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INTRODUCTION
 

The possibility of holding a series of science workshops in
 

Colombia, similar to those sponsored by the National Academy of
 

Sciences in Brazil, Peru, the Philippines, Nigeria,and Taiwan, was
 

initially discussed in July 1967, when Dr. Harrison Brown, Foreign
 

Secretary of the National Academy of Sciences, and Miss Theresa Tdllez,
 

Head of Latin American Affairs for the Academy, met in BogotA with
 

Ambassador Reynold Carlson, Mr. Harry Martin, Jr., Acting Director
 

of the USAID Mission for Colombia, and other Embassy and USAID
 

personnel. Subsequent talks were held with Minister of Education
 

Gabriel Betancur, Minister of Agriculture Armando Samper, Dr. Edgar
 

Gutidrrez, Director of the Administrative Department of Planning,
 

as well as with scientists at some of the universities and members
 

of the 'VfT Club of Colombia" which included: Mr. Rodrigo Botero,
 

Economic Adviser to President Lleras, Ing. Alberto Ospina, Director
 

of the Foundation for Educational Development, and Dr. Oliverio
 

Phillips, former Director of the Technological Research Institute.
 

All these persons emphasized the need to improve Colombia's
 

scientific and technological capabilities. The Minister of Education
 

offered to collaborate in the organization of a meeting of U.S. and
 

Colombian scientists to discuss the problems and potential of
 

science and technology in Colombia's economic development.
 

Ing. Alberto Ospina coordinated the arrangements for the Colombian
 

participants, and in this connection was financially supported by
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USAID to attend as an observer the U.S.-Brazil science workshop held
 

in Washington, D. C., February 5-9, 1968. Miss Theresa Tdllez
 

coordinated the preparations for the National Academy of Sciences.
 

Plans for the meeting were arranged with the assistance of Dr. Edward
 

Schten, Adviser on Higher Education of the USAID Mission.
 

The workshop was held February 26 - March 1, 1968, in Fusagasugf,
 

Colombia. Nine U.S. scientists and engineers selected by the National
 

Academy of Sciences, and ten Colombian scientists and fifteen special
 

guests, named by the Minister of Education, representing Colombian
 

industry and governmen met to consider: (1) the current state of
 

scientific and technological research with respect to human, physical
 

and financial resources in education, industry, agriculture and
 

natural resources; (2)mechanisms to strengthen, organize and
 

direct Colombian science toward the solution of the country's
 

economic and social problems; (3) ways to create public awareness
 

and interest in the role of science and technology in economic
 

growth; and (4)possible plans for future collaborative action in
 

the application of science and technology to Colombian development.
 

The Colombian participants prepared analyses of problems facing
 

their country in the development of research. These reviews served
 

They
as discussion papers at the plenary sessions of the workshop. 


are contained in Volume II of this report, together with the contribu

tions of the U.S. participants. Work groups formulated recommenda

tions in the fields of education, industry, and agriculture and
 

natural resources. A special working group elaborated a series of
 

recommendations for a scientific and technological policy for Colombia.
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This latter document was presented to President Carlos Lleras
 

Restrepo on the occasion of the final session, held at the Presi

dential Palace at his invitation. President Lleras expressed a
 

strong interest in supporting and facilitating implementation of
 

the working recommendations and expressed his gratitude to the group,
 

stating that the workshop marked the beginning in Colombia of a new
 

concept in international cooperation.
 

A deep interest in applying professional competence to help
 

solve Colombia's economic and social problems was expressed by a
 

number of Colombians. It is recognized that this awareness needs
 

to be made more widespread, in order to enlist the resources of the
 

public and private sectors in what is viewed as a long-term endeavor.
 

Although the meeting provided an overview of the present situation,
 

it by means provided the time required to review in depth the prob

lems of any one sector. It is therefore anticipated that means will
 

be made available to continue these meetings in the future, to per

mit concentration on specific areas where the potential for develop

ment is considered greatest. In view of the high-level interest in
 

this joint effort, and also the recent commitments made by the
 

Colombian government to the OAS efforts aimed at strengthening
 

science and technology, the outlook for scientific development in
 

Colombia appears favorable.
 

Reports of the plenary sessions, the recommendations adopted,
 

and other relevant papers, are contained in the following pages.
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SESSION I
 

Science Policy and Economic Development
 

The meeting opened with the following remarks by Minister
 

Gabriel Betancur.
 

Distinguished Participants: The President of the Republic, Dr.
 

Carlos Lleras Restrepo, sends you his very special greetings and his
 

thanks for your participation in this Workshop on Science and
 

Technology in Development, and hopes that the reconmendations and
 

conclusions arising from the workshop may assist the Government
 

in giving a vigorous stimulus to scientific and technological
 

development in Colombia. For many of us, interest in these disciplines
 

was awakered perhaps only after we had left our childhood, but the
 

President's case was different. His love of science was acquired in
 

his own home, practically from the time he reached the age of reason,
 

because his father, Professor Frederico Lleras Acosta, was one of
 

Colombia's most distinguished scientists and dedicated his whole life
 

to scientific research. The President has asked me to invite you, in
 

his behalf, to the Colombian Presidential Palace next Friday for the
 

closing ceremony of this workshop.
 

There Ls a pleasant coincidence in this work because this is
 

the first activity on science and technology in Latin America since
 

the closing of the Inter-American Cultural Council which met in Maracay,
 

Venezuela on February 22. Allow me to inform you briefly of the results
 

of the meeting, which gave such importance to the development of
 

science and technology, in accordance with the mandates of the
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American Presidents who met at Punta del Este in April of last
 

year. The Council meeting was memorable because, aside from the
 

select composition of the delegations, most of them were headed by
 

their respective Ministers of Education. In all, there were more
 

than 250 representatives. It is interesting to note that, for the
 

first time, speeches by delegation heads were eliminated. Imnedi

ately following the inaugural session, the delegates began the
 

intensive work which resulted in three instruments for improving the
 

life and destiny of the American man.
 

First, in accordance with the dictates of the Buenos Aires
 

Protocol, the Council was given a flexible organization which allows
 

it to combine the interests of the different governments with the
 

demands of technicians and experts in the fields of education, sci

ence and technology. For this purpose, the Council created 
a
 

Special Commission and two technical committees responsible to the
 

Commission. Thesc committees will study projects presented by the
 

governments, and make pertinent recommendations for their approval.
 

Secondly, following the guidelines set down by the American
 

Presidents, the Council approved prograws relating to science and 

technology, and education! indicating priority fields and establish

ing criteria for The selection of the projects presented by the 

governments. One e:anmple of responsibilitv .as snox-m lhen the 

Council reiused to approve certain projects because they lacked the 

necessary elements of judgment to assure their success. 
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for the first time in the history of the Inter-American
Lastly, 


system, it created a Special Fund, which guarantees the Organ

ization sufficient resources during the first year to finance projects
 

which are approved. This fund, US$25 million, of which $15 million
 

will be allotted to science and technology and $10 million to
 

education, was created during the last session, when the
 

representatives of several countries offered contributions which
 

now insure financing for more than 80 percent of this Fund. The
 

United States, through Mr. Covey T. Oliver, Assistant Secretary for
 

Latin American Affairs of the State Department, offered more than
 

US$16 million. Colombia was authorized by the President of the
 

Republic to offer the sum of US$387,500, corresponding to the OAS
 

table of contributions.
 

In summary, the meeting of the Inter-American C'iltural Council
 

approved not only recommendations as to its structure, but also a
 

balanced program, and created the financing necessary to make it a
 

April 15 is the deadline for the election of the Commission
reality. 


and Its committees. All countries must present their candidates
 

before April l,in order for the OAS Council to hold elections. We
 

expect that from April 15th on, when the commissions and committees
 

We were well aware that there
are constituted, work will begin. 


were two parameters in the discussion of the program: the first was
 

speed, although speed was not to sacrifice quality. The important
 

thing is -oassure that the sectors in education, science and tech

nology invest the allotted funds in the best way possible, just as
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the economists have wished to invest the funds allotted for programs
 

of economic development. 
This is even more important, since we
 

have considered and proclaimed that the basis of all economic and
 

social development is precisely reflected by the investments for
 

education, science, and culture.
 

The workshop, therefore, is extremely important, because it is
 

in keeping with the recommendations 
set forth in the Council by a
 

group of national and international leaders in the field of science
 

and technology. We, the organizers, hope that this workshop, upon
 

completion of the agenda proposed, may offer the public and private
 

sectors of the country precise suggestions for advancing the action
 

President Lleras desires, of bringing science and technology to bear
 

on Colombia's integral development plans.
 

This Government is realistic, and realizes the magnitude of
 

what it desires to do. In certain sectors-for example, in agricul

tural research-the results are 
heartening. We realize that Colombia
 

is in need of a policy for integrated, consistent and methodical de

velopment of its science and technology. Our overall development
 

plan will bear more fruit when it is synchronized with a policy of
 

scientific and technological development.
 

The formulation of this policy will include various sectors,
 

some of which are considered in the 
papers presented at this work

shop. This is not the time for me to discuss them, as they will
 

be studied in detail later. 
 The Government has studied the form

ulation of a policy in this area, but will not present it
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here,because it wishes to allow the greatest possible freedom for
 

each one of you to express your feelings. We request that you state
 

all of your opinions with no restrictions whatsoever; that is why you
 

have been invited as individuals; no one is representing any insti

tution at all. We hope that you will contribute with your experience,
 

to give us the benefit of your advice with complete freedom. We know
 

that in addition to formulating a policy, the Government considers it
 

indispensable to create instruments of execution and coordination.
 

In a democratic country like Colombia, there are two large sectors
 

in all these activities: the private and the public. The public
 

sector must stimulate, motivate, create incentives and assist the
 

private sector. At the same time, it must coordinate these two
 

sectors, creating channels for this purpose, through which the 

sectors can reach agreement and advise the Government regarding 

modifications and additions to the policy for scientific and techno

logical development. We know that the operation of an administrative
 

policy and structure requires an additional indispensable element:
 

the financial element. We wish to consider this aspect and would
 

like the benefit of your experience. In a country like ours, with
 

many needs and limited resources, it is imperative that priorities
 

be determined very clearly in order to assure that efforts achieve
 

maximum impact in all fields.
 

Government policy has one objective-to succeed. To this end 

it seeks the counsel of independent people who, like the Government, 

share the desire that the recommendations and conclusions of this 
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workshop provide the best basis for success for the country's
 

endeavors. In a complex field such as science and technology,
 

it is essential to plan with a great amount of realism. We are
 

opposed to doing things rapidly and badly. We believe that once the
 

inventory of Colombian science and technology is made, we will be
 

able to draw conclusions that will constitute a solid basis for the
 

permanent and vigorous utilization of science and technology in
 

development.
 

I wish to thank the National Academy of Sciences of the
 

United States for its interest and cooperation, given us from the
 

very beginniaig when Dr. Harrison Brown visited Colombia some months
 

ago and we discussed with him the Colombian Government's desire
 

to formulate a policy and create the necessary mechanisms in the
 

scientific and technological field. The idea of this workshop arose
 

from these conversations. Our thanks go also to the Agency for
 

International Development for its assistance in making this meeting
 

a reality, and to all the foreign participants who have honored us
 

with their presence and who will counsel us with their experience in
 

determining the best roads to follow in this work, which the
 

Government wishes to undertake with resolution and enthusiasm. We
 

also wish to thank all of our countrymen who have cooperated with 

us in such a selfless and noble way so tiiat this workshop might be 

successful. I want to emphasize the efficient collaboration re

ceived from Ing. Alberto Ospina and Dr. Oliverio Phillips in the
 

organization of this meeting.
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In closingI wish to express my appreciation to the press for
 

the importance it has given this workshop-proof of this is the group
 

It
of photographers and reporters who have come here from BogotA. 


is the Government's desire that one important aim be included 
in
 

that Colomuia be made
formulating the objectives I have indicated: 


aware that the only way to development is through a vigorous 
policy of
 

promotion of science, technology and education. Any country which
 

does not make this great effort will be permanently enrolled 
in
 

nations. The Colombian people have given
the ranks of underdeveloped 


to raise it from the state of underthis Government a mandate 


development, and that is precisely what the President of the Republic
 

is doing. We ask all of those in charge of news media to help us
 

carry this message to the Colombian people. It is not only what we
 

do here, nor what the Government can do, but the combined efforts 
of
 

the entire population toward this national objective, that will 
make
 

science and technology effective instruments for giving Colombians
 

a better and more dignified way of life.
 



Dr. Brown summarized his paper* entitled, "Science Policy and
 

Economic Development," wherein he discussed the 
following questions:
 

Why science and engineering? How many scientists? How many engineers?
 

How much research and development? How much basic research? How large
 

the growth rate? 
 The importance of research and development to economic
 

growth,and the need fo- local problem-solving competence were stressed.
 

Dr. Brown concluded that if science and technology are to grow in the
 

less-developed countries at rates commensurate with their growing needs, 

it is essential that governments establish policies and mechanisms
 

which will provide for adequate scientific-technological advice at
 

the highest levels. 
 In his opinion, any governmental mechanism
 

adopted should provide for the following:
 

a) Advice 
 nt the highest levels of government concerning problems
and opportunities involving scientific-technological development;
 

b) The means whereby' science and technological change can be
adequately taken into account in national economic planning;
 

c) Mechanisms that will enable each government agency to undertake
 
or sponsor research which is relevant 
 to its mission;
 

d) Mechanisms that will 
ensure that industrial research of importance
to the national economy will be undertaken either within the private sector or by the government-operoted laboratories esta b li shed for the purpose; 

e) Means for ins.;uring, that the resu lIs of applied research areused to improve the efectiveness of operations and the efficiency of
 
production in the var'ious sectors 
 of the economy;
 

f) Means 
 which will enable adequate government funds to be channeled

selectively to :;ckmtist,; i.n tihe 
 univers ities for the support of their re
search activities, hoth basic and applied, on a continuing basis;
 

g) Establishment of post-graduate 
 education in all areas of scienceand engineering :elevant to national economic and social development; 

*The full text 
is contained 
in Volume II 
of this report.
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h) Strengthening of science and engineering education in the
 
universities,at the undergraduate level;
 

i) Development of adequate curricular and teaching methods in
 
science and mathematics in the primary and secondary schools;
 

j) Means that will ensure that the limited resources available 
are allocated to these various activities on a national basi and that 
will enable the multiplicity of efforts to be coordinated; and 

k) Mechanisms which will enable the non-governmental scientific
engineering cormnunity to criticize government programs constructively
 
and advise the go-.ernment about needs and opportunities in research 
and education.
 

In subsequent discussion. it was suggested that methods be developed
 

to reduce the period of time required to reach the scientific levels
 

referred to bv Dr. Brown. The possibility of utilizing foreign personnel
 

from the United States, Japan.and Germany was mentioned. In addition,
 

maximum advantage should be taken of Colombian scientists working 

ab road. Dr. Betancur mentioned that ICETEX is organizing a seminar 

on ways to encouragc the -eturn of Colombian scientists. This seminar 

might study the basic conditions required to achieve this. 

In training engineer., Colombian universities should take care
 

to maintain quality. while increasing numbers. There must be a 

correspondence between the demand for professionals, and the supply, 

through the hiigher eddcation system. There should also be direct 

conmunication between universities and the community in order to 

develop job opportunities for specialized personnel. It was pointed
 

out. however, that the demand for highly-qualified personnel cannot 

alwa,.,s be determined through direct inqairy to potential employers, 

because pri-ate enterpriscs frequently cannot estimate what their neels 

are g, ing to be in the future. This point was cited in stressing the 

necessity of promoting research through national planning programs. 
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Some industrial areas 
develop slowly because of the numerous small units
 

which comprise them, as 
for example, in agriculture. This sector there

fore requires governmental action to promote its development through
 

science and technology. 
Areas of high economic capacity, which can
 

support research without affecting their financial situation should
 

be left to their own initiative.
 

Mr. Wi.son cited a number of case histories relating science 
to
 

development. He suggested that 
support of science and technology does
 

not automatically insure development. 
In his view, science and technology
 

do not stimulate development, but respond to it. 
 The central,most
 

important factor in development is the scale, composition,and employment
 

of high-level manpower. 
There are severe limitations on what non

nationals can contribute 
to a society; hence, the national educational
 

system is of great importance,as is the ability of the society to absorb
 

and effectively utilize its trained manpower.
 

Mr. Wilson commented on his work with Western European countries
 

since 1960, in the development of policies for science and technology.
 

During recent years the Organisation for Economic Cooperation and
 

Development (OECD) has reviewed and examined national education systems
 

for science and technology 
and this has been valuable for many countries.
 

As a result of the belief that the learning process itself needs much
 

study, a new Institute for Educational Innovation has been created
 

within OECD.
 

OECD also has a program for the 
review of national science
 

policies. 
 The Japanese policy is especially interesting in view of
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Japan's great success in e:,ploiting world knowledge of science and
 

technology for its own development. The review of United States
 

science policy revealed that the country has not had a clearly

defined national policy. A difficulty in many countries has been
 

the absence of a well-defined governmental entity to make decisions
 

on national science policy. Colombia is not alone in the lack of a
 

well-developed and articulated policy for science and technology.
 

In discussia, the technology gap between the United States and
 

western Europe, Mr. .lilson observed that science in Europe is of very 

high quality. There is a sharp difference in the attitudes in Europe 

and the United Status u:ith respect to industrial research. In the 

Unite, States, compauLes believe they can make anything they can 

sell; whereas in Europe, industry believes it can sell anything it 

can make. In the Udited States there is better cooperation between 

industry and governent. In the U.S. industry, the sense of urgency 

for applied science, and h. ,nteisity of competition, are much 

greater than in Larope. 

A nation can invest large sums in science and technology with 

little effot on e co oinc de,,elopment. The result may be merely the 

growth of a cosinopolitaL scientific elite, or a disillusioned brain 

drain. 

A specific sLL-acegy for science and technology is necessary. 

National planners must concentratu resources on specific targets 

,.,thiln the national dc ulopment plan. Technological inputs, and 

their timing, musL be assessed lor each specific target. After 

the scientiiic and technologicdl needs have been identified, there 
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must be careful analysis of the means to obtain them. Inventories
 

of obstacles, bottlenecks, and needed incentives must be made.
 

Mr. Wilson stressed that individual initiative is what makes things
 

happen.
 

In summary, there must be a national plan for development, a
 

related science and technology plan, and a system for evaluating
 

accomplishments. Mr. Wilson cited the example of recent agricul

tural development in Turkey as a useful model.
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SESSION II
 

The Need for a Colombian Policy for Science and Technology
 

Dr. Gabriel Betancur stated that a policy for science and technology
 

must be related to and coordinated with the nation's economic development
 

plan. Priorities must be established in both the economic and techno

logical spheres to assure maximum use of resources. Unnecessary
 

duplication of research effort must be avoided, to assure optimum use
 

of financial resources. Coordination between the public and private
 

sectors is necessary to achieve the greatest progress.
 

Dr. Betancur agreed with previous statements that good administration
 

is important. Adequate educational opportunities must be provided at all
 

levels, not at the highest levels only. National development plans must
 

take into account the creation of jobs necessary to utilize the output
 

of an improved educational system.
 

He also agreed that research is a good investment deserving support
 

by all sectors of the nation and of external financial assistance. He
 

suggested that an institution comparable to the National Planning Office
 

be created, to design policy for science and technology and to establish
 

priorities. A decision would need to be made on whether such an in

stitution would be advisory only, or have executive responsibility for
 

implementing an approved policy.
 

Dr. Piieros noted that the Colegio Mdximo de las Academias y el
 

Parronato de Artes y Ciencias have urged the Government to create such
 

an organization and pledge their full support. He emphasized the need
 

for anth'-opological and social sciences research in order to identify
 

the Colombian man and his life more scientifically. He pointed out
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that at one time Colombian research had served as a model for other 
Latin American countries, and that Colombia had excelledin philosophy.
 

Dr. Young urged the establishment of a Department of Science and
 

Technology 
 at the level of the National Planning Office,whose directors
 
would be selected on purely scientific criteria, and which would report
 

directly to the President of Colombia. 
This department would develop
 

policy, coordinate research, and administer funds, but it would not
 

operate its own research establishment. 
 Dr. Young felt an unusual
 

opportunity for creative action exists,and that Colombia should not be
 

timid about establishing 
a mechanism for scientific and technological
 

planning in support of 
the National Economic Development Plan.
 

Ing.Ospina emphasized the need for t:he Government 
to commit funds.
 
create incentives for private investment, and offer official backing for the
 

research and 
findings of scientists and engineers.
 

Mr. Toro discussed the dynamic contribution of scientific 
resources
 

to economic development, citing a comment that "capital lies between science
 
and technology." He suggested that in selecting priorities preference 

might be given to areas 
related to human biological deterioration, such 
as
 

nutrition and agricitlture, education, and t.ansportation. 
 Consid
eration must rlso ,e gten to electrification, ports, internal communi

cation, industrialization. defense, and the utilization of natural 
resources.
 

He felt that financing for this reseat-ch is possible, provided the projects 
are concrete and scientifically sound. He suggested that the science and 
technology planning body be established with the National Planning Office,
 

since the latter has basic information necessary to relate planning for 
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science and technology to the national economic development plan.
 

Dr. Brothers emphasized the need for continuing the dialogue
 

between economic planners and scientists and engineersto assure
 

effective application of the results of science and technology to the
 

country's economic and social development. He pointed out that much
 

of the technology of developed countries is prejudicial when applied
 

in the developing countries, because it has been developed on the basis
 

of a shortage of human labor and an abundance of capital; whereas tech

nology in developing countries must be concerned with the reverse situation.
 

Dr. Phillips spoke of the need to motivate young talent towards
 

science and technology,and the private sector toward the utilization
 

of research and technology. He stressed the importance of having a group
 

of "brains" thinking always in the future, without the limitations of
 

government, which is forced to give its attention to the present.
 

Dr. Botero stated that the government has not ignored research.
 

It has provided resources to the proper sectors, for example, the
 

universities. The problem is more one of coordination than of creation.
 

The dialogue betw.eei economists and scientists, already mentioned, is
 

essential for development.
 

Drs. Brown and Dierassi cited examples of developments in Taiwan
 

and Brazil which might serve as thought-provoking models for study by
 

Colombians.
 

It was agreed that environmental and working conditions conducive
 

to the encouragement of research must be given high priority.
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until more graduates are available for the system. It is evident
 

that the present systems are inefficient; and the question is,
 

therefore, which systems are the right ones. Certain facts are
 

clear. For example, the Ministry has no mechanism for disseminating 

its policies or its research. This situation will be remedied 

immediately. However, it is clear that periodical publication will 

not be sufficient to solve the problems of education, culture, 

science and technology. 

A number of the participants questioned an undue concentration
 

on high-level education, urging attention to all levels. Particular
 

mention was made of the need for improvement at the middle level in
 

both quality and quantity of graduates.
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SESSION III
 

Technological Problems in Aricultural Development
 

Dr. Guerra discussed the technological problems of agriculture as
 

outlined in a paper prepared by Minister of Agriculture Enrique Blair.
 

The problems can be divided into four categories: (1) research, (2) pro

duction, (3) extension, and (4) mechanization and capital services. The
 

most striking gap in research is the failure to study the ecology and
 

agricultural potential of the country's hot, humid tropics which represent
 

83 percent of the total area and 40 percent of the population. The
 

importance of these zones 
lies in the potential for production of
 

exportable items (e.g., cotton, bananas, cattle) and import substitutes
 

(cacao, sesame, palm oil). Rain, temperature and sunlight conditions favor
 

a greater production efficiency in these areas 
than in Colombia's tem

perate and cold zones.
 

Only limited attention has been given to the important area of
 

processing and marketing (about one percent of the total investment in
 

agriculture, in terms of personnel and budget). 
 Problems relating to
 

fertilizers, equipment, etc., 
are due principally to their high import
 

content, the poor market structure, and the low quality of some products.
 

Problems relating to agricultural extension can be summarized as
 

follows: insufficient and inadequately-trained personnel (it is estimated
 

that only one-sixth of the farm land 
can be reached),and lack of
 

coordination among the various agencies and organizations. There is
 

little adoption of new technology and mechanization, although where
 

intensive use 
of machinery has occurred, the result has been a lower
 

demand for labor.
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The solutions suggested by Minister Blair include the following.
 

a) the transfer of resources and the adaptation of research from
 
the temperate zones to the humid tropics;
 

b) additional research on 
processing and marketing, proportionate
 
to the economic importance of the tropical aiea;
 

c) increased use of domestic fertilizers W of additional imported

machinery, for agriculture and agricultural-related industries;
 

d) the establishment of state enterprises or farmers organizations

which would encourage more competition on the domestic market;
 

e) the improvement of dissemination of information through

agricultural extension; the utilization of young farmers and leaders,
 
better coordination and planning among state agencies; 
and intensified
 
teaching of social sciences and rural administration in agricultural
 
schools;
 

f) Other improvements include changes in land tenure and price
policy to encourage farmers to adopt new technology and to increase 
production. 

g) Finally, to avoid campesino unemployment, mechanization should
 
be limited mainly to opening new areas.
 

Dr. Cardona began his presentation by referring to the research and
 

technology revolution which began in 1942, aimed at increasing basic
 

food production. The Rockefeller Foundation program, initiated in 1950,
 

resulted in the creation of the Colombian Agricultural and Livestock
 

Institute (ICA). which combines research? education, and extension functions 

within a single but administratively decentralized agency. ICA programs 

conducted in Centers and stations throoghout Colombia's major ecological 

zones, have concentrated on developing hybrids and better basic food 

crop varieties. These varieties now produce 25 percent more than native
 

varieties under normal conditions. The total agricultural research 

investment between 1i)-0 and 1967 (278 million pesos) is about the same 

as the amo~nt by which the 1966 crop value exceeds the value it would 

have had without these crop improvements. 
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Dr. Cardona mentioned that ICA cooperates with twenty public and
 

fifty private organizations, as well as with thirteen international
 

bodies. 
 He believes ICA's success is largely due to internaticnal
 

cooperation,which made possible the availability of high-yielding seeds,
 

and the creation of a nucleus of highly-qualified researchers.
 

According to Dr. Cardona, the 
two most important problems concern
 

the present extension system in that very few farmers make use of the 

results of ICA research, and the low-level education of farm adminis

trators results in extensive damage to machinery and imported products.
 

Dr. Young observed that although extensive crop research is of great
 

value, attention to the neglected field of agricultural industry would
 

result in better utilization of increased production, new industries
 

offering increased employment opportunities, improved nutrition.
 

avoidance of crop waste, import substitution,and even new export products.
 

Dr. Betancur emphasized that the 
low level of education, and the illit

eracy of the rural population is the root of the problem of transmitting
 

research results.
 

Mr. Wilson inquired about hectare yields, market price, and
 

disease resistance of Opaque-2 corn 
as compared to conventional corn. and
 

about the INAGRARIO project to increase storage capacity and reduce price
 

fluctuation, which ias to be established to enable the farmer to make a 

greater profit, thus increasing his incentive to improve yields. Dr. 

Cardona explained that Opaque-2 is too new 
to make any conclusions. 

There is no data on disease, and the price of corn is generally less 

prone to fluctuation. On the whole, however, the problems are comparable
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including the limitations-to those in the Cauca Valley. With reference 

to the second point, INAGRARIO and the banks are conducting a campaign
 

to increase the country's storage capacity. It is estimated that
 

effective price support requires storage capacity for 20 percent of
 

the crop production; however this is not available at present.
 

Dr. Cardona replied affirmatively to the question "Could ICA
 

effectively double its budget?", adding that first priority would be
 

the training of intermediate-level personnel to take existing technology
 

to the farmer. In answer to an inquiry on whether increased yields
 

would find ready markets, Dr. Cardona said that although the situation
 

would vary from crop to crop, he expects no difficulties in the foreseeable
 

future, if the general economic situation (wages and incomes, in general) 

provides a market.
 

Non-Renewable Natural Resources 

Dr. Suescdn's presentation was divided into two parts: a general 

characterization of minerals as 
abundant, adequate, or scarce, and a
 

discussion of problems lacing the mining sector. 
Accor ing to Dr. Suescdn, 

limestone and marble are abundant throughout Colombia. Limestone is 

mined by thirteen cement plants which produce about two million tons a 

year of Portland cement, as well as calcium carbide, white cement,and lime. 

Limestone rock is not mined extensively although the reserves are vir

tually unlimited. Production is low, averaging about three million tons 

per year. 

Recently, the Mineral Resources Survey, in collaboration with the 
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U.S. Geological Survey, found extensive and rich deposits of phosphate
 

rock along the entire eastern cordillera of the Colombian Andes. Building
 

materials 	such as foundation stones, graded materials, materials for con

crete aggregates, sandstone, sand, schist, and serpentine 
are abundant.
 

Also available in sufficient quantities are petroleum, natural gas,
 

nickel ore, gold, silver, platinum, sulphides of copper, lead and
 

zinc, kaolin, feldspars, and emeralds. Iron, chrysolitic asbestos, gypsum
 

and manganese ere scarce. although detailed exploration for these materials 

has not been made.
 

Dr. Suescdn outlined the follk ig problems:
 

a) There is a great lack of coordination and overlapping among the
 
different government agencies, aggravated by unilateral and contradictory

criteria which distort the development process. A coordinating committee 
at the presidential 
level is required to remed, this situation.
 

b) Mining legislation is obsolete. For theexample, government
receives only 3.5 percent in royalties from the petroleum operations
 
at Putumayo. 
A review and up-dating of mining legislation is urgently
 
required.
 

c) There is a lack of capital for mineral development. The creation
 
of 
a mining bank, analogous to those for agriculture and industry, is
 
suggested.
 

d) There is a lack of technically-qualified manpower in the area
of geology, mining, and utilization of minerals. It was pointed out that 
the United States has approximately 1500 geologists per million square

kilometers. Colombia has only 250 for the country.entire It is ot 
surprising that between 1939 and 1968 only 10 percent of the countrY 
was surveyed. 

Problems in the Development of Research
 

Dr. Zethelius pointed out that accumulated knowledge is more important
 

than a country's capital and equipment. The most profitable investment
 

is in education. There is 
a widening gap between the developed countries
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which have been bypassed by new technology
and the less-developed countrie 


and have little to offer in exchange for the acquisition of technology.
 

Science must be applied specifically to tropical conditions, in order to
 

establish some kind of equilibrium. The imbalance in technological ad

vance coincides with the "revolution of rising expectations." The
 

development of "tropical science" is a condition for social progress.
 

reach the level of the developed countries in
It is futile to attempt to 


all respects. Their backgrounds, conditions, and perhaps even objectives
 

are significantly different.
 

future is quite different.
When we turn inward, the vision of the 


Because of the rapid obsolescence of traditional science and technology,
 

from scratch,"
athe less-developed countries are in position to "start 

i.e., to develop on the basis of contemporary science and perhaps in 

Lime, overtake the developed countries. Moreover, today's tropics have 

the great resource of solar a changing aspect. There is, above all, 


of known and yet-to-be-knownenergy which is converted into millions 

products. Efficiency in this process is very high in the tropics. 

heritage has caused the neglect of indigenous advantages.Cultural 


of the tropics, even without new science, are more than
The resources 


prosperous communities. Some examples are:
sufficient for deieloping 

1) Solvent ext~ction of metals, eliminating carrent cumbersome
 

Fluid leaching has already been exploited in Mexico for iron
 
processes. 


other Latin American countries are ready to cooperate.ore, and 

The lack of knowledge on local flori is incredible, the potential2) 
,"ery great. One ,eed onli, mention the Mexican experience in synthesis of 

to develop
hormones (rom native plints. Colombia imports3 wheat, and fails 

Lls o,.l native plants. such P.; yucca and others. even though the technology 

to modify flavor, texture. appearance, and so on, exists.
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3) Likewise, the products of the sea are wasted. Peru's success
 
in fish meal production is an example of what can be done. The
 
technology of raising micro-organisms is well-known.
 

There are three principal obstacles to the needed research: lnzk
 

of personnel; lack of equipment; and lack of motivation and research
 

environment. Of these, the lack of manpower is the most difficult to
 

resolve. In the long run this can be remedied through a great increase
 

in postgraduate study and the training of Colombians abroad. But for
 

the immediate future, better utilization of available manpower is required.
 

Toward this end it is suggested that all agencies-academic and industrial

contribute to the national research effort. Secondly, industries
 

which do not conduct research should obtain help from the universities.
 

Finally, highly-skilled people in universities and research organizations
 

should be freed of mechanical and clerical duties, thus raising their
 

research contribution by many thousands of hours. In addition, they
 

should be provided with more assistance from intermediate-level personnel.
 

Greater collaboration between industry and the university would not
 

require any significant bureaucratic structure at the national or local
 

Level, but would be an enormous factor in spurring research. This has
 

already happened in many universities. What is needed is to turn this
 

collaboration into a national program.
 

Dr. Tob6n said that although it is not now possible for local uni

versities to train scientists to the extent possible at the international
 

level, there are disadvantages to sending scientists abroad for their
 

training. The orientation and viewpoints acquired abroad do not corres

pond to the needs of Colombia, where less specialization and more flexi

bility are required.
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Dr. Tob6n mentioned the following points regarding the establish

ment of graduate studies in Colombian universities: (a) in contrast to
 

education abroad, local training would be directed toward Colombia's
 

problems,and scientists could be produced in greater numbers; (b) needed
 

research facilities would be provided, thus improving the efficiency
 

of research; and (c) since the cost of postgraduate training exceeds that
 

of undergraduate education, larger funds must be appropriated for
 

universities, 
to prevent a lowering of the quality of undergraduate
 

studies.
 

Dr. Tob6n warned against concentrating research activities in a fe'
 

institutions only. This would prevent universities from combining the
 

functions of research and training, and would reduce the professor to 
a
 

mere transmitter of information, incapable of infusing his students with
 

an interest and attitude for research.
 

Inadequate libraries are an additional obstacle to 
research. A 

remedy would be inter-library exchange. 

Dr. Tob6n recommended the following: 

1) Creation of a national fund to support scientific research 
and technology. This fund would provide research grants, support for 
libraries, funds for data collection, and finance professional meetings. 

2) Removal of customs duties on scientific material and equipment 
imported into the country. 

3) A continuing study of the collaboration between SENA and the 
universities in the training of medium-level personnelin order to
 
take advantage of the universities' teaching experience and SENA's 
basic resources and finances. 

In the discussion which followed, the need for data centers for
 

research was strongly emphasized. Cooperation between universities and
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industry in the support of scientific and technological programs was
 

also strongly recommended.
 

It was stressed that research efforts should be directed toward
 

the country's problems and its potential. For example, research should
 

be conducted on coal-one of the country's great natural resources-as a
 

raw material for the chemical industry,or as fuel for electric power.
 

Dr. Cain suggested that the "demonstration" method, in which
 

comunity leaders are persuaded to institute innovations on their farms,
 

would be effective in getting campesinos to apply known technology.
 

Dr. Waugjh pointed out that current low agricultural production 

should not be criticized. ICA has been engaged in a long tooling-up 

period. Even on the basis of inadequate data, it 3 obvious there 

have been some significant increases in production, although no signs of 

a breakthrough are yet evident. An "esprit de corps" is necessary for
 

success in involving effective people.
 

Mr. Wilson felt farmers would be willing to take risks if they
 

could foresee a large gain from which they would benefit. However,
 

Dr. Waggoner pointed out that subsistence farmers cannot afford even
 

a small loss. They must be assured they won't starveif the innovation
 

results in crop failure.
 

Dr. Brown referred to success in improving the population's
 

nutritional level in other countries. He cited the Hong Kong experience
 

where a bottled drink based on soybeans, providing 16 grams of balanced
 

protein per bottle, now outsells Coca Cola. This is the fruit of coop

eration between industry and academic research.
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Dr. Dierassi remarked that the workshop participants appeared to be
 

in agreement on generalities) but not on their application to Colombia.
 

He was interested in showing that under certain conditions a less

developed country can engage in both basic and applied research-it
 

is not an either/or question. 
Dr. Djerassi defined a technician as a
 

man who applies science to local circumstance and a scientist as one
 

who develops new knowledge applicable anywhere. 
He cited a successful
 

experiment in Mexico to illustrate the possibility of shortcuts to
 

basic research in less-developed countries. 
The project was based on
 

local development of cortisone from native plants, and it attracted
 

young Mexican and foreign scholars. The abundant theoretical work
 

became associated with the highly-profitable venture and subsequently
 

this knowledge was utilized in other scientific fields. A basic pro

tective device wias the prohibition placed on exporting the native plant.
 

This began when there were only two chemistry Ph.D.'s in the country.
 

While there is 
no way to duplicate all the favorable circumstances
 

which were present in the case cited, Dr. Djerassi pointed out the
 

Mexican experience might point the way to certain principles of organ

ization to which he intended to return at a later point in the work

shop. He mentioned that the idea is fully developed in the January
 

1968 issue of the Bulletin of the Atomic Scientists.
 

AdvancedTechnological Approaches to Education
 

On Tuesday evening the participants had occasion to hear Dr.
 

William Bollay, who made a special stopover enroute to his home in
 

California, in order to speak on 
"The Use of Communication Satellites for
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the Relay of Industrial TV Programs."
 

Dr. Bollay believes that the current state of the art of space
 

technology makes it technically feasible to provide communication
 

satellites which can bring as many as three educational TV programs
 

direct to any village school over an area as large as Brazil. A
 

similar satelliteradiating over a smaller area of Colombia, Peru,
 

Venezuela, Ecuador, and Bolivia could simultaneously provide three direct
 

TV programs and in addition provide 9,000 telephone channels for regional
 

communications.
 

Recent studies carried out during a graduate course at Stanford
 

University concluded that such a communication satellite could provide
 

a low-cost solution to the problem of making the best teachers in a re

gion available to all of the schools in the area. In Brazil, the cost of
 

such a communication satellite system would amount to about 20 million
 

dollars per year over a period of ten years. This amounts to a cost of
 

about $100 per school year or about one dollar per student per year. If
 

two TV receivers are allocated per school, to allow for possible malfunc

tions, the cost would still be less than two dollars per student per year.
 

These costs include the cost of the satellite system,as well as ground
 

receivers, programming,and follow-up services with the schools.
 

It is suggested that if such regional satellite systems combined the
 

educational TV relay with the additional function of interconnecting
 

regional telephone systems, the savings in the communication
 

function (over the use of microwave links) would pay for the complete
 

educational TV system.
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An evaluation of more than 400 instructional TV projects, extending
 

from primary school through university, has shown that instruction via
 

TV is about equally effective as having the same teachers present their
 

lessons directly * the class room. 
A local teacher will be required
 

in each class room anyway; however, the quality of the instruction,
 

particularly in the sciences, would be greatly improved over what
 

the local teacher would be able to provide without the use of TV. 
The
 

pace of improving education would be much more rapid and less costly
 

than attempting a massive retraining program of the teachers without
 

the use of TV.
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SESSION IV
 

Technological Problems in Industrial Development
 

Dr. Poveda stated that the most critical ailments of technological
 

research in Colombia are that it is sporadic, disperse, and uncoordinated,
 

lacking both governmental and industrial support.
 

Professional researchers account for less than 0.1 percent of
 

industrial personnel. There is no high-level research,and many scien

tists and technicians are not working in their fields of specialization.
 

Foreign technology has been introduced indiscriminately, frequently at
 

very high cost for trivial processes. The Technological Research
 

Institute and ICONTEC have lacked adequate support,and the universities
 

are detached from industrial problems. Vital international exchange of
 

information is severely limited. 
It is extremely difficult to obtain
 

data on research and processes of great importance to industrial develop

ment.
 

Dr. Poveda cited limited domestic markets, insufficient capital,
 

and poor technology as three major constraints on industrialization.
 

Industrial derelopment is lagging far behind the goals of the National
 

Development Plan although industry's contribution to the GNP should be
 

from seven to eight percent. Since 1960, it has reached only two to
 

three percent.
 

Precarious development threatens employment. Dependence on imported
 

materials for industry deters normal development. Although Colombia
 

should be exporting products utili ing extensive manual labor, the great
 

majority of products exported for th' world market are 
those employing
 

a minimum of hand labor. 
Goods requiring a high percentage of hand
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labor must meet standards of quality, efficiency and safety which Colombian
 

industry cannot meet. There is great profit potential in a scientific
 

and technological program to develop industrial processes and equipment
 

employing the national labor force, e.g., ceramics, confections, leather,
 

rubber. Textiles and cements are examples of national industries which
 

have succeeded in employing international technology and national resources,
 

and are now exporting their products.
 

Dr. Poveda recommended efforts to reduce dependence on foreign
 

technology; however, this presupposes an adequate assimilation of foreign
 

technology, and the encouragement of Colombian research. This would reduce
 

the costs of patents and royalties. He also alluded to the necessity
 

of the exchange of information on research being done in Colombian
 

institutions, and the need for cooperative programs between the universities
 

and industry. According to Dr. Poveda, a common market of science and
 

technology is of utmost importance to Latin America. This interchange
 

has not received the attention it deserves.
 

Dr. Uribe attributed the lack of industrial research and develop

ment activity to deficiencies in the educational system, and urged
 

cooperation between the government, the private sector, and the
 

universities in solving this problem. He cited the inadequacy of
 

human resources,and the need for scientists and engineers to enjoy a
 

higher status in Colombian societM as basic factors. He also sug

gested revisions in labor legislation, to facilitate regional
 

industrialization. He pointed out the importance of LAFTA to Colombian
 

industry, in that it helps compensate for the limited domestic market.
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Dr. Carvajal stated that Colombian industry has already passed the
 

stage of dependency on imported technology. The next phase has begun
 

but modern production processes require thinking in terms of international
 

markets. He agreed on the need to accord greater recognition and respect
 

to the country's professional talent,who now go abroad to find satisfaction.
 

It is necessary to create a favorable public opinion concerning the need
 

to advance technologically through continuing studies, especially in the
 

field of management.
 

Dr. Djerassi argued that Colombia need not suffer disadvantages
 

under the international patent system,if proper national laws are
 

enacted. He feels that potential researchers should become interested
 

in industrial problems during their years of training.
 

Dr. Marulanda spoke of the problems of low salary and status of
 

university faculty and cited these as causes for the limited research
 

carried out in universities. He also spoke of the difficulty of re

patriating Colombian scientists living abroad. Dr. Marulanda mentioned
 

President Lleras' desire that universities participate more actively
 

in research programs.
 

Dr. Brown suggested that attention should be given to natural re

sources which have industrial possibilities, to determine where ad

vanced technology might be applied profitably. He referred to Brazilian
 

efforts to encourage industrial research and development efforts.
 

Mr. Landsber B observed that economic parameters and priorities were 

not being given sufficient attention in the discussion. He also 

emphasized the need to relate industrial research and development 
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activities to objectives of the national economic development plan.
 

Dr. Manrique referred to the danger of industrial raiding of
 

university professors.
 

Dr. Martfnez suggested that the work groups consider the following
 

recommendations: (a)ichthyological research on continental shelf
 

regions, through modern techniquea;(b) study of natural resources
 

with export potential; and(c) revision of university rules
 

governing relationships between academic degrees and faculty rank.
 

FlkexA described the role and activities of the Stanford
 

Research Institute, and proposed the creation of a similar institution
 

in Colombia. (The text of the proposal is contained in Volume I.)
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SESSION V
 

Discussion of Work Group Reports and Approval of Recommendations
 

The reports and recommendations of the working groups were con

sidered during the final day of sessions, in the following order:
 

Education, Industry, Agriculture and Natural Resources, and Scien

tific and Technological Policy. Recommendations which required re

vision were returned to the respective working groups for additional
 

study, were then reconsidered by the participants and were finally
 

approved at the last plenary session. 
 The approved recommendations
 

appear on page 41.
 

Dr. Luis Ospina, a special guest, asked to have his reservatius
 

recorded on the science policy recommendations which he felt were
 

oriented too exclusively toward the natural sciences and technology,
 

and had omitted the social sciences. There was a brief discussion
 

and it was agreed the social sciences should be taken into account,
 

more specifically in the science policy, 
even though their inclusion
 

was already implied in the study called for. 
 Because it was felt
 

that the social sciences required more attention and study, Dr.
 

Betancur proposed the following recommendation, which was ,.nanimouslv 

approved.
 

In view of the results of this meeting, the partici
pants of the Colombia*U.S. Workshop on Science and Technology

in Development recommend that its organizers consider hold
ing other workshops to expand and continue the work initi
ated. It is suggested that a workshop on the contribution 
of the social and administrative sciences to development
 
would be appropriate and useful.
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SESSION VI
 

Closing Session
 

At the invitation of Dr. Carlos Lleras Restrepo, President of
 

Colombia, the closing session was held at the San Carlos Palace in
 

BogotA on Friday morning. Members of the President's cabinet and
 

several guests were present, including Ambassador Reynold Carlson
 

and Minister Marvin Weissman from the U. S. Embassy.
 

The document containing the recommendations on a national
 

science policy was 
read by Ing. Alberco Ospina. Minister Betancur
 

commented on the diligent work of the participants, emphasizing
 

the productiveness of the workshop at Fusgasug&. 
He was particularly
 

generous in his praise of the contributions of the U. S. scientists.
 

lie stated that scientists attach great significance to the struggle
 

for freedom,and iecalled the distinguished Colombian scientist of
 

the Nineteenth Century, Celestino Mutis, whose botanical expeditions
 

contributed 
so greatly to the discovery of Colombia. He added that
 

the vital transformation of the country today will depend in great
 

measure upon the application of science and technology in helping to
 

eliminate hunger, misery and ignorance.
 

Dr, Brown's remarks in response were as follows.
 

Mr. President, Minister Betancur, ladies and gentlemen,
 

On behalf of the National Academy of Sciences of the United
 
States of America, and of my colleagues from the United States who
 
participated in this seminar, I want to thank our colleagues from 
Colombia for their warmn hospitality and to express our admiration for 
the dedicated Colombian efforts which made this seminar such a success. 

I also would like to take this opportunity to emphasize the serious 
concern with which the scientific-engineering community in my country
views the critical situation in the world today with respect to the 
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widening economic gaps between the rich countries and the poor, to
 
the increasing severity of the world food problem and to the slowness
 
with which misery and deprivation are being eliminated from the
 
world scene.
 

I am constantly impressed by two characteristics which members
 
of the scientific-technological community the world over have 
in
 
common. First, we 
recognize that science and technology, pr~perly

applied,make widespread hunger and poverty in the world inexcusable.
 
We know that science and technology can help create a world in which
 
hunger and poverty can be eliminated. Secondly,. members of the
 
scientific community are able to communicate with each other, in
 
spite of national boundaries, in spite of differnces of culture.
 

During the past wjeek, natural and social scientists and engineers
from Colombia and the United States have been living together and
discussing in detail these problems of interest, withmutual particular
reference to the piroblens of Colombia. ',e have concluded that science 
and technology. properly planned and mobilized, has an enormous role
 
to play in the de,,elopment of this beautiful country, which 
 is filled 
with such tremendous potential wealth.
 

Mr. President, we are impressed by the 
vitality of your scientists
 
and by their eagerness to play 
a major role in development. It is
 
our .hope that you give them the opportunity of doing so by creating

the appropriate governmental mechanisms 

I can aSsure you, Mr. President, Mr. Minister, and our good

Colombian friends and colleagues, that the members of 
 the scientific
technological conmunity of the United States stand ready to work with
 
you in the months and years ahead in joint efforts to study and solve
 
these critical problems of mutual concern.
 

President Leras expressed appreciation for the participation 

of national and foreign scientists and for the assistance provided 

by AID and the National Academy of Sciences. lie commented that the 

workshop meeting was most useful to him because of 
the complete and
 

valuable recommendations which were formulated. 
 These are to be
 

published for the general public and made available to appropriate
 

entities. 
The President promised the cceation of a committee which
 

will be charged with the study of an appropriate governmental mechan

ism for implementing the recommendation concerning the development of
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a science policy.
 

The President made note of the following areas which he considers
 

merit special study: (1) the availability of human resources;(2) cre

ation of research centers which would also attract foreign
 

technology; and (3)the means to disseminate research results as well
 

as to adapt foreign research. Universities were cited as important
 

elements in developing the environment for scientific researchand
 

in complementing the efforts of private research centers.
 

The President expressed his regret at being unable to attend
 

the workshop. He concluded his remarks by saying the meeting
 

constituted a significant starting point for calling attention to
 

the importance of science and technology in the development of Colombia,
 

and in closing the gap between the various social and economic levels.
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RECOMMENDATIONS
 

I. EDUCATION
 

It is recommended that 

1. The training of science professors for all levels be

increased rapidly in the universities, and that aid be given to

organizations involved in improving the preparation of professors

currently teaching. In particular, it is necessary to take measures
 
to increase salaries of college graduates teaching in secondary schools

and to see to it that it is compulsory, wirhin a reasonable period 
of
 
time, for science teachers to hold at least - bachelor's degree, in
 
order for these schools to be approved.
 

2. Encouragement be given to universities and other institutions
 
that are duly qualified to conduct socio-educational and psycho-pedagogic

research intended to develop the best systems of science 
teaching

in the primary and secondary schools, and 
 to create an environment that
 
will help in tile development of scientific 
and research interest from
pre-school age onward. 
Along these lines, attention should be given

to the strengthening of public high school and college libraries, the

creation of museums, the production of adequate texts and the holding

of science competitions and fai is.
 

3. Universities encourage research 
on the part of their faculty.

Equal importance should be given to 
time devoted to research and time

devoted to teaching (classroom lectures, guidance, student consultation. 
etc.), .nd recognition should be given to published research in deter
mining the 
tenure and promotion of university instructors.
 

Universities should be 
advispd to encourage full-time professors

to accept paid consulting assignments in both government and industry

when these consultations do not interfere with their university work
 
and responsibilities. 
 In general, these consulting activities should
 
not exceed an average of one day per week.
 

Industry and research institutes should encourage 
 their scientific
and technical personnel to engage in teaching and research in the
 
universities.
 

4. A policy be established whereby the National Fund for
 
Research would support research projects which have 
the following
 
two characteristics:
 

a. 
The scientific level of the work is comparable with that
 
of the international scientific community; 
and
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b. 	The research problemin a high percentage of cases, is
 
relevant to Colombian development.
 

5. 	Research programs be developed in collaboration with univer
sities or similar institutions in other countries. The conditions
 
for such projects might vary greatly, depending upon the circumstances
 
and the participants in each program.
 

6. A wage policy be established for university professors and
 
high-level researchers at institutes, particularly in the basic sciences,
 
which would be in keeping with the academic dignity of these positions

and their usefulness to the country. Salary levels should be competi
tive 	with those in the private sector. 

7. In selected areas of science and technology, initially in
 
the 	 basic sciences and then expanding into engineering and the applied 
sciences, special efforts must be made to develop graduate studies 
and research in a limited number of universities. A variety of 
mechanism for encouraging the return of distinguished Colombian 
scientists and engineers now residing abroad should he studied and 
the 	most promising of these should be implemented. Although the
 
majority of these individuals, might want to return to Colombi.a, per
haps due to patriotic and family sentiment, the very important need 
for creating a stimulating atmosphere in Colombia should not be 
overlooked. This means higher salaries, well-equipped laboratories, 
well-trained as;istants in sufficient nUmbers, library facilities 
comparable to those at research institutions in other countries, 
computer facilities, support for travel to international conferences, 
and so on. It would be expected that persons involved in graduate
level teaching and in research at the highest levels would interact
 
with students and professors on all levels within the universities, so 
that a more stimulating atmosphere might prevail in the entire insti
tution.
 

8. The proliferation of universities be slowed down because 
of the harm done to higher education, especially considering the 
tremendous shortage of qialified personnel. Accreditation systems 
should be established xhich would be independent of the institutions 
and whi h w..ouIld he re ieued per.-odically. Accreditation should take 
into account the quality of the teaching personnel, minimum admission 
requirements for students, equipment, working conditions for the
 
faculty, incentives for research, etc. Accreditation systems are
 
especially important regarding graduate studies, which ought to be es
tablished In the country before there is a proliferation of this type 
of program. 

9. Since the capacity to carry out high-level scientific and 
technological research programs is essential to the success of graduate
 
studied on the doctorate level, it is recommended that the National
 
University Fund, in cooperation with the National Planning Department
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and other corresponding agencies, set up an ad hoc committee consisting
 
of Colombian scientists and, when necessary, supplemented by foreign
 
experts, who would identify the most urgent areas of research in the
 
interest of the country's development. This committee should take
 
the following aspects into account:
 

a. 	In general, programs should not require unusually
 
high expenditures;
 

b. 	The research effort should offer hope of leading
 
to an eventual long-term terhnological development;
 

c. 	The utilization of local circumstances which may

facilitate this research effort in Colombia; for
 
example, local plants, minerals, marine resources,
 
etc.;
 

d. 	The fields should be active ones in which there
 
is a substantial international reservoir of trained
 
scientists at the doctoral level in order to make
 
the initial staffing possible.
 

10. While initial steps are taken toward the establishment of doctoral
 
studies, new programs should be established at the masters level, and
 
the 	existing ones should be expanded for the purpose of increasing

the 	human resources necessary for undergraduate education and for 
training middle-level teachers. This scheme should be continued 
until there is a sufficient number of professors at the doctoral 
level engaged in teaching graduates and undergraduates, and also
 
engaged in conducting research.
 

11. Special attention be devoted to the study of the humanities 
and 	social science. as well as to research in these fields. In the
 
exploration and utilization of the country's resources, it must be
 
kept in mind that man is the primary resource and the success of
 
many scientific and technological projects will depend upon knowledge

of the social environment in which and for which they are being
 
developed.
 

12. That an official Scientific Research Fund be created which 
would receive initially from the government no less than 0.2 percent of 
the gross national product until it reaches no less than one percent 
over the next ten years. It is furthermore recommended that individ
uals be authorized to deduct from their taxable income double Lhe amount 
contributed to government-approved universities for research programs 
sponsored by the Scientific Research Fund. 

13. The national government take measures to facilitate the
 
importacion of scientific literature (books and journals) wLthout
 



44
 

prior license, and to permit easy acquisition of the foreign currency

required for its importation. In addition to making funds available

for importing scientific equipment, the Government should facilitate
 
customs exemptions and rapid handling of such equipment through customs.

Special attention should also be devoted to rapid customs processing

of spare parts and replacements, to eliminate the currently deplorable

situation wherein expensive scientific equipment stands idle for long

periods of time due to the unavailability of such parts.
 

14. Attention be given to facilitating to the greatest extent

possible the importation and nationalization of equipment, supplies,

and spare parts necessary for research and teaching, especially when
 
the institutions have the necessary foreign currency available.
 

II. AGRICULTURE AND NATURAL RESOURCES
 

1. In the interest of expanding critical programs, such as geologic mapping, mineral exploration and hydrologic studies, as rapidly
 
as 
possible, it is of greatest importance that Colombia increase the

number of highly qualified geologists, geophysicists and other earth
 
scientists at least tenfold by the end of the century.
 

It is essential that persons in the earth sciences be welltrained, capable of conducting research and field surveys a levelon 
comparable to that undertaken in the technologically more advanced 
countries. Applied research programs must be backed up by basic 
rese irch in the earth scienccs. 

In order to speed up education, training, research, and surveying
programs, it is urged that long-term institutional links be established 
between departments of earth sciences in Colombia and appropriate
departments of high quality in other countries. Special effort should 
be made to interest scientists in foreign universities in the geological

and geophysical problems of Colombia and to attract graduate students 
to do their theses in these fields. 

2. In areas where studies of mineral deposits, and cartographic and
explorative work are being conducted, it is urged that the effort be
undertaken within the framework of technological and economic analysis 
so that priorities of commercial development can be determined at the
 
earliest possible stage. The responsibility for this activity should

be placed in a carefully-selected research organization, perhaps one
 
created for this purpose. 

3. It is recommended that:
 

a. 
Special emphasis be placed on the development of an
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effective agricultural and animal husbandry extension
 
program.
 

b. Massive middle-level personnel training programs be
 
established immediately in agricultural technology,
 
using highly-qualified and specialized professional
 
instructors, for the purpose of bringing technology
 
to the rural areas.
 

c. 	Studies be conducted to determine effective means
 
for resolving the problem of communication between
 
those who develop technology and the farmer or cattle
 
rancher who applies it.
 

4. Special emphasis should be given to research in the following
 
areas: 

a. 	Tropical areas and products
 
b. 	Beef cattle
 
c. 	Vegetable fats and oils
 
d. 	Basic food products in accordance with the government
 

plans, consideration being given to the need for im
proving the quality, especially of the proteins
 

e. 	Crop production methods
 
f. 	Social and economic studies, including farm management.
 

the economics of production, marketing, and communiLy
 
studies.
 

5. Training and competence should be given recognition by providing
 
adequate salaries, promotions. and opportunities for professional recog
nition and advancement.
 

6. 	In view of the tendency of individuals and institutions to 
confine their studies to their own disciplines, it is recommended
 
that ad hoc working groups be fox-med to determine, discuss, explain,
 
and 	 recommend fields in which problems have already been identified. 

7. Recognizing the great walue o ond the need for developing 
experimental laboratory :ork in the education and training of scientists 
and 	engineers, it is recommended that a reasonable amount of field
 
work be included in the curricula in all areas where this is considered feasible. 

8. It is recommended that in policies for research and develop
ment, priority be given to problems connected with the industrialization 
of agricultural p-oducts, and that adequate financial resources be 
allocated for theve requirements. 

9. It is suggested that advances in science and technology be 
properly reflected in legislation concerning mining and petroleum, for 
the 	purpose of protecting the interests of the country.
 



46
 

10. 
 It is recommended that encouragement be given to the following
initiatives already undertaken by academies and higher education centers:
 

a. Coordination of university plans with those of other
 
institutions interested in the study and conservation
 
of natural resources;
 

b. Organization and dissemination of the Colombian biblio
graphy on these resources; and 

c. Establishment of special programs on the primary and

secondary school levels and within the community environ
ment, aimed at 
the creation of an attitude of protection

and proper utilization of 
the country's natural environment.
 

11. Because Colombia is to 
a great extent economically dependent
on the production and exportation of coffee, it is very important to
diversify exports and develop crops that can substitute coffee. The

achievement of these objectives must be 
an important consideration in

the research and derelopm2nt programs presented in these 
recommendations.
 

III. INDUSTRY
 

1. The Workshop emphasized the valuable accomplishment of the
Institute of Technological Research (IIT), in research and developmentwhich have contributed much to the 
nation's industry during the last
ten years. The Institute should be expanded and thegiven resources it 
requires to participate more widely and intensively in industrial
activities and related technological problems. For this purpose, the

Institute must be open to the sponsorship and participation of private

industry and the government. 
 The latter sectors should utilize the

Institute 
s services on a larger scale, thus strengthening its financial
 
resources.
 

It will be necessary to expand the board of directors and management

of the Institute in order to accomplish the following goals: a) include

recognized authorities from the most important industrial sectors; b) coordinate its activities with financial, industrial, and university

institutions; c) expand its radius of action throughout the country;

d) specialize its tasks on 
the regional level to correspond with the most

important industrial sectors 
 and to establish bonds with technological

research institutes in other countries,through bilateral cooperation and
exchange agreements 
on specific research projects. Some of the specific
work which could be done by the Institute would be to transform and adapt

international technology for use 
in Colombia,and 
to develop, evaluate, and
apply processes of industrial production suited to the needs and resources
of Colombia. It is also recommended that the Institute expand its 
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existing library so that it will be capable of providing documentation 
service on industrial technology on a nationwide scale.
 

To accomplish these tasks, the Institute must be allocated the
 
required economic resources.
 

2. It is recommended that the Colombian Institate for Advanced
 
Training Abroad (ICETEX) create and maintain a permanent register of
 
Colombian students abroad by means of the following:
 

a. 	Periodic questionnaires for the purpose of gathering in
formation from all students; 

b. 	An active drive to inform public and private research 
organizations in Colombia about prospective engineers.
scientists, and executives who are finishing their studies 
abroad, etc;
 

c. 	Public recognition of the efforts of employers who hire 
students and of students who return to Colombiai and 

d. 	Just prior to graduation, a recruiting commission should
 
be sent to principal U.S. universities which have Colombian
 
students in order to establish contact between potential 
employers and Colombian students.
 

It is also recommended that ICETEX attempt to interest selected 
industrial research organizations and laboratories in the United States,
Europe, and Latin America. in accepting properly-qualified Colombian 
graduates to work for one or two years in their laboratories as part

of their research programs, and that ICETEX familiarize Colombian
 
employers with such individuals through the registration system

described above. The is help place these
purpose to 	 students 
satisfactorily within Colombian research and development activities,
 
upon completion of their training abroad.
 

3. It is recommended that necessary measures be taken to launch
 
a study of the legal aspects of patents and trademarks in Colombia, to
 
determine revisions which may be necessary to protect research conducted
 
in Colombia, and to facilitate the optimum development of Colombian
 
industry in accordance with conditions prevailing in the country.
 

4. Visits of industrial groups Lo countries with advanced
 
technologies should be promoted and facilitated, for the purpose

of examining the possibility and feasibility of adopting new technologies
 
in Colombia.
 

5. It is recommended that technological research institutions
 
maintain permanent contact with industry, through conferences with
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industrial associations.
 

6. Contacts between industrial leaders and university
 
and researchers should be encouraged,in order to facilitate teaching
 
by industrial scientists at the universities, to train university
 
professors and students in industrial problems, and to work out joint
 
research projects which will improve and modernize industrial processes.
 

7. It is recommended that the Institute of Technological Research
 
or the Institute of Industrial Development (IFI) create a permanent
 
service for the identification and study of patents recently granted
 
in other countries, to determine their possible utilization in Colombia,
 
and to disseminate information about those patents to industries 
interested in applying these ideas.
 

8. Government support of science and technology should take into
 
account the priorities established by the National Plannin6 Department.
 
As obstacles and limiting factors are identified in the various economic
 
Sectors, measures must be taken to resolve problems through technological
 
processes. The appropriate technology should be developed within the
 
country, whenever possible, without excessive additional expenditures.
 
It is not advisable to allocate funds for research and development to
 
industries in which the achievement of a reasonable degree of
 
efficiency, by international standards, is improbable, except in the
 
face of important considerations, such as creation of new jobs or
 
saving foreign currency.
 

IV. POLICY FOR SCIENCE AND TECHNOLOGY
 

Points on a policy for the development of science and technology
 
in Colombia and tentative outline of corresponding executive and finn
cial structures 

The Workshop on Science and Technology for Development takes the
 
liberty of recommending to competent authorities a study for the 
creation of necessary administrative structures and the adaptation 
of the existing ones for the purpose of formulating and carrying out 
a policy which would vigorously promote science and technology in 
Colombia in accordance with the country's needs and its objectives 
and goals fo- development at the national, sectoral, and regional 
levels.
 

The workshop specifically suggests the establishment of a top
level executive agency, in accordance with government administrative
 
organization, having legal status, its own capital, and permanent
 
administrative and financial flexibility. This will facilitate
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its adaptation to the responsibilities which it must assume in order
 
to carry out its functions successfully and in harmony with standards
 
which will assure employment of properly qualified personnel.
 

This organization should serve as an administrative and
 
executive instrument of a national council for science and
 
technology, which would be composed of outstanding persons from
 
these disciplines and from those sectors which utilize these disciplines.
 
This agency would advise the national government in the formulation
 
of a realistic policy for science and technology, would evaluate
 
official programs that are undertaken, and make permanent recommenda
tions for measures important to insuring rapid and dynamic progress
 
in such important matters.
 

It is also believed that this council and its corresponding
 
executive agency should have sufficient budget resources
 
so that they can properly carry out their programs. Therefore,
 
it is considered advisable to create a special fund which will enable
 
the agency to provide financial support for the implementation of
 
qualified projects in the fields of science and technology.
 

The workshop believes that the council, its executive agency,
 
and the fund should have, among other things, the following
 
objectives:
 

a. 	 To itisure that the development of government-subsidized 
science and technology is handled in accordance with 
the goals and objectives of overall development plans; 

b. 	To advise on the creation or improvement of administrative
 
mechanisms which would enable each government sector to 
undertake, sponsor, or promote research related to its 
own objectives;
 

c. 	To advise on the creation of mechanisms in the public 
and private sectors designed to carry on industrial 
research of importance to the national economy; 

d. 	To prepare, in accordance with the Administrative
 
Department of Planning and governmental and private 
agencies, a plan for scientific and technological
 
development which will be realistic and which can
 
be properly carried out; 

e. To coordinate research programs within the governmental
 
sector as well as within the private sector; 

f. 	 To advise on the adequate use of public funds in 
various research programsand to orient the allocation
 
of these funds toward support of basic and applied
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research carried out in the scientific departments of
 
the 	universities;
 

g. To promote, in agreement with the Ministry of National
 
Education (National University Fund), post-graduate

education in the basic sciences, in the various fields
 
of engineering, and in the technologies most directly

related to national development;
 

h. 	To advise the Ministry of National Education on the
 
preparation and development of plans, study programs,

and 	education curricula in the sciences, particularly
 
in mathematics, at the primary and secondary levels
 
of education;
 

i. 	To establish relationships with academies and private

professional associations for the purpose of obtaining

the benefit of their collaboration, recommendations,
 
and criticism;
 

j. 	 To organize every two years a national congress on
 
science and technology, for both public and private
 
sectors, for the purpose of exchanging information 
on plans and projects, evaluating advances achieved,
identifying obstacles, and searching fcr solutions; 

k. 	To organize seminars, work groups. and other similar 
meetings, with participation by foreign personal
ities whenever this is feasible; 

1. 	To promote the participation of Colombian delegates

in international scientific and technological meetings,

both public or private, to allow appropriate review 
of the respective agendas and nIso the dissemination of 
reports; similarly, to promote meetings of this type in 
Colombia;
 

m. 	 To advise the Colombian government on its relations 
with international organizations in fields of science
 
and 	 technology; 

n. 	 To study the problems and solutions related to the 
policy for Latin American integration in the field of 
science and technology and submit pertinent recommendations 
to the government; 

o. To assure that the educational system provide, in adequate
quantity and quality, the expert professional and technical 
personnel necessary at all levels for the development of 
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science and technology and, in addition, recommend
 
measures for optimum utilization of existing trained
 
personnel;
 

p. 	To recommend effective measures to facilitate the 
return of Colombian scientists and engineers who are 
abroad; 

q. 	To ensure that scientific and technological development 
is decentralized so as to benefit all regions of Colombia; 

r. 	 To facilitate, through various government agencies. means
 
that will assure extension of research results so that
 
all sectors of the economy will achieve more effective
 
production, for which extension support should be sought
 
from the private sector;
 

s. 	To promote, in association with or through the respective 
governmental department, the development of the statistics
 
required for its activities;
 

t. 	 To study and promote everything related to scientific 
documentation and its appropriate organization and 
dissemination;
 

u. 	 To prepare and maintain an up-to-date inventory of all 
Colombian science and technology assets;
 

v. 	To maintain permanent and close relations with similar 
organizations in other countries for the purpose of 
utilizing their experience and assistance; 

w. 	 To guarantee, on a pennaien basis, high quality reseaich 
activities, and in fulfilling this responsibilit'., to 
promote the selection of personnel solely on the basis 
of their duly-accredited merit and experience. 

In connection with the financing of research, the workshop suibmits 
the following recommendations to the appropriate authori ties for stuld: 

1. In addition to current investments, an official Scientific 
Research Fund should be created to which the government would initially 
contribute no less than 0.2 percent of the Gross National Product of 
the 	preceding year. 

An attempt should be made to have ptibl c and private funds, as 
well as external assistance, increased to one percent of the Gross 
National Product during the first ten years. One of the objectives 
of the work group proposed below should be to determine the current 
level of investments in this field, and to ,atudy means of channeling the 
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resources necessary for accelerating the development of research.
 

One of the principal purposes of this Fund would b2 to finance
 
agricultural research of the Colombian Agriculture and Livestock
 
Institute (ICA), 
to include and integrate other programs, such as the
 
cotton, tobacco, coffee, rice, and banana programs, with the eventual
 
cooperation of the International Center for Tropical Agriculture.
 

Similarly, this Fund should provide adequate financing for the
 
Institute of Technological Research, the Institute of Nucle.,r Affairs,
 
the Caro and Cuervo Institute, and other legally constituted institutions,
 
in accordance with official development plans and with the cooperation
 
of universities.
 

The Fund should also provide the means to contract with univer
sities and well-established institutes for graduate and undergraduate
 
studies in the human, social, administrative, mathematical, physical,
 
chemical, and natural sciences, as well as engineering, in order to
 
support scientific and technological research, in accordance with
 
plans outlined in the respective contract. Through these contracts
 
the Fund would finance research projects which would guarantee
 
full-time worh, and adequate salaries for professionals with 
advanced degrees. This would of course be based on previous evaluation
 
of the importance of the project in terms of national development and
 
the assurance that it will be carried out at an internationally acceptable
 
scientific level.
 

2. The issuance of a legal disposition which will authorize
 
corporations or individuals with profits of more 
than 12 percent per
 
year to deduct from their net income sums equal to double the amount
 
of the financial contributions given to any government-recognized uni
versities carrying out 
research programs approved by Fund authorities.
 

3. The workshop suggests that the Colombian Government establish 
a work group to study the above conclusions and prepare the legal and 
financial formulas required for the organizations described above and, 
in general, to offer advice regarding the steps necessary for the 
accomplishment of the proposals recommended at this meeting. 

4. The specific recoimiendations and conclusions presented to the 
plenary session by each of the commissions (education, agriculture,
and natural resources and industry), which are appended to this document, 
shall be communicated to the national government, the academies, the 
universities, and the institutesresearch for their study, comments, 
and, if feasible, application. 
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CONTRIBUTED PAPERS 

Session I
 

Harrison Brown, Science Policy and Economic Development
 

Session II
 

Gabriel Betancur and Oliverio Phillips, Comments on the Need for an 
Overall Scientific and Technological Policy in Colombia 

Universidad del Valle, What is the State of Educational Research in 
Colombia? 

Session III
 

Enrique Blair and i-lberto Franco, Problems of a Technical Nature
 
which Influence the Development of the Agricultural and
 

Livestock Sector
 

Colombian Agricltural Institute, Analysis of the Technical 
Problems that Colombia Faces in the Development of its 
Crops and Livestock Sector 

Darto Suesciln. Non-Renewable Natural Reso.irces 

Zven 	 Zethelius, Analvsis of the Prohler the Countrv Faces ia 
the Development of Research 

Ramiro Tob6n, Analysis of the Problems which Confront Colombian 
Universities in the Development of Research 

Session IV
 

Gabriel Poveda, Technical and Scientific Investigation for Industry
 
in Colombia
 

Karl Folkers, Solution of the Problems of Industry and Government
 
through a Research Institute 



54 APPENDIX I 

The following has been translated from an article by Gabriel
 
Cantor Zabala which appeared in the BogotA newspaper, La Repdblica,
 
March 2, 1968.
 

THE COUNTRY HARDLY KNOWS ITSELF 

"The country continues to be incognito, knowing little about
 
itself," stated President Lleras Restrepo at the San Carlos Palace 
during the closing session of the first Workshop on Science and
 
Technology for Development.
 

The Chief of State spoke to the workshop participants and
 
approximatcly fifty special guests, following remarks by Drs. Ospina,
 
Betancur Mejfa, and Harrison Brown, who madp specific reference to
 
the conclusions adopted during the workshop held in FusagasugA this
 
past week.
 

The President expressed satisfaction with the recommendations
 
presented and announced that the proposed study groups will be
 
established as soon as possible.
 

He acknowledged the Government's views that all support necessary

be given to research as a special resource for development, and ex
pressed complete agreement with the workshop conclusions, which in
clude the following vital points:
 

I. Knowledge of our resources.
 
2. Establishment of groups and centers for research.
 
3. Centers for disseminating the results.
 

He cited several institutions in the country which are carrying
 
out advanced research, especially in the utilization of national
 
resources, but pointed out that the most intense activity should
 
take place in the universities.
 

Complete Knowledge
 

Continuing his remarks, which were interpreted simultaneously
 
into English, Dr. Lleras stated that all research should be oriented
 
toward the national welfare, and toward this end, it is necessary to
 
know the Colombian citizen and the stncture of his country.
 

Analysis of the resources and conditions of the community groups

will make progress in this work possible, he added.
 

The broad scope of the recommendations will permit the application 
of science to improving living standards.
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Halt to the Brain Drain
 

The President said the Government understands the need to
 
progress in these areas, through active, operating institutions
 
as a means of retaining scientists currently being trained and who
 
are seeking places to put their knowledge into practice. However,

in addition to organizations of this type, 
it is also necessary to

disseminate the results of practical research in order to reach the
 
people.
 

Channels must be created to carry the synthesis of this research
 
to the different sectors of the economy. 
This implies administrative
 
capability for effective application of research findings to daily
 
life.
 

Upon expressing his appreciation for the collaboration lent by

the United States delegation, he emphasized that a new era will begin

in the country which marks, at the 
same time, a new type of international
 
cooperation.
 

In conclusion, he expressed regret that he had been unable 
to

attend the workshop and thus make direct contact with persons of
 
such scientific knowledge and experience as the invited guests.
 


