas with a Core Index value 100 % merit further scrutiny,
since they would, in view of the given evaluation scores, belong to the optimal portfolio of
innovation ideas even if further information about the relative importance of criteria were
obtained. Likewise, ideas with a Core Index value 0 % can be disregarded, because they
would not belong to the optimal portfolio even if additional information was obtained.

4.3.2

Complementary Approaches for Screening Innovation Ideas

Early on in the pilot project, we anticipated that the participants in each theme area
would generate about 50 ideas, of which some 15–20 (approximately one third) could be
taken forward due to time constraints and the need to focus on the potentially most
promising ideas. The size of feasible portfolios was therefore constrained by placing an
upper bound R ≈ m / 3 on the number of ideas in feasible portfolios.

In the screening of innovation ideas, Core Index values were used as an indicative measure of how interesting the ideas were in view of the participants’ statements. But since
the variability of the participants’ ratings can be of considerable interest, too, two complementary approaches were developed building on different notions of what ‘most interesting’ can mean:
1. The consensus-oriented approach helped identify ideas that performed rather well with
regard to all criteria, in view of their criterion-specific means and incomplete information about the relative importance of these mean values.
2. The dissensus-oriented approach served to highlight ideas on which the participants
held different viewpoints, as measured by the variability criteria based on criterionspecific variances.
We now formulate these two approaches in more detail. The weights of the i-th mean and
variance criterion are denoted by wiA and wiV , respectively, and the criterion-specific
means and variances of the participants’ ratings for the j-th idea are denoted by aij and

σ ij2 .

Consensus-oriented approach: Maximize criterion-specific means
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m
 n

max ∑ z j  ∑ wi a ij 
z1K z m
j =1
 i =1

m

∑z

j

≤R

j =1

z j ∈ {0,1} ∀ 1 ≤ j ≤ m

Dissensus-oriented approach: Maximize criterion-specific means and variances
m
 n
  n

max ∑ z j   ∑ wiA aij  +  ∑ wiV σ ij2  
z1K z m
j =1
  i =1

  i =1
m

∑z

j

≤R

j =1

z j ∈ {0,1} ∀ 1 ≤ j ≤ m
The consensus-oriented approach helps identify innovation ideas that, on the average,
perform consistently rather well in view of the participants’ ratings across all the criteria.
The approach is therefore suitable for promoting ideas about which there is a reasonably
high degree of consensus among the participants. However, because one of the objectives
of the Forum was to explore how the participants’ perspectives differed, the dissensusoriented approach was of considerable interest. Apart from piloting these two approaches,
we carried out additional analyses to identify innovation ideas that performed especially
well on selected perspectives (criteria). This was achieved by carrying out analyses with
regard to selected subsets of criteria, and by putting constraints on the feasible weight
set S w ⊂ S : for example, the statement that the i-th criterion was more important than
the j-th criterion corresponded to the constraint wi > w j .
For every idea, the means and variances of the participants’ ratings for each criterion
were calculated; this resulted in six different scores for an idea. These scores were employed in subsequent analyses, as illustrated by the following examples of consensus and
dissensus approaches, as well as additional examples based on the use of two criteria
only. The legend for indices is as follows: Novelty = 1, Feasibility = 2, Societal relevance =
3 (e.g., w1A is the weight associated with the mean of participants’ novelty ratings, w2V is
the weight associated with the variance of feasibility ratings).

(i) Analysis with consensus-oriented approach
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Innovation ideas were analyzed by maximizing criterion specific means of innovation
ideas. All the criteria were considered equally important. Thus, the set of feasible criterion weights was


S w = w


3

∑w

A
i

i =1


= 1, wiA ≥ 0 .


(ii) Analysis with dissensus-oriented approach
In the dissensus-oriented approach, attention was given to the variability in the participants’ ratings, within the aim of identifying ideas about which they held different perceptions. Towards this end, variance scores were regarded more important than the respective means for all criteria; moreover, novelty was considered more important than feasibility which, in turn, was considered more important than societal relevance. To ensure
the relevance of all criteria (in terms of attaining a strictly positive weight), the weight of
each criterion was constrained from below by the lower bound 1/36 (i.e., one sixth of the
average component of a feasible weight vector):


S w = w


∑ (w
3

A
i

)

+ wiV = 1, wiA ≥ 0, wiV ≥ 0, wiV ≥ wiA' and w1A ≥ w2A ≥ w3A , wiA , wiV ≥

i =1

1
.
36 

(iii) Analyses with specific criteria
We also explored alternative ways of combining consensus and dissensus approaches
through additional analyses based on different weight constraints on the mean and variance criteria. In the first of these analyses, only variance criteria were accounted for,
without additional statements about which variances were more important than others.
Second, attention was given to the novelty and feasibility only, whereby novelty was
treated as the more important one while variances were considered more important than
means. Third, the same analysis was carried out in view of novelty and societal relevance,
with societal relevance replacing the role of feasibility in the second analysis:



1. Maximize variances: S w = w



3

∑w

V
i

i =1


= 1, wiV ≥ 0


{

2. Maximize novelty and feasibility: S w = w w1A + w1V + w2A + w2V = 1, wiV ≥ wiA'

{

}

3. Maximize novelty and societal relevance: S w = w w1A + w1V + w3A + w3V = 1, wiV ≥ wiA'
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}

There three latter analyses were conducted in an experimental fashion, in order to check
if additional innovation ideas would come to fore apart from the ones that were contained
in the priority-lists resulting from the consensus and dissensus approaches described
above.

4.4 Selected Results
Overall, the pilot project produced 166 prospective innovation ideas of which many were
quite promising: for example, several ideas were adopted into the Delphi–process of a
regional foresight project. The ideas were also disseminated to enterprises, universities,
research centers, ministries and regional development centers through websites, workshops and seminars. After the pilot project, all the innovation ideas were disseminated
through an interactive Internet-based decision support tool RPM Explorer© which permits
the participants to specify their own preferences about the relative important of the decision criteria and to obtain a corresponding priority-list of innovation ideas. This tool and
all the results are currently available on the website for the Foresight Forumiii.
To illustrate RPM analyses, we consider the performance of two rather different ideas.
Figure 1 shows results for the “Health care and social services” by presenting the innovation ideas in a descending order according to their Core Index values. Criterion-specific
means and variances for chosen innovation ideas 18 and 23 are illustrated in Table 2.
Idea #18 was concerned with the role of the third sector and voluntary organizations in
the supply of health care services, while idea #23 proposed that the administrative linkage between the resident’s municipality and the right to health care in other municipalities should be eliminated.
(Figure 1 around here)
(Table 2 around here)
With the consensus approach, idea #18 was the first with a Core Index value of 100%,
while idea #23 was 18-th with the Core Index value of 7%. However, with the dissensus
approach – which emphasized the variability of the participants’ ratings – idea #18 was
14-th with a Core Index value of 26%, while idea #23 became first with a Core Index
value of 100%.
These differences were discussed by the workshop participants. They noted that idea #18
was clearly stated and suitable for implementation, while idea #23 was promising but
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more difficult to implement and even controversial. The differences can also be understood in view of the score information in Table 2, as innovation idea #18 has a high mean
especially on societal relevance and feasibility, but low variance scores for all criteria. On
the other hand, the more controversial innovation idea #23 has moderate mean scores
but high criterion-specific variance scores. Thus, if we emphasize mean criteria, innovation idea #18 will have a high Core Index; but if we account for the three variance criteria
and state that (i) variances are more important than means and (ii) novelty is more important than societal relevance, idea #18 receives a rather low Core Index value while
idea #23 receives the highest possible Core Index value of 100%. Thus, the analyses reflect the implications of criteria selections and weightings in an adequate and understandable manner, despite the rather different content of these innovation ideas. In general, the workshop participants noted that the Core Index values were instructive and in
keeping with the substantive content of proposed innovation ideas.
Quoting proposed innovation ideas more generally, the participants in the theme area
“Health care and social services” made proposals for integrated portals which would
serve as centralized information repositories; diagnostic tools which would allow the users analyze their symptoms in the Internet; mobile messaging tools which would automatically remind patients to take their medications on time; low-intensive health care
units where patients can stay in pleasant surroundings when they no longer need intensive care but cannot be sent from hospital to home; and regularly conducted preventive
check-up visits to the elderly. In the theme area on “Nutrigenomics”, there were proposals for computerized expert systems which would assist users in closely following personally tailored diets; development of additive substances to provoke enhanced resistance to bacterial attacks in unusual conditions (e.g., tourism); and systematic monitoring of ancestral diseases and living habits among young adults, in order to prevent or
postpone the emergence of diseases such as diabetes.
In the theme area “ideas for “Services for personal experiences”, the students were particularly productive in terms of generating innovation ideas. Examples with high Core
Index values included proposals for matching persons with similar interests to help them
share their leisure time (e.g., theater evenings); taking delinquent youths to prisons for
short voluntary visits (which might even preempt criminal behavior); using multimedia
technologies for projecting famous paintings on the walls in one’s home; organizing interactive games where the player would act as a detective; and developing virtual games
where the participants could experience what world-class athletes really feel and see
when performing exhilarating sports (e.g., ski jumping, gymnastics, pole vault). Innova20

tion ideas with lower Core Index values included proposals for making diving excursions
to sunken shipwrecks; providing makeshift opportunities for young women to work as
photo models; and developing Disneyland-like parks for young pre-school children. While
these examples are not exhaustive, they are nevertheless indicative of the kinds of innovation ideas that they were suggested. Moreover, many of the more interesting ideas were
eagerly commented on by others, which helped establish a collaborative learning process
concerning the perceived innovativeness, commercial viability and technological feasibility.
In summary, RPM Screening was deemed successful as a method for the generation,
commenting, evaluation, and analysis of ideas on prospective innovations. In the final
workshops, the participants noted that the results of the multi-criteria analyses were
novel and informative, and that some identified ideas were not only interesting but even
surprising. The feedback from the participants by e-mail and face-to-face discussions
was positive at large.

4.5 Comparison with Other Approaches
Although some aspects of multi-criteria analysis and variability measures have been employed in the foresight context, the combination of these aspects with portfolio analysis
and the modeling of incomplete information distinguishes RPM Screening from other approaches:
•

Multi-criteria portfolio analysis: RPM Screening is a portfolio methodology for the generation of tentative priority-lists, in contrast to earlier uses of multi-criteria methods
in contexts such as foresight processes [e.g., 32], ex ante evaluation of innovation
policies [48,49], and charting of stakeholders’ value preferences [47]. In particular,
portfolio analysis facilitates the development of priority-lists of desired length, because the number of innovation ideas in feasible portfolios can be defined a priori.
One can also categorize innovation ideas in view of technologies or other characteristics and formulate constraints that pertain to these characteristics; this gives additional possibilities for managing the process of generating priority-lists that match
predefined requirements (e.g., constraints such as ‘at least 25 % of innovation ideas
must pertain to ICT services’). There are also interesting links to the use of multicriteria analysis in efficiency evaluation [e.g., 50] and RTD portfolio management [e.g.,
51,52].
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•

Use of incomplete information: RPM Screening admits different interpretations about
the importance of criterion weights [e.g., 53] and is therefore suitable for settings
where complete information about the relative importance is difficult to acquire or
justify. In the pilot project, for instance, results from five different RPM analyses
could be presented based on different criteria and different interpretations about their
relative importance. RPM Screening can also be linked to other forms of analysis, for
instance by using incomplete information to subsume all the participants preferences
as captured by ‘multi-criteria mapping’ [e.g., 47], or to identify what ideas would by
supported by the different stakeholder groups [54]. Overall, RPM Screening resembles
preference programming approaches in that incomplete information is modeled
through set inclusion and synthesized through dominance concepts and decision
rules [e.g., 16,55,56].

•

Consideration of variability measures: The consideration of variability in the participants’ ratings (by way of using variance criteria) is central to the methods for the
scanning of weak signals [13,14,40]. RPM Screening differs from these approaches in
that (i) it accounts for the variability measures that pertain to multiple criteria, and (ii)
these variability measures can be flexibly combined with the additive model which has
separate criteria for the participants’ mean ratings. This makes it possible to carry
out consensus or dissensus oriented analyses, whereby the importance of individual
criteria can be adjusted by constraining their weights.

•

Combination of distributed and face-to-face interaction: RPM Screening combines several modes of interaction: for instance, results from Internet-based consultation process in the pilot projects were examined through interpretative and deliberative work
in face-to-face workshops where overlaps, interactions, and synergies among innovation ideas could be examined. Such work is needed because the identification of interesting ideas is not merely about the examination of isolated ideas, but also a
search for combinations (or portfolios) of ideas that should be promoted in conjunction [e.g., 57]. In these settings, multi-criteria methods hold considerable potential as
communication tools [32], because they combine the acclaimed benefits of analytic
and deliberative modes of work [see e.g. ‘deliberative mapping’,58].

The above considerations also suggest several ways of extending RPM Screening. For instance, the interests of stakeholder groups can be secured through portfolio constraints
such that feasible portfolios must contain, say, at least a minimum but no more than a
maximum number of innovation ideas proposed by the participants from these groups. If
the process seeks to set a concrete agenda for the implementation of ideas, the participants can be asked for estimates about how much time and money would be needed to
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implement the ideas; when these estimates are employed in RPM analysis, the resulting
priority-lists would fit within available budgets and time-frames. One can also introduce
additional requirements by placing constraints on individual ideas (e.g., exclusion of
ideas that do not meet pre-specified threshold levels on some criteria) or combinations of
ideas (e.g., exclusion of mutually incompatible ideas). In general, RPM Screening is applicable in many other contexts where there is a need to develop indicative priority-lists
from a large number of comparable ‘units of analysis’ that are evaluated with regard to
multiple criteria.

5 Conclusion
Foresight activities have often sought to enhance the performance of innovation systems
by emphasizing consensual priority-setting, networking and vision-building. But just as
in the case of scenario work [59], the elaboration of controversial and even conflicting
ideas can be helpful in preparing for alternative futures. Here, consensual foresight objectives and diversity considerations serve complementary roles in enhancing the performance of innovation systems. The implementation of S&T priorities, for instance, may
be best pursued through the concerted efforts of rivaling coalitions that reflect different
competences and technological arrangements [35].
Although we have focused on innovation ideas, RPM Screening can be readily applied in
other contexts, too. In the European Forest-Based Sector Technology Platformiv, for instance, it has been used in the shaping of Finnish priorities for the Strategic Research
Agendav which is central to the implementation of the future R&D roadmap for this sector [60]. In WoodWisdom-Netvi – which is one of the ERA-NETs for building the European
Research Area – analogous processes are being carried out, with the aim of developing an
international research agenda which is to be implemented through joint collaborative
projects on wood material sciencevii. More broadly, even decisions about societally warranted technologies are complicated by high uncertainties, paucity of information on
available options, and cognitive limitations of bounded rationality [61]. We contend that
these challenges can be partly addressed through collaborative learning processes [e.g.,
‘horizons scanning’ in the UK, 62] that are likely to benefit from the deployment of systematic approaches such as RPM Screening.

23

Acknowledgements
This research has been supported by the Ministry of Trade and Industry of Finland. We
wish to thank Risto Louhenperä and Seppo Kangaspunta for their contribution to the
design of the foresight process. We are also grateful to Eija Ahola, Jyrki Kettunen, Osmo
Kuusi, Torsti Loikkanen, and Margareetta Ollila for their constructive comments in the
different phases of the pilot project.

24

6 References
[1]

Irvine, J., and Martin, B.R.: Foresight in Science, Picking the Winners, Dover, London, 1984.

[2]

Martin, B.R., and Johnston, R.: Technology Foresight for Wiring up the National Innovation
System: Experiences in Britain, Austria, and New Zealand, Technological Forecasting and
Social Change 60(1), 37–54 (1999).

[3]

Cuhls, K.: From Forecasting to Foresight Processes - New Participative Foresight Activities in
Germany, Journal of Forecasting 22(2-3), 93–111 (2003).

[4]

Barré, R.: Synthesis of technology foresight, in Strategic Policy Intelligence: Current Trends,
the State of Play and Perspectives. A. Tübke, K. Ducatel, J. Gavigan, and P. Moncada, Institute for Prospective Technological Studies (IPTS), Technical Report EUR-20137-EN, Seville,
2002.

[5]

Dosi, G., Freeman, C., Nelson, R., Silverberg, G., and Soete, L., eds.: Technical Change and
Economic Theory, Pinter, London, 1988.

[6]

Oxford University Press: Oxford English Dictionary, 2nd edition, Oxford University Press, UK,
1989.

[7]

Arthur, W.B.: Positive Feedbacks in the Economy, Scientific American, February, 92–99
(1990).

[8]

Könnölä, T., Unruh, G.C., and Carrillo-Hermosilla, J.: Prospective Voluntary Agreements for
Escaping Techno-Institutional Lock-in, Journal of Ecological Economics, to appear. Available
online: http://www.sciencedirect.com/, visited 21.2.2006.

[9]

Jacobsson, S., and Johnson, A.: The Diffusion of Renewable Energy Technology: An Analytical Framework and Key Issues for Research, Energy Policy 28(9), 625-640 (2000).

[10]

Unruh, G.C.: Escaping Carbon Lock-in, Energy Policy 30(4), 317–325 (2002).

[11]

Unruh, G.C.: Understanding Carbon Lock-in, Energy Policy 28(12), 817–830 (2000).

[12]

Grabher, G., and Stark, D.: Organizing Diversity: Evolutionary Theory, Network Analysis
and Postsocialism, Regional Studies 31(4), 411-423 (1997).

[13]

Harris, D., and Zeisler, S.: Weak Signals: Detecting the Next Big Thing, The Futurist 36, 21–
28 (2002).

[14]

Mendoça, S., Pina e Cunha, M., Kaivo-oja, J., and Ruff, F.: Wild Cards, Weak Signals and
Organizational Improvisation, Futures 36(2), 201–218 (2004).

[15]

Linstone, H.A.: Decision Making for Technology Executives: Using Multiple Perspectives to
Improve Performance. Artech House, Boston/London, 1999, pp. 31–76.

25

[16]

Liesiö, J., Mild, P., and Salo, A.: Preference Programming for Robust Portfolio Modeling and
Project Selection, European Journal of Operational Research, to appear. Available online:
http://www.rpm.hut.fi, visited 16.1.2006.

[17]

Salo, A., Könnölä, T., and Hjelt, M.: Responsiveness in Foresight Management: Reflections
from the Finnish Food and Drink Industry, International Journal of Foresight and Innovation
Policy 1(1-2), 70–88 (2004).

[18]

Schot, J.: The Policy Relevance of the Quasi-Evolutionary Model: The Case of Stimulating
Clean Technologies, in Technological Change and Company Strategies. R. Combs, P. Saviotti
and V. Walsh, eds., Pinter Publishers, London, 1992.

[19]

Weitzman, M.L.: On Diversity, Quarterly Journal of Economics 107(2), 363–405 (1992).

[20]

Kemp, R.: The Transition from Hydrocarbons: The Issues for Policy, in Models of Sustainable
Development. S. Facheux, D. Pearce and J. Proops, eds., Edward Elgar, Cheltenham, UK,
1996.

[21]

Mulder, P., Reschke, C.H., and Kemp, R.: Evolutionary Theorising on Technological Change
and Sustainable Development, Presentation in the European Meeting on Applied Evolutionary
Economics, Grenoble, France, 7–9 June, 1999.

[22]

Nelson, R., and Sampat, B.: Making Sense of Institutions as a Factor Shaping Economic
Performance, Journal of Economic Behaviour and Organization 44(1), 31-54 (2001).

[23]

North, D.: Institutions, Institutional Change and Economic Performance, Cambridge Univ.
Press, Cambridge, UK, 1990.

[24]

Arthur, W.B: Increasing Returns and Path Dependence in the Economy. University of Michigan Press, Ann Arbor, 1994.

[25]

Simon, H.A.: Theories of Decision Making in Economics, American Economic Review 49,
253–283 (1959).

[26]

Simon, H.A.: Administrative Behaviour, 2nd ed., Free Press, NewYork, 1965.

[27]

Fagerberg, J.: Schumpeter and the Revival of Evolutionary Economics: An Appraisal of the
Literature, Journal of Evolutionary Economics 13, 125-159 (2003).

[28]

Ansoff, I.: Managing Strategic Surprise by Response to Weak Signals, California Management
Review 17(2), 21–33 (1975).

[29]

Feldman, M. P., and Audretsch, D.B.: Innovation in Cities: Science-Based Diversity,
Specialization and Localized Competition, European Economic Review 43(2), 409–429 (1999).

[30]

Arthur, W.B.: Competing Technologies, Increasing Returns and Lock-in by Historical Events,
Economic Journal 99(394), 116–131 (1989).

[31]

David, P.A.: Clio and the Economics of QWERTY, The American Economic Review, 75(2),
332–337 (1985).

26

[32]

Salo, A., Gustafsson, T., and Ramanathan, R.: Multicriteria Methods for Technology Foresight, Journal of Forecasting 22(2-3), 235–255 (2003).

[33]

Keenan, T.: Identifying Emerging Generic Technologies at the National Level: the UK Experience, Journal of Forecasting, 22(2-3), 129–160 (2003).

[34]

Lundvall, B.-Å., ed.: National Systems of Innovation: Towards a Theory of Innovation and
Interactive Learning, Pinter, London, 1992.

[35]

Tushman, M.L., and O’Reilly, C.A.: Winning Through Innovation, Harward Business School
Press, Boston, 1997.

[36]

Luoma, P.: Swedish Technology Foresight - A Cooperative Initiative, in Experiences with National Technology Foresight Studies. M. Hjelt, P. Luoma, E. van de Linde, A. Ligvoet, J. Vader
and J. Kahan, Sitra Report Series 4/2001, Sitra, Helsinki, Online http://www.sitra.fi/, visited 26.5.2005.

[37]

Salmenkaita, J.-P., and Salo, A.: Emergent Foresight Processes: Industrial Activities in Wireless Communications, Technological Forecasting and Social Change 71(9), 897–912 (2004).

[38]

Loveridge, D.: Experts and Foresight: Review and Experience, International Journal of Foresight and Innovation Policy 1(1-2), 33–69 (2004).

[39]

Helmer, O.: Looking Forward: A Guide to Futures Research, Sage, Beverly Hills, 1983.

[40]

Ilmola, L., and Koitsalo-Mustonen, A.: Filters in the Strategy Formulation Process, Journal
of Universal Computer Science 9(6), 481-490 (2003).

[41]

Coffman, B.S.: Weak Signal Research, Part III: Sampling, Uncertainty and Phase Shifts in
Weak Signal Evolution, 1997. MG Taylor Corporation, Online source:
http://www.mgtaylor.com/mgtaylor/jotm/winter97/wsrsampl.htm, visited 26.5.2005.

[42]

Kuusi, O., and Meyer, M.: Technological Generalizations and Leitbilder – the Anticipation of
Technological Opportunities, Technological Forecasting & Social Change 69(6), 625–639
(2002).

[43]

Smith, K.: Innovation as a Systemic Phenomenon: Rethinking the Role of Policy, Enterprise
& Innovation Management Studies 1(1), 73–102 (2000).

[44]

Smits, R., and Kuhlmann, S.: The Rise of Systemic Instruments in Innovation Policy, International Journal of Foresight and Innovation Policy 1(1-2), 4–32 (2004).

[45]

Salo, A.: Incentives in Technology Foresight, International Journal of Technology Management 21(7), 694–710, 2001.

[46]

Salo, A., and Gustafsson, T.: A Group Support System for Foresight Processes, International
Journal of Foresight and Innovation Policy 1(3-4), 249–269 (2004).

[47]

Stirling, A.: On the Economics and Measurement of Diversity, Science Policy Research Unit,
Electronic Working Papers Series, No. 28, University of Sussex, Brighton, 1997.

27

[48]

Meyer-Krahmer, F., and Reiss, T.: Ex Ante Evaluation and Technology Assessment—Two
Emerging Elements of Technology Policy, Research Evaluation 2, 47–54 (1992).

[49]

Salo, A., and Salmenkaita, J.-P.: Embedded Foresight in RTD Programs, International Journal of Policy and Management 2(2), 167-193 (2002).

[50]

Charnes, A., Cooper, W.W., Lewin, A.Y., and Seiford, L.: Data Envelopment Analysis: Theory,
Methodology and Application. Kluwer, Boston, MA, 1994.

[51]

Henriksen, A.D., and Traynor, A.J.: A Practical R&D Project-Selection Scoring Tool, IEEE
Transactions on Engineering Management 46(2), 158–170 (1999).

[52]

Lindstedt, M., Liesiö, J., and Salo, A.: Participatory Development of a Strategic Product Portfolio in a Telecommunication Company, International Journal of Technology Management, to
appear.

[53]

Keeney, R.L., and Raiffa, H.: Decisions with Multiple Objectives: Preferences and Value TradeOffs. John Wiley & Sons, New York, 1976.

[54]

Loveridge D.: Foresight – Seven Paradoxes, International Journal of Technology Management
21(7–8), 781–792 (2001).

[55]

Mármol, A.M., Puerto, J., and Fernández, F.R.: The Use of Partial Information on Weights in
Multicriteria Decision Problems, Journal of Multi-Criteria Decision Analysis 7, 322–329
(1998).

[56]

Salo, A., and Hämäläinen, R.P.: Preference Ratios in Multiattribute Evaluation (PRIME) Elicitation and Decision Procedures under Incomplete Information, IEEE Transactions on
Systems, Man, and Cybernetics 31, 533–545 (2001).

[57]

Durand T.: Twelve Lessons Drawn from ‘Key Technologies 2005’, the French Technology
Foresight Exercise, Journal of Forecasting 22 (2–3), 161–177 (2003).

[58]

Eames, M., Stirling, A., Burgess, J., Davies, G. Williamson, S., Mayer, S., and Stanley, K.:
Deliberative Mapping: Integrating Citizens and Specialists Appraisals in a Transparent and
Inclusive Participatory Process, Paper presented at FRONTIERS 2: European Applications in
Ecological Economics, Tenerife, Spain, Fifth International Conference of the European Society of Ecological Economics, February 2003.

[59]

Bunn, D.W., and Salo, A.: Forecasting with Scenarios, European Journal of Operational Research 68, 291–303 (1993).

[60]

Könnölä, T. Salo, A., and Brummer, V.: Foresight in European Coordination: Developing
National Inputs for the Forest-Based Sector Technology Platform, manuscript, available
online: http://www.sal.hut.fi/Publications/m-index.html, visited 30.1.2006.

[61]

Kline, D.: Positive Feedback, Lock-in, and Environmental Policy, Policy Sciences 34, 95–107
(2001).

28

[62]

Miles, I.: UK Foresight: Three Cycles on a Highway, International Journal of Foresight and
Innovation Policy 2(1), 1-34 (2005).

Participants
Themes

Proposed

Phase 1

Phase 2

Phase 3

innovation ideas

Services for the provision of personal experiences

2

-

-

6

Health care and social services

11

16

7

28

Nutrigenomics

7

2

4

12

Services for the provision of personal experiences (Students)

9

8

9

45

Health care and social services (Students)

8

7

8

41

Nutrigenomics (Students)

6

6

4

34

Total

43

39

32

166

Table 1

Innovation
idea

Proposed innovation ideas in the Internet-based consultation process.

Mean scores

Variance scores

Novelty

Feasibility

Societal relevance

Novelty

Feasibility

Societal relevance

#18

4.00

4.86

5.29

2.29

0.41

0.20

#23

4.00

3.17

3.43

4.00

3.47

3.39

Table 2

Means and variances of the criterion specific evaluations of the innovation
ideas 18 and 23 within the theme “Health case and social services”.
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Consensus analysis

Dissensus analysis
Figure 1

Core indices of ideas within the theme “Health case and social services” with
regard to consensus and dissensus analyses.
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Agendas

in

WoodWisdom-Net,

Systems Analysis Laboratory
Research Reports, Series A
A95
March 2006
A94
December 2005
A93

Advanced mobile network monitoring and automated
optimization methods
Albert Höglund
Affine equations as dynamic variables to obtain economic
equilibria
Mitri Kitti

September 2005

Decision modelling tools for utilities in the deregulated energy
market
Simo Makkonen

A92
August 2005

Portfolio optimization models for project valuation
Janne Gustafsson

A91
May 2005

Electricity derivative markets: investment valuation, production
planning and hedging
Erkka Näsäkkälä

A90
March 2005

Optimal pilot decisions and flight trajectories in air combat
Kai Virtanen

A89

On foresight processes and performance of innovation
networks
Jukka-Pekka Salmenkaita

November 2004
A88
October 2004
A87

Systems Intelligence - Discovering a hidden competence in
human action and organizational life
Raimo P. Hämäläinen and Esa Saarinen, eds.

October 2003

Modelling studies on soil-mediated response to acid deposition
and climate variability
Maria Holmberg

A86
June 2003

Life cycle impact assessment based on decision analysis
Jyri Seppälä

A85
May 2003

Modelling and implementation issues in circuit and network
planning tools
Jukka K. Nurminen

Systems Analysis Laboratory
Research Reports, Series B
B25
May 2005

Systeemiäly 2005
Raimo P. Hämäläinen ja Esa Saarinen, toim.

B24
June 2004

Systeemiäly - Näkökulmia vuorovaikutukseen ja kokonaisuuksien
hallintaan
Raimo P. Hämäläinen ja Esa Saarinen, toim.

B23
April 2003

Systeemiäly!
Tom Bäckström, Ville Brummer, Terhi Kling ja Paula Siitonen, toim.

Systems Analysis Laboratory
Research Reports, Series E
Electronic Reports: www.e-reports.sal.hut.fi
E18
June 2005

Valuing risky projects with contingent portfolio programming
Janne Gustafsson and Ahti Salo

E17
June 2005

Project valuation under ambiguity
Janne Gustafsson and Ahti Salo

E16
June 2005

Project valuation in mixed asset portfolio selection
Janne Gustafsson, Bert De Reyck, Zeger Degraeve and
Ahti Salo

E15

Hydropower production planning and hedging under inflow
and forward uncertainty
Erkka Näsäkkälä and Jussi Keppo

May 2005
E14
May 2003

Models and algorithms for network planning tools - practical
experiences
Jukka K. Nurminen

E13
April 2003

Decision structuring dialogue
Sebastian Slotte and Raimo P. Hämäläinen

E12
April 2003

The threat of weighting biases in environmental decision analysis
Raimo P. Hämäläinen and Susanna Alaja

E11
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