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Abstract--Due to global competition and rapid
technological advancement, foresight has become an important
method of formulating technological policies. Consensus
forming is one of the benefits of the foresight procedure as it
allows the society to effectively understand a technology's
characteristics during its initial developmental stage. Also,
foresight effectively guides the development of a technology,
eliminating the dilemma of being unable to manage the
technology's future influences. Focusing on consensus forming,
this study analyzes foresight through different stages: a macro
model that focuses on consensus forming has been proposed in
this study in order for us to understand the influence of different
factors on foresight planning. The content of consensus forming
may include areas such as the possible future, the beneficial
future, the preferable future, the current action plan, and its
development and promotion.

I. FOREWORD

Since the 1990s, the rapid advancement of technology
and globalization have brought forth great impact upon
different nations' economic development. National policies,
especial technological policies, no longer adopt a passive
style of management but an active method of planning for the
sake of better resource utilization [6] [11] [16].

Martin and Johnston [10] believe that there are three
major forces that put foresight once again under the spotlight
in the 1990s and make it accepted by different nations:
(1) The pressure of competition in free market: Due to

globalization, the number of competitors has increased,
and a nation must compete with other competitors (or
nations) that have different production costs, resulting in
greater competitive pressure. For example, Japan's
method of developing technologies by utilizing the
entire nation's resources has put a lot of pressure in other
nations. Therefore, innovations in knowledge-based
industries and the service sectors have become more
important than before. Facing this kind of pressure, how
the government reacts in terms of science and
technological applications becomes more significant.

(2) Governmental expenditures in industrialized nations: As
the population ages, more social benefits are needed, and
each expense must be explained and proven necessary.
As the cost of technological development becomes
higher, no country is able to pursue all the opportunities
for technological development. Under democratic
budgeting, technology related budget must also follow
the same rules. Technological foresight provides a
mechanism in which different actors can participate and
reach a consensus, making better connections between
technological development, economy, and society.

(3) The nature of the knowledge-construction process is
changing: New knowledge often focuses on the

combination of "transdisciplinary" and "heterogeneity,"
especially in the field of applications. Just like how the
industrial development requires strategic alliance, the
Internet, and innovative national systems, the field of
applied science also requires knowledge developers to
jointly communicate, collaborate, and conduct research.
Good interactions are not only needed between
researchers but also between researchers and users such
as governments, businesses, and individuals, and
foresight is required to facilitate this kind of interactive
process.
As for the order of this process, since most modern
nations adopt the democratic system, the development of
technological policies must reach a consensus between
the stakeholders before they can be approved in the
congress or other relevant organizations. Another reason
for this is that the rapid changes in the environment and
technologies have exceeded the government's capability.
Therefore, foresight stresses on the participation and
utilization of social groups in order to ensure the
integrity of the policies and the support for future
implementation.

Collingridge's Dilemma Theory
According to the theory proposed by Collingridge [3]

that explains the process of management innovation, there are
two possible conflicts:
(1) As the technological innovations, including the R&D

process, continue to develop, the space of freedom
becomes smaller. As the technologies keep on advancing,
many possibilities in the next stage of development get
eliminated.

(2) The public will know more and more about
technological innovations, especially when the R&D
process has reached the latter stages.

Collingridge's dilemma theory tries to depict that it is
difficult to manage a technology's future influences. Unless a
technology or an innovation has been widely used, we would
not be able to understand its influence and effect. A
technology that has already developed and matured is already
tightly connected with a society, leaving fewer possibilities
for changes. In other words, the future management of
technological development involves the problems of
information and authority. The problem with information is
that unless a technology has been widely developed and
utilized, its influence would be difficult to be predicted. The
problem of authority is that after a technology has developed,
it would be difficult to control or change its course of
development [14].

David Collingridge has proposed that in order to solve
this dilemma, we should develop a technology that is highly
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flexible and can be applied in different ways. He proposes
that a technological development should quickly adapt to a
society and the subscribers' different demands. However,
developing this kind of technology in the actual world is very
difficult since the cost of technological development and the
target-oriented characteristic of innovation have reduced the
flexibility of a technology in its development.

Schot [15] believes that in order to solve this problem,
we need to be able to make predictions more frequently and
as early as possible. A process of technological development
should allow continuous learning and adjusting in order to
create greater experimental flexibility. Collingridge's
dilemma theory points out the serious inefficiency of the
early warning effect in technological management. Since
there is no sufficient knowledge and authority that can change
the direction of technological development, the only thing our
society can do is to improve its responsive capability [4].

Therefore, in order to solve this dilemma, the entire
society needs to establish an effective understanding of a
technology's future development. During the early stage of a
technological development when the society and the R&D
group still enjoy intimate interactions, we would see better
results in influencing the ultimate direction of a technological
development since the effects of social influence would begin
to take place while there is still a high degree of flexibility in
the technological development.

Agrafiotis et al. [1] has pointed out that if the society can
establish an effective understanding of a technology's future
directions during its earlier developmental stage, the
development of this technology can be effectively guided,
solving the previously mentioned dilemma. Gow [5] points
out that in order to respond to the challenges brought forth by
this dilemma, actions in three aspects need to be conducted
simultaneously: analytical, political, and normative.
Analytical actions refer to understanding the dynamic of a
technological development in a complicated environment and
the momentum, method, and motive behind it. Political
actions refer to understanding the composition, participation,
and intervention of the stakeholders in order to ensure that all
appropriate perspectives have been taken into consideration.
Normative actions refer to considering social values and
cultural habits and their changes when a decision is suitable
for a society.

II. DIFFERENT TYPES OF FORESIGHT MODELS

Since the 1950s (after WWII), the U.S. has started using
the method of foresight as a supplement in the decision
making process for the government's technological R&D
system [8]. Japan has also adopted the Delphi Method since
the 1970s in order to conduct an estimation of the trend of
technological development once every 5 years [12].

However, since the technique itself had low continuity,
the process of making predictions of a given technology sees
many limitations. Moreover, important technological
developments are often the results of the integration and
international exchange of each domain's own advancement.
Using the prediction of a single technology as a basis for

formulating policies often yields unsatisfactory results.
Therefore, since the mid-1980s, more and more people

have proposed the idea of replacing "technological
predictions" with making "technological foresights" [7].
Technological foresight does not focus on technologies but
the perspective of "satisfying human needs" and future
demands. Through a systematic process, it studies our future
technological, social, and economic changes, and the results
can be used for making decisions regarding technological
policies or management.

Although during the operational process, the analytical
methods used in making foresights are mostly derived from
the methods of making technological predictions. However,
the purpose of "foresight" is to be more systematic, more
user-oriented, and more influential than technological
predictions, rather than for understanding the technical
changes in a single domain.

We can understand what foresight really is through the
models proposed by different scholars. Using Gow's
perspective [5], foresight models can be put into four
categories: macro, analytical, political, and normative.

A. Macro Aspect
The foresight model of the macro aspect that explains the

overall foresight activity helps us understand the orientation
and content of foresight. In the following models, the "future
cone"l explains the temporal features of foresight (long-term
perspective). The "foresight triangle" explains the three
important elements in the foresight activity as well as their
combinations. The "integrated foresight model" explains the
levels and contents in the foresight study.
(1) Future Cone

Proposed by Voros [19], the future cone (see Fig. 1)
mainly explains foresight's long-term perspective. He
points out that foresight attempts to analyze the
differences between different types of future. This cone
explains that what foresight does is for us to see the
future from today and to distinguish the differences in
different futures. Moreover, this model also stresses that
future prospects are jointly conducted by different
stakeholders who identify the preferable future that is
approved by the society and employ different actions
plans in order to materialize the preferable future. The
future can be placed in the following categories:
A. Possible Future: The future that could happen.
B. Plausible future: The future that might happen in

general.
C. Probable future: The future that would happen when

the given conditions remain roughly the same.
D. Preferable future: The future desired by the designer.

Foresight analysis distinguishes the differences between
different kinds of future, defines a society's preferable
future, and looks for the necessary actions.
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Fig. 1 Diagram of the Future Cone
Source: Voros [19]

(2) Foresight Triangle
Proposed by Loveridge [9], the Foresight Triangle (see
Fig. 2) explains the three necessary elements in the
foresight procedure, and a good foresight activity should
maintain the balance of these elements. "Expertise"
refers to the ability of connecting the possible future and
the existing technical challenges. "Creativity" is used to
challenge the existing beliefs and investments.
"Interaction" is to let stakeholders' individual
predictions interact with the possible future. Placing too
much weight on any of the elements would cause the
foresight to fail. Too much expertise would lead to
biased results, too much creativity turn the process into a
science fiction, and too much interaction between
participants would cause the activity to lose its focus and
let the available resources go to waste.

EXPERTt INTERACTION
Fig. 2 Diagram of Foresight Triangle

Source: Van der Meulen [18]

In this study, the different methods for conducting
foresight have been placed in the triangle's different
locations in order to express their different features. A
planner can try different combinations to ensure that the
foresight activity has included these three characteristics.

(3) Integrated Foresight Model
Alsan and Oner [2] have organized an Integrated
Foresight Model from many literatures, including three
levels and four elements that are used to explain the
content of the foresight activity (see Fig. 3). The three
levels are normative, strategic, and operative; the four
elements are knowledge, people, system, and
organization.
The Integrated Foresight Model lists foresight's
important aspects, and it can be used to plan, evaluate,
and explain the process. It is an important content model
used to explain foresight.
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Fig. 3 Diagram of Integrated Foresight Model
Source: Alsan and Oner [2]
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B. Analytical Aspect Model
The Analytical Aspect Model looks at foresight from an

analytical aspect, and its main purpose is to discuss the
factors that are used in analyzing the future considerations or
the analytical process. It helps us understand the perspectives
that we should take when we conduct foresight analysis. The
factors that influence technical foresight are listed below,
which explain the implementation of the Integrated Foresight
Model and the two necessary forces. Technical Future
Analysis categorizes different analytical methods, whereas
the General Foresight Framework explains a foresight's
procedures and the analytical steps.

.CBanmd-put

(1) Factors that Influence Technical Foresight
Tegart [17] has identified the factors that influence
foresight as the "demand-pull" and the
"science/technology-push" (see Fig. 4). The
"science/technology-push" includes scientific and
technological strengths and resource and opportunities.
The "demand-pull" includes the economic, social, and
environmental needs and resources. This model shows
that a foresight simultaneously integrates social demands
and technical supplies and looks for a junction where
different perspectives can be satisfied.

.CSdmIeteKbdm1!gy-push

Fig. 4 Factors that Influence Foresight Analysis
Source: Tegart [17]

(2) Technological Future Analysis
The method of "future analysis" proposed by Porter et al.
[13] has put the methods of future research into the
following categories: creativity, indicators and narrations,
statistics, expert ideas, monitoring and intelligence
compilation, model construction and simulation, context
analysis, trend analysis, and evaluating economic
policies. These categories can be quantified or qualified
based on their content. Moreover, they can also be
distinguished based on the explorative and normative
nature. Foresight often includes different kinds of
combination that match the analytical content required
by the relevant policies. This model explains the content
and categories of the methods available to the foresight
process.

(3) General Foresight Framework
The General Foresight Framework proposed by Voro [19]
explains the analytical process and common methods in
the foresight process (see Fig. 5). The General Foresight
Framework utilizes a strategic planning perspective that
views the foresight process as a system, and the output of
which needs to be transformed into an actual strategy
that influences a society and the future direction of a
technology. The foresight process can be divided into the
3 stages of analysis, interpretation, and prospection,
which involve different methods. The General Foresight
Framework explains the complexity of foresight analysis,

and the entire process is consisted of different methods.
Each stage focuses on different things and utilizes
different methods.
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Fig. 5 Voros' General Foresight Framework
Source: Voros [19]

III. FORESIGHT INTEGRATION FRAMEWORK-
REACHING CONSENSUS

Foresight is about looking into the future and making a
systematic observation for the sake of shaping a better future.
Foresight is not limited to a single future; there can be many
choices, but only one of them will happen based on the
actions we take now. Technical foresight is about choosing
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the future we want and investing in the needed resources.
Based on these ideas, we have organized different

foresight models and proposed a Foresight Integration Model
that is focused on consensus forming. This model can be used
for the planning and analysis of consensus forming that takes

place in foresight activity. This framework has integrated
analytical behaviors, political behaviors, and normative
behaviors, and is an integrative framework that focuses on
stakeholders' participation and consensus forming (see Fig.
6).

Creativity and Innovation

X-..~ Possible Future

Fig. 6 The Foresight Integration Model based on Consensus Forming
Source: This Research.

This model is a continuous procedure that begins with a
certain topic. Foresight is a topic-oriented or
problem-oriented activity, and the foresight procedure only
begins when stakeholders participate. The possible starting
points of the foresight procedure may be the emphasis on
innovation and creativity, expertise or analysis, or the
combination of the first two. During the process, different
groups go through discussions, analysis, and interactions
before they finally reach a consensus regarding the good
(preferred) future and interpersonal network. They then put
the conclusion of foresight into action until new topics come
up. The bottom half of the diagram is the feedback procedure,
in which new topics are compared with the good (preferred)
future goals. This cycle continues to go on, and the groups
that continue to adjust their actions establish new consensus
and norms, allowing a bright future to materialize.

Foresight analysis can be conducted from different
angles. One is from an expert and analytical angle, in which
data, models, and experts' opinions are used to estimate the
future. The extreme end is the establishment of a model of
future simulation which requires great expertise and analysis.
Another angle is one from creativity and innovation, in which
normative thinking or group discussions are used to discuss

the future possibilities. The most extreme example is science
fiction. Foresight can be initiated from either angle or from
both angles. Using different methods, the process may not be
a straight line; it may be a curved line in which stakeholders'
consensus and network are reached via discussions.

To the researchers: This includes researchers in the field
of policies or others. This model focuses on the interactions
between stakeholders in the foresight process, consensus
forming, and the network for pursuing the common goals.
This model helps researchers analyze the less talked about
political and normative aspects from a systematic perspective.
Moreover, this model introduces different methods into the
foresight process that facilitate the development of more
practical tools for planning and solve the difficulties in
planning caused by multiple methods.
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