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Introduction

The Cuban University of the last five decades has carried out its work in a
context of deep social changes which have had an outstanding impact on the
life of the university itself as well as on the University-society relationship®.

This intense University—Society relationship —and very likely unique, as
regards the experiences of other developing countries— transpires in all
functions performed by the academic institutions in Cuba® These functions
usually include: professional education, postgraduate education, research and
university extension®.

The University—Society relationship in Cuba is not considered a function, among
others, but a quality of all the functions performed by the University. In order to
designate this close tie of academic institutions with society, the concept of
social pertinence is used, understood as the multiple relations that are built
between the university and the environment, linkages, bonds, interactions in
which both the university and society undergo profound transformations.

The issue of social pertinence was one of the major questions at the World
Conference on Higher Education, convened by UNESCO in 1998 and also the
Regional Conference on Policy and Strategy for the Transformation of Higher
Education in Latin America held in Havana (1996), as part of the preparatory
process for the World Conference”.

Social pertinence, as a principle that governs university policy, is oriented
towards the multiplication of the linkages of professional education,
postgraduate education, research and extension with the productive system and
the society as a whole. Probably, an appropriate insertion of the University in
the innovation system is only possible if the University promotes this type of
interaction.

1 Studies on innovation systems usually incorporate a historic perspective which enables to understand
the evolution of the political, educational and cultural dimensions influencing the innovation processes. We
assume that in the case of Cuba, it is sufficient to consider the last five decades. Before then, the
university scientific research was virtually nonexistent, there were very few universities and the access of
students was quite limited. In keeping with a profound revolutionary process, the last five decades of
social, economic, political, cultural as well as international relations underwent dramatic transformations.
Consequently, the university—society relationship also changed radically.

2 The Republic of Cuba is located at the entrance of the Gulf of Mexico, between North and South America,
with an area of 110,920 km2, and a population of 11 177 743, according to the last Population and Housing
Census of 2002, it has a life expectancy of 76 years. The official language is Spanish and the currency, the
peso. The country is divided into 14 provinces and 169 municipalities (ONE, 2005 y CEDISAC, 1999).

3 Unlike other concepts which call “extension” the university function concerning the University — Society
relationship, in Cuba extension has a different and more limited meaning. It fundamentally refers to the
involvement of the university in socio-cultural projects, arts, sports, informal educational campaigns (sexual
education, drug consumption, etc.) among other activities. Extension is also occasionally called the “third
mission”. At times, this “third mission” is used to designate the relationship with economic growth and
commercial objectives. Etzkowitz, H y Leydesdorff, L (1997).

4 Commission No. 1 was called Pertinence of Higher Education. The main contributions are included in La
Educacién Superior en el Siglo XXI. Vision de América Latina y el Caribe, Ediciones CRESAL/UNESCO,
Caracas, 1997. It includes the works of Garcia Guadilla (1997) and Sutz (1997), among others.



The idea of social pertinence should be adequately rationalized. A market-
oriented approach —like the sort that has invaded social relations in the last 20
years in many countries, by turning almost everything into a product— can lead
to viewing the university as a company trading educational or other services.

In the current context of knowledge capitalization, the so-called "third mission"
has often been construed along an economic key: basically as the interaction
between the university and the enterprise, which is guided more by profit than
providing a social service.

Compared to other approaches, we would rather highlight the role of the
University as a knowledge-producing institution, able to provide a high-level
education and commit to knowledge and Society. This concept does not rule out
the commercialization of products and technology created by the University; it
assumes, though, that society is much more than the market and any
knowledge can be potentially useful for development.

The university knowledge is committed to social development in its every
dimension, with the purpose of moving towards a knowledge-based model of
social development, which has been called the "new development" (Arocena, R.
y Sutz, J., 2005).

The priority given to social pertinence has resulted in the model of university-
society relationship that has been built since the Higher Education Reform in
Cuba, passed on 10 January 1962 (Higher University Council, 1962), being
basically a model which we call “interactive”, where research agendas and
educational processes are built in interaction with the social environment.

The “interactive model” title underscores the social orientation of the model and
the impossibility of resorting to any other designation used in the literature, such
as the so-called “linear model”.

Since the 1962 Reform, with variable intensity according to the stage, the
agenda for education and research has been developed in direct interaction
with the productive sector and has inserted itself in the national development
programs.

This paper shall describe the participation of the Cuban universities® in the
national innovation system. It will be noted that the participation of universities
in the system benefits from the outlined principle of social pertinence.

We shall begin by outlining the more salient features of the Cuban economy
and the trend to improve its performance after the serious crisis which began in
the early 1990’s. Then, we shall characterize the innovation system in Cuba,
called “Science and Technology Innovation System” which is a stage in the
evolution of the national Science and Technology Policy.

® In particular, those grouped under the Ministry of Higher Education, as it will be seen below.



Then, the participation of universities in the National Innovation System (NIS)
shall be assessed from a three-angled perspective: the education and training
of professionals, the postgraduate education, including the education of leaders,
and activities of science, technology and innovation. The active participation of
universities in the national innovation system will be noted. In the end, the many
challenges that need to be overcome shall be identified.



Brief overview of the evolution of the Cuban economy

For Cuba, the early 1990s were characterized by a quite complex economic
situation. It resulted, primarily, from the disappearance of the Union of Soviet
Socialist Republics (USSR) and the loss of the trade linkages established with
the rest of the socialist countries in Europe®.

The negative impact on the Cuban economy brought about by the change in
Eastern Europe was compounded by the effects of the growing globalization
process and the existence of an economic blockade imposed by the U.S., which
was tightened by the implementation of the Torricelli Act’ (1992) and later the
Helms-Burton Act® (1996).

Under the influence of extreme changes and the conditions that characterized
the domestic situation, the government initiated a process of transformations
aimed at halting the decline of the economy and preparing the country to take
up growth again on new basis. In this connection, a national emergency
program called “Special Period" was put in place; as it set out to face the new
challenges through the promotion of sectors where some capacity had
previously been built. So a boost was given to non-traditional sectors with hard-
currency earning potential, such as international tourism and the high-tech
industry involving the production of biotech and pharmaceutical products and
medical equipment. Likewise, the export capabilities of traditional sectors were
bolstered on the basis of restructuring the sugar agribusiness and the
expansion of the nickel industry. A program for the production of food for the
population was also introduced.

In 1994, after a long economic decline®, Cuba began a process of small
economic recovery which can be seen in Chart No.1 Notice how the country's
sum of productions and services began to pick up, reaching in 2004 a 46%
increase compared with 1994. In the year 2005, the economy grew by 11.8%,
the highest growth since 1959 (Rodriguez, J, 2005) In the first quarter of 2006,
the Cuban economy had surpassed the growth achieved in 2005, and in May its
growth pace was estimated at 12.5% (Castro, F. 2006)

6 The breaking-off of integration relations in effect for years with these countries led to Cuba’s drastic fall
of imports —by more than 70%—, the loss of safe markets for her exports, fast decline of imports and the
inability to have access to soft loans from international financial institutions. In these extremely difficult
circumstances, the continuity of the social and economic development that had been achieved in the late
1980s was compromised.

7 Act whose objective was geared towards preventing Cuba from trading with US subsidiaries based in
third countries.

8 Act geared toward slowing down foreign investment in Cuba and stopping the supply of products out of
concerns from companies or suppliers.

° Technological supplies from the USSR were stopped between 1989 and 1992. In three year, imports fell by
72% and exports by 67%, the investment rate was 7% down from 26%, the gross capital formation dipped by
60% and oil imports dropped in over 50%. In 1993, the GDP sank by 35 % compared with 1989.



Chart No. 1. GDP variation (1997 prices)
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Source: Center of Studies on the Cuban Economy (CEEC), 2006

In the period 1990-2005, Cuba continued to turn into a service economy based
in the policy of giving priority to foreign exchange-generating activities that save
energy and reduce energy dependence, use qualified human resources and
make their productions in dynamic markets. The effect of this behavior can be
seen in the shift of sectors share in the GDP structure. See Chart No. 2.

Chart No. 2. GDP structural changes
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As can also be seen in Chart No. 3, the share of these sectors in the Cuban
exports underwent a significant modification.

9 Our thanks go out to Dr. Anicia Garcia Alvarez, Director of the Center of Studies on the Cuban Economy
(CEEC) for the information about the Cuban economy made available for this paper.



Chart No. 3. Structure of Cuban exports
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As can be seen, the recovery process began in the mid-1990s was
accompanied by a diversification of the sources of growth. Thus, the Cuban
economy went from an economy where the key factor of growth was centered
on a pattern of low technology-intensive* specialized production and export of
goods (namely sugar and tobacco) to an economy where the production of
services with high added-value, such as health related, education and tourism,
prevailed.

The measures taken by the government in a numbers of areas of the economy
allowed that for the end of 2004, the current accounts of the balance of
payments (Chart No. 4) showed a positive balance.

Chart No. 4. Balance in current accounts (MM USD)
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11 Kelly typology, extending technological intensity as the relation between the total expenditure (current
plus investment expenditures) allocated to R+D and the value of production of an economic activity. The
critics of this typology points out, among other limitations, that an industrial branch can directly qualify as
low technology intensive, while being an indirect user of technology generated in other branches by way of
inputs. Its advocates justify the use of this classification on the basis of empirical evidence, in many
industries, between the intensity of R+D expenditure and the technological complexity (Fernandez, C.
1994)



Source: Center of Studies on the Cuban Economy (CEEC), 2006

That year the Cuban economy made a significant progress in its development.
Although the industrial production suffered various impacts*?, 10 branches grew
out of a total of 22, being mining and non-ferrous metallurgy the most
outstanding ones with 10.7% and electronics industry with 4.0% (Rodriguez, J,
2005). Furthermore, the conditions were created to advance much more in
coming years. Some of the additional factors that shall have a bearing in this
advance, which characterize the current economic situation include:

1.- Development of the high-tech industry. The emergence of a new high-tech
industry, the biotech-based medical-pharmaceutical industry*®, with investments
over the last three years amounting to 120 million dollars and the intent of
developing the software industry™®, also highly technology-intensive, somewhat
modify the actual Cuban production structure.

2.- Major donations, loans and investment from China. Including a loan of 6.1
million USD —to be repaid in 15 years with a grace period of 5 years during
which no interests shall accrue— for material and inputs and spare parts for the
health sector; deferment of 10 years of the beginning of repayment of financial
obligations under government loans for the sum of 50 million dollars; the
granting by Chinese banks of a loan of 500 million dollars for the establishment
of a joint-venture which will build a ferronickel plant with a production capacity of
22.500 tons of nickel and the granting of credits for the development of
infrastructure in Cuba, such as port equipment, railway improvement, telecom,
machinery for shipbuilding, oil extraction and nickel mining, among others.

3.- Significant agreements with Venezuela. Cuba signed agreements included
in the Bolivarian Alternative for the Americas (ALBA)™, including the
establishment of PETROCARIBE and the signing of agreements to refine

12 Due to its geographical position, Cuba is frequently hit by meteorological events causing million-dollar
losses to the Cuban economy. In 2005 hurricane Dennis ravaged 10 provinces bringing about
considerable damage, losses caused by this hurricane were initially estimated at 1.4 billion dollars. It was
also affected by hurricanes Rita, with losses estimated at 704.2 million dollars, and Wilma, with losses
estimated at 207 million dollars.

13 The production of drugs by the pharmaceutical industry grew more than 26% in 2005, and should rise
more than 18% in 2006 (Rodriguez, J, 2005).

14 The University of Informatics Sciences reached 8 000 students in 2006. In addition to the mass
teaching of computer science in the entire educational system, the strategy devised to promote the
software industry includes 26 computer science polytechnics, part of which are new or have been
completely renovated. They train more than 40 000 mid-level technicians, which is compounded by more
than 11800 higher education students, 8000 of which from the University of Informatics Sciences. In
addition, more than 847,782 people have taken training courses over the last 18 years at the Computer
Youth Clubs. In 2005 the available pool of computers grew by 14% (Rodriguez, J. 2005)

15 The ALBA is an integration proposal which is based on the creation of mechanisms providing
cooperative advantages among nations to allow for the compensation of the existing asymmetries between
the countries of the hemisphere. It is based on the cooperation of compensatory funds in order to rectify
the disparities that place weak countries in disadvantage vis-a-vis the top powers. This is why, the ALBA
proposal gives priority to Latin American integration and the negotiation in sub-regional blocs, opening new
spaces of consultation to deepen the knowledge of our positions and identifying the common spaces of
interest enabling to forge strategic alliances and presenting common positions in the process of
negotiation.

10



Venezuelan crude oil in Cuba. The agreements also include: Venezuela’'s
funding of productive projects and infrastructure work, prioritizing asphalt for
roads and facilities for the supply of domestic fuel; a proposal for building —
together with Canada's Sherritt— a coal-fired power plant in Mariel municipality;
the possibility of setting up a tripartite company (Cuba-China-Venezuela) for the
production of stainless steel in Venezuela. Under consideration is an economic
association to exploit the supertankers facility in Matanzas, among others. In
the context of ALBA, Cuba exports scientific and technical services (i.e.,
medical services and the handling of the associated technology). In 2005, trade
between the two countries was in excess of 2.4 billion dollars and in the first
guarter of 2006, it was more than 1.2 million dollars. Perez, E. (2005).

4. Program aimed at energy saving, developing alternative sources of energy
and improving the management of these resources. Domestic extraction of oil
and gas should be noted, as it has enabled to significantly reduce imports. In
1989, 94% of oil was imported and only 6% was domestically produced. In
2005, these figures were 56% and 44% respectively (CEEC, 2006). Since 1995,
production of domestic crude oil has been on the rise. In 1995, the domestic
production of crude oil was 1.4 million tons, reaching 3.3 million tons in 2004
(AEC, 2005). All of these advancements are part of an energy revolution that
the country has embarked on, achieving significant results'®.

5. Cooperation agreements with other countries. Brazil gave an important loan
to purchase foodstuff required in 2005, to be repaid in 3 years after each
shipment and with an annual interest rate of 2.5%. Iran gave a credit of 20
million euros, it will cooperate in the production of food in the land released by
the sugar industry and also will contribute with inputs and equipment in the
combat against the effects of drought in Cuba. (Ibid; p3).

6. - The high prices of sugar and nickel in the international market and the
signing of sale agreements for the latter. For example, China will purchase
4,000 tons per annum from 2005 to 2009.

Consequently, it can be said that the Cuban economy is coming out of the
profound crisis which affected it for over a decade and that the economic
transformations taking place are frequently associated with varied intensity to
economic activities demanding knowledge, learning and innovation. Cuban

'8 In the first four months of this year, the domestic production of crude oil and gas reached around 1.244
million tons, that is to say, four times more than what was produced in 1991. Hard work is currently under
way to complete 36 new oil wells, some of them wildcat wells and others development wells. Until April this
year, a reduction of 3.7% of actual consumption of energy carriers have been achieved essentially due to
the reduction of fuel to generate power and the decrease in the use of kerosene and liquefied gas. The
savings amount to more than one kw/h of billed electric energy, thanks to, inter alia, the supply of different
types of energy-efficient appliances and accessories. The country has allocated 262 million dollars to
upgrading the power grid. When these investments are completed the quality of service will increase and
the total loss due to distribution of electricity will be down approximately to 11% from 18%. Furthermore,
gensets have been installed in the country, with a capacity to generate 903,000 kw/h and work is under
way to install back-up gensets in vital socio-economic facilities to be used in emergency situations like
catastrophes and meteorological events, among other (Castro, F. 2006: 4-8) The country is increasingly
conducting studies, research and tests on the use of wind energy. The universities are participating in the
preparation of the first eolian map and it is expected that the first wind power plants be generating and
contributing power to the national power grid within the next two years.

11



President Fidel Castro stated on 18 January 2002 that "this country will live on
intelligence and intellectual property”, which means that the political
commitment to bet on knowledge, education and science, remains.

Below are examples of the role of the universities in such processes, namely in

training human resources for the oil and tourist industries, as well as the
medical-pharmaceutical and software industries which also enjoy much support
from the universities in scientific and technological research. The universities
are strongly linked to the development of renewable sources of energy and
strategies for energy saving and production.

Characteristics of the Innovation System in Cuba

The scientific and technological evolution

Cuba is a developing country that has bet heavily on knowledge. For more than
four decades, the country has pushed for what has been called a Social
Knowledge Policy (SKP), understood as the deployment of deliberate strategies
aiming at the production, appropriation, diffusion and application of knowledge,
strengthening its institutional basis and defining agendas that project objectives
and priorities with a broad and favorable social impact. A first and major boost
was the massive Literacy Campaign of 1961, which eradicated illiteracy in the
country. A privileged attention to the educational system has been an important
part of that policy.

A key moment in this evolution was the abovementioned University Reform,
which set up research and postgraduate education as basic roles of universities
and turned them into the daily work of our higher education centers, strongly
articulating them with the education of students and professors as well as the
country’s social life.

Also in 1962 was enacted Law 1011 of the Revolutionary Government, creating
the National Commission of the Academy of Sciences of Cuba and placing it
under the Council of Ministries. That year marks the beginning of the
emergence of research institutes at the Ministry of Industries, under the
leadership of Ernesto Che Guevara. This became another milestone in the
foundation of the national science and its coordination with the priorities of the
economic and social development.

It can therefore be considered that the efforts to develop a science and
technology policy in Cuba began in the early 1960s, stemming from the priority
that the top political leadership attached to knowledge, education, science and
technology. Its purpose was always promoting social development in favor of
the large majorities. Education, science and technology were oriented to the
goals of social transformation driving the whole revolutionary project.

Starting out from underdevelopment and dependence, the goal of promoting

science and technology and putting them at the service of development, called
for decisions to be adopted at the highest level of government. The relationship

12



between Science and the Government of Cuba is probably a rather unique
feature among developing countries, in particular in Latin America.

The Cuban science and technology policy has gone through three main stages
since 1959. The first stage could be called “guided promotion of science”
(Garcia Capote, 1996 p. 149), i.e, a policy that set out to develop a previously
nonexistent research sector. In Cuba this translated into creating scientific
institutions and the training of researches that shall man them. In keeping with
this, many of the main research institutions that the country has nowadays were
founded in the 1960s. And most of the programs of science, engineering and
scientific research were introduced in the universities. Since then, a remarkable
process of international exchanges began through the coming of foreign
scientists to Cuba and the training of Cuban professionals abroad. All of these
advances notably transformed the universities.

If we take into account the exiguous background, it can be said that the
advance in the guided promotion of science in the sixties meant an
extraordinary leapfrog in the Cuban scientific development.

The existence of the science and technology policy has long come hand in hand
with the notion that scientific advances fail to fully translate into the practical use
of its results. So in the mid-1970, evidence started to mount indicating that the
practical use of scientific results to solve the problem of production and services
was a matter of greater complexity. This brought about a number of changes in
the science and technology policy establishing what has been called the “model
of centralized direction” (1977-1989), whose objective was to complete the
efforts from the supply end!’” with a deliberate strategy to use scientific and
technological results; this was called the "introduction of results".

It was supposed to be achieved through a very centralized model relying on the
identification of "research problems" to direct research towards issues of high
priority and the use of results in the fields of production and services. Although
the use of results was emphasized, this staged was based on the same lineal
concept towards scientific research as a triggering element in the relationship
between science, technology and production (Nufez, J. 2003).

Problems of concept were compounded by a very relevant practical
circumstance. In parallel with the emphasis on science and the expectations
that it would increase its contribution to development ran an implicit
technological policy which was characterized by generalized imports of
technology, quite frequently from the European socialist countries. They were
characterized, inter alia, by being moderately modern technologies with low
energy efficiency and environmentally aggressive. The tendency of
assimilating, rather than producing, technologies and the frequent lack of

17 Until 1985 the quantitative and qualitative growth of the national scientific and technological potential
reached significant levels. That year, the workers involved in this activity totaled approximately 40,000,
which represented a 35% increase as compared with 1981. The total amount higher education graduates
devoted to R&D in 1985 was, roughly, 14,000 physical workers and 9,700 in full-time work equivalent. This
is a 39% increase regarding 1981, of 2.4 times regarding the existing amount in 1975 and almost a tenfold
rise compared with 1970 (Saenz y Capote, 1989: 186).

13



interest to innovate shown by the entrepreneurial segment of the agents of
technological change explain why the scientific development and the human
potential achieved were not expressed in the expected practical results (Garcia,
E. 1996).

This situation justifies the critical view that was formed around this issue
throughout the 1980s, a discussion that was included in a broader debate on
the praxis of the socialist transition in Cuba and, particularly, the economic
efficiency of the country.

This critical view was combined with other factors. The concept that the
advance of socialism worldwide would largely depend on its ability to develop
science and technology as social productive forces, became another important
element®. Coupled with this was the need to increase the country's ability to
face the biological aggressions it had been subjected to, a priority given with
great emphasis from the early of the 1980s, as well as the efforts to continue
improving the Cuban health care system with the creation of state-of-the-art
technology in this field. Also considered was the creation of new exports items,
capitalizing on the potential offered by the revolution in biotechnology, a
process the country decided to actively engage in (Nufiez, J. 2003).

Although incomplete, this range of reasons determined that since the mid-1980s
the country introduced changes in its science and technology policy. The more
pointed changes include the re-launching of university research, now with a
more applied orientation, the definition of new priorities for scientific and
technological development (i.e.,biosciences, biotechnology, pharmaceutical
industry, high-tech medical equipment); the creation of the productive scientific
parks —true networks of integrated cooperation where research, creation of
technologies, production and commercialization of products are part of a
continuous process led by unique strategies, the enhancement of the Science
and Technology Forum, a unique Cuban experience geared towards increasing
social participation in the scientific and technological development and its
applications (lbid, 2003)

It is important to note that in the 1980s, in a context of most uncertainties and at
the verge of an economic crisis which eventually turned out to be very profound,
the government’s decision was to promote science and technology as leverage
for economic and social development. Biotechnology was the biggest bet.

In thel990s policy making-related changes were introduced. The loss of the
reference provided by the bloc of socialist countries regarding the organization
of the system of science and technology, as well as the productive changes at

18 Based on this rationale, the socialist countries promoted a process of scientific development, with
particularities in each country, focusing on research institutions as a prior condition for social and economic
progress. Such concentration was different from the process taking place in the capitalist societies in terms of
the R&D links with production. As pointed out by Salomén, the R&D activities were more radically separate
from production than in the capitalist economies (Salomén, 1974: 50).

14



the international level, led to an update of the concepts on the organization of
the science and technology activities®®.

Up to 1993, the Cuban system of science and technology received wide state
support in human resources, expenditure and short- and long-term investment
for its development and strengthening. However, the system worked like a sort
of “black box”, to which significant amounts of resources were allocated, without
getting the expected results. In other words, it seems there was not a
correlation between the “inputs” and "outputs” of the system. Besides, its
operation failed to eliminate the relative distancing between R&D and the
productive sector. This is why, one of the main problems continued to be the
introduction of results into practice (Montalvo, L. 1998:148).

So, in 1994 the new System of Science and Technological Innovation (SSTI)
was devised, with a view of distancing itself from the former system of science
and technology, not only in the name but also in its essence, approach and
content?.

The main purpose was to put at the core of the system the production of goods
and services, on the basis of efficiency and competitiveness leading to a good
modern economy and its advantageous insertion into the international market
(CITMA, 1995:7). This concept took into account several aspects including: the
contemporary trends in the organization of science and technology —trends
that usually emphasize innovation—; the role of the enterprise in the innovation
processes, including their involvement in project funding; boosting effectiveness
and competitiveness in productive organizations in a context which includes
market elements; recognizing the multiplicity of sources and agents that
participate in the innovation process; favoring the funding of project as opposed
to institutional financing (Capote, 1996: 157-159).

Thus by the end of 1995, the first steps were taken for the setting up of a
System of Science and Technological Innovation. Some of its characteristics
are featured below.

The System of Science and Technological Innovation in Cuba (SSTI)

In this paper we have assumed the concept of “innovation system” as a “group
made up by organizations, institutions, interactions between different collective
authors and the general social dynamics having a greater influence on the

19 The scientific and technological activities are considered those directly related with the development of
R&D, the scientific-technological services, interface activities, as well as other complementary efforts.

% Transition in Cuba to an innovation-centered stage of the scientific and technological policy was
basically due to the reasons previously mentioned in this paper. The denomination used was undoubtedly
influenced by the theories of innovation systems and their political expression of many countries. However,
this one underscores the role of scientific research and the organizations driving it forward. Consequently,
in the programmatic formulations (CITMA, 1998: P.22) more emphasis is placed on the role of the
universities as provider of research than as trainer of professionals and specialists. This paper has a
broader view, highlighting the contribution to training.
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available capacities for research, experimental development, technological
innovation and the diffusion of technical and productive advances" (Arocena, R
and Sutz, J, 2003, p.96).

Often times, these systems are more sectorially-, regionally or locally-oriented
than they are nationally, although the concept of innovation systems emerged
very closely linked with the term national (Freeman, Ch. 1988) (Lundvall, B.A.
2000) and the expression "national innovation systems" is frequently used in the
theoretical discussions about these topics (Arocena, R and Sutz J. ibid).

At any rate, it held that in innovative processes there is a strong national imprint
through the unique array of historic, economic, cultural and educational
circumstances which pertain to national spaces.

In order to characterize the SSTI we shall comment on the actors considered to
be key, the environment in which the system operates, its priorities, its main
indicators and some noteworthy limitations.

SSTI main players

An important role is played by the Central State Administrative Bodies (OACE).
They are divided into two, the bodies with a global reach and those of branch
reach. The global organizations (i.e., Ministries of Economy and Planning,
Foreign Trade) are regulatory institutions and are in charge of the functioning of
the issues involving all activities and organizations and institutions of the State.
Regarding SSTI, their roles basically relate to activities of planning, funding,
evaluation and control of science and technology. Particularly, the Ministry of
Science, Technology and the Environment is the governing body for the
activities of science and technological innovation. It is also responsible, inter
alia, for designing the policies of promotion and development of innovation
according to strategic projections to optimize the available investment, as well
as for regulating and facilitating the actions between the actors taking part in the
process of innovation.

By contrast, the branch organizations are in charge of leading and managing
one or various branches of the economy and their role regarding SSTI is
twofold. First, to bring about the scientific and technological development with a
view to constantly increasing the efficiency in the relevant area and activity, in
accordance with the outlined policy and plans. Second, to evaluate the process
of development and technology transfer in the activities in their charge, the
functioning of the kynetical and technological entities, as well as the effective
use and development of their scientific and technological potential®*.

As previously mentioned, an outstanding role is given to enterprises producing
goods and services. Their part is important within the SSTI because of their

21 The scientific and technological potential (in the case of a branch) is the total of available resources to
research, innovate and study problems of national or international scope raised by science, technology
and the innovative process.
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duty to generate and increase the contribution®® to society and as an important
innovation player. There are currently over three thousand companies in the
country, 715 of them have undertaken a process called “Business Management
Improvement”?®. The rest of the enterprises shall join this process gradually.
The benefits for the enterprise and society are obvious?.

Universities play a decisive role in the creation, diffusion and application of
knowledge. They conduct a sizable portion of the national scientific research;
they train university graduates and have a decisive bearing on the postgraduate
education, notably in education at the doctorate level. At present, the university
system has been largely decentralized through a process of creation
Universities Venues?®® at the municipalities, a process that has opened up the
opportunity to connect more effectively the knowledge with the needs of local
development.

The entities of Science and Technological Innovation (ECIT), that is, centers for
research, centers for scientific and technological services and units for scientific
and technological development, are essential in the system. The main mission
of these entities is scientific research, the technological development and
delivery of scientific and technological services. Nowadays, the number of
entities is estimated at more than 200. Two important characteristics stand out
in the network of entities. First, a shift towards services®® and interface
consultancy can be observed. Second, in most of the research institutions the
number of researchers is small, which may become a limitation to tackle
complex problems (OCCyT, 2005: 19).

The main mission of the financial institutions in the system is to provide funding
through the different modalities, trying to enhance the capacity of the key
players of the system. Now there is a group of institutions helping the entities in
this regard®’.

22 Contribution is meant to be understood as the total monetary contribution to the State, the generation of
useful products and services improving the people’s lives, the jobs created, the organizational and
technical contributions, the new products and services, the patents, innovations and anything increasing
the efficiency of the socialist society.

23 Program for the renovation of structures and work methods in the Cuban enterprise whose main
objectives seek to reorganize the flows of production and services, modernize the productive processes on
the basis of economic rationality, looking for the maximum efficiency, effectiveness and competitiveness
possible and observing a due protection to the environment and the fair treatment of the situation of work
resources.

24 For example, in 2005, the enterprises in the Business Management Improvement System boasted a
productivity increase of 54.55% compared with those which are not in the system. The contribution in foreign
exchange was 1618.76 as opposed to 480.86 and the profit of the enterprises in the system was 14.50%
greater than the rest. (Betancourt, A. 2005). The Cuban business landscape has both companies that from
the point of view of their performance indicators are on the same level of their peers at the international level
(23%) and others who need a change to respond to the demands of the Cuban economy and society of
(2;5aining more productivity and efficiency.

The Municipal Universities Venues are centers of higher learning located in the most varied places
(municipalities, hospitals, penitentiaries, among others) providing full access to university studies of all the
young, with major implications for the purpose of justice and social equity that characterize our social
project.

26 In 1998 this fact was perceived by CITMA when it pointed out: “In practice, a number of institutions
which continue to call themselves research centers have reoriented themselves towards scientific and
technological services or towards activities of assimilation and technology transfer (CITMA, 1998: 21).

% They include the following:
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The Cuban System of Science and Technological Innovation incorporates
organizational forms and organizations whose goal is to promote and integrate
efforts, in particular, to interconnect the scientific and technological research
with the productive sectors. That is the case, for instance, of the productive-
scientific Pole, the National Forum on Science and Technology, the National
Association of Innovators and Rationalizers.

The productive-scientific Poles are instruments of coordination and integration
whose main goal is to link up, in the most efficient way, the results of the R&D
entities with the needs of the sector producing goods and services. There are
presently 14 Poles, two of them in the country’s capital and the rest spread
across the other provinces. The territorial poles constitute a setting where
universities, research centers, productive sectors, the government and social
organizations interact.

The most outstanding scientific-productive pole is the West Pole, because of its
role in the creation of the new, biotech-based, medical-pharmaceutical industry.
It also serves as a space promoting interactions and consensus among the
actors linked with its development.

The National Forum on Science and Technology is a movement promoting a
broad social participation in the process of innovation; it favors the interactions
between the key actors in these processes and enables the dissemination of
results. Originally it was geared to finding solutions to the shortages generated
by the lack of spare parts but then it also took on board the sector of science
and higher education. The Forum allows looking for useful solutions to daily
problems of production and services, including the appropriate application of
science and technology. It is organized from the local up to the national level. At
all levels discussions are held and prizes are awarded to the best solutions
derived from the “Problem Banks"®. Like ANIR and BTJ, which are going to be
explained right away, the Forum is a way to promote the country’s innovative
imagination.

The ANIR is an organization covering the entire productive fabric whose
members contribute through different ways to enhance the technological
performance of enterprises and improve their efficiency and competitiveness.
Further to what has been indicated, its importance within the SSTI lays in the

Banco Central de Cuba. Governing body of the banking system; its roles include, among others, proposing
the monetary policy to allow reaching the targets the country needs.

Banco de Inversiones S A. It is oriented to the production of financial services specialized in matters of
investment, identifying and mobilizing available resources, both in the domestic and the foreign markets,
channeling to the prioritized and more productive sectors of the economy.

Banco Internacional de Comercio S A. Provides a wide range of services to Cuban, foreign and joint entities.
Their main activities include, among others, foreign trade-related transactions and transfers from and to
Cuba.

Banco Financiero Internacional. Conducts operations in foreign exchange as a commercial bank, it enjoys
a solid reputation and has correspondent banks in several countries.

28 “Problem Banks” list important difficulties of technical, economic and organizational characteristics
facing entities of production and services in the performance of their main duties, which must be resolved
through different ways.
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fact that their work within enterprises enhance the use and tacit knowledge and
the release of technological creativity.

The BTJ is a youth’s participatory movement looking for solutions to problems
that usually demand scientific and technological knowledge. Its goals include
import substitution and the creation of new export products, influence the
introduction and generalize scientific results and their dissemination.

However, the mechanisms through which research and training agendas are
defined and these, connect to the economic and social strategy of the country;
they are not just limited to the abovementioned organizational forms and
organizations.

There are a number of mechanisms of exchange at the highest level of
government, ministries, enterprises, universities and research centers that
generate many joint initiatives influencing research, the exchange of specialists
and training. Below are examples of university-generated innovation (i.e.,
biomaterials, alternative sources of energy) whose paths are linked to several
exchange mechanisms in a plethora of actors.

Account should also be taken of the role of the government bodies in the
discussion on science and higher education. The Administration Councils, at the
provincial and municipal levels, have incorporated these matters into their
strategic projections and they are part of the issues being discussed
periodically. These councils include representatives from the sector of science
and higher education. This, of course, works with a variable efficiency but there
are quite interesting examples®.

Generally speaking, the bodies of the People's Power in Cuba and the highest
hierarchy of the Cuban State, have incorporated into their agendas the issues
relating to science and higher education. For instance, the National Assembly of
the People’s Power (ANPP) has at least 20 deputies from this sector. The
ANPP has a commission on Education, Science and Culture whose work
agenda reviews these matters periodically. This commission convenes hearings
to which representatives of social institutions and organizations are invited.

Environment in which the system operates

There are several environments acting directly or indirectly over the System of
Science and Technological Innovation which can have a positive or negative
influence in its functioning. We shall refer to the current situation of some
environments we believe to be important.

% The best-known case is the municipality of Yaguajay, in the province of Santi Spiritus, whose local
government has an office for project management. The projects enable tackling the main economic, social
and environmental problems. These projects have given rise to the creation of networks with universities
and research centers that facilitate the flow of knowledge allowing to address the identified problems. It is
an interesting experiment of knowledge-based local development.
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The first to be considered is the economic-productive environment. As seen
before, the Cuban economy has been taking steps towards the transformation
of its development pillars for the last 15 years. Until the early 1990s, the key
factor of growth rested upon the capitalization of the production capacity related
to comparative advantages —sugar, nickel, tobacco. Subsequently and with the
clear purpose of moving to an economy that raises the leading role of
knowledge, the predominance of production of services associated with health,
education and tourism was noticeable by early this decade. The rapid
development of the biotech-based medical-pharmaceutical industry and the
beginning of the development of the software industry, are important
modifications in Cuba's production structure and pose challenges to the
System.

The technological environment has been adversely affected by two main
reasons. The first is the collapse of the socialist bloc, which was the primary
provider of technology to the country®. Not only the flow of technology was
abruptly severed but also the supply of inputs for the normal functioning of the
country’s scientific-technological infrastructure.

The second cause has been the complex financial situation with an
extraordinary restricting effect in terms of acquiring technology to renew the
technological base®. Thus, the current Cuban technological landscape is
characterized by a technological diversity ranging from the so-called traditional
technologies up to state-of-the-art.

The sociocultural and educational environment is favorable to the SSTI. Cuba
has a good educational system ensuring access with equal opportunities to all
and allows the continuous training of the human capital®’. The literacy rate
between 15 and 24 years of age is 99.96%; the enrollment rate in primary
education is 99.4% (98.5% continue to fifth grade) and the average schooling
level of workers is 10.8 grades of education (higher than Taiwan, Chile, China,
Brazil, inter alia). The population between 25 and 64 years of age with
university education is 11% (similar to France, higher than Italy and Portugal,
for example). Education is compulsory up to the ninth grade.

According to UNESCO, the ratio of students per teacher at primary and
secondary education is 14 and 12 respectively (in the US is 15 for both levels).
In 2005, 62.7% of the television broadcast was devoted to educational
programming (Rodriguez, J. 2005). The characteristics of the higher education
system will be commented further down.

®In spite of belonging to an old paradigm with the deficiencies already mentioned, the technology coming
from that country allowed the functioning of the production sector, with guaranteed energy resources and
spare parts.

% Since 1993, the boost given to foreign investment has contributed to stop the process of
undercapitalization in those branches where it takes place, contributing technology and ensuring spaces in
the international market. In this connection, the expansion of economic associations with foreign capital have
been an important expression of incentives to foreign investment.

32 In the year 2004 Cuba allocated 25.8% of the budget to education (AEC, 2005)
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Priorities of the System of Science and Technological Innovation (SSTI)

The priorities for the scientific and technological activities can be divided into
four large thematic groups.

Group 1 refers to the areas where excellence and international competitiveness
can be achieved or maintained on the basis innovative products and
technologies.

The priorities in this group relate to the development of new vaccines and
innovative technology for their production; new drugs based on natural and
recombinant products, including monoclonal antibodies for therapy, and new
application of innovative drugs developed in Cuba®. Similarly, they are linked
with the development of high-tech medical equipment and diagnostic kits for
exotic disease in humans and animals, using molecular biology techniques as
well as other cutting-edge technologies in diagnosis and medical treatment.

This group also comprises research for obtaining new plant varieties through
biotechnology and other advanced techniques, or new technologies for their
reproduction and propagation, as well as wok related with transgenic plants and
animals and the development of diagnostic kits for quarantine plant diseases.

As it will be addressed later on, a significant part of the university scientific
research is involved in these priorities. Important groups are working in the
university on the production of vaccines, drugs, vegetal biotech, among other
fields. This agenda is associated with the training of professionals through
numerous university degree programs and also postgraduate education,
including the education of doctors.

Group 2 takes into account the key areas related with more traditional
productions, where important technological changes are needed to ensure the
competitiveness of products, increase of efficiency, diversification of production
and ensuring the observance of the established environmental standards.

The priorities of these groups have been linked to the production of sugar and
derivatives; production of food for the population and animal feed based on
national raw materials; agricultural and fisheries products for tourism and
exports; diversification and optimization of industrial productions destined to
exports and the domestic market in foreign exchange; activities of development,
transfer and adaptation of technologies for the gradual digitization of the country
over the coming years. The universities are present in all these efforts. In
particular, under higher education are agricultural research centers and training

33 It should be noted that Cuba has had important results in this area, both in the generation and the
commercialization of medicines and products. For example, obtaining recombinant streptokinase;
interlucina-2 which inhibits tumors metastasis; the vaccine against the meningococcal meningitis type B,
unique in the world; the recombinant vaccine against hepatitis B; vaccine against haemophilus influenzae
type B, first vaccine totally obtained by synthesis for human use. In addition, 24 products have been
registered including biomedicines and vaccines, 49 advanced generic drugs; 5 products for AIDS
treatment; over 900 patents have been granted, and full vaccination coverage is provided (13 vaccines,
most of them produced in Cuba). These topics are elaborated on later.
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programs of a high level, some of which have three or four decades of
operation.

This group covers activities of research and innovation necessaries for the
defense and security of the nation, also with the involvement of the universities.

Special attention is paid within this group to energy and the development or
assimilation of materials and processing technology needed to support the rest
of the priorities.

Since last year, the issues of energy, energy saving and creation of new energy
sources have been identified to be an important priority. The country has
embarked on what has been called “the energy revolution”. Later on, an
example will be shown of technological innovation associated with process of
training and learning generated by the university. Universities are also working
on the development of alternative sources of energy, like wind and solar energy.

Group 3 refers to the areas involved in the study of Cuban nature and society.

These include the studies related with biodiversity, soils, marine and inland
waters, coast management, air pollution as well as the influence of global
changes on the Cuban environment. Special attention is paid to the care of the
environment.

The study of Cuban history and traditions is a priority, as well as the
development of research and renewed theoretical approaches on Socialism.

Special attention is attached to the economic research, including the study of
the world economy and its impact on our country.

Universities play an important role in this group. For instance, there are
research centers and programs linked to marine investigations and the
integrated management of coastal zones. The environment is a cross-cutting
issue, present in every university program; universities have centers devoted to
the study of the environment and there are various postgraduate programs on it.

Training and education at all levels and history research are well represented in
higher education.

The same is true for social sciences and economy. There are programs in these
areas supporting other priorities, such as programs of the sugar industry,
scientific education, training for innovation, among others.

Group 4 is for the advanced scientific and technological areas where certain
level must be achieved or maintained to facilitate the advance of the other
groups and ensure the continuity of the future development of the country.

It groups a number of activities which are more strategic. These include
research linked to basic sciences, primarily Mathematics, Physics, as well as
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areas of Chemistry and Biology, and multidisciplinary combinations thereof,
which are not part of Group 1.

It also incorporates activities of advanced technology such as new materials,
electronics and informatics, whose aspects are not considered within Group 2
(Codorniu, D. 1998: 17-22).

The deployment of the software industry, oriented to support the programs for
the digitization of the society and generate exports, basically rests upon the
universities. Several universities have programs for university degrees and
postgraduate education on computer science and informatics. One of the
greatest bets of the country in terms of higher education was the creation of the
University of Informatics Sciences, which shall be elaborated on later.

In the field of basic sciences and others included in this group, universities are
the most important actors due to their training programs and research. Material
shortages caused by the adverse economic situation of the past decade have
dealt a strong blow to the infrastructure for training and research. However,
training programs and research persist, almost always very much articulated to
international cooperation.
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Indicators selected from the System of Science and Technological
Innovation

The efforts carried out for years by the government to promote science and
technology activities (ACT) can be best seen through some of the selected
indicators shown below. Note on the Chart No. 5 how, as of 1991 in spite of the
financial difficulties that the country went through in the 1990s, the total
expenditure in ACT as GDP percentage showed an upward trend.

Chart No. 5. Total Expenditure on ACT and R&D as GDP percentage
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Chart No. 6 shows also the efforts in ACT, identifying the sources of funding. It
shows the relative participation of the government, enterprises and the external
funding in these efforts. As is known, private business in Cuba have a limited
scope and maybe except in areas where foreign capital is involved, they are
enterprises which do not carry out ACT, so when a company funding is
discussed, it refers in most of the cases to state-owned enterprises. So,
however it is calculated, the State appears as the almost absolute financier of
ACT efforts in Cuba.
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Chart No. 6. Current expenditure in ACT per source of funding (%)
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Chart No. 7 shows the level of participation of women in the country’s scientific
and technological activities. As can be seen, combined, women make up the

majority in the ACT.
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Chart No. 7. Labor force in Scientific and Technological activities (ACT)
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Charts No. 8 and 9 show the break-down of labor in ACT according to
occupational category and educational level respectively. Chart No. 8 also
shows that the bulk is for technical personnel, both university and middle level.
Chart No. 9 shows that most of the technical personnel are university

graduates.
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Chart No. 8. Labor force in ACT per occupational category
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Finally, Chart No. 10 shows the number of researchers per 1000 inhabitants of
the employable population. Note that by the end of 2003, the country had 1.27,
showing an important human potential for R&D if compared with countries like
Chile (1.17), Colombia (0.52), Panama (0.35), Latin America and the Caribbean
(1.02) (RICYT 2003).
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Chart No. 10. Number of researchers per one thousand inhabitants of the
employable population
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The System of Science and Technological Innovation: a preliminary
assessment

The building of the system of innovation is still an unfinished process. The
foundations have been laid, progress is being made, but the SSTI has
limitations curbing its effective functioning.

As pointed out earlier, the undercapitalization of the productive sectors was
accentuated when the country began the so-called “Special Period" in the early
nineties. Many enterprises were operating with obsolete technology and with a
high level of inputs and energy carriers®*. This situation somewhat remains and
has an influence in the productive development and the innovation capacity.

The lack of funding is another major problem. The policy of the Cuban
government of preserving and supporting the R&D efforts has led to keeping the
institutions operating with the existing resources in spite of the severe economic
restrictions. State support to R&D funding allows ensuring basically the salaries
of the staff involved in the activity, as well as covering other domestic currency
expenses.

The most negative effect in R&D funding relates to the State’s supply of foreign
exchange. The considerable shortage of foreign exchange has led to allocating

34 The impact this had on the country in energy terms is illustrated by Figueras, by highlighting that in
1978 Cuba consumed 1,111 kg of energy (in terms of oil equivalent) for every million dollars of the GDP.
Due to the economy downsizing efforts, the figure was reduced to 848 kg by 1987. However, in the
referenced years, the value of that indicator was brought to 323 down from 407 in Spain, 259 down from
322 in Italy and 205 down from 286 in Japan (Figueras, 1994:46).
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these resources with much selectivity, with a view to ensuring the appropriate
functioning of institutions and R&D efforts of specific sectors involved in high-
priority work. The inability to cover the foreign exchange needs of all R&D
institutes, universities and enterprises, among other actors of the system,
creates great difficulties for acquiring materials, specialized inputs, international
mobility, equipment, as well as limitations in the access to national and
international information networks and Internet.

These limitations are compounded by organizational difficulties. In spite of the
statements contained in the SSTI documents, R&D continues to take place
predominantly outside enterprises. Enterprises are not the axis of the system.
The technological efforts of the business community have failed to secure
effective linkages between R&D and production. The specialized entities in the
interface services have focused their work on organizational development and
have given less attention to technological management.

It is also very likely that in various sectors, training of workers, technicians and
professionals does not live up to the industry’s development needs.

The systematic follow-up and evaluation mechanism for SSTI has not worked
ideally. In some cases, there is no precise information providing assistance in
the decision making process (OCCyT, 2005).

The limitations identified indicate, inter alia, that the effective implementation of
SSTI still requires a long and complex process of maturation. However, success
stories of innovation efforts with a major social impact can be identified in
sectors of the Cuban economy and society. Let us mention some examples:

The sectorial system of the biotech-based medical-pharmaceutical industry can
be considered a success story of knowledge-based economy (Lage, A. 2000). It
is based at Havana’s West Pole, a cluster with more than 40 institutions and 12
000 workers, seven thousand of which are scientists. These institutions operate
in a “closed cycle”: research, design, product development and product
manufacturing and marketing.

This sectorial system of innovation incorporates other actors such as
universities, research institutes, the health care system and, very importantly,
the government. The system works under the leadership of the State.

The State has made the investment and property is social, although research
and commercial agreements are entered with foreign companies. Only the State
can make that this technological and scientific development have the following
characteristics, among other: strategic importance, large scale, high risks and
high costs (Arocena, R and Sutz, J, 2003, p. 105).

The impulse to the industry depends on the combined effect of two major
driving forces: the country’s health needs and exports. The positive impact on
the health care system is extraordinary; for instance, all children get the benefits
of 13 vaccines for free, almost all of which are Cuban. Biotech in Cuba, in
particular its health-related applications, enjoys a very favorable public
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perception which facilitates the industry’s performance. An example is the
conduction of clinical trials with the support of the population and social
participation.

The biotech industry operates with a positive cash flow®, it has generated over
900 patents and its importance within Cuban exports has risen. For example, in
2002 foreign sales of medicinal and pharmaceutical products were valued at 50
million dollars (CEPAL, 2003:5) and in 2005 they are estimated at between 100
and 200 million, becoming the country’s second export category. Cuba is
probably the main exporter of medicines in Latin America with exports to over
50 countries. There are technology transfer agreements and commercial
negotiations underway with hundreds of countries.

Agricultural and livestock biotechnology seem very promising for the country's
development. It is possible to speculate that the sectorial biotech-based system
of innovation is becoming a “guiding system of innovation” in Cuba (ibid, p. 103)
(a role played by e-commerce in other countries, for instance) with a major
influence in the rest of the technological areas (such as informatics, let us note
the great demand generated by bio-informatics), the economy and higher
education.

A great social impact has been achieved by urban agriculture®® whose main
objective is to mobilize the existing productive potential in every locality to
produce food all-year-round, even in exceptional conditions. In this regard, an
infrastructure has been created®’, with a great job-generating capacity (308 000
workers in 2005) and good performance indicators.

Ten thousand university professionals and 45 000 technicians work in urban
agriculture. Urban agriculture has a branch research program to evaluate and
systematize the experiences learned. International organic agricultural
conferences are convened periodically. The National Research Institute of
Tropical Agriculture (INIFAT), a research center with a century-old tradition,
supports the urban agriculture-related research and extension program.

The urban agriculture enables to increase biodiversity and promotes the
conservation of the environment in keeping with the urban setting. It can

35 In the US and Europe, barely 20% of biotech companies are able to finance themselves with their sales
of products. They are funded, above all, by venture capital and speculations in the stock exchange (Lage,
A. 2005 : 35p). As can be seen, the experience of the Cuban biotech is radically different to the one in the
US and Europe. Maybe the crucial different lies in the ownership regime. In Cuba ownership is social and
society receives the benefits. A fundamental role is played by the moral motives of scientists and other
actors.

36 A productive movement with a deep popular sense and marked character of organic production on the
basis of sustainability. Food is produced within the urban and peri-urban perimeter by applying intensive
techniques, and taking into account the man-crop-animals-environment interrelation and the facilities of the
urban infrastructure providing labor stability and diversified production of crops and animals all year round,
based in the sustainable management allowing for the recycling of waste.

37 The National Program of Urban Agriculture has an infrastructure made up by a network of municipal
seedbed farms, centers and microcenters of organic manure, people's nurseries, municipal veterinary
clinics, centers for the reproduction of entomophagous and entomopathogenous (CREE) and
comprehensive centers for animal feed.
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therefore be characterized as a group of eco-innovations (Arocena, R and Sutz,
J, 2003, p.105).

Its development is based on the intensive and rational use of the cultivation
area, the permanent training of the labor force as well as on the combined use
of modern and traditional techniques. It is characterized by remarkable energy
savings. Some productions have a proven therapeutic value and, in
coordination with the Ministry of Public Health, they are being used to that end.
(Companioni, N., 2005).

Urban agriculture is a national movement, notably integrated and organized,
mobilizing various ministries, scientific institutions and both national and local
social organizations and relying on public participation. Researches often act as
extensionists, which guarantees the communication of tacit knowledge (passed
down through interactive learning) and a close relationship between scientists,
producers and consumers.

The Higher Education System

The Cuban higher education system*® plays a significant role in the system of
innovation. It provides the university graduates that the country needs,
contributes most of the continuing and postgraduate education, conducts a
sizable part of scientific and technical research and is incorporated to the main
social programs (education, energy, etc) which the country is carrying out,
which frequently incorporate technological innovation.

Higher education is not, however, an isolated player (Arocena, R and Sutz, J.,
2005), at least as it is in other developing countries. There are relatively
important R&D+innovation institutions under other organizations such as,
productive ministries (Agriculture, Transport, etc), academic institutions
(namely, the system of the Academy of Sciences) and R&D+innovation labs
working in tandem with enterprises. A significant case is the already mentioned
sector of the medical pharmaceutical and biotech industry.

The system consists of 65 higher education institutions®, all of them public, with
a relatively fast expansion. Prior to 1975-76 there were five higher education
institutions (IES): the University of Havana, founded in 1728; the universities of
Oriente and Las Villas, founded in 1947 and 1952, respectively. The Military
Technical Academy was created in the 1970s and the University of Camaguey
in 1975.

In 1976 the Ministry of Higher Education (MES) was established. The decision
was made to turn into IES some schools and institutions that were part of the

38 General information on Higher Education were provided by the Statistics office of the Ministry of Higher
Education.

Al higher education institutions carry out continuous education, postgraduate training and research, with
variable intensity and depending on their academic profiles. Some ten universities carry the main burden
of research and doctoral training.
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major universities, resulting in a network comprising 27 IES. Other nine
institutions were established in the same decade. In the 1980s, there were six,
and in the 1990s, an additional seven.

Six more institutions have been established since 2000. Most of these IES are
locally oriented, rather than nationally, and an important fraction of them have a
single profile to train graduates. In terms of the number of students enrolled,
those in the teaching and health sectors stand out. In total, Cuban IES offer 94
university degree programs.

The process of “Universalization of Higher Education” in effect for the last five
years, has led many IES to establish university venues in all 169 municipalities
of the country. There are 3150 venues®. And three hundred and sixty five
thousand youths study 46 different university degree programs in them.

Such process of universalization has provided access to higher education to
510 thousand students, amounting to more than 50% of the youth aged 18 to
25. This represents that three in 100 people study at the university. Sixty four
percent of students are women and 36%, men.

Higher education employs a little over 32 thousand full-time teachers and
around 84 thousand part-time teachers.

Over 800 thousand students have graduated over the last five decades. That is,
seven out of 100 Cuban citizens hold a university degree. For the academic
year 2009 — 2010 the estimated figure of one million graduates will have been
reached. The graduates in this period include some 22 thousand foreigners
from 125 countries. Of them, 45% are women.

Training and education of professionals
Types of courses

There are two modalities of study in higher education: full time or part time
studies. The former includes regular day courses and responds to a plan of
matriculation in higher education approved by the country, depending on the
envisaged demands in the socio-economic strategy. These types of studies
require a certain time for its completion (usually five years) and a similar
progress pace for all students. Upon completion of these studies, the State
guarantees all graduates a job in accordance with the title conferred. These
courses are fed by young high-school grads that, in most cases, must take and
pass entrance exams for higher education. Full time studies are characterized
by a greater presence of students in the classroom and are usually conducted

40 Of which, 340 are under the Ministry of Higher Education; 2361 under the Ministry of Public Health; 209
under the Ministry of Education and 240 under the National Institute of Physical Education, Sports and
Recreation. They have 96,500 teachers.
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in the main campuses and teaching units** of the universities. During academic
year 2005 — 2006 enrollment in this type of course amounts to 145 thousand
students.

Enrollment per branches of study. Full time study

%
Technology 16.0
Natural Sciences and Mathematics 2.9
Medical Sciences 21.6
Agricultural Sciences 2.8
Economy 6.3
Social Sciences and Humanities 7.0
Pedagogy 38.0
Physical Culture 5.0
Arts 0.5

Part time studies are offered to everyone with completed higher secondary
level, without age limit, and are geared to ensure full access to higher
education. It is conducted after hours. There is no commitment by the State to
guarantee these students an appropriate job in accordance with the profile of
their studies, although very frequently these studies are chosen by people who
are already working*?. Students move at their own pace, without time limit to
complete their studies, they have less demands in terms of class attendance
and these studies are mainly offered at the municipal university venues or other
training spaces.

New programs, new profiles, new universities.

In order to illustrate the relationship between the training and education of
professionals and the evolution of the productive and social needs of the
country, it can be said that in 2005 the program of engineering in Informatics
was offered in five new provinces, making it available for study in 13 provinces,
and the program of Law was made available to 12 provinces. These programs
were also available in the Special Municipality of the Isle of Youth. The program
of Physics Engineering, recently approved, will train all professionals that the
health network needs to tend to the large amount of medical equipment that
have been recently installed in hospitals, polyclinics, rehab centers (which

41 Those working entities with the appropriate scientific and technological development in the field of the
specialty at hand, the sufficient amount of specialists for the required attention to students, the general
conditions to favor the teaching of classes, study practices, on-the-job training and term and diploma papers,
the extracurricular scientific research etc, which may contribute to the development of professional skills and
habits. These units must guarantee the development of systematic or concentrated teaching activities with or
without the presence of students there.

42 Account must be taken of the fact that in Cuba the unemployment rate is below 2%, which technically is
considered “full employment”.
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become in themselves, university training spaces for doctors and other health-
related specialists). Likewise, Biomedical Engineering will respond to the
medical-pharmaceutical needs of the country. The programs of Engineering in
Meteorology, Bachelor of Tourism and Agro-industrial Engineering will also
respond to the needs of the economic, scientific and technological and national
defense development of the country. The program of Bachelor in Restoration of
the Built Heritage will be made available as a response to the work of recovery
and maintenance of the Cuban architectural heritage.

On the other hand, existing programs offer their professionals training in more
specialized profiles during their senior year. The programs of bachelor of
Physics, Biochemistry, Chemistry, Computer Sciences and Biology have placed
emphasis on bioinformatics, very close to the needs of the Cuban biotech
industry. The programs of Chemical, Geophysics and Geology Engineering
have emphasized oil. Furthermore, the engineering programs of Automation,
Telecom and Mechanics offer in their senior year a diploma course on
Optometric and Lasers in order to tackle the needs of the country's health
network.

The most recently established IES include the University of Informatics
Sciences (UCI), with over eight thousand students, reflecting the government's
efforts to develop the informatics industry, connect it to the country's
development needs and increase the presence of its products in the country’s
exporting portfolio.

The UCI is an innovative institution having a “productive infrastructure” centered
in the production of software that caters to the demands of numerous sectors
(namely, health, education, among others) both to meet the national demand
and for export. Exports amount to tens of millions of dollars.

The UCI model links production, training and education and research. Students,
together with the teachers, work in the production of software as they go about
their studies. Research activities are largely subordinated to the production
efforts and they are part of the training. The work includes market studies,
industrial property studies, quality control, etc.

The training, production and research activities are located at the UCI but they
are possible, inter alia, thanks to the remarkable Government support, the
networking with other institutions in the country, especially other universities
contributing professors and researchers. Indeed, a significant number of Cuban
universities have programs of informatics and computer sciences. Research
groups and training programs of several universities are actively cooperating
with UCI.

The “Aided Distance Education” and the productive environments

In the efforts to universalize higher education and train its workers, more than
25 bodies and organizations in the country have implemented the aided

35



distance education. This is a modality of the traditional distance education*® in
response to the requests of many entities that need to train their technical and
high-school level workers as university-level professionals. Training takes place
in cooperation with these entities and the university and the venues are the
workplaces themselves, as they become university classrooms. More than 50%
of their teachers are the professionals involved in the sector and the rest the
professors teaching at the universities. For example, the West Scientific Pole of
Havana currently has classrooms to train workers in Accounting, Finances,
Informatics and Chemical Engineering with specialization in Biotechnology. The
Ministry of Construction has requested that the programs of Architecture and
Civil Engineering are made available in all 14 provinces of the country, due to
the need for university level professionals commanding the advanced
construction techniques that have been recently introduced in the country.

Scientific research and on-the-job training

Scientific research is part of the university curricula since the early years of
study. Students carry out scientific tasks, participate in students scientific fora,
and many programs complete their studies with a diploma paper which is based
in a research and shows the student’s abilities for the activity (Horruitiner Silva,
2006).

This relationship with research during the whole program largely happens
through the on-the-job training. Linking study and work is one of the guiding
principles of higher education in Cuba. Its main objective is to ensure the
training and education of a professional that is suitable for its performance in
society, through the students’ involvement in the solution of real problems of
production, services and research from very early on in the program. This
principle is taken into account in the curriculum design. The student performs
professionally, incorporating modalities of scientific research into their
professional activity. This is called, as a whole, research-work activity. This
activity amounts to a third of hours of lesson in the programs of Natural
Sciences, Social Sciences and Humanities, Economic Sciences, Agricultural
Sciences and Technical Sciences. (Horruitiner Silva, 2006)

All universities have linkages with enterprises, production centers and they have
their students working in tandem with the professional activity carried out in
them. This is a generalized practiced in university programs in Cuba. Teaching
units play a fundamental role in it. At present, there are 821 teaching unites
employing 4788 professionals. In the 2004 — 2005 academic year, 76% of the
enrollment in the regular day course conducted activities in these institutions.

43 Distance education was established in Cuba in August 1979 with a view to expanding the possibilities
of higher education studies for the population without interfering in their work or social activities and
irrespective of their place of residence. It is open because it does not fix a time limit and the student
decides its own learning pace in accordance with their personal possibilities. It is called distance education
because it allows the development of studies outside the university premises, independently, without
taking classes, although methodological advice, bibliography and other supplementary means are made
available. The term “aided” means that it is an intermediate modality between full time and distance
education, which includes activities in the classroom.
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The professional training courses include a plan for highly performing
students**, through which students with a better performance join prominent
scientific teams within or outside the university. These students are part of the
pool of young scientists and during the process their curriculum is modified so
as to expedite and deepen their training and come out better prepared as
researchers. Currently, 10% of full-time university students are part of this
program.

Professional training and education and the innovation system

Professional training and education plays an important role within the innovation
system. It contributes the university graduates, develops practically all major
university programs and does that with a 60% efficiency (students who
complete their studies versos those who enroll) as shown by Chart No. 11.

Chart No. 11. Students who complete their studies versus students
enrolled (%)
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This is compounded by the above-mentioned aspects.

e Curricula integrate activities of teaching, production and research.

e University education and training is fully spread, reaching a significant
part of the youth and workers wishing to continue their studies.

e University studies are closely related to the socio-economic strategy
of the country and, above all, at the end of their program full-time
students have a guaranteed job in keeping with the completed
studies.

44 These are special plans for those students with faster assimilations rates and favorable aptitudes for
learning and scientific work, who stand out due to their academic performance, creativity and
independence in the carrying out of their academic, work and research activities, and that are able to take
up tasks supplementing their curriculum.
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e The IES, with their municipal venues, span across the whole national
territory, enabling for proximity of professional training and local
needs.

e The process for the establishment of university programs,
modification of curricula, conducting on-the-job training, students
research, creation of training spaces in enterprises and other
organizations, and even the founding of universities is directly
associated with the solution of social, economic, cultural and
environmental demands. Thus, the knowledge involved in the
education and training of professional is closely related to the
development of the country.

The national system of postgraduate education
Concept of the system

Cuba is among the Latin American and Caribbean countries which have been
able to structure a national system of postgraduate education. The
postgraduate education strategy in Cuba is based in the priority of education
understood as continuing education or lifelong education. It is considered as the
opportunity offered for free to all university grads to continue their training
process throughout their work lives, and even after that. It is aimed at updating,
qualifying, retraining and reorienting graduates in sync with the demands of
their work performance: in the academic, research and professional fields.

The system is national because it is guided by the same criteria in all institutions
of the country. There is a Regulation of Postgraduate Education of the Republic
of Cuba. The Ministry of Higher Education conducts the national policy in this
field and several national bodies exist: the National Commission on Scientific
Ranks, the Advisory Permanent Commission for Postgraduate Education and
the National Accreditation Board, all of which are in charge of the policy and
guality management of the postgraduate education.

The idea of a system also refers to the articulations of different forms of
production, diffusion and application of knowledge. These forms are grouped in
two sub-systems of the postgraduate education. The first is professional
advanced studies, which includes short courses, trainings, diploma courses
(equivalent to specialization in many countries) and even activities such as
conferences, workshops and debates, among others.

The other sub-system includes master’s programs, specialties and doctoral
programs. In the beginning the former had an essentially investigative
orientation (master’'s degrees in science) and presently they are also oriented
towards innovation. The specialties have always taken care of the needs of
learning, updating, deepening, improving or expanding the working competence
of the graduates and are articulated to the innovation processes.

Put differently, in Cuba postgraduate education includes what other countries

call continuing education, as well as master’s degrees and doctoral programs,
and specialties leading to new degrees.
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In 2005, the number of participants in postgraduate activities reached 600 000
grads, out of a total of 800 000 in the country*. These are carried out not only
in universities but mainly in the enterprises and other settings where the
effective work takes place. Hence, postgraduate certificates contribute to
improve qualitatively the work performance of the mass of professionals and the
process of innovation.

The master's degree programs are essentially generated by initiative of the
universities and some research centers, in accordance with the needs of
economic, social and cultural development. The specialty is conceived as a joint
undertaking by demanding entities and the universities. In both cases the
interaction between the universities and sectors of production and services are
encouraged. However, specialties of the latter play a more leading role,
contributing not only the demand, the physical space and resources but also
part of the teachers and tutors of the programs. The academic committees
(bodies where the programs are conducted) of the specialties are mixed,
including university teachers and professionals from the production and
services. Specialties devote no less than 50% of credits to work (oriented and
supervised) and master's degree programs allocate the same percentage to
research, innovation and artistic creation activities.

The length and intensity of the postgraduate training is determined by the
academic credits. In the past, the credits were associated with activities in the
classrooms in front of the teachers. This approach has proved very limited vis-
a-vis the needs of professionalization, the linkage with production, distance
education and the ideals of continuing education and self-managed learning
promoted by postgraduate education.

Looking at several experiences, especially from Europe, the credit equals 48
hours of the student academic work. For every hour of teaching in front of the
professor, at least 3 hours are allocated for the student’s independent work as
well as activities of study, practice, research, publications, text drafting, and
preparations of exams among others*®.

The doctoral program is thought of as a process of educating researchers of the
highest level. Two basic variants coexist nowadays, one more unstructured and
individualized, that is tutor-led, without obligation of completing courses. The
other is more group-oriented, including some courses and other activities of a
collective nature, always under the watch of the tutor and other instructors,
favoring their immersion in cooperation networks.

45 All data on postgraduate education has been made available by the Postgraduate Division of the
Ministry of Higher Education.

46 Under this approach, the minimum length of masters programs and specialties is 70 and 100 credits
respectively.
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At any rate, the primary research nature of the doctoral program is preserved,
although the concept of research fluctuates according to the different fields of
knowledge.

The evaluation of the doctoral thesis incorporates the judgment of people and
institutions which may give a legitimate opinion on the quality of the results,
their practical applicability and social impact. Thus, the idea of peer evaluation
is preserved. Nonetheless, it bears in mind the usefulness, efficacy and
efficiency, which are not always taken into account by the academic peers. Very
frequently, the evaluation opinion takes into account the consideration of its
impacts.

Postgraduate education in its settings

To understand the functioning of our postgraduate education as a national
system and its insertion into development, it is worth briefly commenting on the
settings in which it occurs.

One setting is that of ministries, bodies and enterprises that, according with
their technological, productive, social and cultural strategies, require the training
of the people working for them. These institutions usually have HR
representatives in charge of this activity. Ministries usually have “branch
schools” in charge of that training role.

Universities cooperate actively in determining the organizations’ needs for
advanced studies and, of course, in meeting them. This is the setting where
specialties occur primarily. The growth of the number of specialties suggests an
improvement of the organization’s response to the need of training their human
resources.

Another relevant setting is that of the territories. Each territory has its own
economic, social and cultural strategy, as well as a need to train their
professionals. Universities, in close relation with the governments, engage in
determining the learning, research and innovation needs of the territories and
how to address them. The universalization of higher education has brought
about the universities’ offering new opportunities in knowledge management
and innovation for local development.

The last setting is the academic. It covers postgraduate activities taking place
within universities in order to promote teaching and research capabilities. The
permanent academic improvement of university teachers is part of their
contractual obligations. The main efforts are geared to the training of doctors.
Among the universities with the greater traditions doctors represent 40% to 50%
of the faculty. The other 20% is in the other end. The most encouraging data is
that around 50-60% of teachers without a doctorate are currently working to get
one.

The drive to train doctors is shaped by a strategy of the Ministry of Higher

Education mainly expressed in the granting of scholarships for research
development in the country’s best universities and research centers. The
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strategy also consists of improving the possibility to study abroad in order to
complete the national training.

In the above-mentioned settings, continuing and postgraduate education pays
special attention to the people holding leadership posts in ministries,
enterprises, the government and other organizations, as well as the people
getting ready to hold those responsibilities®’. There are specific strategies of
education and training incorporating various components: modern management
techniques, technical and professional advanced studies, economic training, as
well as training for the defense of the country and political education. These
processes of education include the highest leaders of the State and
Government up to executives operating at the grassroot levels of the
organizations and territories. This enables that people in leadership positions,
most of them university graduates, are qualified for the duties of their post,
improving their performance. In addition, quite often they are also involved in
other postgraduate education and training programs.

The system expands

The system has taken several decades to build, although the greater expansion
and institutional consolidation can be seen in the last 15 years. Let us look into
the causes.

e The relatively high number of university grads the country has, some 800
thousand, as mentioned earlier. They make up little over 7% of the current
Cuban population. This amount of professionals can only become a
strength as long as they remain updated.

o In the 1980s, the country adopted a training strategy of university
graduates with “broad profiles” (for example: general training in chemistry
without specialization in polymers, organic chemistry, etc.) whose training
ought to be completed in the postgraduate phase in order to successfully
deal with the job's demands. Postgraduate education then becomes the
necessary continuation of preceding studies.

e The higher education centers, together with other social players, have
captured one of the messages clearly being sent by worldwide changes,
associated with the new highly knowledge-intensive technological
paradigm: development will increasingly depend on the professional,
intellectual, scientific and technological capabilities.

e The Cuban society is going through economic and social transformations
requiring new skills and work profiles, renewed economic practices.

e The 1990s kicked in with a rupture of the traditional linkages that
postgraduate education in Cuba used to rely on. A sizable part of the
training of doctors and other expressions of postgraduate education took
place in Europe’s socialist countries. These linkages were severed for
reasons all too well-known and together with a process of reconstructing
higher education institutions’ (IES) international linkages, national

4" They are officially called cadres and reserve, respectively.
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strategies had to be devised for the development of postgraduate
education ensuring through different means what could previously be
obtained in the socialist bloc.

e For decades, IES cultivated scientific research as one of their basic
projections. Consolidated groups operate especially in IES of greater
development in order to push forward lines of research with known results
serving as basis for postgraduate education.

e The changes that took place in the National Scientific and Technological
Policy since the mid-1980s re-launched university research and modified
its institutional forms.

Trends of postgraduate education and innovation system
Some trends can be observed in the Cuban system of postgraduate education:

1. The volume of postgraduate education in the country has increased
significantly, measured both by the number of people and the number of
programs and institutions involved. The annual growth of participants is around
20%. Some 99 thousand people are involved in the 844* master's degree
programs in effect in the country. Master's degree programs are distributed per
field of knowledge as follows:

Table No. 1. Master’s degree programs per field of knowledge

Total %
Agricultural Sciences 34 9,3
Technical Sciences 72 19,6
Pedagogical Sciences 58 15,8
Natural and Exact Sciences 41 11,2
Biomedical Sciences 59 16,1
Economic Sciences 53 14,4
Social Sciences and Humanities 50 13,6

367 100%

In 2005 some 1800 people graduated from master's degree programs. In total,
21,344 people have graduated. The end efficiency of this type of studies can be
still improved on very much.

Some 14 thousand people participate in some 800 Specialty programs.

Currently there are 55 medical and 114 non-medical specialties, whose break-
down per field of knowledge is as follows:

48 There are 367 different programs approved but some of them were developed during the year in
different institutions.
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Table No. 2. Programs of specialties per field of knowledge

Total %
Agricultural Sciences 15 8,8
Technical Sciences 35 20,7
Pedagogical Sciences 25 14,9
Natural and Exact Sciences 1 0,6
Medical and Biomedical 56 33,1
Sciences
Economic Sciences 20 11,8
Social Sciences and Humanities 17 10,1

169 100%

It must be noted that most of the Central State Administrative Bodies and other
relevant institutions in the country are developing programs for the training of
specialties or preparing to do so.

The country trains 300 to 400 doctors every year. The number of people holding
doctoral degrees in Cuba to date is 8494*. The distribution of doctors per field
of knowledge is shown in the following table.

Table No. 3. Distribution of doctors per field of knowledge

Total %

Natural Sciences 1547 18.2
Technical Sciences 1790 211
Biomedical Sciences 912 10.8
Agricultural Sciences 1090 12.8
Social Sciences and 1179 13.9
Humanities
Pedagogical Sciences 1319 15.5
Economic Sciences 581 6.8
Military Sciences 76 0.9

Total 8494 100.0

Most doctors work at the university and it is there, in addition to research
centers, where there is more interest to train more. However, master's degree
students and even more, specialties students, come from the most diverse
working backgrounds.

2. International cooperation on postgraduate education has been expanded and
diversified. For the abovementioned reasons, the 1990s required a process of
international reinsertion of the universities through existing linkages and the
establishment of new relations. The most intense linkages between universities
are with Europe, Latin America and Canada.

49 Information on the doctoral degrees were made available by the National Commission on Scientific
Ranks of the Republic of Cuba.
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3. The last decade, in particular the last five years, has given birth to a concept
of quality management of postgraduate education very close to the national
needs, as well as adjusted to international experiences. Quality is very much
linked with the problem of innovation. In Cuba the concept of quality includes
not only what is understood as academic excellence, i.e., the one which is
determined by the peer review of publications, thesis and other products of
knowledge. Quality also incorporates a central concern over social pertinence of
the programs of postgraduate education. A socially relevant postgraduate
education is being developed, in accordance with the needs of production,
services, research and with a good academic level at the same time. This
relation between postgraduate education and social demands favors the role of
postgraduate education as a driver of innovation.

University, science, technology and innovation

The 17 IES directly linked to the MES® stand out because of their contribution
to the national scientific development. They get over 50% of the awards handed
out by the Academy of Sciences of Cuba (ACC) every year to the main scientific
contributions in the country and 50% of the Cuban articles registered in the
Science Citation Index; they train over 50% of doctors in sciences and get
around 20% of the awards associated mainly with innovation. That includes four
gold medals by the World Industrial Property Organization in this last area.

These IES employ some 5807 teachers, 620 researchers, 254 young graduates
primarily working on research (scientific pool) and 787 youth (work trainees)
carrying out several training activities, including a research component, who can
start to work in other organizations upon completion of their training. A little over
twenty-one thousand students do some kind of research incorporated in their
training curriculum, of which thirteen thousand are seniors and around four
thousand are considered top academic performers whose involvement in
research is usually important. Generally speaking, the organization of research
tends to incorporate young graduates and students into the research teams.

Research in IES takes various institutional forms. Teaching departments are the
most traditional. Around 80% of faculty is involved, with varying degrees of
intensity, in some kind of research, some times associated with their master’s
degrees and, especially, doctoral programs. There is an institutional policy and
incentive mechanisms favoring the doctoral training, emphasizing the youth.

Quite often scientific work is organized in the departments through the research

teams. The research team thus associated with the so-called “Mode 1" of
knowledge production (Gibbons, et al.1994) usually in a disciplinary way, takes
place in the academia, basically generating publications, thesis and is evaluated
by academic peers.

50 Other IES fall under the Ministry of Public Health, Ministry of Education, Ministry of Culture, Ministry of
the Armed Forces, etc.
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There are also over 50 “Entities of Science and Technological Innovation” made
up by some twenty research centers (the bigger ones may total around one
hundred researchers) and around 30 Units of Scientific and Technological
Development, usually smaller and with less economic autonomy than the
research centers. Frequently, they both had moved to alternative forms of
knowledge production similar to the ones described in “Mode 2" of knowledge
production (Gibbons, et al, ibid): the “application context” determines the course
of the research, which is organized multi-disciplinarily, there are interactions
with enterprises and productive organizations, it is subject to a different kind of
quality control and generates products and technologies which can be
commercialized both domestically and internationally.

A little over 90 “Centers of Study” conducting postgraduate education and doing
research, operate within the IES.

The more significant fields or research include, inter alia: Medicines, vaccines,
diagnosis kits, medical equipment, agricultural biotechnology, animal feed,
educational and medical informatics, hydraulics, agribusiness, new materials,
neurosciences, electromagnetism, enzyme technology, fine chemistry,
computer chemistry and social and human sciences.

The presence of universities in the national scientific efforts is revealed in the
fact that 43% of their research projects are directly involved in the top priorities
of the country organized through the national, branch and territorial scientific
and technological programs.

The greatest weight of research lies in the University of Havana, the Jose
Antonio Echevarria Higher Technological Institute, the Agrarian University of
Havana, the National Center for Plant and Animal Health, National Institute of
Agricultural Sciences, the Institute of Animal Science, the Central University of
Las Villas, and with less specialties and with a more regional approach, the
Universities of Ciego de Avila, Matanzas and Camaguey.

Since the 1980s, within the context of changes in the National Scientific and
Technological Policy, higher education has been striving to increase the
linkages between their research and the productive sector, and even
commercialize its results, including exports of products and technology,
preferably to Latin America, Europe and Asia.

In order to facilitate this undertaking, interface institutions were created in the
second half of the 1990s under the name of Office for the Transfer of Research
Results, as well as mechanisms for the specific funding of product development
efforts with revenue-generating capabilities (Nafiez, J. y Alonso, N., 1999).

To illustrate the turnaround of the linkages between research and the productive

sector, we shall present some examples taken from the University of Havana,
the most important research university in Cuba.
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Changes in the National Scientific and Technological Policy and new
developments in the research agenda

The changes in the National Scientific Policy during the 1980s and 1990s have
already been mentioned. They were associated to the government and other
actors' view that science was not producing the expected practical benefits. As
a result, in the 1980s new signs of the context were sent to the University,
demanding greater social contribution, particularly productive, from university
research. Ever since 1985 the links of the UH with the main national
development programs were on the rise. Against this background, new research
centers emerged, generally from already existing groups, in order to provide
them with better capacity to apply their scientific results. Thus, “new type”
centers emerged directly linked to national programs of industrial development
demanding a major scientific and technological support. These centers, based
on a multi-disciplinary organization of research, were geared to close the
research-production cycle. In this connection, new production capacities were
incorporated or very close linkages were created with the industry. For instance,
the University of Havana saw the emergence of the Institute of Materials and
Reagents (IMRE), the Center of Biomaterials, the Center of Synthetic Antigens,
the Center of Natural Products, the Center of Protein Biochemistry and the
Institute of Pharmacy and Food. All of them have received, in different stages,
significant investment and special attention from the Central Government.

The working style that these centers took on entailed a high level of devotion to
the scientific activities considered important to the country. All these centers are
immersed in a fabric of relations incorporating various social actors and posing
more direct demands to research, plotting new social and technological paths
(vaccines, lasers, biomaterials, medicines, etc.). In this way and in a greater
degree than before, the relevant fields for research were defined out of the
exchange of academic and non-university actors.

As the economic crisis of the country worsened after the collapse of the USSR,
the intent to increase the practical effects of research connected with the idea of
using this way to get financial resources for the university.

From the policy discussion that was held then, ten chief lines of work defining
the new research agendas emerged: medicines, diagnosis kits, biomaterials
and medical equipment; new materials, biotechnology and food; environment,
computer science, economic studies; history and culture; society and politics;
human health and studies on education and science. Each of these directions
defined lines of research of priority in order to use more efficiently the limited
resources, concentrate the university scientific production and maximize its
impact on the more important problems of the country. Guidelines were
established for recruiting material and financial resources on the basis of the
sale of scientific and technological services, software and high added value
specialized small productions as well as technology transfer. It is no
exaggeration to say that a sort of "second academic revolution” was in the
making (Etzkowitz, H y Leydesdorff, L 1997).
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The commercial dimension has forced groups and research centers to learn
about topics they had not dealt with before: market studies, cost analysis,
project evaluation, quality management, marketing strategies, contracts,
intellectual property, licenses and advertisement, among many others. Thus a
transformation took place in the thinking and culture of a number of leading
scientists and researchers. Multidisciplinary work with economists, legal experts
and marketing specialists, working in the university itself, has become an
important support.

Innovation and its lessons®!

Some interesting technological and scientific breakthroughs are going to be
mentioned in this section.

Tisuacryl, for instance, is a product created at the UH’s Center of Biomaterials,
founded in 1991. Since the 1980s, work had been done in the School of
Chemistry on the research and development of material for clinical use with a
high domestic demand and difficult availability due to high prices in the
international market. Biomaterials are usually very much sought after in
developed countries. The world market for these products was worth over 120
billion dollars in 2001.

The Center of Biomaterials focuses its work on the technological development
and production of biological polymers and ceramic materials. Tisuacryl is a
synthetic nonsuture adhesive used to bond tissues and seal wounds in the skin
and the mouth as a result of trauma or due to surgery. This so called “biological
glue” advantages include saving time and surgical suture, no need for
treatment, more aesthetic as scarring is minimized, less risk of infections, it is
biodegradable and avoids inflammation and keloids. This product is ISO 9002
certified and registered in the European Union. The same is true with APAFILL-
G, a synthetic ceramic granulate of hydroxyapatite for bone restoration in
maxillo-facial surgery and dentistry.

The center has completed some 6 products and 9 are in the pipeline. The work
done there exemplifies very well the advantages of the coordinated, networked
and multidisciplinary efforts where lab research, escalation, evaluation,
production and commercialization are conceived from the beginning as
elements of a single process. The whole process is governed by the context of
application and a concept of the scientific work as proposed by the “Mode 2~
theory. Biomaterials are a good example of technological and scientific activities
(Nufiez, 1999, Echeverria, 2003) where the entire process was characterized by
the interactive work between scientists, engineers and health personnel.

Biobras-16 is a high added-value product belonging to a family of stimulators of
vegetal growth. It was obtained by organic synthesis specialists of the School of
Chemistry from the chemical modification of natural products. Biobras-16

51 The information was made available by the leaders of research teams: Rubén Alvarez, Francisco Coll
and Carlos Rodriguez. An article written by the last author (Rodriguez, 1997) helped to understand the
evolution of the university scientific policy.
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improves crop quality and increases yield by 10 to 25%, it favors plant
development in adverse conditions such as saline, water and heat stress and
can replace, in various processes, several phytohormones already known.

The context of application is also a determinant throughout the production
process of knowledge. The quality assessment of this research includes the
classic peer review; and several master's and doctoral thesis and publications
have made possible that the synthesis of the likes of brasinoesteroids. But the
evaluation of these research activities incorporates the phytosanitary
registration, optimization and scale of synthesis, the establishment of methods
for quality control, design and start-out of a small production capacity and the
production license. It also includes the design of a strategy to apply the product
in the Cuban agriculture and for export, which has required market studies,
registration of brands and patents, export licenses, exchanges with
entrepreneurs, agreements with commercial firms, etc.

Laser technology has been developed at the UH’s Institute of Materials and
Reagents for 20 years. Young physicists graduated in the USSR began to
explore different applications in the areas of surgery, ophthalmology, and laser
cutting engraving and soldering. Since 1996 they have taken up again the
development of laser systems and manufactured a piece of equipment to
cleanse works of art, which has been registered by the European Union and
sold to several countries. In 1999, the works began to create a business set up
with a view to obtaining components in Mexico and selling the equipment in that
country. As part of an agreement with the National Polytechnic Institute of
Tampico a laser lancet was developed for blood extraction, which is less painful
and makes the process more asceptic. Once registered in Cuba, it could be
used in our health system. Work is underway in projects for laser applications
for the removal or cleaning of prickly pear thorns and its fruit, both highly
consumed in Mexico. The next applications are going to be biotechnology,
biomaterials and nanotechnology.

What is common to the abovementioned examples is the following:

e All innovations have been possible thanks to the existence of a “pre-
innovation” accumulation (Nufiez, J y Castro, F., 2005) expressed in the
high level training of human resources, and a process for the
institutionalization of science spanning several decades.

e The “context of application” guides the entire process of social production
of knowledge. The starting questions include: ¢Science for what?
¢Science for who? ¢What is the economic feasibility? ¢What
benefits/revenues is it going to produce?

e The interactions between the various actors and the incorporation of
different rationales (scientific, commercial, social, etc.) have shaped the
technological and scientific path. The changes examined are not going in
the direction of the “entrepreneur scientist” because the goal is not
individual profit making. Instead, they lean towards a scientist
assimilating an integrated vision of the process of research, production,
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commercialization and social use of the products, accepting a concept of
guality assessment of the scientific work that is far from traditional.

e The chief actors have been the community of university researchers
(who are also engaged in teaching and other activities) and the State, on
the basis of a community of shared values and objectives.

e Research, innovation and learning go together. And that's in several
senses. Firstly, the quality of tertiary scientific and technological training
and postgraduate education have made these innovations possible.
Secondly, because the dissemination of these products in the society
(namely the application of biobras-16 in the vegetable crops) require the
social learning by the producers. All these innovations are accompanied
by a learning which, in turn, feedbacks research and innovation.

The most radical innovation: building “robust designs”

The most recent and probably the most brilliant success of science in the UH
has been the creation of a new vaccine against Haemophilus influenzae type b
(Hib) based on a synthetic antigen®?.

A Hib bacterium is the first cause of invasive disease in children under 5.
Vaccination against Hib began in the 1970s with a vaccine that proved to be
effective from the age of 18 months. It was followed by a new generation of
vaccines called conjugates, where a process called conjugation was used to
chemically bond the same capsular polysaccharide to a protein of bacterial
origin. In the late 1980s the clinical trials with Hib conjugate vaccines of different
configurations were completed. All of them proved to be very efficient, highly
safe and with little adverse effects. These vaccines are successfully used in
developed countries. However, a decade after the introduction of the conjugate
vaccines, only 38 thousand out of the estimated 2.2 million cases every year
are protected by vaccination, that is to say that only 2% of the children in the
world with risk of catching the disease are protected. Prices limit a greater
accessibility.

In the 1980s Dutch scientists proved the scientific possibility of obtaining the
vaccine through synthetic means. The challenge lied in turning the academic
possibility of obtaining a small amount of synthetic antigen into a technology
able to produce the antigen for millions of vaccine doses and that such process
could compete with the existing one. In the 1990s several universities and
laboratories of vaccine producing companies tried that, without being able to go
beyond the phase of clinical trials in humans.

The project looking for an alternative to conjugate vaccines began in the UH in
1989. In this connection, a close cooperation was established between the
laboratory of synthetic antigens of the UH and the National Center of

%2 Our thanks go out to Dr. Vicente Verz Bencomo, director of the Center for Studies on Synthetic Antigens
and collaborators for their valuable information.
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Biopreparations of the West Pole of Havana. The Finlay Institute and the
University of Ottawa, Canada, joined in afterwards. Then the Center for Genetic
Engineering and Biotechnology, the Pedro Kouri Institute of Tropical Medicine
and the delegation of the Ministry of Public Health in the Province of Camaguey
followed suit.

Little by little, the optimization of the technological process was achieved
(chemical reactions were brought down to 23 from 65) and clinical trials showed
favorable results and they were done in children with excellent results.

These efforts, with the cooperation of several institutions, led by a small lab in
the University of Havana, were completed after 15 years. They proved that the
Hib vaccine developed from a totally synthetic antigen is very safe and effective.
The registration took place in Cuba in 2003.

At present work is underway in the production of this vaccine at large scale
which will save the country 3 million dollars every year, previously used to
import Hib vaccines. A Cuban pentavalent vaccine is also incorporated,
probably the second pentavalent vaccine in the world. The exports envisaged
are for the Latin American and Asian markets. The results were published by
the journal Science [305,522(2004)] and the UN Task Force which prepared the
document “Innovation: Applying knowledge in development” (2005) reflected it
extensively. It was also given an award by the World Industrial Property
Organization in 2005.

From the experience of the UH, at least regarding the abovementioned
examples, some conclusions can be drawn. Let us look at some of them:

e Development-relevant research must take its application very much into
account. It does not reduce the scientific value of the development. The
context, the fabric of relations into which the scientific practice is
inserted, can generate research agendas and technological and scientific
paths allowing for new explorations of the scientific and technological
frontiers. These research projects can have a scientific relevance and
their application go beyond the limits of the context which generated it.
The Hib vaccine proves it clearly. This example reveals the convenience
of university research overcoming the basic-applied, science-technology,
academic evaluation-context-based dichotomies, among others. Social
pertinence can be placed at the core of our values without hurting
academic quality.

e The relevant research demands high academic level and requires a good
level of scientific education, including postgraduate education. Learning
is essential.

e Multidisciplinary, networked work in cooperation is also indispensable.

e The evaluation system of university science must go beyond the

exclusive privilege of peer review and should take on board diverse
criteria, stimulating the work for the solution of social problems.
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Unfortunately we still do not have indicators describing the significance
and social appropriation of knowledge.

e Society is much more than market. Science tends to commercial
demands but must also tend to social needs. Research agendas must
also be led to the goal of promoting the broadest social appropriation of
knowledge and its benefits. Knowledge can be a source of social justice
and equity.

Innovation and energy saving

The preceding examples illustrate the breakthroughs in research, more or less
innovative from the scientific point of view, which have generated production
capacity and even business on the basis of science and technology. These are
innovations produced by a University with a tradition of five decades of
research, hundreds of doctors among its faculty, tens of research groups,
master's degree and doctoral programs. Particularly, the case of Hib can be
considered to be a result of world level.

We shall mention a relatively different case now: the Total Efficient Energy
Management System (TGTEE). This is a result which received the Innovation
Award 2005 in Cuba. The award comes after several years of research and
postgraduate efforts, including doctoral thesis. The main authors are from the
University of Cienfuegos (UCF) and other specialists also contributed. The UCF
is a small university showing more modest scientific indicators than the UH but
with a significant course on technological and scientific development in the field
of energy, having a center of study to this purpose.

The issue of energy —critical worldwide— sparks in Cuba the highest
economic, political, social and technological interest. Advancing in a program
for energy saving and generation of new sources of energy is a central objective
that is shared by all relevant actors in the innovation system.

This is the context in which the TGTEE innovation emerged. It is about a suite
of procedures, tools and specialized software that, applied continuously and
based in the total quality management, allows an organization to establish new
habits in the management, control, diagnosis and use of energy, aimed at using
all energy saving and conservation opportunities and at the reduction of energy
costs and the associated environmental pollution.

The TGTEE’'s essential objective is to increase the technological and
organizational capabilities of institutions and enterprises so that they can
develop a process of continued improvement of energy efficiency.

Its implementation is carried out through a cycle including training, testing,
energy diagnosis, socio-environmental study, design of an action plan,
organization of human resources, supervision, control and evaluation among
other processes.
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The TGTEE is integrated to the management of the enterprise or the institution
as a sub-system subordinated to the top management.

This technology has already been implemented in 132 enterprises and now is
being disseminated across the country to generalize its use. To this end, a
macro innovation project has been put together involving several actors,
learning processes and various forms of social participation. In addition to
universities, the system involves various ministries, municipal and provincial
governments, enterprises and a numerous number of social workers that will
supervise the implementation of the system in the organizations. The municipal
university venues are cooperating in this project. The central government is in
charge of providing the necessary resources. It is an example of working in
networks where actors share the same objective. The total cost is estimated at
around a quarter million dollars.

In this project, the training of the people who will use the technology covers all
municipalities in the country. Cooperation is very important in this connection.
The universities under the MES have centers and groups working on the issue
of energy in nine of the 14 provinces of the country; some of them employ
specialists who co-authored the abovementioned award-winning innovation.
The training includes the holding in various territories of a Master’'s degree
program in Energy Efficiency, which already exists in the UCF.

Final Comments

We have given an overview of the role of the Cuban university in the Cuban
context of social and scientific and technological development, showing the
most visible features of its performance in the National Innovation System.

This report argues that the Cuban university occupies a significant place in the
national innovation system. We have considered the contribution of the
university in three fields: the education of professionals, continuing education
and postgraduate education, including the training of executives and
technological and scientific research. All these activities take place within
policies giving privileges to the program’s social pertinence.

This paper underscores the decisive role played by the Cuban State in
establishing national and sectorial policies which have brought about a broad
social demand for technology, products and services. The biotech industry is a
success story. Its significant progress has been based on the broad social
demand of technologies generated from the needs of the national health
programs, the high qualifications of human resources involved in the field and
the high priority attached to its development.

Social pertinence, as a principle that governs university policy, is oriented
towards the multiplication of the Ilinkages of professional education,
postgraduate education, research and extension with the productive system and
the society as a whole. Probably, an appropriate insertion of the University in
the innovation system is only possible if the University promotes this type of
interaction.
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The Cuban universities are closely related to society. The strategies for
university education and research are built in interaction with society. Therefore,
the Cuban model has been called “interactive” in its university — society
interaction. The Cuban university assumes that society is much more than
market. Knowledge and science can address commercial demands but, above
all, social demands. The agendas for the education and research set out to
promote the widest social appropriation of knowledge and its benefits, seeking
equality and social justice. In this regard all kinds of knowledge are useful:
those contributed by science and technology as well as art, social sciences and
humanities.

We believe this “interactive model” facilitates the university’s participation in the
innovation system. Furthermore, this model contributes to the social objective of
advancing towards a knowledge-based social development model. The “New
University” —a model promoting citizen’s universal access to higher education
and promoting learning spaces in all localities of the country— is an important
resource to drive development forward.

The education of professionals puts study and work together and incorporates
education into research. The process for the establishment of university
programs, modification of curricula, conducting on-the-job training, students
research, creation of training spaces in enterprises and other organizations, and
even the founding of universities is directly associated with the solution of
social, economic, cultural and environmental demands. Thus, the knowledge
involved in the education and training of professional is closely related to the
development of the country.

All full-time students have a job guaranteed at the end of their studies. This job
is appropriate to the studies completed, which favors the insertion of students
into the innovation system.

Continuing and postgraduate education are guided by the principle of
pertinence. The process of approval, evaluation and accreditation of the
programs take social pertinence very much into account and are part of the
abovementioned interactive study.

The agendas leading scientific and technological research are also oriented to
produce favorable social impacts, including economic impacts. The cases
considered show the relationship between these innovations and scientific
research of a good academic level, postgraduate education and international
cooperation.

This paper has dealt with the negative consequences for the university as a
result of the prolonged economic crisis the country has been going through
since the last decade. The will of the university actors and the Cuban state to
promote university knowledge and connect it with the country’s social
development, has been greater than the resources that could be mobilized to
this end.
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The relationship between university research and the productive sector is
influenced by other factors. Throughout four decades, the economic efficiency
of productive sectors has been on the spot. The different modalities of
economic and scientific and technological policies that have been implemented
have tried to improve the productive development and the innovation capacity of
organizations, including a better use of scientific and technological capabilities.
The results in various sectors are still modest. This is one visible limitation of
the Cuban innovation system and it affects the interaction of the universities
with the productive sector. In a context of serious economic shortages, financial
limitations have also affected adversely.

However, there are a number of favorable examples. The Cuban biotech
industry has become a strongly knowledge-driven sector. A major contribution
by universities can be seen in it, especially through the process of education
and training. Vegetal biotechnology is well represented in the universities. The
software industry seems to follow a similar path. It is an industry where
universities play a major role.

Universities have played a role in the consolidation of the tourist industry, which
became the power house of the economy. This industry has required learning
processes where the education provided by universities, together with a
formidable training strategy of the sector itself, has been of importance.

The universities also support other emerging sectors of the economy and
participate in the energy-saving programs and the exploration of new energy
sources.

In the universities examples can be found of research groups and centers that
have passed from research into production and commercialization of products
and technologies with a high added-value. Even in cases where there is a
genuine economic interest, the relation of groups and institutions with their
Cuban peers usually lack a commercial nature or is very limited.

Then we showed the contribution to the national scientific development made
by 17 institutions of higher education under MES, which receive a sizable part
of annual research awards, have a large bearing in the publications and they
are an important part of the training and education of doctors. Their research
projects are involved in the main priorities of the country organized through the
national, branch, sectorial and territorial scientific and technological programs.

In our experience, development-relevant research must take its application very
much into account. It does not reduce the scientific value of the development.
The context, the fabric of relations into which the scientific practice is inserted,
can generate research agendas and technological and scientific trajectories
enabling new explorations in the scientific and technological frontier, producing
relevant research in scientific terms whose applicability can go beyond the
borders which generated it. The Cuban Hib vaccine proves it clearly. It reveals
the convenience of university research overcoming the basic-applied, science-
technology, academic evaluation-context-based dichotomies, among others.
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Social pertinence can be placed at the core of our values without hurting
academic quality.

A preliminary conclusion to be drawn is that the Cuban universities have made
important contributions to the advancement towards a knowledge-based social
development model —bearing in mind the material and organizational
shortages limiting its participation in the innovation system, still in a building
process. Advances are made, the challenges are greater.
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