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Science, Technology, Engineering, Innovation, and Prosperity 

“Technological innovation is not merely a matter of installing devices, but rather of transforming society and its value system.”
Francisco Sagasti (2004)

Contemporary society widely acknowledges the leading role of knowledge-based industries in generating and maintaining quality employment in a region and in providing the basic conditions for sustainable economic prosperity (SANDAG, 2004).  Prosperity is related to a region’s ability to make more productive use of its materials and resources in the production of goods and services, thus creating the potential to pay higher wages. Low wages hinder sustainable competitiveness because they keep the population’s standard of living low.  True competitiveness comes from companies’ capacity for continuous innovations and improvements.  It must be understood that the driving forces behind economic development are related to the following factors (Melnick et al., 2003):

· Advances in science and technology have always offered an enormous potential for the creation of wealth, but nowadays changes are taking place at a much higher rate of speed.

· Innovation has joined natural resources, capital, and people as the fourth ingredient in economic growth.

· Knowledge-based companies have to collaborate more closely with universities and research institutes to train, attract, and retain innovators and to develop new products and services derived from science. Consequently, a region’s competitiveness will increasingly depend on its research capacities and the quality of its universities.

· The potential to put knowledge into practice depends on training a critical mass of engineers, since in the quest for productivity and innovation, engineers will play an increasingly important role not only in the development of products and processes, but also in the creation and management of new systems for building infrastructure, optimizing manufacturing processes, information management, and improved logistics for the provision of goods and services. 
Above and beyond this economic reality, it is also important, in understanding the relationship between science, technology, engineering, innovation (STEI) and human prosperity, to recall that a significant proportion of the improvements in living standards attained over the past century were derived from technological innovations in public health, nutrition, and agriculture. Those improvements reduced mortality rates and increased life expectancy.  Progress in sustainable environmental management will have to be based on the application of new knowledge. 

Consequently, attaining the Millennium Goals (see Table 1) will require the application of current and new knowledge as well as the related institutional reforms (Juma and Yee-Chuong, 2005), which implies the development and adoption of technological and organizational innovations.

Table 1. Millennium Goals

	Goal
	Targets

	Eradicate extreme poverty and hunger
	Halve, between 1990 and 2015, the proportion of people whose income is less than one dollar a day.

Halve, between 1990 and 2015, the proportion of people who suffer from hunger. 

	Achieve universal primary education 
	Ensure that, by 2015, all the world’s children will be able to complete a full course of primary schooling.

	Promote gender equality and empower women
	Eliminate gender disparity in primary and secondary education preferably by 2005, and at all levels of education by 2015. 

	Reduce infant mortality
	Reduce by two-thirds, between 1990 and 2015, the under-five mortality rate.

	Improve maternal health
	Reduce by three quarters, between 1990 and 2015, the maternal mortality rate.

	Combat HIV/AIDS, malaria, and other diseases
	By 2015, halt and begin to reverse the spread of HIV/AIDS.

By 2015, halve and begin to reverse the incidence of malaria and other major diseases.

	Ensure environmental sustainability
	Integrate the principles of sustainable development into country policies and programs, and revert the loss of environmental resources.

	Develop a global partnership for development
	Develop an open trading and financial system that is rule-based, predictable, and nondiscriminatory (including a commitment to good governance, development, and poverty reduction, both nationally and internationally).

Address the needs of the least developed countries.

Address the needs of landlocked states and small island nations.

Deal comprehensively with the debt problems of developing countries through national and international measures in order to make debt sustainable in the long term.

In cooperation with developing countries, develop and implement strategies for decent and productive work for youth.

In cooperation with pharmaceutical companies, provide access to affordable essential drugs in developing countries.

In cooperation with the private sector, make available the benefits of new technologies, especially information and communications.


While it is clear that fighting poverty depends on comprehensive strategies to improve the general level of well-being within society, it is also true that poverty can be reduced through the contributions of STEI: using scientific and technological knowledge, contributions can be made to economic development in order to combat hunger by improving nutrition, increasing agricultural yields, and optimizing soil and water management. 

ICTs, in turn, can support primary, secondary, and tertiary education by offering effective distance learning solutions and powerful pedagogical tools. In addition, they can help in the creation of networks of specialists, exchanges of information, and the development of such socially relevant applications as telemedicine.

Resolving health problems, through diagnosis, prevention, and treatment, is closely related to today’s scientific advances in molecular biology, genomics, proteomics, and combinatorial chemistry; it is therefore clear that innovations in this area will increasingly be derived from the capacity for STEI.

With reference to the environmental goals, STEI is essential for improving the management of complex ecosystems and for introducing clean technologies and effective environmental management systems. Similarly, innovation underpins the current aspiration of preserving water resources through better irrigation systems, drought resistant seeds, equipment for wastewater treatment and reuse, and high-efficiency advanced water-purification techniques.

With regard to energy, which was identified as one of the five priorities of the World Summit on Sustainable Development, major innovations are being developed in the generation, transmission, and distribution of electricity, with a strong environmental component, increasing renewable sources and optimizing the efficiency of conventional sources of energy.

Competitiveness

Competitiveness is a complex concept that has been studied from various angles and by several disciplines; it has not, however, been possible to reach a single, broadly accepted definition. Nevertheless, the study of competitiveness is necessary in order to understand how it can be fostered, through an understanding of its sources, and, of course, how it can be translated into higher standards of living for society.
Evaluating competitiveness is not merely a matter of socially irrelevant economic analyses; on the contrary, it involves identifying ways to promote more competitive domestic companies that, through the creation of better paid and stable jobs, can make a real contribution to higher standards of living.

Consequently, this document first analyses the globalization phenomenon vis-à-vis the concept of competitiveness in order to show that in the performance of economic agents, forces exist that transcend national boundaries. It then reviews different approaches to competitiveness broken down into three levels–companies, industrial sectors, and the nation–with the aim of examining the various components that have been considered for measuring competitiveness. 

One common factor used in the different approaches to competitiveness is that of intellectual capital and its relationship to the capacity for innovation; it is therefore suggested that there is a growing need to adopt a system-wide approach for the analysis and design of innovation policies, known as National Innovation Systems. With that in mind, this paper proposes some of the basic elements that should be included in a policy for science, technology, and innovation capable of improving standards of living in the region’s countries.

Globalization and Competitiveness

The globalization phenomenon, characterized by the intensification of international competition through the world being seen as a single vast market, brings along with it far-reaching productive and socioeconomic changes; these come together to form a process that is taking place simultaneously at different levels (international, regional, and national) and that demands new methodological approaches in order to understand and promote competitiveness. Thus, while the concept of competitiveness is not new, the context in which it is taking place is, as are the driving forces behind it. The traditional model–based on comparative advantages and on the assumption that countries and their economic units allocate their resources to the production of those goods and services in which they enjoy an advantage over other countries–has been harshly criticized for emphasizing static analysis and for holding the basic source of competitiveness to be the existence of natural resources and advantages, which have lost their capacity to generate wealth.
Currently, there is a sharp contrast between the traditional model and the new approach to competitive advantages, which sees them as being created dynamically by business-owners and governments through a set of business strategies and actions, public policies, and interinstitutional relations that seek to optimize added value.

Thus, it is now recognized that the main source of wealth in OECD nations lies in the creation of intellectual capital, chiefly through education and research, and much less in sources derived from countries’ natural resources or even in the existence of physical capital.
Although it is now broadly accepted that the traditional model has been superseded by that of dynamic competitive advantages, there is no agreement on a definition for competitiveness. There is, however, a high level of consensus regarding the idea of competitiveness as a multidimensional concept that involves export capacity, the efficient use of the factors of production and natural resources, and increased productivity, which guarantees higher standards of living (Haque, 1991).

From the countries’ point of view, the U.S. Competitiveness Policy Council proposed an approach to competitiveness that speaks of the “ability of a national economy to produce goods and services that pass the tests set by international markets, at the same time that the citizens can attain higher standards of living that are sustainable in the long term” (Competitiveness Policy Council, 1992).

Following a practical approach (Müller, 1992), one good starting point for defining competitiveness is the concept used by Canada’s Task Force on Competitiveness in the Agrifood Sector, which suggests that competitiveness is the “sustained ability to secure and maintain a lucrative market share.” That definition agrees with the widespread idea that associates competitiveness with market participation, but qualifying it from the industry’s point of view by incorporating the goal of securing lucrative operations, which is correct. In this definition it is clear that competitiveness has therefore to be understood as a relationship process between businesses and markets in which a key role is played by the various expressions of power structures, including those of both the government and of interest groups, which determine the context in which companies compete.
It is currently accepted that although public policies seek to create a favorable environment for promoting competitiveness at the regional and sectoral levels, competitive advantages are created within companies and within specific industries. As a result, broad consensus has also risen around the fact that public policies and the relations between companies and the institutions surrounding each industry create a competitive environment, what Porter (1990) calls the diamond of national advantage.

In that context, the OECD has said that in the new competitive environment, the behavior of companies sets the microeconomic foundations for competitiveness, and that behavior is shaped by a broad spectrum of knowledge and information about issues relating to that environment, such as consumer preferences, communications systems, productive relations, markets, distribution systems, advertising in different cultural spheres, etc. (Bradford Jr., 1994). The complexity of this information consequently requires companies to define new strategies.
Thus, in these new productive systems, a firm’s sources of knowledge and key information transcend the internal realm and are increasingly found outside companies. Relations between companies have therefore become more important for competitiveness than their own internal relations.

To support the new business strategy, it is therefore important to distinguish those elements of competitiveness over which a company has a degree of control from those others over which it has none. The competitive performance of a company depends, primordially, on its ability to manage the following internal elements over which it has control:

· Selection of product portfolios 

· Selection of technology and equipment 

· Internal organization

· Purchasing

· Research and development projects 

· Quality control systems 

· Hiring, training, and management of human resources

· Marketing and distribution

· Finance and cost management

The correct management of these internal elements is a function of the company’s organization, personnel capacities, and systems for assessing and improving performance in each of those areas.

At the same time, competitiveness also depends on the quality of the interactions that companies establish with a series of factors, including:

· The macroeconomic environment. 

· The efficiency of the supporting companies that provide materials and services.

· Physical infrastructure, particularly for telecommunications and transportation.
· Human infrastructure, expressed in the quantity and quality of human resources.

· Institutional infrastructure for the provision of financial services, export support, technological assistance, and legal systems.
The management of these interactions builds up interconnection mechanisms that establish linkages that then lay the foundations for innovation systems.
Knowledge and Social Learning 

Knowledge is information that has been internalized–that is, integrated into this subject’s cognitive structures; without the possessor of knowledge, knowledge cannot exist. “Knowledge is ordered and structured information; for information to be converted into knowledge requires the presence in the memory of pre-existing structures for understanding that are capable of retaining certain information so it can be incorporated into a person’s knowledge” (Sanz, 1994).

Knowledge has traditionally occupied the central position in economic growth and higher living standards.  “The ability to invent and innovate–in other words, to create new knowledge and new ideas that are subsequently crystallized in products, procedures, and organizations–has historically been the fuel of development” (David and Foray, 2002). What is peculiar to our time and what has led us to adopt such expressions as the “knowledge economy” or, later, the “knowledge-based society” is the unprecedented acceleration in the rhythm with which knowledge is created, accumulated, and ultimately deprecated. That is a consequence of the growing intensity of scientific and technological progress.

To quote Chaparro (2001), “in the forms of social organization that are currently emerging, knowledge is beginning to assume a dimension and to play a role within society that goes beyond what it had in the past. Within the societies that are developing in this third millennium, the position of each individual in society is increasingly the result of the knowledge he or she has managed to develop or construct.”
Thus, two of the great challenges of the knowledge-based society are its appropriation by the productive system and, at the same time, its appropriation by civil society (Piñón, 2004). The societies of our Hemisphere must therefore improve their practices for converting information into useful knowledge and for implementing processes for the social learning of knowledge. Both processes demand the creation and consolidation of organizations that are able to learn, adapt, and creatively integrate into a changing environment. New kinds of institutions participate in this phenomenon, constituting what David and Foray call “knowledge communities”–in other words, networks of individuals for producing and disseminating new ideas and for facilitating ties and cooperative efforts among people belonging to different or even competing bodies.

Our region needs to create mechanisms to facilitate the flow and processing of information, to convert it into knowledge that is useful for specific users in connection with specific issues, and to supply them with it on a timely basis (Chaparro, 2001).

STEI Situation and Challenges in the Americas

The importance of STEI for development and prosperity is understood in our Hemisphere, but its translation into the design of effective development policies has only taken place in some countries. There is a clear distinction with Canada and the United States, which have implemented major promotion mechanisms, led by their high levels of investment in research and development (R&D) by both their governments and the private sector. In contrast, the heterogeneity that exists among them notwithstanding, the remaining countries allocate low political priority to R&D and the promotion of innovation; this can be seen in the low levels of public and private investment and the scant importance they are given in development plans. The following data are eloquent:

· In 2000, Latin America and the Caribbean (LAC) merely invested slightly more than 9 billion dollars in R&D. More than half the regional total came from three nations: Argentina, Brazil, and Mexico.

· LAC’s average investment in R&D at the start of the decade was 0.54% of regional GDP.

· Another indication of the neglect surrounding science, technology, engineering, and innovation in the latter group of countries is their numbers of researchers. According to 2004 figures, there are only 280,000 researchers in Latin America, more than 80% of whom are located in Brazil, Mexico, and Argentina. Doctorate-level studies, the basis for increasing the number of researchers, remain low and are concentrated in those same three countries. Moreover, very few of them work in productive sectors, as a result of which the industrial demand for the fruits of R&D is low.

· Very little investment is channeled into experimental development, which is an indication of the low capacity for innovation among companies and stands in contrast to the situation in industrialized economies and emerging countries, where most investment is made specifically in pursuit of technological development.

· Relations between public research centers, universities, and companies are both weak and embryonic. This is caused by communications problems between the sectors and also by the absence of policies to encourage such ties and regulatory frameworks for governing and facilitating them. As a result, even LAC’s innovative companies make little use of cooperation with academic institutes.

This distancing of the academic and productive sectors reduces the economic and social returns of R&D investments, which discourages attempts to increase them.

International cooperation has played a very important role in the scientific and technological development that Latin America has achieved. In particular, the United States has influenced the development of scientific and engineering capabilities in such important sectors as agriculture, energy, health, and manufacturing. This cooperation has not been restricted to the funding of specific activities; it involves the training of qualified human resources, the execution of joint projects, and the channeling of productive investments to support the training of engineers and technicians in the handling of advanced technologies. Cooperation between the United States and Canada has been very intense, and the latter country’s efforts with Latin America have been on the increase.

Since 1968, the OAS has been promoting cooperation among the Latin American and Caribbean countries through the Regional Scientific and Technological Development Program, establishing a multilateral framework that has contributed to the emergence of a culture of cooperation. It must be acknowledged, however, that cooperation among these countries has been weak and sporadic, on account of economic concerns and problems with managing the multilateral dimension.
Adopting a hemispheric view of science, technology, engineering, and innovation in the Americas must involve, at the least, the following areas:

Strengthened Infrastructure

Adequate infrastructure is a necessary condition for improving the generation and application of STEI for prosperity, although in and of itself it is not enough. Infrastructure fosters production and consumption at the industrial and individual levels and, at the same time, generates substantial externalities. Investment in the creation of infrastructure encourages demand for goods and services, providing supplier companies with a market incentive and, at the same time, boosting the productivity of other factors of production such as transport services, equipment supplies, telecommunications networks, and information flows.

Governments have considered infrastructure projects from a static viewpoint and not as an important part of a process of technological learning. In practice, their projects involve a broad range of technologies and complex institutional arrangements that strengthen local capacities, and these can be used to benefit countries and regions. Consequently, governments must adopt a dynamic approach and ensure that the construction of infrastructure is accompanied by planned and broadly disseminated processes for the assimilation of technology (Juma and Yee-Cheong, 2005).

Training of Scientists and Engineers

Traditionally, engineers have been a critical factor in the application of technologies, creating specific techniques to ensure the efficient and reliable operation of production facilities and fostering improvements in productivity. Engineers currently face the challenge of creating the venues needed to take advantage of the innovation opportunities arising from scientific and technological progress. It is no longer merely a matter of their being the architects of productivity; they must also apply knowledge to new and different activities, to the establishment of companies, to the provision of new products and services to satisfy social demands, and to the creation of jobs.
This topic is related to the setting of viable strategic objectives for capacity building in pursuit of the creation of a critical mass of personnel, adequate in terms of both their quality and their quantity, that can tackle the tasks of developing, disseminating, and applying knowledge. It also involves the implementation of study program certification mechanisms; teacher updating, training, and exchanges; links between disciplines; the definition of interinstitutional cooperative training programs; and the creation of incentives and institutional capacities for absorbing high-level personnel.

According to the study Global Engineering Excellence (Continental AG, 2005), the ability to live and work in a globalized community is today an important requirement for engineering graduates. Engineers need to have broad-ranging skills and know-how in engineering, to be flexible and mobile, to be able to work in an international environment, and to be aware of their societies’ needs, many of which can be satisfied by creating quality jobs.

Ensuring that engineers acquire those skills requires the active involvement of industry, government, academia, and the institutions and organizations involved with engineering, in order to meet critical challenges. In addition to a solid foundation in basic science and in the specific technical know-how of given areas of engineering, the required training also demands:

· Knowledge about the foundations and dynamics of contemporary society, characterized by challenges and opportunities in the global, regional, and national levels.

· Exposure to cutting-edge knowledge through research and development projects relevant to problem-solving.

· The creation of spaces and opportunities by industries so that students can establish groups, projects, and global plans through experiences at their universities, research and education projects, case studies, or off-campus practices.

· Enabling the international mobility of undergraduate and postgraduate students, teaching staff, and engineering professionals. 

· The development of more flexible curriculums to facilitate the development of exchanges, fellowships, online courses, and cooperative programs.

· Program certification must include cooperative work, relations with the productive sector, and the contributions made to problem-solving.

· Creating the capacity and conditions needed to create jobs through the establishment of new companies or new areas of opportunity for investment by existing companies. 

· Addressing the technological needs of local companies, particularly small and medium-sized businesses and microenterprises.

· Promoting entrepreneurship programs and company incubation projects to facilitate the establishment of new businesses and the creation of jobs, as well as to expose students and teachers to new challenges.

Attaining the objectives of engineering for innovation and job creation largely depends on a mutual commitment to forge alliances, particularly between engineering schools and professional practice. Industry must assume the lead in developing opportunities for students to practice engineering within a relevant socioeconomic context, either through on-site work, online participation in global engineering projects, or other experimental opportunities.
In turn, universities must begin to collaborate more closely with industry, in areas such as research, educational projects, and practical experience programs.
Professional engineering organizations must collaborate more closely and work to consolidate a dialogue between professional practice and schools; they must also help define and oversee global engineering qualifications.

The style of engineering that is emerging requires a theoretical grounding in learning behavior and models, as well as in organizational processes and managerial methods focused on fostering global competition among engineers.
Government agencies must create incentives so that the various parties involved play their role, and they must create programs to support research into global engineering processes, methods, and tools and into the understanding of learning behaviors.

Only a genuine commitment and sustained collaboration among all the participants involved in educating engineers will guarantee a substantial increase in the world’s supply of well-qualified and globally prepared engineers.

Developing the necessary skills is a challenge, and so the countries of the Hemisphere must avail themselves of all the available opportunities and strengths.

A New Approach and New Tools for Engineer Education and Training
Powerful and proven technologies for collaboration and communication are transforming the world of education. They are eliminating “memory work” from education, allowing more time for analysis, synthesis, and creativity. The intensive and intelligent use of low-cost simulators and computer-assisted modeling enables students to visualize phenomena, develop prototypes quickly, and explore new materials. Information technologies are expanding the scope and reach of students beyond the classroom walls and are simultaneously providing professionals with remote access to university campuses.
Cooperative education, practices, research experiments, learning services, studies abroad, and programs covering similar experiences offer students the possibility of better theoretical and practical relationships within their respective fields. The experience of learning in an international context enables students to develop such crucial skills as teamwork and communication.
The development of skill-based curriculums is transforming the educational experience; this helps to fine-tune an institution’s educational approach and to ensure that education and training are in line with the needs and expectations of the various stakeholders involved.
Internationalization of Graduate Students’ Educational Experiences through Participation at Foreign Institutions

Communication skills in the languages of the foreign countries to which they are sent.  Most universities must therefore stress language teaching, partly to ensure that students are able to maintain a conversation in a foreign language and partly to prepare them for the customs and culture of the host country.  The English language is increasingly becoming the lingua franca of intercultural communication. 

The internationalization of teaching personnel to create sustainable international knowledge networks can be achieved in two ways: recruiting university teachers from abroad, and encouraging local staff to earn foreign degrees and/or to participate in international education or research programs. Granting sabbaticals or leaves of absence to university staff is the most common way of providing academics with an international outlook on education and research, and so it is very important to implement effective mechanisms for encouraging academic mobility throughout the nations of the Hemisphere.

This internationalization requires a conscious policy of promoting the mobility of students and teachers and the establishment of an institutional framework that supports the incorporation of engineers into the global context. 

Network of Centers of Excellence and Virtual Spaces 

The successful experiences of countries such as Canada, with its initiative to create networks of centers of excellence, can be transferred to the hemispheric level, when scientific development and innovation goals, attainable through organized collective efforts, can be defined. These networks do not imply the creation of new infrastructure or agencies and are based on the contributions of different institutions, under the leadership of a coordinator, creating synergies and maximizing the use of existing resources. Information and communications technologies are an excellent catalyst for the establishment of virtual cooperation forums for human resource training and research.
Thus, one opportunity for overcoming shortcomings, boosting resources and capacities, and sharing the costs of research, development, and human resource training is offered by the establishment of collaborative projects that share both their information and ownership of the results.

It is therefore essential to evaluate the capacities of the scientific and technological institutions in each country or region, in order to identify lines of research and, more importantly, the strengths and areas of opportunity for exchanging knowledge that exist.
One key factor in the success of these networks, however, are the learning processes: these imply the acquisition of skills by the person receiving knowledge, and they are maximized with frequent exchanges of knowledge. Knowledge absorption mechanisms – associated with the groundwork of knowledge necessary for new knowledge to be used effectively and to yield the expected results – must be strengthened. Thus, it is important to incorporate the exchange of tacit knowledge that marks the difference between dependence on the creator of the knowledge and the creation of the ability to use it and, also, to modify it.

Formal streamlined mechanisms to promote linkages are essential in consolidating dynamic structures that can respond to the complexity inherent in these new dynamics. The inclusion of elements of knowledge management will be the key to identifying more precisely the particular features of the way in which knowledge is effectively transmitted from one institution to another.

It is therefore necessary to consider promoting the creation of liaison agencies, which are basically responsible for bringing different agencies together for collaborative purposes. This is undeniably one of the greatest challenges facing the construction of a common space for science, engineering, and innovation. The creation of “bridge” agents focusing exclusively on the assembly and consolidation of networks.

This requires a degree of standardization in the region’s policies targeting the same goal: broad-ranging interinstitutional links. For this, the definition of linkage priorities among the different countries is indispensable in concentrating efforts and maximizing benefits.
Another determining factor in promoting these networks is adapting the regulations currently in force in the institutions that create knowledge and which largely act as a constraint on linkages: issues related to the mobility of researchers among the region’s countries for the lengthy periods needed to ensure continuity and research follow-up without endangering job security. This demands greater flexibility in employment terms in the academic and government spheres.

Attention to Gender Issues and Participation by Indigenous Communities

The development of a continental forum for science, technology, engineering, and innovation must take place with an awareness of criteria of equality in opportunities to participate. This demands the design and implementation of active policies for the training and inclusion of female scientists and engineers, support for informal innovation systems based on contributions derived from the traditional knowledge of indigenous peoples and communities, and an approach to regional development that offers opportunities to lesser developed areas.

International Cooperation

New avenues for international cooperation, at both the bilateral and multilateral levels, must be explored. Recent evidence shows that even in countries with smaller science and technology structures, outstanding areas exist that offer a source of knowledge that, using effective mechanisms, could support capacity building in other countries or regions. Experiences such as those of various European programs illustrate how cooperation can be an excellent instrument for promoting scientific and technological development.

Knowledge Management 

The countries of the Hemisphere need to take determined steps toward their successful incorporation into the knowledge-based society. This means that encouragement must be given to learning about the processes whereby knowledge is created, adopted, assimilated, applied, and distributed, which are facilitated by advanced information and analysis techniques, computer networks, and expert systems. 

Good Practices for Innovation Management 

Technology management is the set of techniques that serve to identify the technological potential and problems of companies and institutions, with a view to designing and implementing their plans for innovation and continuous improvements in order to strengthen their competitiveness. Similarly, the management of technological innovation is the organization and channeling of human and economic resources with a view to increasing the creation of new knowledge; the generation of technical ideas that will allow new products, processes, and services to be obtained or existing ones to be improved; the development of those ideas in working prototypes; and the transfer of those same ideas into the phases of manufacturing, distribution, and use. 

As can be seen, technology and innovation management is of fundamental importance, in that it has a direct impact on value creation and problem-solving. Proper technology management implies having an awareness of the market, technological trends, and the capacities of competitors; acquiring, under the most favorable terms, those technologies that should not be developed internally, together with those which are to be contracted externally, and ensuring their funding; adequately supervising their development and reacting to contingencies; evaluating the results, adequately protecting the technologies generated, and obtaining greater yields through their use; optimizing productive processes, etc. 

A hemispheric forum to foster innovation demands a significant strengthening of the capacity of businesses – particularly medium-sized and small businesses and microenterprises – to manage technology appropriately.

Social Inclusion

Innovative social policies seek, for example, to create sustainable opportunities for socially excluded people to escape poverty, by acting not only at the individual level, but also on the contexts in which individuals live. Thus, the goal is to attack the causes of poverty and not merely to alleviate its consequences. The following elements are therefore deemed essential in innovative social policies: 

· the integration and coordination of microeconomic and macroeconomic policies with social policies and structural reforms; 

· acknowledging that the failures of the market must be addressed to provide the poor with opportunities, building new relationships between market participants; 

· social mobilization for organizing and empowering socially excluded communities; 

· need for increases in the efficiency with which public resources are used. 

This isolation from the market and its imperfections is the result not only of the absence of physical infrastructure, energy, transport, communications, which isolates the poor and separates them from new technologies, but also of other intangible forms of infrastructure, such as levels of schooling and qualifications that are low in both quantitative and qualitative terms. In the poorest regions, in addition to precarious access to formal education, the educational environment disassociates work from knowledge, thus hindering innovative and entrepreneurial productive and social processes. This situation must be addressed through effective public policies, since prosperity cannot exist when vast sectors of the population are marginalized from opportunities.

Intellectual Capital and Innovation: An Essential Factor for Competitiveness and Social Well-Being 

After reviewing the main conceptual approaches to competitiveness, one common denominator emerges and forces the conclusion that, regardless of the perspective with which it is examined, competitive performance depends on society’s formation of intellectual capital and on its capacity for innovation. As stated above, the currently accepted international view is that of the knowledge-driven economy, in which the generation and exploitation of knowledge plays the leading role in the creation of wealth. According to this view, the aim is not merely to transcend the boundaries of human knowledge, but to ensure the effective use of knowledge of all kinds for economic activities of all kinds (Department of Trade and Industry, 2000). Consequently, countries seek to define a knowledge-based competitive strategy to meet the challenge of defining public policies to expand the base of that knowledge and of identifying ways to transform it into wealth for all their citizens.

This knowledge-based competitive strategy must promote a process of collective innovation involving many different players. The role of the company as the decisive player is broadly acknowledged, as is the fact that the process also requires the existence of appropriate macroeconomic conditions for the creation of a set of favorable externalities and regional specificities in accordance with needs and prevailing socioeconomic conditions. 

Since the complexity of innovation and the associated costs and risks are increasing, there is also a rise in the value and importance of establishing networks and forms of interinstitutional collaboration to reduce the possible moral damages and transaction costs faced by innovative companies (OECD, 1999). This has created an incentive for identifying new forms of technological cooperation, involving bi- and multidirectional relationships for sharing knowledge and cooperating on research and development, training, manufacturing, information management, and marketing. These new technological partnerships among different institutions define knowledge-based ties that offer companies access to the capacities and skills of other organizations so they can innovate (Solleiro, 2002).

The growing need to construct and strengthen these networks has led to the adoption of a system-wide approach for analyzing and designing innovation policies. This has given rise to the concept of National Innovation Systems, which are defined as “that set of distinct institutions which jointly and individually contribute to the development and diffusion of new technologies and which provides the framework within which governments form and implement policies to influence the innovation process. As such it is a system of interconnected institutions to create, store and transfer the knowledge, skills and artefacts which define new technologies” (Metcalfe, 1995).

Adopting the National Innovation System concept as an analysis model leads to the conclusion that public policies for promoting innovations require drastic changes in their nature and composition. In addition to their traditional functions of supporting education, training, and scientific and technological research, governments must now act as managers to help the system’s elements overcome the obstacles to proper linkages and operations, using effective instruments such as those listed on Table 2. With reference to Latin America and the Caribbean, Jaramillo (2004) says that “the existence of formal policies and plans does not always guarantee their application in the real life of the region, since they frequently perform only a decorative function.” For that reason, effective instruments are indispensable.

Table 2. Public Policy Instruments to Support the Innovation System 

Mechanisms to promote flows of funding for research and development and investment.

Legal and regulatory framework including legislation, regulations, and other provisions covering such areas as:

· Intellectual property

· Standardization

· Specific sectoral or regional programs to guide decisions by system players 

State policies for purchasing innovative products and services.

Economic and promotion mechanisms to boost flows of scientific and technological knowledge and information. 

Promoting organizational linkages to foster innovations and the production and distribution of innovative goods and services.

· Subcontracting 

· Partnerships 

· Joint investments

· Consortiums

Personnel flows

Long-term programs to guarantee the stability of institutional arrangements.

Performance evaluation instruments based on objective indicators, to facilitate program follow-up and oversight.

The growth in the Hemisphere’s exports based on manufacturing and on mature industries with low levels of technological content has not translated into sustainable competitiveness or distributed prosperity. It means a quantitative increase in trade flows, but this does not guarantee the countries’ permanent presence within world trade or any sustainable improvement therein. 

International differences in productivity can largely be explained by asymmetries in technological capacities. Consequently, a country’s capacity to produce and disseminate technological knowledge is now an essential element within its economy. 

Although strengthening their technological capacities is the responsibility of companies, different experiences have repeatedly shown that public policies must help encourage them. One of the foremost mechanisms is for the state to provide two prerequisites that are essential in attaining long-term productive and technological performance: macroeconomic stability, and the adequate functioning of the financial system. 

As described above, the situation of the LAC countries in terms of international technological competitiveness is far from close to that of the developed world, countries with intermediate levels of development, and even the so-called newly industrialized nations. This indicates a lack of correspondence between export growth and the preparation of a dynamic and competitive technological structure.

In addition, most of our countries have only highly disperse and heterogeneous capacities for innovation. Even though there are a small number of exporting companies, most of them controlled by highly qualified foreign firms, and only a few of them carry out modest levels of R&D: the dominant model is that of purchasing technology from abroad, which enables innovations to be incorporated more simply but drastically reduces the possibility of interinstitutional linkages for strengthening innovation systems. Worse still is the case of other companies that not only purchase of technology from abroad, but also prefer to buy materials and components overseas, breaking added-value chains and discouraging local supply chains.

Although in the long term an increase in global trade and a greater participation in it of high technology products can be foreseen, this does not mean the globalization of technological knowledge and capacities for the developing world. LAC must therefore not erroneously assume that economic globalization also necessarily implies technological globalization. On the contrary, it must acknowledge the existence of a form of technological globalization that is geographically limited and differentiated from one sector to another. We should not exaggerate the importance of technological cooperation on high-technology product groups to the point of thinking that we can passively attract technological joint ventures and, through them, obtain a leadership position in the medium term. On the contrary, the characteristics of technological globalization point more towards increased trade in high-tech products than towards the internationalization of knowledge. This provides a framework for the possible establishment of a technologically dynamic, competitive, and strategic trade policy that will enable countries to better incorporate themselves into current and future global trade. Capacity building at the local level, strengthening and increased sophistication of the domestic market, and linkages between national institutions are the essential platform for improving industrial competitiveness in the global context. 

Although some companies are able to stand out alone in the global concert, it is clear that an industry’s competitiveness is determined by the country’s productive and technological capacity in conjunction with the existence of a strong domestic market. 

One point must be stressed: globalization and technological cooperation do not mean the cancellation of the national dimension. This indicates the need to develop domestic technological capacities, and this is confirmed by the patterns of technology profitability followed by large developed countries. We must therefore simultaneously increase the sophistication of the domestic market (in terms of both intermediate and final consumption) and, at the same time, increase our national capacity for technological assimilation and innovation. To remain apprised of possibilities for innovation, public policies must accept the necessity of permanent technological and commercial monitoring of specific industries and of generic new technologies. 

Neither DFI in R&D activities nor technological agreements will reach our countries if the accumulation of technological capacities is weak and if the domestic market is unsophisticated. In other words, if domestic markets and overall domestic production do not increase their sophistication, the probabilities of participating in trade with goods with a high technological content will be reduced. 

Features of an Innovation Policy for Prosperity 

The quoted statistics show that LAC’s competitiveness is still low, that its STEI capacities are inadequate, and that the competitive environment is not sufficiently favorable. A regional effort to improve innovation management is therefore urgently required in order to ensure the construction of the future, the competitiveness of companies, and the well-being of society. Consequently, a policy for science, technology, and innovation that includes at least the following elements must be adopted:

· A sustained expansion of investment in science, technology, and innovation, with the aggressive encouragement of private sector involvement. The target of an investment rate of 1% of GDP in research and development has been recognized; it will only be attainable, however, if there is a substantial multiplication of private investment, which is feasible if there are more effective policy instruments, clearly oriented towards sectoral technological objectives and with a economic support component significantly greater than those that currently exist, and if those instruments are applied efficiently and expeditiously.

· Breaking free from the lineal conception of the innovation system
/ that still prevails in most LAC institutions, since it poses an obstacle to the creation of interinstitutional networks and linkages for promoting technology flows and the adoption of technologies in the productive sector, in order to strengthen sectoral competitiveness as set out in the corresponding section of this paper.

· Expanding and modernizing the system whereby human resources are trained for science, technology, and innovation.

· Modernizing and consolidating institutions, regulations, and programs for the management of science, technology, and innovation, together with mechanisms for linking them with other areas of the economy.

· Intensifying international cooperation, through commercial and noncommercial mechanisms.

· Including the science, technology, and innovation agenda in relations among the nations of the Hemisphere.

· Promoting alliances between governments and business organizations to generate technology.

· Fostering a network of suppliers of technical support services for innovation, with sectoral specializations.

· Identifying specific promotion mechanisms for reducing regional inequalities. Countries must learn to take advantage of their biological and cultural diversity and to adopt policy approaches that enable them to capitalize on the riches of their different regions and, at the same time, to respond to the completely heterogeneous composition of their factors of production, human capital, socioeconomic context, and environment for competitiveness. If a region-wide intervention is not planned, there is a high probability that economic and social disparities between the different states that make up the country will heighten, the consequences of which would be extraordinarily grave.
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�.	The innovation model that maintains that for innovation to take place, it must go through a chain of phases ranging from basic research to product marketing, without the possibility of skipping any of them or of exploring other options such as innovation through acquisition, analogy, accident, or error.
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