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Abstract: Companies and governments are increasingly using “Future Studies* for the design of their
strategic planning. Techniques and methodologies are in a very accelerated development all over the world.
So it is necessary to establish the right set of tools and best way to use it in order to have results that you
could compare and reproduce if you have in mind to generate inputs for either companies or countries policy
definition. This article describes the methodological approach adopted by a Brazilian Institution — Centre for
Strategic Management and Studies — CGEE, mainly devoted to future analyses, and uses the recent examples
of the Biotechnology and Nanotechnology foresight exercises in Brazil to show the real use of their results in

the process for definition of national strategies.
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Introduction

Considering the increasing complexity of the
decision making process, the speed of the
technological changes and its economic and social
impacts, the markets interdependence and the
need of support for information coming from
formal and informal sources internal and external
to the organization, it is obvious that an
organization, nowadays, depends more and more
on an efficient system of knowledge management.

Considering the high levels of uncertainty with
which the society is confronted, the area of
strategic planning is being shifted from the
traditional approach to a more dynamic one that
considers the changes of current times. The
studies developed under the denomination of
foresight fill the space where there is an
intersection between the fields of strategic
planning, future studies and policy analysis.

Thus, future studies, foresight and
technological forecast are important for strategic
planning and for supporting the decision making
process and public policies formulation, since they
allow the anticipation of technological
breakthroughs, trends and discontinuities, new
perspectives and opportunities that are presented
for a society from the identification of its
challenges and potentialities.

Concerning different possible interpretations,
the words in Portuguese “prospeccdo”,
“prospectiva”,  “exercicios  prospectivos”  or
“estudos do futuro”, as well as its English
versions, forecast, foresight, future studies, have
become generic denominations - not free of
controversies - for the diverse methodologies and
approaches that try to answer questions presented
by the challenges of the future, either for
technologies and its impacts, or for important
social issues.

In fact, trying to understand the potential risks
and threats, analyzing the future and glimpsing
new ways and opportunities that allow the choice
of reasonable futures is not a trivial challenge and
involves complex questions that must take into
account many factors of social and technical
nature and different realities and situations.
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It is important to emphasize that foresight,
forecasting and future studies are fields in constant
evolution and that countries and organizations are
in search of models, tools, methodologies and
concepts that can face the challenges of the future.

This paper presents not only the conceptual
and theoretical model elaborated by the Centre of
Management and Strategic Studies - CGEE to
guide its foresight activities but also some
examples of the use of this model, and represent
some results already obtained by the Centre.

Science, Technology and Innovation and
the role of the Centre of Management and
Strategic Studies - CGEE

Brazil and the world are experiencing a
significant movement represented by a new look at
the importance of science, technology and
innovation as transforming agents of the society.
The search for solutions on emergent social
problems, the formulation of future strategies, as
well as the exercise of democratization, that can
make possible the participation of the society in
the construction of a desired future, points out the
necessity to diversify the economic tissue, to
rescue cultural values and the process of planning
and management of public goods and the
environmental questions, preserving the national
identity.

Despite its recognition for the exploitation of
the economic and regional national potentialities,
the Brazilian historical path in the last decades
lacks the strengthening in relation to the
construction of a nation with a modern economy,
integrated to the global markets, with
internationally ~ competitive  industries,  high
investments in science and technology, strong
ecological conscience and with an operating
structure in the concretion of citizens social rights
and in the development of the social tissue in
more democratic basis.

Initiatives towards structuring a broad spectrum
policy of science, technology and innovation,
capable of facing some of the emergent questions
in the scientific and technological fields, have been
part of the national agenda in 2002. This
happened, among other factors, as a result of the
Brazilian Conference on Science, Technology and
Innovation (ST&I) and the publication of the

ISSN 1613 — 9615



Filho, Santos, Coelho, Santos September 2005

?£‘ Journal of Business Chemistry
WWw.businesschemistry.org

Green and the White Books on ST&l,
representing a new movement that stimulated the
country to insert the technological innovation as
one of the main objectives of the national efforts
of science and technology.

In this context, CGEE was created as an
institution which aims at promoting and
accomplishing future studies and foresight in the
field of science, technology and innovation, as well
as the activities of evaluation of strategies and
economic and social impacts of scientific and
technological policies, programs and projects.
Moreover, CGEE acts on the dissemination of
information, experiences and projects to the
society. One of its main features is its capacity of
communication and interaction with the science,
technology and productive sectors.

CGEE’s strategy was based upon the
perception that decision making emerges of a
negotiation between multiple actors. This
perception was the key point of the methodology
known as foresight, which can be defined as a
process that leads to a more complete
understanding of the forces that shape the future
and that must be considered in the formulation of
policies, planning and decision making [1]. It
means that this approach aims to link the present
actions to a strategic perspective, coping with the
possibilities of the future for the construction of
commitments and coordination concerning the
national priorities of research and innovation.

Based upon some of the concepts developed by
the European Union, CGEE considers foresight
as an activity that connects three different
dimensions on the same process:  thinking,
debating and shaping the future [2].

Moreover, the structuring of communication
channels and the process of coordination in
different levels points out to the importance of the
governance process that must guarantee the
validation of technological opportunities identified
during the process by the different stakeholders
and be transformed into concrete actions by
decision makers. Thus, CGEE has a pro-active
attitude regarding the future, stimulating the search
for an institutional culture of foresight, with a
global vision of science, technology and
innovation, which estimates complexes
mechanisms  of interaction, exchange of
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information, experience and feedback among
different involved actors [3].

CGEE'’s prospective approach

There is an extensive list of studies related to
exploring the future. In a simple examination of
literature it is possible to find different
denominations for “families” or conceptual
structures, such as technological forecasting,
technological foresight, social foresight, inclusive
foresight, technology assessment, monitoring
(environmental scanning, technology watch),
prospective networks, roadmapping, scenarios
studies, multicriteria decision analysis, etc [4]. This
has generated some problems in the terminology.
Therefore, the elaboration of simple and direct
models and the establishment of different levels of
scope and use of such methods, techniques,
methodologies and tools becomes rather complex.

As a result, it is common to find techniques
developed for specific objectives being used to
answer questions of broad and complex nature.
This, in certain cases, contributes to discredit this
field. This also confirms how difficult it is to face
the uncertainties about the future. The reflection
on the different approaches is necessary as a way
to improve the activity and its results.

Nowadays, the approach called foresight is the
most used methodology to assist the establishment
of research and development priorities and to
promote the alignment of R&D and Innovation
policies to the economic and social needs of the
countries.

Foresight includes qualitative and quantitative
ways to monitor indicators of development trends,
and is better and more useful when directly linked
to the analysis of policies and its implications. It
prepares people for future opportunities.

In the government, foresight does not define
policies, but it can help them to be more
appropriate, more flexible and more robust in its
implementation, in changing times and conditions.

The theoretical model organized to guide
foresight in CGEE is presented in figure 1. This
model was created taking into account the
methodological structure proposed by Horton[5]
and improved by the ideas of Conway and Voros
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[6], as well as the orientations of the Handbook of
Knowledge Society Foresight [7] and Godet [8].

CGEE’s approach also considers that many
forms of analyzing future technology and its
consequences coexist, for example, technology
intelligence, forecasting, roadmapping, assessment,
and foresight. All of these techniques fit into a
field called technology futures analysis (TFA) by
Porter et al. [4]. New methods need to be explored
to take advantage of information resources and
new approaches to complex systems. Examination
of the processes sheds light on ways to improve
the usefulness of TFA to a variety of potential
users, from corporate managers to national policy
makers. CGEE methodology tries to have an open
mind about the several TFA forms and to
introduce new approaches from other fields
incorporating new methods and processes to
better inform technology management as well as
science and research policy.

1 Definition of main objectives

* Public policies
. Strategic directives

Strategic goals

2 Theme selection

* Governmental plans and programs

* Priority issues
* Critical questions

Themes
3 Implementation

Initial phase

Main phase

Commitment phase

4 Decision making

Strategy

- Time horizon

- Spacial coverage

- Institutional and expert mabilization

« Duration and costs

= Methodology (methods and techniques)
- Consultation (target audience, extent,

+ Partners

« Relationships with ongoing initiatives
« Available infrastructure

- Dissemination strategies

Understanding the Process

Foresight studies constitute powerful assistants
in planning and managing uncertainty levels.
However, they must be placed in a planned
context, that is, to be based upon pre-established
policies and needs. Its effectiveness is intrinsically
linked to an adequate methodological proposal and
planning, which include: a correct delimitation of
the questions to be answered; the type of desired
replies; the spatial orientation; the scope of the
issue; the strategic focus; the time horizon; the
institutional and experts mobilization; the choice
of the methodology; the target audience, its extent
frequency and reach; the establishment of
partnerships; the relationship with ongoing
initiatives; the dissemination strategies; the
available infrastructure, duration and cost. A very
important step is the constitution of a network of
stakeholders, able to articulate and reach the
necessary consensus and commitments aiming to
the implementation of the identified plan of
action. (Figure 1)

Planning main components

« Strategic focus

frequency and reach)

Source {J) cgee /200

Look and see what is happening

What seems to be happening?
What is really happening?
What might happen? )

What can be made?

What will be done?
How it will be done?

Figure 1: CGEE methodological foresight approach
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The management of foresight exercises in
CGEE tries to follow the theoretical model,
considering four great sets for its implementation:
definition of objectives, theme selection,
implementation and decision making.

Definition of Objectives

The definition of objectives is established between
CGEE and its clients, which are mainly
governmental institutions, as the Ministry of
Science and Technology and the Nucleus of
Strategic Affairs of the Presidency of the Republic.
The objectives are related to public policies and
strategies of the federal government and consider
also the characteristics of the subject or sector that
will be studied and the arising needs of the
Brazilian society. Many times, the studies are
anchored in governmental plans and programs, as
the studies developed to subsidize the application
of Science and Technology Sector Funds. (Table
1)

Identification of Themes

Once the strategic objectives are defined, the
priority themes that answer the critical questions
are selected.

For each selected theme, it is made a rigorous
planning, that takes into account the strategic
focus, the time horizon, the space scope, the
institutional and expert mobilization, duration and
costs, the choice of the methods and techniques
that will compose the methodology. It also
considers the target public of the research,
considering its extension, frequency and reach,
possible partners of the initiative, the available
infrastructure, the relationship with the initiatives
in progress and the strategy of dissemination.
After all this information is obtained, the exercise
can effectively begin. (Table 2)

priority areas of investment in R&D:

Biotechnology

Nanotechnology

Examples of objectives defined for foresight studies carried out by CGEE to attend the
demands of the federal government, addressing the establishment of public policies and

Mapping challenges and opportunities for biotechnology in Brazil, with particular
focus on research, development, production, distribution and commercialization of
genetically modified organisms (GMOs), as well as aspects related to public
perception and the current Brazilian legal framework aiming at the enrichment of
the democratic process and an improvement in the quality of policy-making
relating to science and technology.

Mapping the current situation and future trends of nanotechnology in the
country and worldwide, contemplating the identification of better investment
choices in competitive niches for the Brazilian market.

Table 2: CGEE's experience: definition of objectives

© 2005 Institute of Business Administration

ISSN 1613 — 9615



Filho, Santos, Coelho, Santos September 2005

?ﬁ‘ Journal of Business Chemistry
WWw.businesschemistry.org

Implementation of the Foresight Exercise

This step, in general, is divided in three phases.
Each phase adds value in relation to the previous
one creating a chain that turns information into
knowledge and knowledge into strategy. Each
phase has a higher level of complexity, diminishing
the uncertainty level and increasing the potential of
contribution of the results to the decision making
process.

Initial phase

The question here is: What is happening?

This phase corresponds to the identification of the
current situation, and involves the collection,
organization and summary of the available
information on the theme or subject under
analysis, using for this purpose studies, diagnosis,
organization and summary of the available
information on the theme or subject under
analysis, using for this purpose studies, diagnosis,
analyses and intelligence systems in order to have a
better understanding of the problem. It means
the collection and analysis of the explicit
knowledge available. Explicit knowledge means:
formal models, processes, rules and procedures
which can be communicated externally [10].

objectives.

Biotechnology

Nanotechnology

The themes, object of the prospective studies lead by CGEE, can be essentially scientific
and technological or involve aspects related to the impacts of technology, environmental,
economic or social questions and can be configured as sub-themes to answer to specific

The choice of the themes of study on biotechnology presented peculiar
characteristics. The challenges on the establishment of the legal framework and
public perception in relation to the possible impacts of the technology have
oriented this study to focus the boundary questions more than the scientific
aspects properly said, approaching: economic impacts; evolution and
consequences of the legal framework; applied metrology for biological products
and processes; public perception about the commercial use of GMOs; technological
and commercial strategies (long term perspective); financing mechanisms;
impacts of the adoption of RR soybean; national competencies and skills in
biotechnology; and intellectual property rights.

The strategies adopted worldwide in different institutional programs, the
analysis of the investments by the private sector, the mapping of international

scientific and technological research, the existing capabilities in Brazil (main groups
of research, laboratorial infrastructure and international interactions of the research
groups) have been the main constraints of the theme.

Table 2: CGEE's experience: identification of themes
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In this phase, to obtain a panorama of the current situation, CGEE uses different
techniques and methods in its studies. The choice of the method or technique is made in
accordance with the subject and the objectives of the study. In general, more than one
technique or method is used, to obtain different or complementary visions on the same
subject.

Biotechnology

Mapping of national capabilities, by searching on the Lattes databases,
Directory of Groups of Research, etc; (www.cnpq.br)

Technological monitoring using text mining techniques (software Vantage
Point) to get relevant information and trends from databases of scientific
publications and patents, presenting a techno-scientific panorama of the subject.

Interviews with experts looking for primary and original information;

Trend analysis of the international legal framework on biosecurity in the
following countries: European Union, United States, Argentina, Mexico, Colombia,
Brazil, Australia, Japan, India, Indonesia, China and South Africa;

Trend analysis in Brazil of adoption of RR soybean identifying current impacts
and future perspectives;

Evaluation of public perception in relation to new technologies, based upon
synthesis of secondary material (state of the art, position papers, etc.);

Nanotechnology

Technological monitoring using text mining techniques (software Vantage
Point) to get relevant information and trends from databases of scientific
publications and patents, presenting a techno-scientific panorama of the subject.

Benchmarking, using the results of nanotechnologies technological monitoring.
This has allowed a better understanding of the process of scientific and
technological development in benchmark countries (United States, Germany,
Spain, France, United Kingdom, Sweden, Ireland, Israel, Japan, Korea) and those
that are in comparable levels to Brazil (China, Taiwan, India, Australia, South
Africa, Malaysia and Thailand).

Among the important information obtained by the study is the indication that
innovative countries have nanotechnology programs, with increasing budgets of the
same level as biotechnology, information and communication technologies and
environment. All the programs are anchored with national strategies for economic
development and competitiveness. Although they have their own characteristics,
they always engage the biggest possible number of participants and have defined
economic targets.

Table 3: CGEE's experience: initial phase
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Elements that can potentially impact the
theme/subject under study are identified and
delimited as opportunities and threats, forces and
weaknesses, and cultural, social, technological,
economic, political and environmental factors.

In a complementary way, the experts and other
stakeholders are identified and mobilized (Table
3).

Main Phase

In this phase, the questions are: What seems to be
happening? What is really happening? What should be
happening?

During the main phase, processes of translation
and interpretation concerning the current trends
and the future possibilities occur, using forecast
and foresight techniques, as Delphi, expert panels,
scenarios, etc. It is emphasized, in this phase, the
broad participation of experts, groups of interest
and decision makers, strengthening networks and
collective learning.

The expected result is to empower the existing
knowledge with a better understanding of the
involved conditionings and the possibilities
presented for the future. It represents the
integration of tacit knowledge into foresight
studies. (Table 4) Tacit knowledge can be defined
as a knowledge which is personal, specific to a
given context and difficult to articulate in a formal
language.[10]

Phase of commitments

In this phase, the question is: What can be done?

Here, it is crucial to disseminate the results and
to strengthen the commitment of stakeholders that
participated on the previous stages with the
decisions based upon the results of the study, with
procedures of validation, dissemination and
assimilation for a broader public. The expected
result is the establishment of consensus and
commitments and the transformation of the
accumulated knowledge in strategies and proposals
that can be taken by the decision makers,
searching the expansion of the perception of
strategic options. (Table 5)

Biotechnology

Experts panels:

Nanotechnology

round is currently happening.

In this phase, CGEE identifies future trends, drivers, opportunities and threats.
stage of intense participation of experts, making feasible a more qualitative vision of the
question. It is also an opportunity to capture tacit knowledge in many ways.

It involved discussions on the economic impacts of GMOs;
on the evolution and consequences of the national and international legal
framework; on the access of genetic resources and traditional knowledge; on the
impact on the training of human resources for the plant improvement programs
in Brazil, and finally on the intellectual property rights issues in biotechnology.

Delphi: Carried through Internet, the enquire involved about 1800
participants, with 582 respondents in the first round.
subjects: nanotechnology for sensors; nanotechnology for processing, storage
and transmission of information; nanobiotechnology; nanotechnology for
structured applications; tools and equipments for N&N; nanotechnology for
electrochemical processes; energy; agribusiness; water resources and
environment; social impacts of nanotechnology; long range researches. A second

Itis a

It covered the following

Table 4: CGEE’s experience: main phase

© 2005 Institute of Business Administration

133

ISSN 1613 — 9615



Filho, Santos, Coelho, Santos September 2005

?£‘ Journal of Business Chemistry
WWw.businesschemistry.org

Decision making

Here, the main questions are: What will be done?
How will it be done?

The strategic options which seem to be more
adequate amongst the identified ones are selected,
through interaction with the main decision makers.
The expected results involve the definition of
mechanisms and tools for implementation of the
selected options, as well as the identification of
other themes for future analysis.

The commitment of the decision makers during
the whole process is essential since it is their
responsibility to define what and how things will
be done, that is, the final decision belongs to them
and prospective studies are only finished when
recommendations are put into action.

CGEE'’s foresight expanded model

Figure 2 presents the expanded model of the
methodology in use by CGEE. The central idea of
this approach is to provide flexibility to planning,
considering the high level of uncertainty associated
with complex and hyper-competitive
environments of current times.

The final goal of a foresight exercise is always
setting priorities to guide decision-making process.
However, as pointed out by Skumanich &
Silbernagel™ “forecasting activities cause impacts
to organizations (or society) in a variety of ways
most of which are extremely difficult to measure.
As a result, foresight activities tend to rely on high-
level buy-in and public legitimization as sigh of
their effectiveness”. (Table 6)

CGEE’s model incorporates different views,
methods and techniques, using tacit and explicit
knowledge in order to obtain a shared view of the
future. It gives consistency to the results of the
studies and amplifies the possibilities of its
acceptance and usage by the decision makers.
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Conclusions:
Learned

Key Points and Lessons

The creation of visions of the future to
anticipate emergent opportunities, potential threats
and to indicate trends and priorities is vital for the
success of the innovation process and requires
permanent monitoring and sharpened perception
to catch the indications that allow this anticipation.
In relation to the construction of future strategies,
the efficient use of the different techniques and
existing methods stands out as a basic aspect, in
order to comply with the specificities of the
problem, as well as the emphasis on participatory
approaches, communication  networks and
horizontal and vertical communication channels.

One of the main tasks in future studies and
foresight exercises is the careful and disciplined
exploration of representative landscapes of future
situations. The information, the knowledge and
the perceptions obtained as a result of these
activities are used by people and organizations to
make decisions, to elaborate strategies and, above
all, to get a better view of the future.

The global leadership in any field depends,
more and more, upon a change that includes the
effective and innovative use of technological
management. The key for leadership is in process
management of creative ideas, the generation of
new technologies, the development and
commercialization of new products in existing and
new markets. The innovation management tries to
congregate mechanisms and tools, methodologies
and forms of organization that guarantee the
organizations innovative capacity and, as a result,
its competitiveness.

Strategic and multidisciplinary themes with a
high degree of complexity that involve different
and contradictory interests and mobilize the public
opinion,  require  adequate  methodological
approaches to make possible the decision making
based on information of quality, obtained by
shared, participatory and articulated means within
the academy, government and enterprises with the
involvement of representatives of the civil society.
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In this phase, the main recommendations and results of the studies are submitted to decision
makers and to society through seminaries, workshops, publications and Internet.

Biotechnology

The biotech study is underway; however, some partial observations from the panels can be
drawn:

0 There will be economic impacts with the adoption of GMOs, especially regarding to
national seed industry. The cost of segregation and rastreability could compromise the
competitiveness of the Brazilian products;

o Following implementation of the biosafety law there could be impacts on the research,
production and commercialization of grains and seeds, especially for GMOs;

0 The large transnational companies (“post-geographic”) are creating ‘legal marketing’
offices responsible for following the discussions on legal framework on a worldwide
basis;

o The biotechnology legal framework has been lead by key countries such as the USA,
Japan, China, Brazil, European Union and South Korea, known as ‘legal decision block’.
Countries that had built their legal framework did it based on the Cartagena Protocol;

o In relation to intellectual property rights it is clear that there is a need for investment
on the training on human resources capabilities able to deal with the subject of patents
on the international basis;

o The majority of the genomic research in the country is on the basic science. At the
same time, in the developed world, the GMOs products are being generated based on
the genomic knowledge pointing out that there is a gap in Brazilian development in this
area;

o There will be possible consequences of the actual legal structure related to access of
genetic resources in Brazil. In that scenario, the competitiveness on R&D activities and
innovation related to biodiversity use and genetic resources will be threatened.

o The changes on the knowledge basis, going from traditional knowledge to molecular
biology, are impacting now and will impact even more in the future on the capabilities
and skills in plant improvement programs. To face this challenge is crucial to be able to
select possible new fields for investment leading to opening new market opportunities.

Nanotechnology
The nanotechnology study is in progress; however, some partial comments can be highlighted:

o All innovator countries have nanotechnology programs, with strong investments in
ICT, biotechnology and environment;

o The amount of resources dedicated to nanotechnology are increasing and have the
same order of magnitude of other relevant technological areas;

o The programs are drawn to engage the biggest possible number of participants, either
of companies, either of academics and/or research institutions;

o Each national program has very clear proper characteristics, reflecting the peculiarities
of the financial S,T&l system of each country, either in traditional aspects either in
recent trends;

o The programs are tied with the national strategies of competitiveness and economic
development reflecting clearly the effects of some factors: the profile of the economic
activity of the country, its human resources and the recent history of the technological
development;

o The programs have targets of short, medium and long term that are associated to the
perspectives of economic exploitation of the results, in each country;

o Many programs have elements of attraction of researchers of other countries, either
through offer of jobs, either of excellent conditions for research.

Table 5: CGEE's experience: phase of commitments
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Figure 2: Expanded model

The studies carried out through CGEE had been used to inform the decision making process,
in different spheres of the government, as for example, the decision of R&D investments in
Sector Funds for Science and Technology.

Biotechnology

The study is still in progress. However, partial reports have already been supplied
to the government, standing out the needs of new mechanisms and tools as strategic
projects, emphasizing the culture of the work in nets, fortifying activities of
patenting, training human resources in ICTs looking towards biotechnology and
researchers with enterprise vision;

Nanotechnology7

The study it is still not concluded, but its results will be used to define the policies
of investments of the Science and Technology Ministry in the area. However, part of
this work has supported the decision making process in order to formulate the
national laboratory/program of nanotechnology.

Table 6: CGEE’s experience: Decision making
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In the particular cases of the studies on bio and
nanotechnology conducted by CGEE for NAE
(Nucleus of Strategic Issues of Presidency of the
Republic of Brazil) the conclusions were used as
the main base for the proposition of specific laws
and programs of development adopted by the
Brazilian Congress and Government as well.

Another important point is related to the need
of creation of new tools and approaches that can
deal with the increasing trend towards
multidisciplinarity and flexibility, necessary to
understand the complexity of the current reality,
when the models in use seem to be insufficient.

Through the communication and cooperation
between researchers, users and financiers, the
methodology in use by CGEE looks forward to
articulating the search for “visions of the future”.
Privileging the knowledge of the environment and
the factors that determine the context of the
problem, a more effective communication occurs
among the stakeholders, which influence the
development of science and technology, leading to
the strengthening of the technical-economic
networks that they participate. Additionally, the
activities of foresight developed by CGEE look
forward to leverage the process of technological
innovation in the country, adding value to the
existing information and transforming it into
useful knowledge ready to be used.
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