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PREFACE

About the Papers

The four principal papers of this vclume were commissioned for
a symposium on 'U.S. Bilateral Aid Strategies and Programs in Selected
Areas of Science and Technology' which was held at Cornell University on
May 7-8, 1973. The participants included U.S. students of development,
similar students from developing nations, and AID officials. The symposium
was funded by a contract from the AID Officc of Science and Technology
(0ST), and was one of a serics of symposia which OST has held in the last
two yecars as part of an overall analysis of important areas for study and
support. From the standpoint of AID, the Cornell symposium was actually a
four day cffort. The first day was devoted to a presentation and dis-
cussion of a group of commissioned papers. On the sccond day, there were
progress reports on activities of the principal efforts of the several
contractors for OST. On the third day, the participants split up in a
series of working groups which developed recommendations for further
program activities of OST. Finally, the OST group of AID officials met in
exccutive session for a day to assess the implication of these earlier
discussions to their program activities and budgetary needs.

Soon after the termination of this AID sponsored symposium,
the Cornell hosts addressed the question of possible broader interest in the
presentations and discussions of the introductory day of the symposium.
The group quickly rcached the conclusion that the genceral papers of this
first day would be of wide interest, and that it would be useful to
distribute them rapidly to the development community. The Cornell group
also felt that it would be helpful to an outside audience to supply an
introductory paper which put the other four papers in context, and which
gave some flavor of the response of the participants to them. This volume
is the direct consequence of these decisions.
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POLICIES FOR APPLICATION OF SCIENCE ANLC TECHNOLOGY
TO DEVELOPMENT

F. A. Long and Danicl F. Margolies
Cornell University

Introduction

The papers in this volume discuss policy problems for areas of
science and technology which are important to national development and
which offer the promise of fruitful cooperation between the United States
and countrics of the less developed world. The arcas selected are ones
that do not customarily fall within the traditional components of United
States forcign technical assistance, (agriculture, population and health,
and education, all of which rightly continuc to command high attention).
The arcas discussed are, however, important in their own right. They are
arcas where policy development by the less developed countries appears of
particular potential valve. They involve fields of study for which an
increasing number of developing countries have indicated an interest in
collaborating with the United States. Finally, they are arcas where the
United States has long experience and outstanding capabilities for problem
solving as well as for policy development.

In recent years, most of the less developed countries have
invested substantial sums in strengthening their scientific and technological
institutions and capabilities. A principal rcason that this has been done
has been the conviction, based especially on the experience of the 'Green
Revolution”, that adaptive rescarch is a form of investment which can lead
to rich rewards. In the agricultural sector, major cfforts have been made
by a number of countries to develop the institutions and trained manpower
to take advantage of the breakthrough in the development of the new high-
yield and high-protein cerecals. Although progress has been substantial,
the application of these new sceds and farming techniques has not been
accompl ished without f{requent, c:casionally severe, difficulties and setbacks.
The almost inescapable conclusion has been that the problem of adapting these
new agricultural technologics to local conditions is a significant one
requiring considerable local effort if it is to succeed. Recognition of
this fact has stimulated the governments of the less developed countries
concerned to increase their investments in local research institutions,
which in turn arc backed by an increasingly cffective network of regional
and international rescarch organizations, all seeking solutions to the
problems of adapting thesc technelogies to local conditions.

The pitfalls that have been encountered in introducing new
technologies in the area of food production are also prevaleant in the intro-
duction of new technologies to other ficlds of endcavor. Here too, there
have heen occasional serious setbacks with the attendant wastage of scarce
resources. In other cases, the imported technologies have tlourished but
have been accompanied by side effects which have created new and difficult
problems, problems which in some measure have offsct the benefits realized
{rom the primary investment. This is highlighted in the report of the
President of the World Bank in his address to the Board of Directors in
September 1971 where he noted that the rapid expansion of the industrial



sector among developing countries was all too often accompanied by a
disappointingly modest increase in employment. Since in many less
developed countries the level of unemployment and underemployment has been
so large as to create severe social and political pressures, the need to
find appropriate technologies which will ease the unemployment situation
has become a major national goal. In other less -developed countries a
major goal has been to obtain a more equitable distribution of income, for
example, by encouraging the development of labor intensive industries in
rural areas. In response to these broadened goals, governments of most of
the less developed countries have devised new agencies and efforts to
analyze policies for the best application of science and technology to
national needs, recognizing that thesc policies must be developed in close
conjunction with economic and social policies, all oriented toward rapid
attainment of agreed national goals. Many of thesc countries also invested
heavily in research establishments and programs of higher education in the
expectation that they will develop the tools to master and utilize modern
science and technology to cope with their urgent problems. At the same
time, they are pressing the United States, which many regard as a leader

in scientific and and technological training and application, for assistance
in guiding their efforts along fruitful lines.

The United States has impressive credentials for assisting the
less developed countries in building their own capabilities in science and
technology. It also has a record of interest and concern, s demonstrated
by the many existing programs of bilatcral assistance and collaboration.

It is sometimes argued that a drawback to the United States is that it has
advanced technologically to a point so distant from the cxperience and needs
of most of the developing countries that it has little to offer which is
appropriate and relevant. lIncrcasingly, however, it is realized that the
problem is not that of bodily transferring advanced U.S. technologies to
the developing countries, but rather of assisting these countries in
developing their own capabilities for policy analysis, applied research and
technology adaptation so that they can work out their own destinies more
effectively. It is to this arca of cffort that this volume is oriented,

The four papers which arc presented here were prepared for and
discussed in a symposium on 'U.S. Bilateral Aid Strategics and Programs in
Selected Arcas of Science and Technology' which was held at Cornell University
in May of 1973. The first paper deals with institutions and procedurcs for
policy development for science and technology and hence can be thought of
as concerned with process. The next three deal with the application of
science and technology, and hence can be thought of as concerned with programs.
As implied by this catcgorization, the symposium itsclf dealt in consigcr—
able measure with the interplay between process and program. The program
arcas to which the other three papers are addressed are: scientific and
technical education and the role of the universities in development; natural
resources and policies for their indentification, use, and conscrvatiofy
reducing public investment costs in the construction industries. As ali
four of the papers make clear, there arc no ready answers for the problems
of any of thesc arcas. In contrast to agriculturc where there is a long
record of international collaboration and a rclative abundance of data,
policy analysis and international collaboration in other ficlds have started
relatively recently; data are scarce and difficult to obtain and there has
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been little sustained systematic effort to identify and illuminate the
complex issues involved.

On the other hand, progress in any one of the fields discussed
offers opportunity for impressive savings on the part of the developing
nations. Tor example, in most developing countries the construction
industrics absorb a large fraction of the gross national product and pro-
vide cmployment for from five to fiftecn percent of the labor force.
Technological improvements on cven a modest scale, as discussed by Pro-
fossor Moavenzadeh in his paper, could result in large savings of scarce
resources and could create new employment opportunities in impressive
nuwnbers. The need for technological innovation and policy devclopment
for the construction sector and for effective implementation of these
policies is a common problem for almost cvery developing nation.

Aihmlinhn&m&wycmmmnjstNﬂtﬁoCmndlSwmmﬁw1mﬁ
the discussion of these papers took place while the United States is
rapidly expanding its scientific and technical relations with other countries.
Since 1961, the U.S. has entered into nineteen bilateral agreements with
other countries for general scientific and technological cooperation, and
cight of these agreements were signed in 1972 alone. Evidently, the U.5. 1is
giving added emphasis to increased collaboration on scientific and technical
programs and policy development. Tt is cqually significant that the
developing nations increasingly scek to strengthen their application of
science and technology and as part of this arc interested in scientific
and technical collaboration and policy analysis with the United States.
The importance of the papers of this volume is that they address specifically
both the opportunitics and problems which will be involved in expanded
collaboration between these countries.

Science Policy and Programs of Toreign Technical Assistance

Science policy is a short cut phrase for an activity which,
broadly defined, is concerncd with guiding efforts in science and technology
toward the definition and achievement of national goals. In his paper,
"Science Policy as an Orpanizing Principle for Government Action," John
Montgomery presents an important analysis of the role of science policy in
development and especially of the specitic decision processes and procedures
which are required to produce cffective programs. As Professor Montgomery
sces it, the successiul application of science and technology to the pro-
duction and service functions of society involves three different kinds of
offort: social decision making on the use of science and technology;
establishment of appropriate linkages to carry out the resulting programs;
development of broadened perceptions of the opportunities which the new
technologies offer. ‘Three orders of decision making are involved. The first
concerns the choice of appropriate technologies; the second order concerns
the selection of implementing agencies for bringing the technology into being;
the third involves the implementing decisions. For these threc orders of
decisions to be wisely made and cffectively implemented requires a complex
sot of linkages (flows of information and resources) among the several groups
concerncd. There must be both horizontal linkages, as for example among
Jdifferent ministries of a central government, and vertical linkages, c.g.



ministries and from them to the final consumers. Finally, a variety of
international 1liuakages will usually be involved.

Professor Montgomery illustrates these different orders of
decision and different kinds of linkages by a number of illuminating case
studies in which particular problems of developing nations are analyzed.

An important aspect of the Montgomery analysis is to sct reason-
able bounds on what is actually to be included under the rubric, science
policy. As he points out, if science policy is to be cffective, it must
be sufficiently focussed as not simply to be an 'everything policy". The
specificity which Montgomery builds into the topic of science policy, with
its explicit orders of decision and linkages is, among other things,
important in offering to developing nations a 'checklist'' with which they
can analyze their individual procedures for development and implementation
of policies for science and technology.

The Montgomery paper itself addresses these questions by pre-
senting extensive analyses of the available data on science policy agencies
in developing countries, and of the kinds of problems to which they have
addressed themselves. Some of these analvses will inescapably be out of
date since the literature from which they arc made is for 1968 and science
policy is an area in which rccent developments have been very rapid. But
in spite of this drawback, the Montgomery analysis will again lend
specificity and substance to the efforts of individual countries to analyze
their programs in a detailed v y. The general aim is, in Professor
Montgomery's words, ''to perceive which problems and tradeoffs are appropriate
concerns of science policy'. This perception, however, is likely to differ
considerably from one country to another, and the great virtue of Professor
Montgomery's explicit categorization is that it permits the kind of detailed
and local analysis which is clecarly required if the policies and programs
are to be cffcctive.

Although therc was general acceptance by the symposium group of
the essential points of the Montgomery analysis, therc werc one or two
interesting rescrvations. Onc of the participants {rom a developing nation
commented that, useful as it is to have an explicit analytical procedure for
the consideration of decision making and implementation, in the real world
the more critical problem is often the establishment of national priorities
indicating the areas wherc science and technology should first be applied.

A second comment, which of course applies very generally to the development
of new programs, was that the substantial program development which this
sort of analysis implied offers danger of impacting upon deeply held social
and intellectual values and traditions within a developing society. A

final reservation, again from onc of the participants of a developing nation,
was that an important limitation on the rate of application of science and
technology is the availability of trained manpower to develop policies and
to implement them. This remark serves as a uscful transition to the second
paper of this volume which deals directly with the problems of manpower and
training.



Scientific and Technological Manpower for Development

The paper by Efraim Otero, Director of Colombia's Fund for
Scientific Research (COLCIENCIAS), provides illustrations of how one nation
has developed policiecs for the enhancement of its scientific and tech-
nological manpower for development and of thc problems as well as the
successes which have been encountered in the implementation of these policies.
Most of the activities on which Dr. Otero reports are recent, since in his
words, '"The concept of science and technology as a key to development is
relatively new in Colombia."

Apparently, much of the impetus for new programs in Colombia
came from a Colombia-U.S. workshop on science policy planning which occurred
in 1968 and which led to the creation of both COLCIENCIAS and the National
Council of Science and Technology. Program development for the institutions
of higher learning in Colombia has been shared by COLCIENCIAS and another
relatively new governmental agency, the Colombian Institute for the
Development of Iigher Iducation (ICFES). As a result of cfforts of these
two agencies and of the Min.stry for Lducation, there has been very con-
siderable change in the curriculum for science and engincering education
in Colombia. [Inrollment in these fields has increased steadily, until now,
if registration at the national university of Colombia can be taken as
typical, over 50% of university enrollment is in science, engineering and
famm sciences.

These same agencies, with assistance from the U.S. National
Academy of Sciences, have been making studics directed toward revitalizing
the graduate cducation programs of the Colombian universities and it is
interesting that the first conclusion of the joint review panel is that
"oraduate programs in Colombia must be closely correlated with the stated
national priorities for social and cconomic development.' A later and more
general recommendation from these studies was 'to improve cooperation among
industries, the universities, and the Colombian Government.'

After having described the considerable changes which have
occurred in Colombian higher education, the Otero paper goes on to discuss
specific programs in the universities which are oriented toward development.
At the faculty and rescarch level, there appear to have been established a
number of special "institute' groups waich are dedicated to the study of the
technological, social, scientific and economic components of development,
When one turns to formal academic programs divected toward the study of the
development process or of the impact of science and technology, new programs
arc underway but progress has been somewhat slower. One significant new
offort is a semester-long pair of seminars given to students of engineering
and cconomics at the Universit ol the Andes in Bogota on Problems of
Technological Development.

COLCIENCIAS is persuaded thut progeams of this sort must be
mu.h more widely utilized in Colombian universitics and is trying in several
ways to promote them. One of the newest cof these efforts, sponsored by
COLCIENCIAS and TCFES, is a program called Government-University-Industry,
which will try to bring into the universitics representatives ol the govern-
ment along with members of the principal industrial and commercial associations
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of Colombia. This is viewed as a particularly important effort, since it
seems likely that,in the near future, Colombian industries will be given tax
exemption if they can demonstrate that they are dedicating 10% or more of
their gross earnings to scientific and technological research. Even apart
from this aspect, a joint participation from government and industry in
university-based programs would constitute a major innovative step for
Colombian higher educatinn.

In the development and promulgation of these new programs, Dr.
Otero sees important benefits from collaborative efforts between U.S.
universities and Colcmbian agencies. In some measure, this is a tribute to
the activities of the U.S. National Academy of Sciences in aiding in the
analysis of Colombian needs and opportunities in higher education. However,
Otero sees possible collaborative activities going beyond the NAS including,
for example, the development of fellowships for the training of Colombian
university professors in various aspects of science, technology and de-
velopment. A particularly interesting possibility is that this be done in
an exchange mode which would permit a Colombian professor to go to the U.S.
and a U.S. professor to visit Colombia and gain direct insight into problems
of development. Otero also envisages a useful roie for U.S. companies which

have Colombian subsidiaries in which these might utilize the university
groups for research programs of industrial interest.

Underlying most of the points which br. Otero makes about
Colombian education is the strong implicit belief that it is not enough for
universities in a developing nation simply to train scientists and engineers.
They must, in addition, orient their programs toward a clearer reccognition
of national needs and toward the ways in which scientists and engineecrs can
contribute to the solution of important national problems. In the informal
discussion which followed the presentation of Dr. Otero's paper, it was
evident that this view of the role of universitics in developing nations
was very widely shared.

Policy Development for Conscrvation and Use of Natural Resources

Much of the importance of the paper by Leonard Berry on 'Natural
Resources, Development and International Aid' stems from his emphasis on the
necessity of taking a broad, systems view of the utilization and conser-
vation of natural resources. The principal resources on which Professor
Berry focuses are: mineral resources, forest resources, and water resources,
i.e. he effectively excludes from consideration resources of tillable land
and oceanic resources. In another and perhaps morc important sense however,
Professor Berry greatly broadens the discussion, as compared with more
conventional approaches, by putting his main cphasis on how the development
of natural resources may be used as a component or a lever in overall re-
gional development. Thus, in analyzing the coming new projects in Indonesia
for exploitation of metallic minerals, Berry points out that the agrecments
for exploration and exploitation which have already been signed call for
expenditures of well over $1 billiox. This is more than the total U.S.
AID program to Indonesia for the fifteen year period 1940-1969. ‘'The problem
then is, how to maximize the utilization of these large investments in
assisting regional Indonesian development. Clearly, if significant progress
is to be made in such an endeavor, virtually all of the orders of decision



and kinds of linkages discussed by Professor Montgomery will need to be
invoked. There will need to be explicit policy consideration of what kind
of technologics are to be utilized in minerals development. There will
need to bhe consideration of what agencies are involved and what kinds of
linkages required. Nor is this all. Professor Berry understandably gives
considerable emphasis to the importance of utilizing the exploitation of
these resources to assist in local development. For a dispersed island
country like Indonesia, this means that regional policy development and
regional linkage formation may, in the end, turn out tc be even more im-
portant than that done at the level of the central government.

As Professor Berry sces it, the role of the developed nation in
furthering this kind of progress is at lcast as much to be found in policy
development as it is in the more conventional economic planning. He notes,
in a sccond example, that for many of the developing nations in the tropics,
the development of forest resources offers major potential. The need,
however, is to go beyond simple exploitive development and attemnt to
integrate forest harvesting with the regional needs of the countries. In
commenting on the role of the developed nations in this effort, Professor
Berry comments, 'The [forest resources] sector needs to be revitalized
through thoughtful and long-range planning, backed up by a rangc of bio-
logical, operational and industrial rescarch, which needs to take place in
close coordination between developed and developing countries."

A somewhat curious interplay of sophisticated technical competence
and local regional analysis is required for many of these natural resource
projects, if they are to produce maximum returns to national development.

In Professor Berry's words, '"The use of IRTS (Farth Resources Tzchnology
Satellite) or other remote sensing techniques will allow a very few highly
trained local personnel to play a lecading part in controlling resource
identification while at the same time the development of simpler techniques
for ficld analysis of particular enviromments will again allow local people
to play a fuller part.” 'The conclusion is that what is likely to be required
for these kinds of natural resources is a two tier approach, involving
sophisticated central analyses in parallel with more "down to carth' local
application cfforts, not dissimilar to those that have beer proposed and put
into practice for various aspects of agricultural and industrial development.

Virtually all of the specific examples which Professor Berry uscs
to illustrate his theses relate to the importance of taking a systems
approach to the exploitation and conservation of natural resources. lle gives
illustrations of failure, as for example a water resources progranm in the
Sudan where a program consisting only of developing new water holes has led
to serious overgrazing and resource degradation. lle points in contrast to
an integrated approach to development of a remote African valley in which
new agriculture, marketing, and the public health of the region have simul-
taneously been greatly cnhanced. lle says, "\ coherent approach to natural
resource development scems important for ccological and environmental
reasons. It also seems vital for sustained economic and social development.'



Public and Technological Innovation for the Construction Industries

Historically, in developed countries as well as in less developed
countries, the acquisition and use of appropriate technologics has been
peculiarly difficult for that important segment of national life which is
often categorized under the rubric Public Service Sector. This sector includes
such vital components as construction, transportation, housing, postal
service, communications and harbor development. Since in most countries these
public sector activities operate with extensive government regulation and often
with government management and control, one might expect that introduction
of appropriate technologics and intcgration of efforts in these fields with
regional development should bz particularly easy. Historically, however, this
has not usually been true.

The fourth paper of this volume by Fred Moavenzadeh, entitled
"Transfer and Adaptation of Technology in the Construction Industry' discusscs
some of the problems and difficulties for one of the major components of
public sector activities. As he notes, the construction industry plays not
only a critical, but a highly visible role iIn the process of develepment.
Its output utilizes a large fraction of the gross domestic product of the
typical developing nation, and typically the construction industry cmploys
in the order of 10% of the labor force. Finally, the govermment itself is
often the largest client of the construction industry. When one further notes
that the government also plays a central role in the regulation of the
construction industry, it would seem particularly stralight{orward here to
develop and implement policies for the appropriate usc of science and tech-
nology.

Typically, a developing nation is characterized by a shortage of
capital, an abundance of unskilled labor, and by severe restrictions on the
market base. All of these will directly influence the construction industry.
Part of the problem lies in the many-ticred character of this industry,
which traditionally has three rather different scctors: the client secctor,
including investors, plamners and developers; the design scctor, including
architects and engineers; and the contract scctor, including supplicrs,
contractors, and labor organizations. Many of the problems result from
independent, sequential actions taken by these various groups, cach concerned
with its own part of the total process.

Government leverage un the construction industry could be very
great since it is usually not only a major client, but it is also a regulator,
a supplier of material, and very frequently a direct participant. Add the
fact that the construction industry is highly labor intensive, and is
characteristically flexible in its use of technology, and onc would expect
considerable government attention to policy development for the industry and
to the selection of appropriate technologies. In practice, the government's
role in guiding industry appears often to be minimal. Part of the problem
is the considerable fragmentation of the industry. Part of it is that, more
often than not, construction is simply not recognized as an arca of tech-
nological flexibility. (This lack of recognition of possible flexibility
is not, of course, confined to the construction industry, but it is probably
more pervasive here than in many other, more obviously technological
industries.)



Implicit in Professor Moavenzadeh's analysis is the potential
utility of a two-tier approach in this sector also. As he notes, computers
and other sophisticated procedures offer great promise to increase the local
design and planning capabilities. Equally, however, it is important to give
great emphasis to the local conditions and to selection of labor intensive
technologies when these arc cost cffective, as they very often will be.

From the standpoint of the symposium discussions, this important
area scemed to be one where helpful analysis could be made in terms of
Professor Montgomery's orders of decisions and types of linkage. Thus,
Professor Moavenzadeh noted an important linkage which is often seriously
weakened by explicit covernment policy. The example is that of public
bidding on construction projects which had previously been designed by
architect-engincering firms. Ly insisting on public bidding for the final
construction (often for obvious and persuasive reasons) there is a serious
weakening of the interplay which ought optimally to occur between designer
and builder. Better coordination, utilizing the indicated linkages as
advocated by Professor Montgomery, should make it possible to revise the
public bidding procedures to provide the essential interplay between design,
construction and maintenance.

Concluding Remarks

The papers of this volume were initially prepared as part of a
program to assist United States Government agencies in evaluating current
bilateral aid strategies and programs for development in sclected areas of
science and technology. From the discussions that took place at the Cornell
Symposium it appears that the papers may have been genuinely helpful in
this regard and may ultimately be reflected in future action programs of the
United States Government in this area.

Continued and explicit interplay between the analytic approach as
outlined by Professor Montgomery and the specifics of significant programs
as illustrated by the other papers should have wide application. Furthermore,
the contributions to the discussions by several experts from developing nations
helped greatly in forming a conviction that the topics under consideration
were not merely attractive to U.S. workers, but had great potential signif-
icance to the developing nations who, after all, are the clients of central
interest. Finally, the program material presented was of sufficient diversity
and detail as to point directly to a number of arcas where further study was
needed, or where new programs offered real promisc.

Some of the nceded further study will,of course, be done by groups
within the developing nations, cither alone or in collaboration with pcople
from other nations and international agencies. They will, for example, work
to apply the broad principles ol decision-making and linkages, as elucidated
by Professor Montgomery, to their particular institutions and problems. The
analyses by DProfessors Berry and Moavenzadeh should be helpful, not only in
addressing the problem arcas of natural —esources and construction treated
directly in their papers, but to a broad spectrum of related arcas.

The cssential challenge is to apply science and technology to
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development in the most effective way possible, with continuing consideration
to the occasionally conflicting demands of short-range and long-range success.
What is needed are thoughtful policies, consistent with national goals and
well integrated into the ongoing economic and social planning efforts. The
overall problem is a big one, and if the Cornell symposium and the papers of
this volume contribute even modestly to an increased understanding of how
best to use science and technclogy, the symposium participants can feel
justified in their efforts.
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SCIENCE POLICY AS AN ORGANIZING PRINCIPLE FOR GOVERNMENT ACTION

by

John D. Montgomery
Kennedy School of Government
Harvard University

Abstract

Analysis of decision-making in developing countries shows that
science policy-making bodies participate significantly in choosing among
alternative systems for producing goods and services, but much less frequently
in comparing and choosing the channels of innovation, and only rarely in
solving problems at the client or user level. Since all three choices may
affect systems design, this functional limitation probably reduces the po-
tential contribution ol scicnce and technelogy to development. Further
analysis of the links between these policy-making bodies and the developers,
users, and clients of science and technology shows that international ties
seem to take precedence over domestic linkages; that thesc bodies are only
weakly connected with inter-ministerial and inter-sectoral programing; that
the private scctor is not well represented in science policy-making functions;
and that science policy bodies are on the whole more concerned with science
itself than with its applications. These findings suggest that international
assistance shouid investigate ways of linking existing scientific capacities
to development goals, and of helping less developed countries identify gaps
and assess priorities in their support to science and technology.

Science policy involves as much what governments do about 'science'
as how they use science to accomplish other goals. These goals are widely
scattered.  legitimate science policy goals can be mutually incompatible:
development, military security, national prestige, political appeasement of
influential local scientists, and responses to international pressures, for
example.  Some science goals can be considered as ends in themselves, self-
justifying in whatever amounts govermments arc willing to assign to them.
Indeed, because of these imcompatibilities, Science Policy is sometimes taken
to mean Lverything Policy -- und therefore no policy at all.

This paper assumes the major purpose to be development, that is,
the introduction of science and technology (S § T) into the production and
service functions ol society in order to improve living standards. The fact
that scionce policy also serves other objectives will presunably introduce
changes in the structures, priorities, and relationships suggested in this
model. Tt is orly recalistic to assume that in most countries science policies
arc pluralistic. It is also likely that some socialist or centrally planned
cconomies have certain structural relationships that are so different from
those appropriate to market-oriented and decentralized economies that they
would call for significantly different approaches from those proposed here.
The question this paper will address is what we have to know to help other
governments organize their efforts to introduce science and technology at the
points In their own socicties where they can most cffectively contribute to

development and other major goals.
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Science can becore a major component of public action. There are
no significant elements in the process of modernization that arc not largely
the product or by-product of science and technology. Sex and motherhood;
health and the food we eat; what we must learn and how we lecarn it; our
philosophy of truth and understanding of the universe: all are demonstrably
different from their equivalents a few generations ago because of knowledge
we have acquired and applied in the intervening years.

llow then can "Everything Policy' be focused so that governments
can introduce science and technology at the crucial points in the circle of
development?

One approach to the problem is to ecxamine the reasons why systematic
knowledge is not being successfully applied to important human problems.
Apart from the political problems of adverse interests and conflicting values,
there appear to be threc reasons for the shortfalls:

(1) Social decisions involving science and technology are not
consciously made at all or are made incorrectly;

(2) The knowledge and resources necessary to carry out these
decisions do not reach the institutions and individuals
involved;

(3) The publics or potential clients of technological innovation
do not vespond favorably to the opportunity to change.

These three clements -- decision-making, linkage establishing, and opportunity
generation -- constitute the essential components of a science policy addressed
to problems like development.

1. Institutional Inventories

Governmental efforts to support, coordinate, and stimulate the
generation and application of systematic knowledge in the service of develop-
mental objectives involve an cnormous range of functions: planning human
resource (manpower) development to provide a nation with its needs for
scientists and technicians; allocating public resources (especially funds,
political attention and encouragement, and administrative and technicul
support) for rescarch and education; establishing criteria for judging the
actual and probable effects of technological change on national well-being;
applying such criteria to technological systems by developing means for
performance assessment, analysis of by-products, examination of distributive
effects, and prediction; assessing, encouraging, and coordinating the cfforts
of scientists and technicians in the national government and throughout the
public sector to improve their capacity to scrve the nation's well-being; and
developing incentives (and penalties) for the application of scientific
knowledge in the private sector in accordance with national goals.

No country has a single agency responsible for such a wide range
of policy. Indeed, some of these functions are not systematically performed
at all, even in technologically advanced countries. But all of them are
potential subjects for public consideration at some time. All become in-
creasingly important issues of ''science policy' as technology becomes more
prominent as a source of change.
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Thanks to the recent upsurge of interest in science and technology,
there is no shortage of policy-making bodies concerned with science and
technology, but their activities tend to,cover only a small portion of the
total range of science policies. UNESCO™ lists 174 science policy agencies
in Latin America and Asia, of which 59 deal with science and 27 with technology
generally, and 88 work in specialized ficlds (See Appendix I). The budgetary
and staff resources at the disposition of these bodies suggest different
priorities among them that are difficult to explain except as accidents of
history and politics. In Asia they have decided to devote much more effort
to "technologics' than to the "sciences,' while in Latin America the reverse
is truc. In Asia atomic technologics absorb many times more funds than
agriculturc, while in Latin America the proportion is reversed. This
ndistortion,” if that is what it is, may be partly explained by the heavy
expenditures in India, Pakistan, and Israel, all of which give military needs
a high priority. But why arc Cuban planners able to devote more resources to
sugar cane than all of Asia together uses to improve its combined technologies
of water and flood control, irrigation, drainage, and public works? How
carcfully are these needs and priorities assessed? llow much S & T investment
occurs without reference to these supposed policy-making bodies at all? How
do decision makers gain access to the information necessary to detemmine
where science and technology can make the greatest contributions to national
purposes? Since we have no formula for defining the perfect allocation of
resources to science and technology, we are forced to concentrate on the
process by which these decisions are made.

'ven this task is not casy. [ew countries have thought it necessary
to develop a coherent "policy about policies.' Most governments have no casy
way ol knowing what policies now exist, where they are made, what major
activities occur without reference to policy guidance at all and which areas
of policvimaking and activity are in greatest need of further development and
guidance.  There is not cven a consensus on how to define an analytical
etructurce in terms of which these functions can be assessed. ‘That is why we
shall begin by examining the kinds of decisions involving S & T which countries
have to make about development.

11. The Three "Orders of Decision'

Three orders of decisions arce involved when S & T are applied to
developmental and other social purposes. The first order is the choice of
appropriate technologies to scrve immediate purposes with the least undesirable
side effects. Among the scienge policy-making bodies listed by UNESCO, 84%
participate in such decisions.” ‘The second order is the choice of the
implementing agency which is to be responsible for introducing science and
technology in the production of goods, the rendering ot basic services, and
the performance of other social functions. These decisions are not often
conceived as "science policies,' but 04 of the bodies listed in the UNESCO
survey participate in them. The third involves the implementing decisions:
the assignment of specific adninistrative tasks, the fixing of adequate
routines, and the stimulating and mobilizing of af finnative public responses
to the opportunities for development. These issues are rarcly mentioned in
the literature on science pelicy, but 28% of the UNES(O-1listed bodies accept
some responsibility for them.?
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Theoretically, each of these three orders cf decision can be made rationally
by comparing alternative systems for accomplishing desired goals. Thus a
first-order decision might involve, in the educational sector, LhOOSlng
between the introduction of instructional television, the expansion of
organized schools, or the use of semi-professional commnunity-dominated

school systems as means of providing essential services. In the health
sector, such choices may involve comparisons between hospital construction,
expansion of public health services, large-scale discase control ventures,

and updating of the practice of folk medicine as the meuns to achieve certain
standards of public health. In industry, these choices usually involve
analyzing the capital intensiveness of productlve technologies, or the trade-
offs resulting from the substitution among the factors of production, or
some alternative sitings of an industrial development. In agriculture,

the choices mav involve the comparative advantages of introducing small-
scale machinery versus using large, costly cultivating cquipment, or using
chemical weed control systems rather than intensive labor. Theoretically,
these choices can be made by estimating the qrohdb]c outcomes of cach system
and comparing them with asslgncd objectives.

The second-order of decisions may well be as important as the
first so far as obtaining results is concerned. Assigning new functions for
implementing science policy involves making comparisons among public agencies
which usually have unclear lines of jurisdiction and fierce IOJIOUSICS in
such matters (for example, a ministry of agriculturc and a ministry of public
works). It may also touch upon the comparative utility of private and
public enterprises, or of introducing national entreprencurial ventures as
compared with multinational corporations. Choices between farmers' assoclia-
tions and private middlemen as suppliers of agricultural inputs arc also
second-order decisions. The "efficiency," "adequacy,' "cquity,' and "stability"
of programs of technological change depend heavily upon sccond-order decisions.
Food enrichment pregrams often fail because they are assigned to the wrong
agencies. If the first-order decisions arc "systems' choices, those of the
second order define the ''channels' of innovation.

Third-order choices deal with "delivery' problems at the client
or user level, and include the introduction of adoption incentives and risk
coverage, the use of various forms of popular participation, and choices of
organizational style. They are strongly affected by organizational bchavior,
including the division of LCprHblblllty among various levels and individual
members of the civil service, the use of reporting and cvaluation systems,
incentive programs, and the training and motivating of agents of change.

For the sake of convenience, these may be loosely described as "motivating'
decisions.

It is fair to say that, difficult as first and second order de-
cisions are, those of the third order are still more eclusive. But for many
ucvelopmental purposes, they are crucial. Because of its internal reward
system, for example, Malaysia's Rubber Rescarch Institute has contributed to
enormous increases in productivity in that country. A contrary example is
India's nutrition research establishment, whose efforts arc said to have had
only minor influence on that country's legenddry mdlnutrltlon problems
because the problem of motivation has been neglected.
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Many, though not all, technologies are ineffective until they
become the basis of mass changes in behavior (factory discipline, improved
agricultural practices, substitution of protein-enriched food for excess
starches and carbohydrates, and the use of written instructions, for
example). Governments' efforts to induce such behavior range from coercion
and regulatory practices to various policies designed to produce incentives
to change. Their freedom to choose among these options, and the inherent
capacity of proposed innovations to elicit enthusiastic popular response,
are both affected by scientific and technological considerations.

Part of the difficulty in making third-order choices rationally
comes from failure to recognize the nature of the responsive behavior the
public is expected to engage in if a program is to succeed. Once the public
is seen as an active partner in the process of change, many of the inter-
mediate relationships between plans and achievements arc clarified. There
is no generally accepted basis for classifying these responses, but I have
found it helpful to identify three modes of modernizing behavior that can
be influenced by S & T policy. The first kind of public response necessary
to successful large-scale imnovation is the acceptance of new standards
(working hours or planting and fertilizing scasons, for example). Next
follows the active investment of private resources (including labor) In new
capital cquipment, supplics, or consumer goods. And finally, since the
benefits of innovation are rarcly distributed equally, the public must also
be willing to accept (and therefore be provided with) appropriate civic pro-
cesses for mediating interest conflicts caused by technological change. '
[f S § T policies can create favorable pre-conditions to these three modes
of behavior (standard acceptance, investment, and conflict resolution),
they will make a major contribution to the achicvement of developmental
goals. Failure to consider these issues will limit the effectiveness of
new technologies regardless of the theoretical elegance of their design,
delivery, and perfomance in the laboratory.

Most, though not all, of these pre-conditions are related to
third-order decisions, though occasionally they cannot be satisfied without
ch-mging technological systems or channels of delivery. This conclusion
snould not be surprising. Tor generations industrial technologies have been
shaped to a degree by consumer preference, and even high-technology ccm-
panies have failed when they have ignored it. Production processes have
been Jdesigned to accomnodate the existing skills and attitudes of the labor
force as well as of the engineering and marketing divisions. Such con-
siderations may not often be decisive in the imperfect markets of the West,
and they have rarcly been introduced in non-industrial sectors at all. As
societies become more policiticized and public services become increasingly
central to the popular expectations ~f development, however, science policy
makers will have to give more attention to these micro-level, third-order
considerations.

Many decisions in all three categories are made as a matter of
course without the rational comparisons suggested here. ldeology, tradition,
and old-fashioned bureaucratic politics explain many developmental decisions,
and indifference, neglect, and ignorance as many more. But rclationalities
arc emerging in these decisions, especially in the field of industrial
management ; and development planners are discovering ways of making all three
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choices systematically. Some countries with a firm commitment to develop-
ment and with concentrated decision-making authority are beginning to make
very effective use of such rational models.

These three orders of decision are not, of course, made by
separate bodies designated to perform that role. Often such decisions
emerge from bodies that have no official status; even more frequently they
are ignored by policy-makers and made without access to scientific research at
all. Only rarely is the scientific community prepared as a matter of routine
to consider how to deal in advance with, say, the probable side effects of
proposed large-scale irrigation dams or ground-water developments (first
order decision); the effects on different linguistic and cthnic groups of
new nation-wide systems for teaching by TV and satellite (first order);
the applicability of steel processing techniques to small-scale producers
(first order); the exchange of research findings between agricultural field
stations and commercial manufacturers ({second order); cooperation between
university laboratories and industrial R and D scctions (second order);
licensing agrcements permitting foreign enterprises to introduce new tech-
nologies (sccond order); the rural siting of village and artisan industries
(second order); arranging incentives and subsidies for new designs and
materials in low-cost housing developments (third order); cncouraging
individual entrepreneurs to invest in short-haul travel and trunsport
facilities (third order); or packaging new pest and weed control technologies
so small farmers can use them (third order). All cf these decisions carry
implications for the generation and usc of science and technology for
developmental purposes, but because they are made by operating units in the
public or private sector, they are not often integrated with the larger
context of science policy and therefore they proceed without reference to
parallel decisions made in other sectors. In these cases there is olten
no organized way for the decision-makers to gain access to the existing
knowledge, or to commission the needed rezcarch, to introduce madern tech-
nology into thcir operations. - o -

The potential interrelationships among decisions like these 1s
a matter of crucial importance in developmental planning. Often cnough
these decisions bring official involvement only after the intcraction among
them (the ''careless technology") has produced a political crisis. Onc
fundamental objective of science policy-makers, therefore, should be to
organize their efforts so that technological planning, allocating, and
monitoring facilitics can anticipate such crises and optimize the inter-
acting socidl consequences of the changes being promoted Dy government
action.

[II. Developmental Lir" ges Involving S & T

Organizationally, these decisions depend upon the relationships
or '"linkages" (flows of information and resources) among actors performirg
the various functions of developing and introducing scicnce and technology.
These linkages occur at six points of contact: (1) between public and
private agencies; (2) horizontally between or among ministries at the same
level of authority; (3) vertically within ministrics, reaching from the
centers of innovation to the final consumers; (4) among private partices
using science and technology for their own developmental purposes; (5) between
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the government and appropriate official regional or international centers;
and (6) in international exchanges of technologies from commercial sources
and bilateral aid agencies. Each of these sets of relationships occupies

a distinct niche in the complex of science and technology activity, calling
for a different government role and therefore ccnveying unique organiza-
tional implications for government action.

1. Public-private linkages (Sample problem: developing and
exploiting a new satellite communications system). This relationship is
especially important because of its integrating function between government
and other initiatives. Governments can rarzly provide all the capital and
managerial -entreprencurial resources required to achieve developmental
goals. Morcover, they must be prepared to discourage socially harmful
investments from the private sector (such as importing inappropriate
capital-intensive technolegies or equipment, siting production and service
facilities unfavorably, and introducing ccologically harmful processes).
The industrial and agricultural sectors are most affected by these re-
lationships.

Science policies affecting these linkages are concerned mostly
with first and second order decision-making, though sometimes it is necessary
to change incentives (third-order decisions) in order to encourage or
discourage specified activities. The devices available for organizing and
coordinating these relationships require massive but infrequently recurring
efforts. They include the practice of inviting industrial and agricultural
associations, both private and voluntary, to participate in deliberative
committees and advisory councils. They also involve procedures for coor-
dinating the judgment of many different public agencics aflfected by the
public-private linkages, notably the ministries of cconomic planning,
finance, commerce and industry, and agriculture, as well as the national
development banks.

There is usually no need for consistency among these different
sectors in establishing public-to-private links, but there are some ad-
vanta,es to examining these extensive but casual relationships carefully in
order to discover and coordinate clements of common concern. For this
purpose, interministerial councils can be used on occasion. Where technical
information is an important ingredient, a permanent staff needs to be
supplied so as to pemit continuity of contact and to provide a sufficient
degree of professional competence. Often this staff is provided by the
cconomic planning agency.

Examples of public-private linkages: Argentina's National
Council for Scientific and Technological Rescarch, which operates
under the President, is financed under the national budget aug-
mented by grants and contracts from other sources. It has 9
advisory comnissions and 9 regional commissions. It is supposed
to coordinate both public and private efforts in the fields with
which it is concerned.

In I[ndia the Planning Commission has a Scientific Research
Section in its Resources Division to advise on budgetary alloca-
tions for rescarch, including some private sector activity.
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India's National Research Development Corporation is an autonomous
government-financed agency that tries to stimulate the development
of patents where the national interest is involved, whether origin-
ally produced under public or private sponsorship. The Council of
Medical Research, another autonomous agency, works with private
industry on special problems of industrial waste disposal, pollu-
tion, and drug standards.

China (Taiwan) has an Industrial Research Commission in the
Ministry of Economic Affairs whose function is wholly advisory,
with representation from public and private enterprises and
government ministries. Its Joint Commission on Rural Reconstruc-
tion works in both the public and private sectors through its
grant-making and technical advisory functions.

Countries like these, with long histories of scientific
study and substantial pools of technical manpower, can take very
different positions rcgarding the possibility of relying on private
initiatives in S § T from those appropriate to countries like
Ethiopia and Nigeria, which have natural resources and a cheap
labor supply but limited scientific and managerial capacity.
Although the latter group of countries may have the greater need
to assess priorities, they have less choice among potential
innovators and fewer linkages to monitor. Korea's Institute of
Science and Technology illustrates that country's determined,
sharply-focussed effort to mobilize available public and private
knowledge-based resources for development. Its trustees represent
academic and business clements as well as the Lconomic Planning
Board, the Ministry of Commerce and Industry, and the Ministry
of Science and Technology, as well as the American aid mission and
an American contract advising group. ‘The Philippines have also
organized an array of panels supported by a permancnt staff in
the National Science Development Board, which in turn is linked
through its governing body to the National Economic Council
(which itself has cabinet rank and includes representatives f rom
the exccutive and legislative branches of the government and from
the private sector).

2. Interministerial relationships (Sample problem: developing
multi-purpose dams and water control systems). The importance of this sct of
relationships is that it permits the different clements engaged in related
programs to shape and reinforce their fragmented efforts. The central
government's purposes in promoting these horizontal linkages are (1) to
enlarge the narrow sectoral view of development that is taken by most
agencies; (2) to cxamine linkages to local levels of government in order
to reduce duplication and jealous rcfusals to cooperate; (3) to improve
"intergovernmental relationships' affecting technological systems, and (4)
to work out means for integrating the efforts of different central agencies
tc implement programs in the "ficld." ‘Thesc relationships involve all scctors
ot development, but cspecially those dealing with public services such as
education, labor, and health, which arc often affected by large-scale
expenditures involving capital construction. ‘lhey affect all threc orders of
decision, and therefore they require continuous cooperative exchanges and
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strong leadership by the chief executive.

The organizational reguirements for promoting such relationships
call for frequent or continuous communications, beginning at the level of
permanent secretaries or top civil servants of the ministries and agencies
involved and continuing to field offices charged with local coordination.
Since the issues involved are often regional, some of the coordinating
activities, such as conferences, can be best performed outside the capital
city. Participation by fiecld offices and cooperating local government
instruments helps to dramatize their commonalities of interests and ‘function.
Since independent agencies seldom possess the incentive or capacity to
coordinate their efforts with those of other units, and since central offices
tend to prefer hierarchical structures of decision-making, the initiative
and stalf services necessary to monitor thesc linkages have to come from
the office of the chief exccutive,

Interministerial cooperation has occurred more effectively in the
industrial and, recently, the agricultural sector than in health and edu-
cation. One reason for this unequal development in horizontal linkages is
the higher priority governments have assigned to 'production' than to
"service' goals. Another is the higher degree of professionalism that
dominates the latter sectors. Still a third factor is the greater amena-
bility of industry and agriculturc to improvement through "conventional
scientific research; new approaches in education and public health systems
seem to require controlled social cxperimentation rather than ''laboratory"
rescarch. ‘These disparitics suggest the need for a fresh look at possible
linkages among different agencies engaged in applying science and tech-
nology to their problems.

Examples of horizontal linkages: One of the most inter-
esting and purposeful efforts to improve inter-sectoral science
and technology linkages is Korea's decision to create a combined
Science Park, with a Consultative Comnittee to work out joint
and comnon projects among the Advanced Institute of Science, the
Korcan Development Institute, the Agency for Defense Development,
and the Scientific and Technological Information Center.

India's Council of Scientific and Industrial Research
operates 52 different institutions with combined staffs of over
8,000 professionals; its Council of Agricultural Research coordi-
nates science policy and administers 40 major agricultural research
establishments. There is also a Council of Medical Research
engaged in coordinating and financing research under a 5-Year
llealth Plan, which operates 5 pemnanent laboratory and 7 research
units. Argentina also has a National Institute of Agricultural
Technology and one of Industrial Technology.

The Philippines coordinates the work of 10 agencies engaged
in related research by having them report to the Department of
Agriculture and National Resources; while other research and
technology-using bodies are coordinated by the Department of
Science and Industry.
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3. Intrasectoral Activities (Sample problem: nationwide
disease control, Iike the rerent malaria eradication programs). These
relationships focus on the implementation of development programs involv-
ing science and technology, by a single ministry or agency. The functions
necessary for strengthening these vertical linkages include reporting,
impact assessmant and evaluation, and maintaining a balance among pro-
fessional and bureaucratic ventures so that the defined goals are constant-
ly reinforced. The central government's role in fostering these
relationships is to keep all ministries and agencies aware of their links
to their field offices and to their citizen-clients, to maintain develop-
mental criteria for the evaluation of administrative operations, to reduce
bureaucratic isolation and the ''capital city'" complex, and to get better
feed-back from central performance to ministerial and national planning
units. Since all governmental agencies presumably have some responsibility
for "follow-through,' the organizational implications of these linkages
are potentially vast. Not all agencies, of course, have equal respon-
sibilities for "implementation' of technological changes or for directly
encouragiug positive citizen responses.

The organizational structure to enhance these linkages differs
among ministries, but in nearly all cases the central concerns of the chief
executives are to assure an upward flow of communications equal to the
traditional downward flow of directives. Policy makers also need reporting
systems that will focus on program impacts and citizen responsce. Planners
are also concerned with encouraging and monitoring administrative and
social experimentation and promoting continuous receptivity to innovative
practices.

Development administrators often point out that the process of
planning is more important than the plan itself, and that implementation is
more important than cither. In science policy that dictum means that
standards have to be maintained in the conduct of rescarch. Developing
countries cannot accept that familiar excuse for shoddy rescarch: "It's
close enough for government work."

Implementation of programs in science and technology has to mean
the actual use of new equipment or knowledge, or the following of new
procedures. Knowledge about nutrition-enriching processes has led to
legislation in Latin America going back more than thirty ycars, but laws
requiring salt iodization and cereal enrichment arc not uniformly enforced --
to say the least -- in most countries. In this sense, the task of
implementation means more than improving services and other administrative
outputs. It requires continuing observation of changing practices on the
part of technicians and other users of technological systems. Such
observation can lead to new designs where the systems themsclves are at
fault, and to new supporting policies and procedures when the incentives
and other inducements are inadequate. The science and technology ingredient
in efforts to improve implementation in this sense is not a constant fuctor,
but it is a vital one. Qualified scientists are nceded to establish the
standards and criteria by which to determine whether or not a new technology
is "working."

It is easier to monitor the usc of innovations in industry and
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ization are less obvious. But innovation in these service functions can
be fully as important to less developed countries as in industry or even
agriculture. Because existing Western technologies are so often untrans-
ferrable to these situations, adequate science policy is probably even more
essential to innovative behavior in the service than in the production
sectors.

Examples of vertical linkages: The National Science Council
of China (Taiwan), which is responsible for grants and subsidies,
evaluates institutional policies and performance as part of its
routine project reviews. Argentina's National Institutes (Geology
and Mines, Agricultural Technology, and Industrial Technology) all
observe operations in their respective fields in order to improve
performance. Atomic energy commissions everywhere are responsible
for monitoring even minor details in operating procedures because
of the risks involved. India's Council for Scientific and In-
dustrial Research uses its grant-making process as the occasion
for reviewing performance. Its Council of Agricultural Research
is also involved in monitoring cultivation practices as well as
research performance. Its Council of Medical Research also
establishes standards for evaluating performance in such matters
as the use of pollution technologies and the application of phar-
maccutical standards. The Scientific Research Section, in the
Resources Division of India's Planning Commission, is specifically
responsible for following up on the implementation of the research
plan. Grant-making on the basis of competitive applications and
peer group review are among the most effective devices for mon-
itoring intrasectoral linkages.

4, Relationships within the private sector (Sample problem:
encouraging the usc of intermediate and labor-intensive industrial technol-
ogies). This set of linkages is especially important in mixed economies,
where the range of investing activity in the private sector often exceeds the
government's cntire developmental budget. The central role is therefore to
act so as to maximize private initiatives, especially in cases involving
numerous small firms whose combined eiforts affect and multiply the impact
of large corporations. An example is the collective impact of small-scale
transportation ventures by families owning one or two buses or trucks, where
technological improvements can make important contributions to the fam-to-
market nctwork. Another is the relationships among isolated middle men who
provide supplics, credit, and technical advice to fammers and consumers.

In the field of public health, a parallel example is the system of paramedical
entreprencurs whose services are a substitute for modern hospitals. The
organizational implications of this set of relationships affect commerce,
industry, agriculture, and health.

Most of the decisions involving these links are made at the
center. 'They arc of the second order, since they require government inter-
vention to protect small-scale operators against monopolistic or monopsonistic
"squeczes.' ‘These interventions are especially important when large-scale
entreprencurs use their position to advance technologies that are labor-
displacing or to eliminate their less powerful competitors. Probably this
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government function should not be located in a central ministry of industry
or agriculture because such agencies tend to favor large client groups and
professional associations to the disadvantage of small-scale operators.
Special efforts may be rcquired to supply R § D services to small-scale
operators and entrcprencurs.

Examples: The Madras Leather Technology Institute in
India has developed intermediate labor-intensive technologies to
protest the economic viability of small-scale cntrepreneurs.
Sometimes government efforts at developing small-scale technol -
ogies fall bolow expectations because private institutions are
not sufficiently well coordinated to permit government-sponsored
laboratories to identify the most pressing needs. Small machine
shops in Ludiana, for example, arc said to be turning out better
varieties of agricultural implements than those being developed
at the University of the Punjab.

Essentially private societies like the Argentine Scientific
Society or the Philippines' National Resecarch Society conduct
seminars to provide some technological links within the private
sector. Professional associations of lawyers and physicians also
provide for a flow of technological information to improve the
performance of their members. Industrial research can be
performed by jointly sponsored private labs such as Philippines’'
Textile Rescarch Commission, the Forest Products Rescarch and
Industries Development Council, or the National Water and Air
Pollution Control Commission. Israel's Rescarch Council aids
private industry by setting up study groups to examine research
needs in the existing industrial complex and to cvaluate the
economic significance of developments in science and tcchnology.7
Malaysia's famous Rubber Research Institute is {financed by private
producers.

5. Linkages with Specialized International Agencics (Sample problem:
the development and introduction of improved cereal crops!. The importance
of this set of technological linkages is that it gives small countries access
to R § D capacities adjusted to special needs (employment, soils, discasc and
pest contvol, small-scale markets, cooperative trading arrangements, lurge-
scale river and harbor resource development, for example) that cannot be
efficiently served by their own resources, yet arc not available through
commercial channels or other convenient sources of technology. A government's
role in cultivating these linkages is a subtle one, sinc: it must contribute
its own talent and other resources for the support of regional and inter-
national centers, while insuring that these resources arc used more cffectively
for dev:lopmental needs than they would be if invested locally.

Most of these relationships arce in the agricultural sector, with
some links developing in public health and cducation. There are still
relatively few official international links scrving industrial exchanges of
technology.

Since these links arc receiving increasing attention from the
scientific community, it might be useful to describe some of the special
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problems they pose to policy makers. One difficulty in these relationships
is that they tend to deteriorate into 'foreign office problems,' that is, to
subject the regional donors to protocol pressures Or exercises in the asser-
tion of national dignity. Regicnal centers are experiencing difficulty in
getting their promised funds on time and in sufficiently flexible form;
while not all donors can keep themselves adequately informed about the
centers' operations without imposing undue burdens on their management.

Most of these links involve second-order decisions; international centers
arc increasingly trying to improve their 'outreach' capacity (third-order
decisions), but this effort involves linking their activities with those of
local 'cooperating institutions."

Ixamples of "specialized" linkages: Most government links
to international bodies occur among professional groups or agencies:
India's Council of Medical Research with WHO and UNICEF, Argentina's
National Academy of Sciences, with UNESCO, Philippines' National
Economic Council's Office of Aid Coordination with the UN, a
committee under the Undersecretary of Commerce with LCAFE, and a
national committee under the NEC chairman, to deal with UNIDO.
Many agriculture ministries maintain links with important regional
conters like the International Rice Research Institute (Philippines),
the International Corn and Wheat Center (Mexico), the Inter-
national Center for Tropical Agriculture (Colombia), the Inter-
national Institute for Tropical Agriculturc (Nigeria), the
International Potato Center (Peru), and the International Research
Institute for the Semi-Arid Tropics (India). Some countries try
to coordinate their relations with several international agencies
by centering several functional linkages in onc council (India's
Council of Scientific and Industrial Research relates to UNESCO,
WHO, LCAFE, and ICSU, for example).

All of these links offer potential support to locally
activated R § D needs, but in the absence of strong representa-
tions of the national requirements, the international community of
scientists tends to encourage an "internal brain-drain' of the
cnergies and resources of scientists in the less developed countries
away from local problems toward more "interesting' research.
Pakistan, for example, spent ten times as much on nuclear energy
rescarch (1962-67) uas on all other applied research, and it
assuaged the medical prefercnces of its specialists by operating a
highly sophisticated modern heart clinic. Venczuela devoted 75%
of its research resources to fundamental research, as opposed to
22% on applied fields and 4% for development, during a year (1963)
when developed countries were allocating 10-20% or less to funda-
mental research.8

This is no forum for an attack on basic research, but
distorting national research programs in order to retain the
services of talented scientists is a poor trade-off for under-
developed countries. The links between national and international
research agencies must reinforce national priorities, not displace
them. This outcome will not prevail unless the national planning
institutions are sufficiently strong to identify long-term needs
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and reinforce the careers of scientists and technologists qual-
ified to advance them.

6. International commer:cial and bilateral links (Sample problem:
dealing with technological enclaves crcated by multinational industrial
corporations).  The impact of these linkages on developmental goals depends
heavily upon the "terms of trade™ by which existing technologies are intro-
duced. Currency, import, and price policics sometimes distort the rational
value of foreign technoclogies to a country's developmental goals. Many
less developed countries are beginning to force multinational corporations
to renegotiate the condit’ons under which they arc permitted to exploit
natural resources. They are also re-cvaluating the utility of the capital-
intensive technologies being exported to labor-surplus countries. Inter-
national banks and bilateral donors have tended to reinforce the conventional
preference for labor-saving, large-scale technologies. 'Their role in
designing and financing irrigation systems, industrial developments, and
public works construction, has not becn significantly different in this
respect fron that of the private multinational investors. Most international
transfers of technology originating {rom public or private sources in the
industrial world are based on the domestic needs of the donor (including,
for example, the protection of their own small-scale producers or non-
competitive shippers, as well as the scarch for profits and the desire to
reduce production costs of goods reimported to their own countrics). These
prefercnces often rcduce the value of proffered assistance and call for a
greatly enhanced resort teo critical technology assessments in the recciving
country.

The basic rcle for governments in these situations is to '"look
the gift-horse in the mouth" by setting priorities defining their immediate
technological necds, and by mancuvering their options so that donors' offers,
like private ventures, can be adjusted to national plans and other major
social purposcs.

These linkages involve all sectors of development, primarily at
the point of first and second-order decision-making. But they arc rarcly
subjected to the disciplines of science policy analysis. lven when the
negotiations involve bilateral donors or international banks, there is little
opportunity for rational choice except of the "take-it-or-leave-it" variety.

Examples of sixth-level linkages: Many of the difficul-
ties about international drain-offs of talent, described as a
problem in the 5th group of linkages, also apply to unofficial
relationships. Economic and science policy agencies rarcly deal
directly with private multi-national corporations, and bilateral
donors work through thc foreign office because of representa-
tional problems. In cither case, the relations require access
to the sets of public-private links and the inter-ministerial
links described above. 1n India, the Nationul Research Develop-
ment Corporation is charged with keeping track of international
patents and licenses, and while it has no policy formulating
role, it is cxpected to protect the national interest in private
technological exchanges. Argentina's National Institute of
Geology and Mines performs the planning functions for inter-
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national unofficial as well as internal private and public
activities engaged in research and surveys. There appear to
be no agencies providing general coordinating links with pri-
vate international purveyors of scicnce and technology in
any country as yet although the Andean Pact group were con-
sidering creating such linkages (as of March, 1973).

IV. Findings

Science policy is obviously not just an administrative issue.
Organization is not a substitute for policy. But experience reasserts the
obvious fact that policies do not emerge as coherent. guiding influences
on activity unless some body of responsible persons is devoting serious
attention to the major issues and monitoring the impact of decisions and
other administrative steps already undertaken.

The summary matrix presented in Appendix VII reemphasizes the
fact that in both Asia and Latin America, science policy-making bodies are
concerned with first-order decisions more than those of second-order, and
far more than those of the third. International linkages among these
bodies are more important in Latin America than domestic linkages are, and
this distortion is even greater there than it is in Asia. Finally, in
neither arca do science policy bodies in the private sector display much
concern for the third-order decisions that are essential to modernization.
The modernizing role of private industry is displayed, of course, through
the market and third-order activities take place through the advertising
system. In some cases this system is the most important influence on mass
decisions, and it is pechaps ominous that science now pays so little
attention to these influences through its participation in policy-making.

Actual Distribution of Units in Asia and Latin America by
Decision Order and Linkage Functions
Decision Orders

I II ITI

1 51/46 47/46 15/19

2 25/18 23/16 13/10
Linkages 3 12/20 9/7 4/6
4 6/17 4/19 3/4

5 40/59 39/53 12/24

6 21/47 22/39 6/18

Asia/Latin America
Source: See Appendixes IV and V. Percentages appear in Appendix VII

The classification scheme proposed here, delineating orders of
decision and linkage sets, can also be used to compare the major adminis-
trative aspects of science policy-making and implementation in individual
large complex development programs like the Mekong regional enterprise.

In it arc all three orders of decision making (designing water control and
irrigation systems, assigning of operating responsibilities among new and
existing agencies, and establishing uniform systems so that farmers can be
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assured of timely access). It also incorporates all six sets of linkages
(public and private developers have to work out ways of integrating their
activities, ministries have to cooperatc both horizontally with other
ministries and vertically with local authorities, wholly private farmers
suppliers and biomedical personnel, and both official and commercial
international connections have to be maintained). Finally, public response
is an extremely important condition of success (acceptance of water
discipline, relocation of homes and famms, and usc of administrative and
judicial procedures for reconciling conflicting land ¢laims). And all of
these problems have already been the subject of conscious deliberation,
staff studies, and scholarly rescarch by the secretariat of the Mekong
Project, national planners, and internationaliy-supplied natural and social
scientists. Many decisions are being made regarding S & T components with
no systematic attention going to their interrelationships and potential
integration.

In spite of the limited attention these dimensicns have received
at the country level, it is possible to develop situation profiles from
the existing data so that we can identify major weaknesses and problem areas.
The analysis, drawn from the data presented in the appendices, calls atten-
ticn to some striking phenomena:

(1) International linkages of S & T bodies in all countries
surveyed, in both Latin America and Asia, arc far morc numcious than any
single set of domestic linkages. The implication is that at present,
science policy makers’ attention is oriented morc toward international than
domestic comnunications.

(2) Linkages coordinating S & T activitics across sectoral and
ministerial lines (linkage sct 2) do not exist at all in 12 of the 21 Latin
American countries included in the UNESCO survey, or in 3 of 17 Asian
countries. The implication is that developmental S § T may be excessively
fragmented.

(3) S § T policy-making bodies do not reccognize any responsi -
bility for the implementation of development or other action programs in 7
of the Latin American and 19 of the Asian countries in the survey (third
level linkages). Query: Arc thesc scientists just comnunicating with cach
other?

(4) Third order decisions, involving conscious efforts to gain
public acceptance of S § T innovations, arc not recognized as u function of
science policy-making bodies in 10 of the Latin American and 8 of the Asian
countries surveyed. It is quite possible that innovation rates may be
unnecessarily slow.

(5) There is no effort on the part of the private sector to
participate in science policy-making on the national level in 12 Asian and
10 Latin American countries, judging from the activities reported in the
UNESCO survey. Some Third World industry is probably being born obsoles-
cent.

(6) In the definition of functions provided by the science
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policy-making bodies themselves, responsibility for making first-order
decisions were described about three times more often than for third-

order decisions. The frequencies are as follows (some bodies perform

several [unctions):

Decisions Asia (70 bodies) Latin America (83 bodies)
First-order 58 71
Second-order 52 47
Third-order 17 26

Query: are scientists excessively preoccupied with a macrocosmic view?

(7) There werc 20 science policy-making bodies concerned with
agriculture (including rubber and sugar cane research). But 19 countries
had no such bodies. In 19 countries where agriculture was served by such
agencics, 9 allotted them the largest resources used by S & T bodies, and
3 gave them second priority, so far as the budget is concerned.? But 6
placed these functions last or next to the bottom in their total expenditures.10
In 2 countries, these bodies provided the only formal opportunities to apply
S § T to third-order decisions, and in 2 the onlv third level (that is,
vertical or implementing) linkages. Some countries are apparently neglec-
ting S § T in their major cconomic activity.

(8) 10 countrics have policy-making bodies in the biomedical
sciences (lecaving 23 that do not). Only 1 was given the largest budget
among thesc national agencies, and ranked second (6 were at or next to the
bottom among priorities.ll Query: arc public health policies in some
countrics being left to practicing physicians?

(9) 17 countries had 'technology' policy-making bodies,
primarily serving industrial research needs (24 did not). They were well
financed: their budgets in 7 ranked first or second among such bodies
(waere there were more than 1) and only 1 ranked last. In all but one case,
countrics that were served by policy-making bodies in industrial technology
also had similar services in the pure sciences. Query: is Third World
industry relying too heavily on government for S & 17

(10) No fewer than 27 countries have policy-making bodies
concerned with the sciences themselves -- far more than available in either
agriculturc or medicine, and 10 countries have 2 or more such organizations.
On the other hand, 6 countries have agricultural bodies but none for
sciences, and 3 have medical policy-making bodies but none for the pure
sciences. Policy-making bodies in the sciences are not necessarily a
prerequisite to such efforts in applied fields, evidently. Very few (9 out
of 44) of these bodies were concerned with third-order decisions, but their
linkages were well developed in all cases. Their budgets placed them first
or second in priority in 9 countries, and last or next to last in only 8.
Can it be truly said that scientists are not neglecting science, whatever
they may be doing for society?

These ten findings convey some implications for action, both
nationally or internationally. Unfortunately, however, the cvidence on



28

whick they are based in often inconclusive, and possibly inaccurately
reported (the UNESCO survey was not conducted with these uses in mind).

The issues of what functions, linkages, and priorities are appropriate

to science policy-making bodies remain elusive. Nor should any respon-
sible advisor proceed from the assumpticn that scicnce and technology
requirements in all countries are the same, or that the process of apply-
ing knowledge to development will follow the same sequence in all countries.
But these findings do suggest the basis for some consensus on how to
approach priorities and on what points intervention may be appropriate.

V. Implications

The present approach suggests certain changes of emphasis in
the present strategics for international assistance in science and tech-
nology. For one thing, it focuses more on the processes of science policy-
making than on the policies themselves, which reverses carlier priorities.
This strategy would support the institution-building cfforts of the
National Academy of Sciences and other science advisory bodies, but it
would move the functions of the institutions they advise closer to national
developmental objectives than they now arc. It would reduce the reliance
on international criteria for assigning prioritics in scientitic rescarch,
and it would substitute new standards of scientific output (essentially
those relating to the achicvement of national goals) for those so often
suggested by the international community of scientists. Tt would not so
much challenge the internationalism of science as reassert the national
purposes of governmental science policy-making. It would devote more
international scientific effort to identifying "problems' and less to pro-
pesing "'solutions' that in the end so often turn out to be unacceptable or
unworkable. It would abandon the present sectoral narrowness that treats
science and technology as a scparate, distinct element in the development
process.

In practical terms, this analysis suggests that international
donors should begin to help govermments inventory their own science policy
resources and capacities. [For this purpose, cxisting classificution
systems are not fully adequatc. UNESCO has compiled lists of manpower and
institutional resources by fiecld of science, but the resulting survey does
not suggest the basis on which a country can determine its own distinct
needs and priorities. The more recent UN World Plan of Action (N.Y.: 1971)
has succeeded ir: crossing conventional disciplinary lines in classifying
four "functions" under which science policy-making actions can be grouped,
but the categories used in that report apply almost exclusively to rescarch
and thus ignore the problems of relevance to developmental goals, successes
and failures of implementation, and social consequences of scientific in-
novation. The four categories they use are planning, decision, and control;
coordination, promotion and [inancing; rescarch cxecution; sciclice and
technology, public services like mapping, documentation, and extension.

The Plan offers some useful advice in cach category (pp. 04-07), and the
follow-up Plan for Latin Americal? proposes that S & T be aligned with
economic plans. It is time to procced to the next stage of relating 5 & T
to the implementation of developmental and other goals.

The international community can assist countrics in cxamining
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the linkages between plan and action; indeed, it would be difficult to

offer sound advice on implementing science policy without adequate infor-
mation structured along lincs something like the ones suggested here.
Advisors should know what kinds of decisions are now being made affecting
the development and use of technology. They should ascertain in detail

how siich decisions are linked to the various groups and individuals actually
devising and executing programs and responding to them. Finally, they

ought to consider what demands S § T innovators plan to make on citizens

and clients so that they can help define the parameters of technological
systems they are asked to develop.

Task forces engaged in such inventory-making should be inter-
netional in most cases (including at least some host nationals as principal
members). They should be interdisciplinary in all (including research
scientists, science administrators, and professionals or practitioners in
the one or two major fields under immediate scrutiny).

llow should international participation take place? In the Point
Four prehistory of technical cooperation, the conventicnal wisdom called
for a carcer service of advisors, working in semi-permanent country missions,
serving long tours of duty, and possessing specialized "area knowledge' to
avoid errors caused by indiscriminate transfer of existing technologies.l3
These errors are no longer epidemic in foreign aid; few technical assistants
now expect to encounter situations in which they can offer solutions di-
rectly based on Western experience. Substitutes for the long-term resident
advisor are proving more suitable in the present environment of international
technical cooperation: the experimental approach and the reliance on joint
action. !+ Short-term recurrent visits by several consultants working with
a standing group are more effective in most situations than reliance on a
smaller group of resident technical experts. 15

International conferences are also important, not only for
establishing and strengthening external linkages, but also for developing
intersectoral and interagency relations in the participating countries
themselves, But in order to achieve maximum benefit from these linkages,
the conferees ought to be chosen from private as well as public spheres
and among different agencies and levels of government. Conferences pro-
posing action are more effective if they acquire some means of following up
their rccommendations either in the form of successive meetings to consider
problems of implementation or through other cxchanges of visits and infor-
mation. Published reports can help focus the efforts of conferees, but
they are usually unrcad by non-participants, especially if they are not
directed to decision-makers. Most less developed countries' decisions in-
volving S & T tend to be fragmented largely because the existing lines of
conmunication Jo not pemit scientists to learn how plans are constructed,
or plamers to participate in budgetary processes. International confer-
ences can help provide these linkages. Obviously some functional special-
ization in inescapable if expertisc is to prevail in cach of these activities;
but busy burcaucrats often find it casier to become acquainted with the
requirements of other specialists in an international context than when
working out of their own offices. The conference is an important vehicle
for many morc purposes than it has scrved in the past.
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Beyond providing expertise and communications links, inter-
national agencies are helping countries develop rescarch capabilities and
build productive facilities that can scrve regional as well as national
needs. These ventures are not proceeding very rapidly outside the agri-
culture sector, though it is obvious that econumies of scale (including
assembly of ''critical masses' of scientists) apply to research and develop-
ment in industry, education, and health as well. International assistance
can provide important initiatives in these ficlds.

Regional ccoperation can permit countrics to perform technology
assessment studies for first-order decisions, once their importance has
been recognized. Countries committed to regional cooperation can also use
such resources to determine their own comparative advantage for developing
specialized services and to work out approaches to common problems such as
manufacturing and distributing high-technology goods requiring large markets
and favorable export and import policies, all of which involve scecond-order
decisions that can be improved through international initiatives. Fventually
countries may cven be able to develop common approaches to malthational
corporations and at lcast in =ome cuses rationalize the exploitation of
their own natural resources in the context of intra-regional competition.

Some of these issucs are too sensitive to approach dircctly,
especially given the present stutc of our knowledge.  For many years the
international community of cconomists and administrators has been con-
sidering problems like trade-ofts between efficiency and cnployvinent
generation, growth and income distribution, export-intensivity and import-
intensivity, sub-regional depression and national development, and produc-
tivity and pollution. They have not found definitive answers to any of
them, but they arc beginning to develop criteria by which to structure
decision-making in most of them.

The international community of scientists and technologists is
now beginning to perceive which problems and trade-offs arc appropriate
concerns of science policy. ‘This perception will be greatly enriched by a
closer examination of the expericnces of countries whose governments arce
seriously concerned with improving their capacity to usc science and tech-
nology for developmental objectives. Nearly all of the decisions and
functions described here can become heavily politicized, but the fact that
they arc sensitive in one situation does not mean that they are "oft-limits"
for rational analysis cverywhere. Scientists have lcarned to live with
taboo when they have to, to ignore it when they can, and to translate it to
mean "caution" during periods of transition. Science policy still has its
taboos, but at least some small part of them are the result of ignorance.

And ignorance is a remediable condition.
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Table 1

DISTRIBUTION OF DECISION ORDERS AND LINKAGES IN SCIENCE POLICY-

Linkages

Linkages

Source:

Total

6

Total

MAKING BODIES

A Asia
1 I
14.4% 13.3
7.1 6.5
3.4 2.6
1.7 1.4
11.3 11.0
5.9 6.2
43.8% 41.0

B. Latin America

1
9.8%
3.8
4.3
3.6

12.6

10.0

44.25%

Data drawn from App. IV and V.

11
9.8
3.4
1.5
4.1
11.3
8.3

38.5

Orders of Decision
111
4,2
3.7
1.4
0.8
3.4
1.7

15.2 n

Total

23.7

*percentages of total number of decision orders and linkages coded.
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C. Institutional Functions by Decision Orders

and Linkages in Asia

Orders of Decision

1 I Jisg
1 73%% 67% 21%
2 36 33 9
3 17 13 7

Linkages

4 9 7 4
5 57 56 17
6 30 31 9

%Source as above. Percentages do not add to 100 because many bodies
perform several functions.

D. Institutional Functions by Decision Orders

and Linkages in Latin America

Orders of Decision

I II ITI
1 55%% 55% 23%
2 22 19 12
3 24 8 7

Linkages

4 20 23 5
5 71 64 29
6 57 47 22

%Source as above. Percentages do not add to 100 because many bodies
perform several functions.



APPENDIL I

Number and Resources of Science Policy-Making Bodies in Asia and Latin America by Field

Field Asia Latin America Total
(18 countries) (21 countrics)
Number  Staff Expend Number  Staff Expend Number
$million $million

1. General

a. Sciences 30 6,387 36.073 26 7,540 12.980 56
b. Technology 19 9,075 53.809 8 814 3.000 27
c. Research Grants 3 49 12.751 0 -- -- 3
d. Inter-University

Activities 0 -- -- 3 42 0 3

2. Specialized

a. Agriculture 10 981 18.388 10 13,705 46.230 20
b. Atom 12 11,109 94.663 11 5,668 18.160 23
c. Geography, Geology

Mining, Petroleum 0 -- -- 13 2,564 10.140 13
d. Medicine, Public

Health 9 2,304 5.826 12 1,269 3.156 21
e. Oceanography 1 20 .003 1 134 .014 2
f. Public Works, Irrigation,

Drainage, Floods 2 26 .051 0 -- -- 2
g. Rubber 1 1,021 .540 0 -- -- 1
h. Space 1 90 .028 2 62 763 3
i. Sugar Cane 0 -- -- 1 775 1.380 1

TOTAL 88 87 75

Source: Compiled from UNESCO, World Directory of Science Policy-Making Bodies (Brussells), Vols. 2 and 3.
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APPENDIX II
Budgets of Asian Science Policy-Making Bodies
LEGEND

I. The category code is as follows:

1. Agriculture 8. Sciences

2. Atom 9. Space

3. Medicine 10. Technology (Primarily Industrial)
4. Oceanography 11. Geography

5. Public Works 12. Inter-University Activities

6. Research Grants 13. Sugar Cane

7. Rubber

1I. The 1.cters under the NAME column are the initials of
the institutions involved. (See App. VI)

I1I. The XPEND column is a listing of the budgets of the
institutions in millions of US dollars. In the original
data some of the institutions had fixed budgets and some
had variable annual budgets. To normalize the data an
average was taken for the variable budgets. The + after
some of the figures indicates that the budgets were in-
creasing and a - indicates that the budgets were decreasing.
If a figure has no sign after it, this means that either
the budget is a fixed annual appropriation or that, data
for only one year was given.
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APPENDIX II

Budgets of Asian Science Policy-Making Bodies

Country/ Cate- Country/ Cate-

Name gory Staff Xpend Name gory Staff Xpend

BURMA KOREA

ari 1 54 .208 mst 8,10 1060 0

bmri 3 136 .26 nas 8 11 .015+

rpdb 8 35 0 esc 8,10 9 .073+

ubari 10 256 .624 niri 10 28 .196+

CEYLON MALAYSIA

cdaro 1 164 613+ imr 3 98 .8

cmri 3 99 .49 mrfb 7 181 5.8

cisir 10 84 W23+ MONGOLIA

CHINA asmpr 8 509 1.0 +

jcrr 1 183 .975- NEW ZEALAND

aecey 2 15 .32 nzaec 2 9 0

as 8 312 .30 + mer 3 66 .30

nsd 8 91 1.43 + ugc 6 34 .151+

irc/mea 10 15 nznrac 8 12 .008+

INDIA , rsnz 8 116 .018+

icar 1 32 15.85 dsir 8,10 1182 9.59 +

aec/dae 2 8545 64.5 + PAKISTAN

icmr 3 1333 3.10 + arc 1 2 0

ugce 6 15 12.6 + paec 2 862 15.05 +

nisi 8 45 .079+ pmrc 3 37 .055+

csir 10 15485 13.55 + cwhr 5 4 .001

INDONESIA idfcrc 5 22 .05 +

naea 2 6 0 nscp 8 15 041+

iis 8 249 0 pas 8 30 .01

IRAN pcsir 8,10 1207 4.01 +

ncar 1 336 0 strd 10 15 0

tunc 2 140 4+ PHILIPPINES

iphr 3 376 1.2 paec 2 165 .562-

ISRAEL mrfp 3 10 0

nuia 1 17 287+ nrcp 8 604 .069-

aec 2 917 13.6 nsdb 8 1269 .735-

iash 8 16 . 202+ SINGAPORE

ncrd 10 86 2,156+ sCS 8,10 21 011

JAPAN snas 8,10 15 0

jaec 2 202 062+ THAILAND

cost 4 20 .003 oaep 2 85 0

cst 8,10 190 017+ nrc 8 131 . 546+

scj 8,10 287 . 568+ asrct 10 185 425+

sta 8,10 1905 48,99 + VIETNAM

nsac 9 30 .005 dar 1 167 455+
aeo 2 163 .169
ncsr 8,10 8 0
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APPENDIX III
Budgets - of Latin American Science Policy-Making Bodies

LEGEND

I. The category code is as follows:

1. Agriculture 8. Sciences

2. Atom 9. Space

3. Medicire 10. Technology (Primarily industrial)
4. C(ceanography 11. Geography

5. DPublic Works 12. Inter-University Activities

6. Research Grants 13. Sugar Cane

7. Rubber

I1I. The letters under the NAME column are the initials
of the institutions involved. (See App. VI)

II1. The XPEND column is a listing of the budgets of the
institutions in millions of US dollars. In the original
data some of the institutions had fixed hudgets and some
had variable annual budgets. To normalize the data an
average was taken for the variable budgets. The + after
some of the figures indicates that the budgets were in-
creasing and a - indicates that the budgets were decreasing.
If a figurc has no sign after it, this means that either
the budget is a fixed annual appropriation or that, data
for only one vear was given.



Country/
Name

ARGENTINA
naavs
niat
ncae
nam
mas
naepns
aaas
ncstr
ncsr
ass
niit
nigm
BOLIVIA
baec
gsb
nasb
BRAZIL
dare
bnec
nam
bas
nrc
bsc
nit
ndmp
CHILE
ari
cnec
asic
ncstr
gri

cr
COLOMBIA
nail
nam
nih
caepns
tri
ngs

COSTA RICA

naec
dgmp
CUBA

samp
ncasrc
nuc
cscpri

Cate-
gory

— b
N 00 00000000 B =

==
H O WO 00 00N N

13

Staff

27
4480
2396

63

66

32

4

93

60

20

464
1140

35
5
34

5550
498
120
286
145

57
500

157
18

162
22

39
40
99
23
100

14
14

114
1635
11
175

APPENDIX III

Xpend

.009+
17.12 +
8.29 +
.212
019+
034+
.028+
1.72 +
.023
.079+
1.078+
2.45 +

0
.003-
0

0
5.54 +
0
.001
3.42 +
74+
.576+

2.48 +
. 066+
.001+
.193
.89 +

.157-
.006
.307
.004
573+
.123

.094

.83 +
4.08 +

1.38 +

38

Budgets of Latin American Science Policy-Making Bodies

Country/ Cate-
Name gory

ECUADOR

nialr 1

eaec 2

nih 3

eins 8

ndgm 11

EL SALVADOR

dar 1

cgsi 11

GUATEMALA

nnec 2

ampnsg 3,8

GUYANA

admant 1

HAITI

Nncsr 8

HONDURAS

ng1 11

JAMAICA

sTC 8

MEXICO

nari 1

nnea 2

namm 3

asr 8

nisr 8

mitr 10

NICARAGUA

ngsme 11

PANAMA

nsc 8

PARAGUAY

1snu 8

PERU

dard 1

aecb 2

nam 3

nih 3

psi 4
8
11
11

naepnsl

pig

dgm

ic 12
URUGUAY

nace 2
ncstr 8
nae 10

Staff

239

128
30
16

131
47

28
61

147
23
105
60

320
594
217
180

15
130

29
15
83

2368
29
100

134

40
157
226

23
11
30

Xpend

1.17 +
.013
. 805+
.029+

L3214+
115+

047+
. 002

207+

A7 +

3.94 +
.018
.306+
077+

122+

.084+

9.78 +
.13

AT75-
.014+

fen i an]

.596+

0
131+
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APPENDIX I1I (con't.)

Budgets of Latin American Science Policy-Making Bodies

Count v/ Cate-

Name gory Staff Xpend
VENEZUELA

ncar 1 286 11.2
nam 3 122 .01
nih 3 194 .81
apmns 8 80 .01
vaas 8 402 .016
nestr 8,10 21 0
visr 8 218 2.73 +
dgmmh 11 98 1.96 +
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APPENDIX IV
Functions and Linkages of S § T Decision-Making Bodies
in Asia (Total 70)

LEGEND

1. Source: UNESCO, World Directory of National Science
Policy Making Bodies in Asia (1968). Coded by Dan Levin

2. 0D - Orders of Decision
1 Choice of technology (n=58)
2 Choice of implementing institutions (52)
3 Mobilizing decisions (17)

3. LINKACLS (Flows of information and resources)

Public and private (61)

RBetween or among ministries (28)

Within ministries or sectors (14)

Among private parties using S § T for development (7)

Between government and int/reg org. (49)

6 International unofficial and bilateral exchange of
technology (26)

(T2 B~ TR N

4. See App. VI for key to abbreviations



Country/Name

BURMA
ari
bmri
rpdb
ubari
CEYLON
cdaro
cisir
mri
CHINA
as
aec
irc
jerr
nsd
INDIA
aec
csir
icar
icmr
nisi
nrdci
sacc
STS
ugc
INDONESIA
11s
naea
IRAN
tunc
hcar
iphr
ISRAEL
aec
iash
ncrd
nuia
JAPAN
cost
cst
jaec
nsac
sCj
sta

APPENDIX IV

Functions and Linkages of S § T Decision-Making Bodies

0D

13

=N

123

123
123
13
12

132
123

132
21

31
231

12
321

in Asia (Total 70)

Linkages

12
12

15
1245

15
35

12356
1235

235
12345
135
12356
15

16
12456
1235
156

2356
156

156
156
12356
156
125
125
12

15
12

Country/Name

KOREA
esc

mst

nas

niri
MALAYSIA
mrfb
imr
MONGOLIA
asmpr
NEW ZEALAND
mrc
mzaec
dsir
nrac
TSNz

ugc
PAKISTAN
arc

cwhr
idfcrc
nsc

pas

paec
pcsir
pmrc
strd
PHILIPPINES
mrip
nrcp
nsbd
paec
SINGAPORE
SCS

snas
THAILAND
asrct
nrc

oaep
VIETNAM
Nncsr

dar

oea

0D

213

21
12
23

NI

Linkages

12
1256
15
156

1456
123456

15

1256
15
156
1

15

1

15
16
1256
126
15
125
156
126

156
156
156

15
1256
152

135
125
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APPENDIX V

Functions § Linkages of S & T Policy-Making Bodies

in Latin America (total 83)

0opl = 71 L1 = 55
0oD2 = 47 L2 = 20
OoD3 = 26 L3 =21
L4 = 19
LS = 606
L6 = 5
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APPENDIX V
Functions § Linkages of S § T Policy-Making Bodies

in Latin America (total 83)

Country/Name 0D Linkages Country/Name ) Linkages
ARGENTINA EL SALVADOR

paavs 12 15 cgsi 12 156
nam 12 125 dar 1 356
nas 1 125 ECUADOR

naepns 13 125 eaec 123 15
aaas 12 14 eins 13 156
chae 123 15 nih 123 356
ncsr 12 156 nialr 13 16
nestr 2 125 ndgm 1 3
nigm 12 135 GUATEMALA

niat 32 12356 ampnsg 2 46
niit 21 12456 nnec 2 156
ass 12 46 GUYANA

BOLIVIA admanr 13 35
nasb 2 15 HAITI

bacc 12 1256 ncsr 12 156
gsb 12 1356 1IONDURAS

BRAZIL ngi 1 356
bas 12 456 JAMAICA

nam 12 1456 sTC 123 156
bsc 231 1250 MEXICO

bnec 123 125 asr 123 456
nrc 21 1256 mitr 12 456
ndmp 1 356 namn 12 145
dare 12 156 nari 132 15
nit 12 1256 nisr 2 156
CHILE nnec 12 35
asic 132 15 NICARAGUA

cnec 123 125 ngsme 1 356
ncstr 231 156 PANAMA

cr 21 1456 nsc 2 45
ari 12 1256 PARAGUAY

gri 21 1456 1snu 21 145
COLOMBIA PERU

caepns 1 156 nam 1 145
nam 1 156 naepnsl 12 146
nai 123 1256 aech 123 1256
nih 123 356 ic 1 4
tri 12 1456 pig 2 156
ngs 1 36 psi 231 12456
COSTA RICA nih 32 1356
naec 1 12 dgm 1 3
dgmp 1 35 dard 312 256
CUBA URUGUAY

cespri 1 36 nae 3 4
ncasrc 12 156 naec 123 1256
nuc 2 15 ncstr 2 1

sanph "2 356
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APPENDIX V (con't.)
Functions § Linkages of S § T Policy-Making Bodies

in Latin America (total 83)

Country/Name oD Linkages
VENEZUELA

nam 1 36
apmns 1 356
vaas 321 456
ncar 231 156
ncstr 12 1
dgmmh 1 356
nih 123 36

visr 1 1256



45

APPENDIX VI

Alphabetical list of organizations in Asia

Academia Sinica (China)

Academy of Sciences of the Mongolian People's Republic
Agricultural Research Council (Pakistan)

Agricultural Rescarch Institute (Burma)

Applied Scientific Research Corporation of Thailand

Atomic Energy Commission (Israel)

Atomic [Inergy Commission/Department of Atomic Energy (India)
Atomic Energy Council (China)

Atomic Inergy Office (Viet-Nam)

Australian Academy of Science

Australian Agricultural Council, Standing Committee on Agriculture
Australian Atomic Encrgy Commission

Australian Rescarch Grants Committce

Burma Medical Rescarch Institute

Cevlon Department of Agriculture/Research Organization
Ceylon Institute of Scientific and Industrial Research
Ceylon Medical Research Institute

Commonwealth Scientific and Industrial Research Organization (Australia)
Council for Ocean Science and Technology (Japan)

Council for Science and Technology (Japan)

Council of Scientific and Industrial Research (India)
Council for Works and lousing Research (Pakistan)
Directorate of Agricultural Research (Viet-Nam)

Fconomic and Scientific Council (Korea)

High Council for Agricultural Research (Iran)

Indian Council of Agricultural Research

Indian Council of Medical Research

Indonesian Institute of Sciences

Industrial Rescarch Committee/Ministry of Economic Affairs (China)
Institute for Medical Resecarch (Malaysia)

Institute of Public llealth Research (Iran)

Irrigation, Drainage and Flood Control Research Council (Pakistan)
Isracl Academy of Sciences and Humanities

Japan Atomic lnergy Commission

Joint Commission on Rural Reconstruction (China)

Malayan Rubber Fund Board

Medical Resecarch Council oix ..ew Zealand

Medical Rescarch Foundation of the Philippines

Ministry of Scicence and Technolugy (Korea)

National Academy of Sciences (Korea)

National Atomic Inergy Agency (lndonesia)

National Council for Research and Development (Israel)
National Council for Scientific Research (Viet-Nam)

National Health and Medical Research Council (Australia)
National Industrial Research Institute (Korea)

National Institute of Sciences of India

National Research Council of the Philippines

National Rescarch Council of Thailand
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APPENDIX VI (con't.)
Alphabetical list of organizations in Asia

National Research Development Corporation of India
National Science Council (China)

National Science Council of Pakistan

National Science Development Board (Philippines)

National Space Activities Council (Japan)

National and University Institute of Agriculture (Israel)
New Zealand Atomic Energy Committee

New Zealand Department of Scientific and Industrial Research
New Zealand National Research Advisory Council

Office of the Atomic Energy for Peace (Thailand)

Pakistan Academy of Sciences

Pakistan Atomic Energy Commission

Pakistan Council of Scientific and Industrial Research
Pakistan Medical Research Council

Philippine Atomic Energy Commission

Research Policy Direction Board (Burma)

Royal Society of New Zealand

Science Council of Japan

Science Council of Singapore

Science and Technology Agency (Japan)

Scientific Advisory Committee to the Cabinet (India)
Scientific Research Section (Resources Division Planning Commission) (India)
Scientific and Technological Research Division (Pakistan)
Singapore National Academy of Science

Tehran University Nuclear Centre (Iran)

Union of Burma Applied Research Institute

University Grants Commission (India)

University Grants Committee (New Zealand)
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Alphabetical list of organizations in Latin America

Academy of Medical, Physical and Natural Sciences of Guatemala
Academy of Physical, Mathematical and Natural Sciences (Venezuela)
Academy of Sciences, Institute of Chile

Academy of Scientific Research (Mexico)

Agricultural Research Institute (Chile)

Agricultural Division, Ministry of Agriculture and Natural Resources (Guyana)
Argentine Association for the Advancement of Sciences

Argentine Scientific Society

Atomic Inergy Control Board (Peru)

Bolivian Atomic Energy Commission

Brazilian Academy of Sciences

Brazilian Nuclear Energy Commission

Brazilian Space Commission

Centre for Geotechnical Studies and Investigations (E1 Salvador)
Chilean Nuclear Pnergy Commission

Colombian Academy of Exact, Physical and Natural Sciences

Council of Rectors (Chile)

Cuban Sugar Cane Products Research Institute

Department of Agricultural Research and Development (Peru)
bepartment of Agricultural Research and Lxperimentation (Brazil)
Department of Geology and Mines (Peru)

Directorate of Agricultural Research (El Salvador)

Directorate of Geology, Mines and Petroleum (Costa Rica)
Directorate of Geology, Ministry and Hydrocarbons (Venezuela)
Ecuadorian Atomic Energy Commission

lduadorian Institute for Natural Sciences

Geologicai Research Institute (Chile)

Geological Survey of Bolivia

Institute of Sciences of the National University (Paraguay)
Inter-university Council (Peru)

Mexican Institute of Technological Research

National Academy of Agriculture and Veterinary Sciences (Argentina)
National Academy of Ingineering (Uruguay)

National Academy of kxact, Physical and Natural Sciences (Argentina)
National Academy of Lxact, Physical and Natural Sciences of Lima (Peru)
National Academy of Medicine (Argentina)

National Academy of Medicine (Brazil)

National . tademy of Medicine (Colombia)

National Academy of Medicine (Peru)

National Academy of Medicine (Venezuela)

National Academy of Medicine of Mexico

National Academy of Sciences (Argentina)

National Academy of Sciences of Bolivia

National Agricultural Rescarch Institute (Mexico)

National Atomic Energy Commission (Costa Rica)

National Atomic Energy Commission (Uruguay)

National Commission of the Academy of Sciences of the Republic of Cuba
National Commission for Atomic Inergy (Argentina)

National Commission for Space Research (Argentina)

National Committee for Scientific and Technological Research (Chile)
National Council for Agricultural Research (Venezuela)
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Alphabetical 1ist of organizations in Latin America (con't)

National
National
National
National
National
National
National
National
National
National
Nationel
National
National
National
National
National
National
National
National
National
National
National
National
National

Council for Scientific Research (Haiti)

Council for Scientific and Technical Research (Argentina)
Council for Scientific and Technological Research (Uruguay)
Council for Scientific and Technological Research (Venezuela)
Department of Geology and Mining (Ecuador)

Department of Mineral Production (Brazil)

Geographic Institute (Honduras)

Geological Survey (Colombia)

Geological Survey, Ministry of Economy (Nicaragua)
Institute for Agricultural and Livestock Research (Ecuador)
Institute of Agricultural Technology (Argentina)

Institute of Geology and Mines (Argentina)

Institute of Health (Colombia)

Institute of Health (Ecuador)

Institute of Health (Peru)

Institute of Health (Venezuela)

Institute of Industrial Technology (Argentina)

Institute for Scientific Research (Mexico)

Institute of Technology (Brazil)

Nuclear Energy Commission (Guatemala)

Nuclear Energy Commission (Mexico)

Research Council (Brazil)

Scientific Council (Panama)

University Council (Cuba)

Nuclear Affairs Institute (Colombia)

Peruvian Institute of Geophysics

Peruvian Sea Institute

Scientific Council of the Ministry of Public Health (Cuba)
Scientific Research Council (Jamaica)

Technological Research Institute (Colombia)

Venezuelan Association for the Advancement of Science
Venezuelan Institute for Scientific Research



NATURAL RESOURCES, DEVELOPMENT AND INTERNATIONAL AID

by
Leonard Berry
Graduate School of Geography
Clark University

A basic reason for the AID programme is of course a concern with
development. However, concepts of the most effective ways of promoting
international development have undergone a major evolution in the past
decade. Reviews of progress, or lack of it, during the first development
decade often voice disillusionment though substantial progress in terms
of national cconomic growth was achieved in many countries.- The pessimism
stems in part from the considerable difficulties encountered by the
straightforward cconomic growth approach and a growing realization that a
variety of objectives must be achieved to allow real developmental change.

The articulaticn of priorities has also changed. In the early
part of the sixties the overwhelming concern was with national economic
growth. ‘the focus was increasingly on industry as a means of obtaining the
most rapid cxpansion, and one means of [inancing the nceded industrial
plant was through international aid. Now a much greater range of approaches
is considered necessary. While economic growth is still a prime objective,
there is much tempering of this goal with the nced to cut down rates of
unemployment, to build viable rural structures, and to reduce the increasing
incquality between rich and poor and town and country. The London Times
recently commented 'small is beautiful' in development today.

As Robinson puts 1t:

"In 1964, it was still possible to be reassured on these
cconomic principles that the application of the most
officient technologies to industry and agriculture would
automatically maximize employment and social well being
------- at the end of the decade the divergence of means
of relieving uncmployment with the means of maximizing
economic growth became inescapable. Tn many cases, it now
scemed wiser to accept a slower rate of advance in one
direction in order to make progress in the other"
(Robinson, 1971, p.4)2.

The greater advance in GNP or the greater spread of regional de-
velopment is not an abstract choice but one which neceds frequently to be
faced, though unfortunately is scldom presented with all the alternative
facts and forcasts. When the siting of a project is being considered one site
may offer better investment returns because of existing infrastructure,
another hetter long-temn benefits in regional spread of growth, reduction of
unemployment, etc., but with a reduced short-tem return on investment. The
continued tendency to choose the former alternative contributes to the
general polarization of development opportunity.

Now, well into the seventies, it is clear that these ideas have
heen well integrated into some aid programs; very little into others. There
arc real Jifficulties in changing dircction both for programs and for people
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within the developing countries and within the aid agencies. This puts extra
responsibility on new programs and new emphases to compensate for this
relative inertia.

Natural Resource Programs:

The AID agency has used the U.N. definition of natural resources
as follows:

"Natural resources included natural products (e.g. minerals,

forests, fish, water) and amenities or situations (e.g. water-

falls, waterways, fertile soils, mountains) which are assigned
value by man as a result of their potential ecunomic or social
benefits'’.”

Reviewing the pattern of development in these ficlds we find that
the emphasis in natural resource development has been heavily on the side of
the large scale projects and on goals of major national economic gain. These
kinds of projects seemed in the sixties to meet the needs both of the aid
program and of the counties concerned. They were transformation projects
needing considerable foreign capital and high technical skill and with enough
impact both to form visible signs of the program and to potentially play a
significant role in transforming the economy. The pattern is clearer if we
look at the major sectors involved.

Mineral Resource Development:

This sector more than any other has been dominated by the role of
the foreign international companies who often have played a major part in
mineral exploration and followed this with company financing and management
of the development phase. A large part of the mineral resources so extracted
have been taken into the world flow of minerals towards the developed parts
of the world. In a period of increasing awareness of the finite nature of
our world resource base and exponential climb in demand, there has been grow-
ing competition for exploitation rights. However, this comes at a time when
many countries are concerned about the role that private companies can play
in their economy, are concerned with the long-term best use of their resource
base and feel they are not getting the best out of current arrangements.4

Mineral resource development does, however, play a major role in
the economy of a number of countries. Zambia, for example, with large
copper exports has a considerably higher GNP and, over the years, better
foreign exchange position than many neighboring countries. The same country
also illustrates the gencral problem of getting the financial resources
obtained from mineral development into programs for generating a broader
based and more internally oriented development. There has also been little
evidence that extractive mineral development provides much trickle down effect
perhaps where enormous wealth is generated by oil. There have been few
examples that T know of where the necessary adjunct activities have been
consciously attempted. Farly (1971) points out in his book on '"Planning
for vevelopment in Libya' that even in an extremely wealthy oil economy
under rigorous planning, overcoming the inertia in agriculture, industry,
the problem of state and private industrial development issues, problems of
manpower and administration make it extremely difficult to introduce
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meaningful "'trickle down' effects. It may even be more than usually dif-
ficult under these circumstances as the disparities of wealth grow so
rapidly and become so obvious that evolutionary change becomes a more
difficult task.

It seemed to me, from a recent visit to Indonesia, that the vast
sums of private capital being invested in that country, should be seen to
have greater impact on the regions in which the development was taking place.
It is possible that the companies concerned or the national government could
work towards an improvement of the situation but it is likely that external
funds and expertise will be needed.>

The following table illustrates the sums involved for metallic
minerals alone. In 1967 applications were invited for mining licenses for
over 50 different areas and by 1972 14 agreements had been signed and many
others were in final stages of negotiation. Although financial details are
not available to me for all of these fourteen the table shows that over
$1,200,000,000 will be involved. This compares with a total U.S. aid of
around $1,000,000,000 for the period 1946-1969 40% of which was in the food
for peace program. Other DAC loans and grants to Indonesia 1960-1968
totalled $766 million. We are thus in a situation in this country where
investment in mining over the next few years is going to be well in excess
of official aid flows.

International Company Investment in Metallic mining enterprises

Indonesia
1967-1972
Survey First phase
Project Phase Exploration Investment
1 $10 sq km $100 sq km
2 $10 sq km $100 sq km
3 $100,000 $1,000,000
4
5 $10 sq km $100 sq km
6 $140,000,000
7 $1,700,000
8 $13,000,000 $130,000,000
9 $ 5,000,000 $240-400,000,000
10 $1,600,000
11 $500,000,000
12 $121,000 Terminated
13 $1,000,000
14 $1,300,000

The range of possibilities is considerable. In some cases the
skills of private mining industry could be utilized to help in the spread of
intermediate technology in an area, through training programs for low level
engineering of the garage engineer type, through use of industrial workshops
for repair of locally used machinery and even through a conscious effort to
develop intermediate technology switable to the area. In other cases the
road and other transport infrastructure may provide an opportunity for the
development of new crops or new agro-industries in an area. Such opportunities
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frequently need additional financing, experimentation and training. In
most cases the existence of a new enterprise forms a new market for food.
1f this new market is to be supplied from the local area in any significant
way, somc initial awareness on both sides of the possibilities is needed.

In this and in other cases which I will outline there is a need
for a new kind of development assistance. One of the problems of develop-
ment in my experience is the problem of (j-1) links. in so many cases
there develop situations in which a number of innovations have been made
but things don't work; no real change takes place. Becausc of a sectoral
approach or because of some unforseen problem there is a missing link.

The identification of that link or links is an important task nceding per-
sonnel with a real understanding of the development process and an ability
to tackle problems in the field. In natural resources we perhaps nced an
ccologically minded systems analyst. One of the issucs related to the
trickle down effect of mining projects is first an identification of the
possibilities and opportunities and then the flexibility and funds to pur-
sue them.

Thus, one important use of AID funds in this natural resource
field could be in researching and developing ways in which the expenditures
on the infrastructurc and extraction aspects of mineral industries could
be linked with the growth of other activities in the arca. It is most
likely that many of these activities would be related to general natural
resource development in a regional context. Can a mineral extraction
enterprise provide one focus for a program of comprehensive regional
development? Can the income from these activities be more readily seen to
promote national and regional economic growth and be employment generating?
Jan a thoughtful AID program help?

Forest Resource levelopment:

Fifty to sixty percent of the world's total biomass is found in
the humid tropics and this area also shows the highest annual rates of
growth. Yet most of the productive use of this resource occurs in the mid-
latitudes. There are biological reasons which help to cxplain this fact
but far more important are the great d%screpancies in the levels of gencral
economic development in the two areas.- At presecnt, we arc just not using
a very large part of the world's renewable resources and even U.N. pre-
dictions for expansion in the next decade do not foresec a very different
picture. A major problem is that much forest land is capable of use for
other purposes and unless it can be shown to have cconomic value as forest,
it may be lost to forest use. Tlor a significant part, perhaps twenty percent,
of the tropical rainforest arca regencration of cut forest may be impossible
or at best a very long-term process.

Part of the problem lies in the diversity of specics and the
consequent difficulty of research and development of uny but the most val-
uable timbers unless we develop means of managing purer stands and/or find
ways of using a variety of timbers, say in wood pulp production. This latter
trend is especially evident. To date, most of the cxploitation of the
tropical forests has been just that and in a similar way as with the mineral
deposits the private companies have played a leading role in the utilization
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of timber resources mostly in response to the needs of the market in the
western world and Japan. Operations have thus tended to be large scale and
contractural agreements with the host country which, in general, have not
been long enough to encourage company interest in the long-term produc-
tivity of the land. In some cases, indeed, when the company has taken the
initiative, the national government has not rssponded or not had the manpower
to respond with the necessary follow-up work.

Forest resources arc thus an underdeveloped resource, but one
which is in danger of being fast depreciated. The sector needs to be re-
vitalized through thoughtful and long-range planning backed up by a range
of biological, operational and industrial research which needs to take place
in close cc-ordination between developed and developing countries. However,
in line with the growth of awareness of environmental concerns, there is a
need for wide-ranging educational and training initiatives not only in the
formal sense but also to more gencrally encourage greater awareness of the
importance of the forest resource for national and global needs.

Water Resources:

Water impinges on so many aspects of development programs that
the ramilications of the use of water as a natural resource must cover almost
all aspects of cconomic development. Water resources arc important at all
scales from the small village pump and purification scheme to vast inter-
nationa! impoundments. The harnessing of the great potential of the major
rivers of the world has attracted much development attention and indeed
Africa, for example, is very well endowed with water resources. lowever,
the record of water management programs at this scale is mixed at best and
in the less developed countries there have been many problems related to the
generation of cconomic growth through water  ~ntrol.8 Thesc largely stem
from the fact that projects have been attempted before there was time to
accumulate much wisdom on the complex and wideranging effects of inter-
ference with biological, hydrological and socio-economic systems. It is
not difficult to transfer dam building technology to any country in the
world. It is much harder to judge the working mechanisms of the new large
ccosystems so created and still more Jdifficult to account for the side
offects on fishing, agriculture, local commumnication «nd regional develop-
ment. Thus, while some considerable engineering feats have resulted in
major changes in the energy resources of some nations and this may be a
focal point of new industrial and economic growth, the undesirable side
effects have been subject of much critical comment and some rethinking of
the merit of large schemes is taking place.?

Some general characteristics of all these resource approaches
stand out. First, they have tended to be large scale; second, they have
tended to be focused on exports of raw or little processed products; third,
the benefits of such schemes have been at the level of national economic
returns rather than regional or local development where some of the costs
have been incurred; and fourth, private capital and technical skill have
been heavily involved often to the benefit of economic and short-term
commercial efficiency but resulting in a little emphasis on development of
skills and appropriate managerial experience on the part of the nationals
of the countrices concerned,
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It is clear that there is a need on both sides for some major
resource development projects to continue., There is a world need for mineral
and power resources of all kinds and that need can only increase. There
is need on the part of the countries concerned to seize viable development
opportunities and utilize private as well as official bilateral and multi-
lateral capital. But it is also clear that there is a nced to improve
ways in which such resource development is carried out and to develop con-
fidence on both sides on the relative equity of costs and benefits.

To these ends the emphases that AID proposes to develop make much
good sense. Experience and ability in less developed countries' personnel
is essential in all these fields and institutional and personnel development
is the best kind of infrastructure. 7The naticnal ability to assess the
importance of natural resources and to control the search for and inventory
of these resources is vital. Strangely this involves a two way polarizuation
of the techniques used. On one hand, the use of ERTS or other remote
sensing techniques will allow a very few highly trained local personnel to
play a leading part in controlling resource identification while at the same
time the development of simpier techniques for ficld analysis of particular
environments will again allow local people to play a fuller part. While
fast and cheap and more cffective techniques are necded for appraising local
resources, emphasis should be given to their adaptability to local conditions
and use by local personnel.

The long-term effectivencss of these large scale approaches to
natural resource utilization will in part depend on our success in encour-
aging:

(i ) local and regional linkages and spread effects.

(ii ) national and 'locally international' linkages in terms

of industrialization and processing.

(iii) greater adaptation of technology to local needs and

capabilities.

(iv ) research to promote national products.

National resource programs can also be emphasized by adopting a two tier
approach to natural resource development.

Approaches to the local development of Natural Resources:

The two tier approach to development originated, I think with the
concept of industry and agriculture as major sectors. Increasingly today a
two tier approach to agricultural development is suggested in order to deal
with the difficult problems of fitting together a need for rural transior-
mation which can be achieved in particular favored localities with the
obvious nced to maintain and enhance the viability of the rural arca as a
whole. ‘'There is also room, I think, for two different kinds of approach to
the problems of natural resource development. On onc hand, it is likely
that the large projects will continue and part of our strategy must be to
find ways in which they can contribute to problems of employment, welfare
and broader based development, while in addition therc is a great need for
a new and consciously experimental approach to alternative patterns of
resource use, patterns which focus directly on the problems of cmployment
and rural development rather than on national economic growth. There arc
many different possible approaches ranging from the invention and promotion



55

of particular kinds of intermediate technology to the most advanced research
on uses for tropical products and research and experimentation in the most
effective ways of producing well integrated and produrtive rural communi-
ties+V.

It is perhaps simplest to illustrate the kinds of approach I
have in mind with one or two examples. One of my concerns over the pas®
few years has becn making the most effective use of investment which is being
inpcurred in various sorts of water development programs. Water, of course,
impinges on many aspects of rural life and provision of improved rural water
supply may by itself be a catalytic factor in a few areas. But in most
cases, any program which focuses on water must, in order to be effective,
be prepared to deal with a number of ramifications of the change in the
status of the water supply.

In the grazing areas of the Sudan, the provisicon of rural water
points at various intervals across the semi-arid grasslands has, in fact,
resulted in a major degradation of the environment, a selective eating out
of palatable grasses in a zone around the water hole,*' and consequent great
problems of land restoration and economic recovery. The reason, of course,
is that any prevision of this kind must necessarily be linked with policies
for grazing usc, marketing of livestock, range management capacities and
some guidance for local people towards the need for these policies. This
can only be done if we can predict the social and cconomic eifects of the
imposed interference with change. Change in a part of a system only 1s
very likely to cause major imbalances within a formerly balanced situation.
The more integrated approach is being supplied in some of the East African
range management schemes at present.

The ultimate conclusion from an analysis of many such examples
is that there should be very few water supply projects as such but rather an
approach which would allow a much more integrated and problem solving
approach. TFor most circumstances this is probably too idealistic and the
best we can aim for is to allow the greatest possible flexibility to sec-
torally focussed programs. What are the likely benefits from water pro-
vision to be, how can they best be achieved, what are the most likely
hammful effects of the supply, what else nccessarily needs to be done to
allow the water supply program to achicve its objectives? These are the
kinds of questions that necd to be asked before the decision to go ahead 1is

reached.

Forests in developing countries have usually been viewed from the
perspective of professionally oriented resource utilization program whether
by a company or s govermment department. This has produced good results in
some areas and problems in others. In any case, therc are good reasons for
attempting tc begin parallel sort of programs which look at the possible
uses ol the rorest arcas as additional or, indeed, main elements in the
cconomics of puarticular rural systems. As far as I know, therc has been
very little research or development attention given to this possibility,
yet the mix of quick growing species and the variety of timbers which could
be grown suggest that forestry might be a viable alternative to agriculture
as a means of livelihood with employment in the forest maintenance and
harvesting activities supplemented by small scale wood using industries for
local and national markets. It is a major challenge to find ways of using
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the inherent rapid growth qualities of the tropical environment to promote
rural deveclopment.

One vital forest industry in Africa which is in danger of ex-
tinction in some areas because of the unplanned use of the enviromment in
face of growing population and demand in urban centers, is the production
of charcoal. While in a few areas, notably the Sudan, some replanting of
woodland has had as one aim the production of material for charcoal manu-
facture, this is rare. Yet as a fuel it is likely to remain important in
many areas of the world and can continue to be an important 'cash crop'
if modest outlays on various aspects of the industry arc made.

It scems totally irrational for many developing countries to
have to switch to imported oil for cooking and heatirg when traditional
and preferred sources can be maintained with quite small outlays. Quite
recently I could find little data available on the charcoal needs of im-
portant African centers, on how much land was required in woodland to
meet these needs and on the progressive problems of supplying larger cen-
ters in the face of rapid population growth. Yet equally it was relatively
easy to gain an impression of the envirommental degradation caused by
cutting for charcoal around large citics and to show that over a rclatively
short time the situation had become much more difficult,l2

I have a final example of a mountain arca in the Usambara moun-
tains of Tanzaniaz where just three or four yecars ago a thorough rescarcher
reported an almost classical case of extreme pressurce on land resources
due to population growth on a limited yet basically viable land base.13
Stagnation had resulted at a low level of development with low nutrition
levels, low per capita income and poor prospects for any rapid change.

In this area, the political pressure for land had resulted in a gradual
reduction of the forest reserve area, usually to no great cconomic bene-
fit, as good forests werce cut or burnt to be replaced with poor crops of
maize on unsuitable soils. Fortunately a successful health rescarch pro-
gram in the arca was expanded into an integrated district development effort,
following up on basic needs revealed by health and nutrition studics.
Obviously the program is still in its carly stages and it is not time yect
to cry success, but in three years it has been possible to introduce a
successful vegetable production program to over 1500 fapners in the area
and by assisting at a number of crucial points in the system insure the
steady cxpansion of the enterprise. It was found that at first famers
needed help with sceds and cropping practices. Then some considerable
efforts and short-term subsidies were necessary to insure good market
prices and reliable transport of the produce to the major market some 200
miles away and finally as the project expanded in scope the bottle neck
became storage, space and market handling in the major market center and
once more financial and personnel assistance was necessary. At present,

it scems that the major problem is the handling of scalc problems asso-
ciated with many other farmers and villages wanting to join the scheme.

But in a very short period of time, & major change in use of land resources
has been possible so that under the new production conditions there appears
to be a real impetus for system change and an opportunity for rural develop-
ment not only of the soils now being used intensively for vegetable pro-
duction but also of the other parts of the land resource system as well.l
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One common element of the three examples is the need to view the
rural system in an integrated way whether the initial approach is through
a sector such as water or if it is concerned right from the start with an
integrated approach. In fact it is a common characteristic of successful
development agents, whether they be AID officials, water resource engineers
or university researchers, that they have the ability to see the problem
they are dealing with in its broader setting and that while having the full
technical ability to deal only with some aspects of the issue at hand, they
are willing to go the extra step beyond their technical or academic bound-
aries when necessary. A coherent approach to natural resource development
seems important for ecological and environmental reasons. It also seems
vital for sustained economic and social development.

The following recommendation is part of the report of a recent
workshop on natural resources held in Djakarta, Indonesia.

'"Multiple Purpose Planning and Management"

"The planning and management of Indonesia's natural resources
should be approached in a comprehensive way, emphasizing the inter-relations
among resources and the effects development of one resource has on other

resources.

Resources are part of the whole fabric of the earth and do not
exist in isolation from one another. Poor management of a resource may
well have adverse effects, not only on that resource but on others. The
indiscriminate cutting of forests can lead to soil erosion, siltation of
streams, destruction of wildlife, and change in air movements and temper-
atures. Analagous examples could be cited for other resources. It becomes
essential then, to plan and manage resources in a comprehensive way, eval-
uating the costs and benefits of utilizing one resource in relation not
only to economic factors, but also té possible impacts and costs to other
resources. In many cases, comprehensive planning and management will
require viewing resources in a regional context based on relevant ecosys-
tems. Sound resource planning should also enable the cstablishment of
priorities among competing uses for a particular resource. Such planning
and management will require new types of multidisciplinary training, new
organizational approaches, and new incentives."

If this is followed through it will, of course,also require new
kinds of thinking on the role of external assistance in these programs.

These thoughts lead to two final comments on the educational
aspects of international assistance in natural resource fields. If quite
rightly in my view, much AID emphasis is to go on training and institution
building, what kinds of institutions and training should be emphasized?
There is a strong tendency through the prcjudices of our own experience
and through the educational biases which are a factor in the training of
many indigenous technical and administrative personnel to want to re-
produce the kinds of specializations to which we have become accustomed.
There is a clear need for many of these specialities in most parts of the
world. But for a much wider body of people, there is a need to develop
new philosophics of training and employment. At a social level, there is
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a case for broader natural resource development training. Such training
implies the establishment of compatible administrative and management
structures. There is a real benefit if the bulk of the people working in
natural resource development come from the area in which they are to live
and work and have a long-term commitment to its progress.

Lastly in the light of much talk of experimental approaches and
attempts to develop new patterns of resource use, there is a pressing need
for more effective ways of evaluating the successes and the failures of
such approaches and of incorporating this learned experience into ongoing
programs in all parts of the world. The USA with its considerable uni-
versity and other experience in natural resource planning, with its vast
potential for large scale data analysis is in a good position to play a
leading role in this field.

In sumary, I find I have mainly asked questions; questions
about how we integrate large natural resource projects into their regional
and local setting and how we make them effective to all current development
goals; questions about how we can use natural resources as focci of rural
development and regional development programs; and questions about how we
can learn from our accumulating experience and disseminate that knowledge.
I think the content of an AID program in natural resources is important.

I think the design of such a program is vital.
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ORIENTATION TO DEVELOPMENT OF SCIENCE AND ENGINEERING EDUCATION
IN COLOMBIA
by
Efraim Otero, M.D.

Director, Colombian Fund for Scientific Research (COLCIENCIAS)
Bogota, Colombia

Introduction

It has been repeatedly emphasized that underdevelopment corre-
lates all too well with the lack of adequately trained technicians and
engineers who are able to convey the technological and scientific advances
into the country's productivity. On the other hand, it has been found in
some of the so-called 'underdeveloped'' countries that the mere training
of technicians and engineers by the universities does not necessarily
guarantee adequate solutions to the problems of growth and development;
this seems due to the fact that those universities are, in general, rcmote
from the true and specific needs of industry in matters such as technical
development, research and innovation of technologies and even economically
applicable research. The contacts between professors and industries,
between the theoretical considerations of academic life and the practical
problems of industrial corporations arc generally either weak or nonexis-
tent. It is also possible that the role expected from the engineer of
technician is dif‘erent from that in industrially devecloped countries.
There may well be a need to either innovate or modify the technologies
learned, in order to adapt them better to the particular technical, econo-
mic or social needs of the country, taking into consideration such
variables as underemployment and/or local availability of labor, increasing
costs, lower capital or credit facilities, local material resources, ctc.
Those needs cannot be learned from the outside but have to be determined
by experience in each particular country, not only by government agencies
or organizations but also by the universities. Therc should exist, then,
adequate feedback mechanisms between industry on the one hand and govern-
ment and universities on the other.

For these reasons COLCIENCIAS, since its creation in 1909 as &
Government's granting and funding agency for the support of scientific and
technological research, considered it essential to try to develop a
"Government -University-Industry' program as one of its special arcas of
interest. For this purpose, an inventory of scientific and technical
resources in industry is planned (part of it has been included in the
general inventory of scientific resources carried out since 1971). Also,
meetings with executives and directors of industries are scheduled in
order to be able to devise a questionnaire that can give some real insight
into their investigative and technological capabilities. In addition,
support is being given to universities in Colombia to promote seminars
and/or courses on technological development and to carry out short seminars
on scientific methodoiogy. The latter action will try to encourage d morc
energetic participation of industries in sponsoring special studies at
graduate levels, such as thesis papers, dissertations, etc. A discussion
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of Colombia's achievements and goals in this respect, together with a more
general discussion on our educational systems and its trends in science
and engineering is the subject of this paper, together with some consider-
ations concerning possibilities for participation by U.S. universities and
agencies in the near future.

1. Colombian Educational System

According to a recent study ''one of the most outstanding features
of higher education in Colombia is the very large number of public and pri-
vate institutions, large and small, providing post-secondary education at
different levels and of different academic quality. This condition is of
particular interest considering that the ratio between the student enroll-
ment at these institutions and the number of inhabitants in the age group
eligible for higher education 1is substantially lower than in the more
developed countries... Available openings at all thesc institutions are
insufficient to meet the increasing demand resultant of population growth
and the trend toward upward social mobility through education'’.

The general academic structure of Colombian education is shown
in Figure 1. It is noteworthy that, duc to the lack of available openings
at private and public universities, two trends have been identified, (1)
to diversify sccondary education and to direct it morc toward ''technical
or vocational studies, the products of which can remain at the more or less
qualified 'technical' level and (2) to advance into the so-called "Inter-
mediate' careers providing a more advanced technological cducation. A
complete plan for the modification of this scheme taking into account the
tendency to diversification and the creaticn of "irstitutes of intermed-
iate education" (INEM) is currently in progress.

For the purpose of this paper, the temm mgeiences' includes the
following: biological sciences, chemistry, geology, mathematics, pharm-
aceutical chemistry, physics and statistics. The term "engineering"
includes civil, chemical, electrical, metallurgical, mechanical and mining
engineering. And the term 'fam sciences" includes animal husbandry.
agronomy and veterinary medicine. The duration of all these careers ranges
from 8 to 11 semesters, with an average of 10: most lead to a "doctoral"
degrze, more or less equivalent to the '™.S." degrec in the United States,
but some of them terminate at the B.S. or '"Licenciado" level.

If we take the enrollment at the National University as repre-
sentative of the country as a whole and divide it by schools (Fig.2)
during the decade from 1961 to 1970, it can be seen that, of a total of
91,222 students enrolled, - 10,420 (11.4%) were enrolled in Sciences;
21,707 (23.8%) in Engineering; 16,754 (18.4%) in Farm Sciences. This sug-
gests that slightly over 50 percent of the total students enrolled aspire
to careers in science and engineering.

Regarding graduate education and research, this paper will draw
heavily from a study jointly undertaken and sponsored by COLCIENCIAS, the
Colombian Institute for the Development of lHigher Education (ICFES) and the
National Academy of Sciences (NAS), from February 1971 to October 1972, the
summary of which was recently published by NAS. Four joint panels werc
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Fig, 2
ENROLIMENT BY SCHOOLS. UNIVERSIDAD NACIONAL DE COMOMBIA
1961-1970
Total Engin- Farm Health Human
Years Enrolled Arts Sciences eering Sciences Law Sciences Sciences
1961 6,186 483 051 1,159 1,043 498 1,355 698
1962 6,856 464 1,015 1,555 1,211 517 1,301 793
1963 7,455 650 098 1,741 1,359 444 1,270 993
1964 7,377 666 939 1,872 1,370 277 1,227 1,026
1965 8,010 789 982 1,975 1,401 293 1,314 1,256
1966 9,682 1,117 906 2,583 1,415 316 1,654 1,691
1967 10,803 1,176 1,010 2,840 1,841 322 1,653 1,961
1968 10,050 888 949 2,240 1,981 357 1,799 1,836
1969 11,594 1,111 1,186 2,617 2,491 382 1,896 2,011
1970 13,209 1,199 1,484 3,125 2,642 400 1,971 2,388
Total 91,222 10,420 21,707 16,754
Percent 11.4 23.8 18.4

(From Low-Maus, R:

Bogota,

1971).

Compendium of the Colombian Education System, Ed. Andes
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dedicated at separate intervals to study programs in chemistry, mathematics,
engineering and applied sciences and biological sciences, and a multi-
disciplinary review panel (of which the author of this paper was member and
co-chairman) met in Bogota on October 30-31, 1972, to examine each of the four
studies and to discuss summary conclusions.

At the undergraduate level, it can be said that the science
education has steadily improved through the years, and scientific research
within universities has been given a greater impulse since the creation of
COLCIENCIAS. 1In the so-called ''farm sciences' a very favorable factor during
the past few years has been the close cooperation established between the
Instituto Colombiano Agropecuario (ICA) - which carries out a substantial
amount of research and has insured financial support from several U. S. and
international foundations - and the universities at which those disciplines
are taught.

Undergraduate teaching in engineering has varied little during
the past two Jecades, except for the creation (at some universities) of new
branches of engineering such as electrical, electronics, industrial and
systems. Mining engineering has a long and respectable tradition at the
University of Antioquia, located in the center of the mining district of
Colombia. Electronics engineering has been taught during the past decade
at three or four schools, two of which are private. A number of research
projects have also been f{ina:.ced by COLCIENCIAS at several engineering
schools during the past “hree years.

Teaching of engineering has been criticized as being too
"classical', with a great number of subjects being taught at the same time,
some of them considered 'nonessential'; however, some of these are offered
as electives. It has also been said that cducation is too theoretical, with
the students having little or no opportunity to put into practice what is
taught in the classrcoms, or to orient their careers toward a certain
specialization according to their personal preferences. All too frequently
full time professors have had no experience with industry whatsoever, and
thus their students are deprived of learning what is recally happening in
relation to the industrial development in the country. Some universities
still require the preparation of a thesis paper prior to conferring their
degree, and in general those theses are remote from the real problems or
needs of Colombia. NAS panel members unanimously recognized the need for
strong physics programs as one element in engineering education.

At the post-graduate level, it is pertinent to quote the con-
clusions of the NAS-COLCIENCIAS-ICFES joint review panel:

1. Graduate programs in Colombia must be closely correlated with
stated national priorities for social and economic development. (It may be
added here that those priorities have been extensively described in ''The
Four Strategies' published by the National Planning Department in 1972).

2. Before new graduate programs may be started at the universities,
the need for highly trained persons in various specialities should be ascer-
tained to try to insure that job opportunities will exist for them in Colombia.
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3. Because of the importance of the National Information
System and the Documentation Centers, especially in relation to graduate
education and research, planning for graduate programs should include the
use of these facilities.

4. In general, a strong relation between undergraduate and
graduate programs is recommended.

5. Coordination of university graduate programs and manpower
needs of industry are important to both the university and the industrial
sector. Wherever possible graduate theses should be related to industrial
projects.

6. Exchange programs and better use of existing human resources
can be accomplished through cooperative programs and transfer of students
among the Colombian universities.

7. Graduate programs should prepare new professors and also
raise the level of in-service professors in the university system.

8. Along with graduate programs, there is need for an inte-
grated system of maintenance and construction of instruments and equipment,

9. The minimum elements and criteria that distinguish a grad-
uate program from other courses of advanced (non degree) training need to
be identified.

10. Students in graduate programs should work as teaching
assistants in undergraduate courses, to the benefit of both graduate
students and the undergraduate programs of the universities.

In some of the individual areas, the subpanels were more €x-
plicit in their recommendations. For instance, regarding geology and
metallurgical engineering they stated 'Commercial exploitation of mineral
resources in Colombia has not proceeded as far as the development in the
agricultural and manufacturing sectors. The subpanel.... recommended that
the Colombian government give more attention to mineral resources in its
development planning; that the extractive industries be given appropriate
incentives; and the universities strengthen programs in geology, metal-
lurgical engineering, and mining engineering. The subpanel.... cited
geology for first priority. They particularly emphasized economic geology
based on modern geochemical and geophysical exploration'.

The civil engineering subpanel 'urged that gree'vr resources be
made available for graduate programs in sanitation, public health and trans-
portation", and went as far as to consider the establishment of a multi-
disciplinary program in public systems engineering.

In regard to mechanical engineering, the subpanel was unable to
determine the effective demand for advanced-level preparation in mechanical
engineering. Consequently, they urged that undergraduate courses be
strengthened, links with industry be created, and professional societies be
strengthened so that the mechanical engineer's talents are better used and
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kept up to date.

The "uncertain industrial demand'" for graduates in chemical
engineering was also noted by the respective subpanel.

It would be worthwhile to end this chapter by quoting from the
highlights and comments of the above mentioned report: 'In the opinion
of U.S. panelists, the lack of participation by Colombian industrial lead-
ers (in the subpanels) was a weakness of the studies, particularly in
chemistry and some areas of engineering. However, formal links betwcen
Colombian industries and universities arc not strong. Indeed, onc general
recommendation arising from the studies concerns the need to improve co-
operation among industries, the universities and the Colombian government. "

2. Existing Programs Oriented to Development in Colombian Universities

The concept of science and technology as a key to development
is relatively new in Colombia. At least, it was not made sufficiently
explicit until 1968 when a Colombia-U.S. workshop on science policy plan-
ning led to the creation both of COLCIENCIAS and the National Council of
Science and Technology. The latter, at the presidential and ministerial
levels, is in charge of determining priorities and accordingly establish-
ing programs in science and technology for the nation as a whole.
COLCIENCIAS acts as the executive organ of the Council.

This transformation has led to the formation of a conscience
among the planners and the government of the need for planning in science
and technology as a means for development. To quote from the introduction
to The Four Strategies: '....That silent, semi-automatic process, scif-
generating of cconomic growth, which is so characteristic of those (freec-
enterprise) cconomies and which originates fundamentally in continued

scientific and technological discoveries.... is rather uncertain in our
developing cconomies.' And later on, to bring about a new concept of
development,".... to have objectives such as the utilizaticn of modern

technologies in order to increase productivity, to use efficiently the
national resources of the country, to orient demographic factors and to
produce adequate economic stimuli in order to reduce social inequalities'.

Since its creation, COLCIENCIAS has tried to concern itself
with many of those aspects, particularly with the interaction of scien-
tific and technological factors with economic development, and the iden-
tification of problem areas. For this purpose, an inventory of scientific -
manpower and facilities - resources at 110 institutions in Colombia has
been completed and will be published in the next few months. COLCIENCIAS
also has an "office of technological development', the main purposc of which
is to discover ways of creating, transferring ~r innovating technologics,
as well as to detect research efforts within tne country's industries.

At the university level, there have occurred two distinct Kinds
of phenomena. Several special 'institutes' or groups have been created at
some universities, mostly within the frame of economic or soclal sciences,
dedicated to the study of the technological, social, scientific and cconomic
components of development. Such is the case of the Center for Investigations



67

on Development (CID) at the National University, or the Center for Economic
Investigations (CEDE) at the University of the Andes. Several other small
groups have been formed at universities in Bogota and in other cities, but
their existence has been rather ephemeral. A private group of researchers,
most of them former government officials or ex-members of the National
Planning Department and almost all of whom are still active in academic
positions at the universities, has been formed as a non-profit institution.
This entity, the Foundation for Studies on Development, (FEDESARROLLO) is
dedicated exclusively to studies on development, and several of its research
projects have been financed by COLCIENCIAS.

However, it must be admitted that in the academic structurc of
the universities as such, very little effort has been made to orient studies
in science or engineering toward development or to incorporate courses on
the impact of science and technology into the curricula. The only effort
worthy of mention is that of the University of the Andes in Bogota, which in
1968 began offering a program on Technological Development for students of
engineering and economy, which was later divided into a seminar at the
undergraduate level and a more formal course for graduate students. The
seminar was divided into two parts: (1) Ideas and concepts on scientific
and technological development; (2) Identification of specific projects re-
garding technologies adequate for the country. The course, which is
included in the program for a Master's degree in Industrial Engineering,
has expanded on the contents of the seminar and is intended also to attract
students of cconomy. The following is a list of the subjects covered:

1. Concept of scientific and technological development as a
social function.

2. Scientific policies and strategies to achieve scientific and
technological development.

3. Consistency and coherence of scientific policies according
to the country's social and economic development goals.

4.  Interaction between technology and society: opportunities
and problems arising in technological development.

5. Objectives of technological development in Colombia: the
prospective point of view and the technological predictions.

6. Elements of technological development: isntruments and
means of achievement. Traditional institutions and their attitude toward
technical change. Legislation and politics as agents of change.

7. Channels for technological transfer: the decision for
technological dependence or independence.

8. The transactions in the technology market and their incidence
in the balance of payments.

9. Technical innovation as a dynamic factor in development.
Planning versus free enterprise.

10. Strategies for technological innovation in Colombia.

11. Studies on "appropriate" or adequate technologies according
to the type of society in which they are employed.

12. Identification of specific projects regarding appropriate or
adequate technologies.

The duration of the course is one semester. It consists of
lectures, group discussions, bibliographical research and term papers on
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specific projects. An effort is being made to bring executives or prom-
inent members of local corporations and industries as lecturers. It is
conducted by a group >f five protessionals, led by the former director
of COLCIENCIAS.

There are a few isolated efforts, mostly in schools of econo-
mics, to give courses on ''development', but they are concerned generally
with the social and economic aspects of development and have not taken
into account science and technology or have mentioned them only in passing,
without concerning themselves with the efforts being made by the country
in those areas.

3. Orientation of Science and Ingineering Studies to Development: Present
Needs and Futurc Developments.

From the considerations in the previous chapter, it can be
gathered that there is a great need for orienting studies in science and
engineering schools to development. This point 1s also implicit in the
recommendations of the NAS-COLCIENCIAS-ICFES review panel, mentioned in
Chapter 1, and will be brought to the attention of a national meeting of
Colombian university rectors to discuss orientation and planning of grad-
uate studies, to be held at the end of May, 1973.

COLCIENCIAS is also aware of this acute need, and is trying in
several ways to promote these studies at different levels within the uni-
versities. For this purpose COLCIENCIAS is currently:

a. Financing and sponsoring the formation of research committees, bring-
ing together specialists and investigaters in the several branches of
science and engineering, as well as the social sciences, and encouraging
them to promote discussions on the impact of science and technclogy in
their respective communities.

b. Organizing seminars on the scientific method. These seminars also in-
clude discussions on industry participation, technological impact and
orientation to development. In universities that are mainly technological,
participation of leaders from business or industry is encouraged.

c. Developing as a joint effort with ICFES a program called '‘Government-
University-Industry' which, in the beginning, will try to bring together
representatives of the government® with directors and/or members of the
main industrial and commercial associations.2 The first mecting, sched-
uled for the second half of 1973, will be directed toward a discussion of
the recommendations for effectuating a detailed inventory of scientific
and technological rescarch in industry. This has a great urgency in view
of the forthcoming approval by the Colombian congress of Law No. 24 of
1972, which gives tax excmption to industries which can demonstrate that
they are dedicating ten percent or more of their gross earnings to scien-
tific or technological research. Further points in the agenda will be
discussions of sources and availability of scientific and technical infor-
mation in industries (aimed at the establishment of a National Service of
Technical Information for Industry) and also the ways of achieving a

more active participation by local industries in promoting or financing
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scientific and technological research at undergraduate and graduate levels
in Colombian universities.

d. Encouraging the formation of groups on "Science, Technology and Society"
at those universities that are mainly technological, namely those in Bogota,
Bucaramanga, Cali, Pereira and Medellin. From a superficial estimation of
facts, it can be said that Medellin, which is the center of the mining and
textile industries in the west of Colombia, has achieved more contacts
between industries and universities. This has been accomplished on a purely
empirical basis and without pre-established programs; however, the School
for Administration and Finances, EAFIT, is beginning to concern itself with
those contacts and, through its graduates in Business Administration and
Finance is trying to establish closer relationships between the industries
in that region and the universities which provide them with their main
source of manpower.

Finally, it is imporatnt to note that the head of the Colombian
Institute for the Development of Higher Education (ICFES) is a former rector
of the Technological University at Pereira, and he is trying to help
COLCIENCIAS implement those programs at the universities, whose structure,
curricula and sometimes financing depend upon his direct supervision.

4. Possible Participation of U. S. Universities and Agencies in Helping to
Orient Science and Engineering Studies to Development in Colombia

As was repeatedly emphasized at the meeting of the joint review
panel with members of NAS and IDFES, once the rectors of Colombian univer-
sities have decided on the priorities for the implementation of graduate
studies, the main role of the U. S. National Academy of Sciences would be
in trying to help COLCIENCIAS and ICFES to develop their "Government-University
Industry' program. For this purpose, of course, the experience of several
major U. S. universities and the financial support of AID would be required.

We are indebted to the U. S. National Academy of Sciences for having helped
in evaluating these studies and preparing the final documents which will
constitute an invaluable reference at the meetings.

The strategy could follow a path similar to that of the evaluation
of graduate studies. Groups of professors from U. S. universities where
similar types of studies are conducted (such as Cornell, MIT, University of
Wisconsin, etc.) could be coordinated by the Foreign Secretary of the
National Academy of Sciences to make visits to Colombian universities where
studies related to their programs are in progress, to participate in seminars
or group discussions concerning ways in which industry can be brought to
cooperate with universities, to determine to what extent some of the teaching
programs in science and engineering could be oriented to development.

On the other hand, a number of fellowships for training of Colom-
bian university professors in the various aspects of scientific and tech-
nological development should be offered. This would help to arouse interest
in the seminars and group discussions. An interesting possibility (once a
program in a particular university has been advanced) would be to encourage
exchange of professors and/or researchers in certain fields for limited
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periods of time. The Colombian professor would gain the experience of a
more advanced program, whereas the visiting U. S. professor would gain some
insight into the problems related to underdevelopment.

U. S. companies or enterprises with Colombian subsidiaries
should encourage more contacts between their personnel and Colombian univer-
sities (regarding common areas of interest) so as to explore how much of
their present or future manpower could be provided by this or that university
and accordingly also in coordination with the program, to find ways to support
rescarch projects of immediate industrial interest. This, of course, would
be greatly facilitated if the local ncenters' could be clearly defined during
the first phase of the program.

There is also the need for channelling the assistance offered by
U. S. granting or funding agencics to support the foliowing areas: (1)
Academic programs, specifically dedicated to orientation of science and
engineering studies to devclopment; (2) Research projects of national interest
in these areas; (The qualification of '"national interest" could be given by
COLCIENCIAS acting as linking agency in the coordination of the program.)
(3) Research programs leading to the recuperation of local experiences in
adapting or innovating technologies, or related to the estimation of the
impact of new technologies upon different groups (or social strata of the
Colombian population.

Perhaps an initial meeting in Washington, bringing together mem-
bers of U. S. AID, National Academy of Sciences, National Science Foundation,
representatives of U. S. industry, as well as professors from U. S. univer-
sities interested in the program, with Colombian members of COLCIENCIAS,
ICFES, National Planning Department, members of the industrial associations,
and representatives from the above-mentioned technological universities
would be advisable in order to further expand the ideas presented at this
seminar.

Footnotes

1National Planning Department and Ministry of Development as well as the Bank
of the Republic and the Fund for the Promotion of lIxports (PROEXPO).

2National Association of Industries (ANDI), Colombian Association for Small
Industry (ACOPI), National Federation of Businessmen (FENALCO). Chamber of
Commerce, etc.
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Sumary

The construction industry is responsible for the generation of
constructed physical facilities which play a critical and highly visible
role in the process of development in many regions of the world. Its out-
put constitutes a major fraction of GDP, and it employs between 5 and 15%
of the labor force in most developing nations.

In most developing countries, the government. is the largest
client of the industry, in addition to being its regulator and material
supplier. The labor intensive nature of the construction industry coupled
with the fact that most developing countries have some indigenous industry
in this area makes the construction industry an attractive arca for creation
of jobs, conservation of foreign currency, and a training mediun for trans-
formation from agricultural based employment to that of manufacturing.

The possibility of introducing a various mix of labor and capital
technologies and the usc of staging strategies in major public work con-
struction offer an excellent opportunity for transfer and adaptation of
technology.

I. Introduction

A major problem facing the world in the remainder of the twenticth
century is to narrow the gap between the developed and the developing nations.
Unfortunately the developed countries, already far ahead, are drawing still
further away from the less developed countries and thus worsening a rather
explosive situation.

Although cconomic and social change in the developing countries
depends primarily on the actions of their people and their govermments, the
cooperation of the developed countries, especially through financial and
technical assistance and multi-lateral cooperative arrangements, is vital.
In recent years, the nature of this cooperation, its objectives and goals,
and its modes of operation have been carefully reexamined by many institu-
tions concerned with international assistance programs. It has become clear
that financial assistance in support of, for example, u single spectacular
project (a steel mill or a major hydroelectric power project) will not con-
tribute significantly to the devclopment program of a country and in many
instances the project may only drain the limited and scarce resources of the
local government for its operation and maintenance 1t is gencrally agreed
that the role of international assistance programs should be shifted more
toward institutional building in developing countries than toward single,
short tem spectaculars. This shift in emphasis, however, requires a thorough
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understanding of the economic and social structures of developing nations
and an awareness of the extensive changes required in human values and
attitudes including education, communications, acceptability of new ideas,
administrative effectiveness, business enterprise, and political leadership.
Without this understanding the transfer of knowhow will remain an imitative
process and foreign to the cultural, social, and political processes of the
developing countries.

Transfer, adaptation, or development of new technology suitable
for improving certain economic and social aspects of life in the developing
countries has been considered as a most promising avenue of cooperation and
collaboration between the developed and the developing nations. The trans-
fer of technology, when properly administered, integrates a number of
complementary activities: it provides for change in social systems and
attitudes; it generates new knowledge and human skills; and it requires a
new physical environment for its successful operation. Methodologies for
establishing the technologic needs of a developing region, for selecting
an appropriate level of technology to mect the established needs, and for
assessing the impact of the transferred technology on the developing coun-
tries are, however, not fully developed and depend upon a complex set of
social, cconomic, and technologic measures. For this reason, most tech-
nology transfers have been discussed within the framework of one sector of
the economy and normally for a particular level of development.

This paper focuses on transfer and adaptation of technology in
the construction industry and identifies the role that this industry has
played and continues to play in the development process. The paper ini-
tially reviews the economic and technological conditions of underdevelopment
which might impact the construction industry. It then defines the industry
an' its role in the development process and finally makes some recommen-
dations on the nature of technological changes necessary in this industry
in the developing countries.

II. Conditions of Underdevelopment

The economic and technological conditions most affecting the
construction industry can be divided into three categories: capital scarcity,
labor supply, and market basis restriction.

Capital Scarcity: All developing countries face a severe shortage
of the capital neccssary to begin and accelerate their development. Few of
them even have sufficient capital resources to maintain a satisfactory rate
of growth, say 5% or greater, let alonec begin to accelerate it (1).

Brazil, Mexico, Taiwan, and a few other developing countries can
be said to have significant internal capital resources. Most developing
countries, however, rely heavily on external loans and grants-in-aid for
their capital formation. In 1965 external sources furnished approximately
$9.7 billion in capital to developing countries (2). This amounts to less
than $10 available capital per capita in developing countries as a whole and
compares with the $100 and more per capita invested annually in the U.S.
Morcover, this scarce supply of externally obtained capital is unequally
distributed throughout the world. Among those countries with populations
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between 1 and 2 million, for example, the external capital available from
international assistance in 1965 ranged from $69 million for Jordan to $4
million for Singapore.

A possible source of capital for the developing countries has
been the encouragement of multi-national companies to invest in the local
economy by setting up local plants. This mode of investment in the devel-
oping countries is reported to have been about 2 to 2.5 billion dollars
per year in the past 20 years (7). Most of thesc investments have been
in the areas of natural resources (pctroleun and mincral recovery) or in
the manufacturing processes. Foreign investment in constructed facilities
has been limited only to the manufacturing of certain building materials.
The author is not aware of any major foreign private investments in con-
structed facilities in the developing countries. There are, however,
several instances of large scale investments by a private enterprise in
housing and non-residential buildings in the developed countries; Levittown
in France is a typical example.

Labor Supply: In general, developing countries have an abundance
of very cheap but unskilled labor and a virtual absence of technically
skilled labor (Egypt and India are exceptions to this latter condition).
Most developing countries are agrarian, and the growing urban areas of
developing regions conscquently are populated principally by fommer fammers
acquainted only with the most primitive agricultural methods. Most availi-
able workers have had little, or at best indirect, experience with machinery,
and truly skilled technical workers are almost nonexistent. The low per
capita income of developing countries indicates, in addition, that the
prevailing wage for such unskilled workers is very low, amounting to only
a few cents per hour in somc areas.

In many countries large fractions of the labor forces have
annual outputs per worker that are dismayingly low even when measured by
their own average productivity standards. In a productivity sense, these
people have a large measure of functional idleness, and this, too, is partly
responsible for the lowness of their per capita incomes (3).

The large numbers of unskilled and unemployed workers are, in a
sense, one of the most readily available natural resources of developing
countries. At the same time, these workers are a great social problem,
for mass unemployment causes widespread poverty and political unrest. 'The
creation of employment, therefore, is considered by the governments of many
developing nations to be an urgent, primary goal of economic development.

The scarcity of capital and the surplus of cheap labor might
seem to indicate the general desirability of labor-intensive economic
activity. Labor-intensive methods of production, however, may be inefficient
for many processes and consequently may result in economic waste (4).
Moreover, many products made by labor-intensive methods may be of inferior
or variable quality. In addition when a market for goods produced by
capital-intensive methods is created, backward and forward linkage mechanisms
begin to operate (5). And because owners of capital tend to have high
marginal propensities to save, this will lead to the creation of domestic
capital sources and further growth (6).
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Capital-intensive industries, on the other hand, require certain
conditions which developing countries may find difficult and costly to meet.
For example, they require certain minimum numbers of highly skilled workers.
In many developing countries, it may be necessary to pay the added cost of
importing skilled workers and other technical personnel from industrialized
countries. Capital-intensive operations further require that available
workers be accustomed to industrial surroundings, operations, routines, etc.,
and that these workers be stable in their work habits and located near their
place of employment. Finally, extensive capital-intensive operations require
a considerable infrastructure (roads, power supplies, housing and schools for
workers, etc.), the cost of which must often be borne by the developing
country (6).

Industries which are adaptable to varying mixtures of capital
and labor intensity are said to be 'technologically flexible". Woodworking
and brickmaking, for example, are among the traditional technogically flex-
ible industries. Many modern industries whose current technology is
exclusively capital-intensive are, as a result, beyond the means of many
developing countries in which these industries could play a useful role.
The United Nations and others, therefore, have suggested that a high priority
be given to the development of efficient capital-saving techniques in the
core operations of these currently technologically inflexible industries (6).

The determination of the optimal mixture of capital and labor
intensity for any manufacturing or construction must be made on the basis
of the factors involved in ecach specific situation. For any given product,
a range of product qualities, production efficiencies, capital/output
ratios, possible profits, etc., are possible. Specific consideration of
some of these factors in the construction industry is found in the next
part of this paper.

Market Base Restrictions: Markets for various products in
developing countries tend to be restricted in magnitude and geographic extent
by low per capita income and inadequate infrastructure. Per capita income
of $300 per year or less is the rule in developing countries. Per capita
consumption of many goods is directly related to per capita income. As a
result, low income countries have only moderate to low capacities for the
immediate consumption of many goods, including construction materials. The
market bases in these developing countries are limited accordingly.

Developing countries also have low levels of infrastructure for
the support of gencral economic growth. The infrastructure of an economy
includes public works (roads, airports, dams, power stations, etc.) which
are necessary for any substantial economic growth and also public services
(housing, schools, hospitals, etc.) which raise the standard of living but
do not contribute directly to the economic growth of the country. The
development of adequate infrastructure in developing regions requires large
amounts of capital input, with little or no direct economic output in return.

The existing infrastructure of any developing region has great
influence on the costs of production of many goods. For example, the trans-
port facilities included in the infrastructure are very critical to the
economic feasibility of most manufacturing operations. Most construction
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materials manufacturing operations, in particular, require sizeable quan-
tities of raw materials and produce bulky and/or heavy goods. The costs --
or cven the feasibility -- of supplying raw materials and delivering
finished goods must be within reasonable limits to allow such operations
to be economically viable. Hence, the existing infrastructure figures
directly in the costs of goods produced in developing regions.

The geographic extent of the market base for any given product
is also dependent on thc ease of transportability of the product. It may
prove economically and technologically possible to deliver large precast
concrete panels anywhere within a 5-mile radius of an urban area, for
example, while deliveries to towns 50 miles away might be almost impossible
at any cost. The geography of the market base therefore depends on the
size, weight, and usual required quantity of any given construction material
and on the ability of the transport infrastructure to move these goods at
low cost.

In summary, the conditions of developing countries which in-
fluence the choice of technology in construction include scarcity of capital,
abundance of unskilled labor, scarcity of skilled and management manpower,
and limitedness of infrastructure and market base.

I11I. Construction Industry

The construction industry plays a vital and highly visible role
in the life of every nation and its people. Through planning, design,
conscruction, and operating activities, it transforms resources of capital,
labor, materials, equipment, and technology into the constructed facilities
required to meet society's needs for shelter, transportation, power,
communication, water supply, waste disposal, and industrial production
capabilities.

Construction is one of the oldest industries in the world and
most developing countries invest a substantial portion of their capital on
creation of physical facilities necessary for the enhancement of life in
their society. The industry is responsible fer creation of infrastructure
which is vital to the initial phase of the development. In addition it
plays a key role in satisfying a wide range of physical, economic, and social
needs of developing nations. It makes critical and significant contribu-
tions to the fulfillment of major national goals. In most developing
countries the government is the major client of the industry, and thus its
policies and decisions havz direct impact upon the future of the construction
industry.

Each country, regardless of its level of development, has certain
capabilities in the construction field. In addition certain local know -how
and local building materials industries do exist in all developing regions
of the world. Its size, the nature of its operation, and its presence in
every developmental activity have made the construction industry the prime
target for much experimentation with regard to enhancing the effectiveness
of international assistance and cooperative works.

The following sections will discuss the importance of construction
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in the national economy of developed and developing countries, the process
of construction and its inputs, and the issues facing the industry.

Construction Industry and National Economy: One of the major
difficulties confronting those interested in a quantitative study of the
construction industry is the unavailability of accurate and detailed data
on the many different facets ot the industry. This difficulty arises f{rom
several peculiar features of the industry: it is large but highly frag-
mented and somewhat specialized; it is highly dispersed geographically;
its manpower, cquipment, and muterials are widely used by other industrics;
and associated with it is a large group of ancillary industries ranging
from materials mumufacturers to banking and insurance industries. Never-
theless, enough statistics are available to demonstrate the significance
of the industry and to establish its role in the national economy of both
developed and developing countries.

A recent siudy by the United Nations (8) shows that the world
resources fur cons!rustion are very unevenly distributed among countries
at different econo:: o tevels. Table 1 gives the world estimate of gross
domestic capital jo.uation (GDCF) in construction for various income groups
and diffecrent rog’ e o0 the world in 1965, The data shows that of $230
hillion bimestud in construction, 88 percent was in countries in the top
two incors groups. Norti Anerica alone accounted for over 40 percent of
the worle GIXF ir ~znstructioa. Vurthermore, these data show a strong
correlatic herwe.a GIMEF in construction and per capita gross domestic
product (GDP) (Figure 15,

Since 1947 contruact construction in the United States has
increased at a rate of 5% per year and the GNP at 3.7% (Y). Similar fig-
ures for the develioping countries cannot reasonably be obtained because
of the fluctuations which exist in the demand, the sensitivity cf the
industry to political and economic uncertainty, and the fact that the
developing countries have occasionally carried out single but very large
projects which distorts the construction market picture.

The manpower requirements of the industry span a broad spectrum
of personnel, ranging from highly educated to completely unskilled. The
role that this menpower demand-supply plays in the national cconomy is of
utmost interest to those concerned with the planning of the national
economy. In the U. S. and many other developed nations, the industry
provides from 6 to 10 percent of total employment, while in the developing
countries it accounts for only 2 to 6 percent. ‘The ancillary operations
associated with the industry currently provide an additional 2 to 4 percent
of employment in the developing countries and 4 to 6 percent in the developed
nations.

Comparison of construction's sharc of the manpower market with
its share of the output per year shows that its average productivity is
significantly lower than that in the cconomy as a whole. lurthermore, the
change in labor productivity over time is much less in construction than
in other industrics. For example in the U, S. in 1959, 2.7 million con-
struction workers produced an output of about $25,000 per worker. In 1968.
3.4 million workers produced an output of about $20,000 per worker. ‘his
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Table 1

Billions of Dollars

Income Group Western Eastern Latin Middle ;gfld

iGNP/Capita North America Oceania Europe Europe America East Asia Africa Total

' $

: 2000+ 90.7 5.1 .2 41.8

:700-2000 3.2 48.8 41.8 2.7 .6 8.9 46.1

1400-700 3.1 2.4 2.1 .1 .2 1.2 4.0 j

1120-400 1.1 2.5 .3 1.6 | 1.3 3.0

: 120 10.9 1.0 5.2

:% of World :
Total 29.5 1.4 25.3 19.2 3.2 0.5 9.4 1.5 100
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represents a productivity increase of only 0.4% a year per worker, com-
pared with an annual productivity improvement rate of 2.5% for the economy
as a whole. (10) This lack of improvement in the productivity 1is attributed,
by many, to the unsuitability of most construction processcs to automation
and mechanization.

Many construction activities requirc a large number of skilled
laborers and craftsmen. The labor in the building construction segment
of the industry is composed of more than twenty crafts and many special-
ties (11). The dependency of construction on climatic conditions and the
fact that manpower is generally hired for a particular job and layed off
after the job is finished have resulted in a very high incidence of unem-
ployment and job insccurity for the laborer. The incidence of unemployment
in the industry is two to threc times higher than the national average.
In the developed countries, the labor organizations have attempted te limit
the impact of this factor on their members by influencing the training and
hiring practices. In the developing countries, the existence and the
influence of trade unions are growing, but the construction worker is still
faced with a very uncertain and fluctuating market. This lack of protection
in the developing countrics has resulted in a wage structure for construc-
tion workers which is substantially Jower than that in the manufacturing
industry. lHistory has slkown, however, that as the development process
advances, the gap between manufacturing and construction wages Narrows.

The level of development has also been shown to influence the
naturc of construction firms and the types of construction. In the least
developed countries, construction is primarily focused on the basic infra-
structure in agriculture, mining, and transportation. It is donc mostly
by a few foreign fimms, and the projects are sponsored by the national
government. In this situation, most projects require direct imports of not
only materials and cquipment but also of skilled manpower and managerial
staff. Table 2 compares the profile of construction inputs of a typlcal
developed country with a per capita GNP of $1200 with a less developed
country with a per capita GNF of about $100. The data for the developing
country shows that more than 60% of the material input is imported. ‘The
high cost of its transportation causes 55 percent of the total output to
be due to materials and their handling. ‘The dependency on imports of as
much as onc third of the total value of construction in the less developed
countries has gencrated substantial interest in the development of local
building materials industries and/or development of construction technol -
ogies which could utilize the existing local materials.

Construction Process: The industry in most developed and
developing countries consists of three traditional sectors: investors,
planners, and developers combine with the owner (often the government) to
form the client sector; architects, engineers, and consultants form the
design sector; while suppliers, general contractors, specialty subcontractors,
and labor organizations form the contractor scctor. 'The delivery process
has been, and for the most part continues to be, cxecuted by sequential
activities in which each sector attempts to act independently to satisfy
its own objectives. Decisions are made within a labyrinth of constraints
often arising from partial or faulty information.

The client sector may consist of private individuals, or it may



Table 2

Profile of Construction Inputs
(Gross Value of Production Equal to 100 Units)

Developed Developing
Domestic Import Total Domestic Import Total

Materials 26 8 34 17 25 42
Transpcrtation and

Handling 7 1 8 8 5 13
Sub Total 33 9 42 25 30 55
Salaries and Wages 43 - 43 28 3 31
Others; Including

- Taxes, Amortization,

and Income 14 1 15 10 4 14
Total Value of

Production 90 10 100 63 37 100
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be public agency. In the latter case, the public agency is only represen-
ting the ultimate user of the facility, the collective client. In many

cases the agency may not know the users; nevertheless, it must attempt to
assess their needs. This separation of the users from the government
agencies representing them has been considered a main reason for the failure
of many public projects, such as public housing, hospitals, etc. In
addition, failure to recognize the nced for subsequent maintenance and upkeep
of most public works has resulted in the rapid deterioration of these systems
and a significant reduction in their useful lives. The concept of the total
cost of the facility, which includes not only the initial construction cost
but also the maintenance and operating costs over the design life of the
facility, is gradually being introduced in most public works activities in
both developed and developing nations.

The government, in addition to representing the collective
clients in public works construction or acting as the client for publicly
owned facilities, also acts as the legislative authority imposing external
constraints on construction. The building codes and regulations which have
been developed over the years in the developed countries, and which in many
instances are transferred to or adopted intact by the developing nations,
have stifled the development of new materials and techniques and have added
to construction costs. This is especially serious in the developing nations
where the adopted regulations do not cven conform with the climatic, tech-
nical, and economic conditions of the region. For example, in the Caribbean,
where the Canadian Building Codes were being used, most housing manufacturers
had to meet the snow load requirements for the design of the roof system.

In addition to the numerous other responsibilities in construction,
the government in most developing countries participates in various phases
of construction. For cxample, transportation, national utility, and health
and cducation departments of many developing countries often not only have
their own design teams, but also have their own construction crews (generally
in the form of maintenance crews who may undertake certain reconstruction
activities). Furthermore, by owning and operating major construction
materials manufacturing plants (cement, steel, glass, ctc.), the government
can influence the price of materials and conscquently the preference for the
type of construction. By providing preferential treatment to a particular
sector of the industry, the govermment can substantially affect the distri-
bution of the available manpower in the industry. For cxample, availability
of low interest rates for housing will cncourage substantial activities in
that arca. At the same time, it will increase the tendency for the intro-
duction of labor-saving and capital-intensive construction techniques but
only in housing.

In the construction industry, as in most other industries, there
arc many alternative combinations of processes and products. In temms of
products, three broad categories can be recognized: residential buildings,
non-residential buildings, and public works construction. Residential
buildings, which include single and multiple dwellings, can be considered
as consumers' durable goods. Non-residential buildings, consisting of
industrial, commercial, educational, and hospitals, arc similar to producers'
durable goods. Public works construction, which represents government
outlays for public facilities, consists of transportation infrastructures,
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water supply and sewer systems, public utilities, etc.

The products of the construction industry, unlike those of most
manufacturing industries, are primarily custom-built and thus are highly
sensitive to the design phase of the process. Contrary to practice in the
manufacturing industry, the product design stage in construction is normally
separated from the production management. Therefore, collaboration of the
designers and manufacturing experts, which is necessary to minimize the
production costs, is seldom realized in the construction industry. The
general contractor's participation starts only after the design is finalized.
This separation of design from production has significantly limited the
choice of the input factors of production. The designers have consistently
overlooked the type of labor, equipment, and construction methods available
to the contractors and have indirectly forced them to choose the technology
which is dictated by the design rather than that which is most suitable to
the local conditions.

While architects and consulting engineering firms who have the
design responsibility refrain from competitive bidding for their services,
the general contractor who has the production responsibility generally enters
the process through a negotiated arrangement or competitive bidding. The
main objective of selecting a contractor by competitive bidding and of having
him offer a firm price in response to a set of predetermined drawings and
specifications is held to be for the good of the public interest and the
prevention of corruption, in addition to giving the client the best value
for his money. It is, however, completely ignored that the competitive
bidding approach encourages the freezing of technological change and forces
the contractors to use the conventional procedures and techniques. Although
numerous variations of competitive bidding and negotiated price contracts
have been tried in various instances, none has received a widespread accep-
tance in both developed and developing nations.

The contractor sector is primarily responsible for the assembly
operation, which until recently has been done exclusively on the construction
site. Generally subcontractors are heavily relied upon to perform the
required specialized processes, and in many projects the general contractor
may only provide coordination and supervision. The mix of labor, equipment,
and material in each process is rather unique and requires a separate
production function. For example in the building segment of the industry,
the foundation and grading process can vary from a highly mechanized and
capital-intensive technique to a fully manual and labor-intensive activity
where unskilled labor can be utilized with a minimum of training. On the
other hand, electrical and mechanical works, although highly labor-intensive,
require highly trained and skilled labor.

The fraction of cost allocated to each specialized process in the
assembly phase varies from project to project. For example, in the building
segment of the industry, the following breakdown of total construction cost
is common: Foundation and grading 5-15%, erection and framing of structure
25-55%, electrical and mechanical work 20-35%, finishing 15-35%. The entire
assembly process consumes up to 90% of the total initial investment required
for a typical project, and it is the lengthiest phase of the construction
process. The major components of cost in the assembly phase are the labor



84

and material costs.

The building materials industry is very diffuse and hard to
define because most of the materials are used by many other manufacturing
industries. A few materials are manufactured solely for use in construction,
and among these cement is by far the largest and most widely manufactured
building material throughout the world. Due to their low value to weight
ratio, building materials are not usually transported over great distances,
and their production, therefore, tends to be dispersed. In most developing
countries, there is rarely sufficient continuous demand to permit the
producers to stock the materials and overcome the oscillation in demand.
This has resulted in the creation of the building materials merchant who
acts as an intermediary between the manufacturing industry and the contractor
sector of construction. In meny developing countries, importation of basic
building materials constitutes a significant drain on their balance of pay-
ments, and the development of a local building materials industry has
normally received primary consideration.

Despite the high wages prevalent in the industry, construction
is still a labor-intensive activity in both developed and developing countries.
Table 3 shows the percent distribution of labor inputs by type of construc-
tion in the U. S.

in the developed countries, increases in the price of labor
relative to other inputs has led contractors to find substitutes for labor.
This substitution is achieved through the use of morc productive equipment
or by the use of a more capital-intensive method of construction which
reduces the onsite labor requirements. Trends toward industrialized housing
or prefabricated systems, whereby components of the building are fabricated
off-site (occasionally are also partly assembled) and transported to the
site for erection, serve to reduce the labor requirements as well as the
dependency on the climatic conditions. Substitution of very high land fills
for bridges in road construction is another example of labor substitution,
which has become cconomically feasible with the development of very heavy
and efficient road construction machinery.

The labor productivity and consequently the labor input to con-
struction are 1lso highly dependent upon the labor unions' rules and reg-
ulations as well as the type of construction project ar.t :fs method of
construction. Table 4, for example, comparcs the labex proaictivity in
England with that of the Continent for the same type awl ;.o thod of construc-
tion. It can be seen that average man-hours for indus. . :utized building on
the Continent is 170 percent below the British average. Furthermore, it
takes more labor to build an industrialized building in England than it
takes to build a conventional building in the U. S. It is also interesting
to note that labor in tngland is paid the same rate in the factory and
on-site, while in the U. S. the factory rates arc 25 to 40% lower than the
on-site rates.

IV. Issues in the Transfer of Technology in the Construction Industry

The foregoing discussion has established that the construction
indi:i ry is one of the largest sectors of economic activity in both developed
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Table 3

Distribution of Total Construction Cost by Type
of Construction in the United States

Percent of Total Construction Cost

Type of Product Labor Materials Equipment § Overhead
Residential

i) residential 30% 51% 19%

ii) prefabricated 18% 50% 32%
Non-Residential 26-29% 51-54% 20%

Public Works 27% 34% 394
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Table 4

Labor Productivity in Three Industrialized Regions

of the World

Average Man-Hours per 1000 Square Feet of
Multi Family Residential Buildings

Industrialized Conventional
England Continent United States
on-site 1687 462 1165
off-site 375 300 149
TOTAL EEEE 535 EEIZ

Source: Engineering News-Record, October 22, 1970
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and developing nations. Its products are essential for the industriali-
zation process currently going on in most developing nations. The govern-
ment in the developing countries plays an important role in the operation
of the industry by being its regulator, its major client, its supplier,

and a participant in its various activities. The industry is highly labor-
intensive and is also technologically flexible.

The industry's products are heavy users of public funds. In
most developing countries a large number of projects with high social
returns still remain to be built, and the construction industry continues
to contribute to their development. Although it is believed by many that
construction as an industry should be given adequate consideration in
planning economic strategy, unfcrtunately this is not currently the case
in most national plans. The extent of investment in physical infrastructure
is so vast that the construction industry has tremendous potential to con-
tribute to the development process of the emerging nations in many more
ways than just the building and construction works. For example, because
construction embraces a wide variety of skills and activities and thus
enables people to obtain training and experience, it provides an excellent
medium for training a large number of people and assisting them in making
the necessary transition from agriculture to industrial work. In this way
it can act as a transitory job market between agriculture and manufactur-
ing for a very large fraction of a country's manpower. In addition con-
struction activities frequently initiate opportunities for other trade and
commercial activities of very long durations.

It is therefore safe to assume that the construction sector of
the economy deserves serious attention in the reevaluation of the current
international assistance and cooperation programs.

The basic issues involved in the transfer of technology in this
sector of the economy may be discussed in four broad categories of manage-
ment and control, capital, technology, and manpower and labor. In the
following sections each category is briefly discussed within the context
of the developing countries, and certain suggestions are made as possible
avenues for future works. The concept of labor substitution is stressed in
each case, in light of its importance to the problem of unemployment or
underemployment.

Management and Control: One of the most difficult problems in
construction is that of its fragmentation. The industry is extensively
fragmented both in terms of the nature of activities involved and the size
of each firm. The industry consists of a large number of small fimms,
produces diverse product types, and lacks vertical integration or even just
continuous working relationships among participants involved in the
different production processes from one project to the next. The production
units are small with each firm holding only a small share of the local
market. The industry is noted for its 'easy entry/casy exit'' nature. It
is generally accepted that economies of scale do not exist in the industry
in most parts of the world, and in fact some diseconomies of scale seem to
exist in some parts.

The fragmentation has prevented formation of industry wide
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cooperation and organization which is so important in focusing the attention
of the industry on the local needs and on the devclopment of an understanding
of unique local conditions requiring special consideration. In addition, as
a result of this fragmentation the indigenous construction industry consists
of small firms limited to one or two basic skills and lacks expertise to
coordinate all the complexities of major projects.

The 'easy entry/easy exit" nature of the industry is also reflected
in the operation of major international construction firms working in the
developing countries. In construction the true multi-national organizations
with well established, permanent, operating subsidiaries in several countries
have not developed, despite the fact that the international construction

firms have been operating in the developing countries for many years.

The role of government, particularly as a regulator, is very
important in providing an atmosphere conducive to the development and growth
of the indigenous construction industry. Programs with significant components
for training and educating the local personnel should receive priority over
those which are selected solely on the basis of minimum cost and competitive
bidding. In this regard the possibilities of establishing a central institu-
tion responsible for collection, cvaluation, and dissemination of construction
related information and statistics would be extremely helpful. It would
provide a focal point for exchange of information and knowledge, for estab-
lishing standards, and possibly for initiating research on local problems.
Using projects supervised and managed by international firms as field training
centers, the governments could rapidly and with a very small expenditure
increase their scarce pool of skilled labor and middle management.

Capital: The scarcity of jobs and resources in developing countries
has a pronounced effect on the construction industry whose products require
high capital investment and a large number of laborers. This scarcity makes
itself felt both in the composition of resources and in the timing of invest-
ment.

The composition refers to the balance between labor and capital
which is required to implement a project. Capital is scarce in most developing
countries and labor relatively plentiful. The labor aspect of the problem is
discussed in more detail in the following section.

The timing aspects of scarcity stem from the fact that resource
availability, especially with respect to capital funds, is generally tied to
political bodies at the national or international level. Therec is a great
deal of uncertainty associated with future funding for projects, which leads
to a strategy of requesting the maximum amount possible for present funding
and spending it immediately. This effect is typically demonstrated by the
neglect of maintenance and the emphasis on overdesign in construction.

At issuc then are the inefficiencies, in terms of total usc of
resources, which may arise from heavy emphasis on onc aspect of composition
or timing. When this emphasis results in neglect of other aspects of resource
usage, substantial losses in overall development benefits may result.
Therefore, the developing countries should be provided with knowledge and
methodologies which will display the broader picture in more specific and
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quantifiable terms.

Related to the problems of resource availability are the varieties
of costs through which resource needs are evaluated. Costs of constructed
facilities are distributed among construction, operation, and maintenance,
between local currency and foreign exchange, among the users, government, and
international donor and lender. These costs are by no means equivalent in
their importance and impact on a particular developing nation. For instance
most developing nations face severe shortage of foreign exchange. This con-
dition places a special premium on construction technologies which minimize
foreign exchange requirements. This premium in turn may imply a preference
for labor intensive technologies because of the need to import capital equip-
ment. There is a need then to be able to predict how various technologies
will affect these numerous aspects of cost.

Staged construction, which results in deferral of costs, offers
an cxcellent opportunity for the developing countries. It is a procedure
whereby a facility is built initially to meet the immediate demands of the
user; that is, for example, demand over only a five year period. The facility
is then upgraded through reconstruction to mect increased demands. The
opportunity for deferral of expenses which staging presents may result in
reduced cost and in more effective use of resources by allowing their use in
other sectors. Furthemmore, in several construction activities, especially
road transportation, the staging provides a measure of adaptability which is
not present otherwise. For example, should traffic growth predictions for
the road project, built by staging, prove to be only optimistic, the initially
lower standards of the road will entail less of a loss in the form of sunk
costs than would the higher quality project. It is thus important that the
construction technologies suitable for stage construction be identified and
brought to the attention of the developing nations.

Technolosz Introduction of new technology in the construction
industry has been the prime factor in the gains in productivity which have
been achieved in the industrial nations. In addition utilization of modern
technological concepts and tools has given the industry capabilities necessary
for conception, design, and construction of such major projects as nuclear
power plants and the Aswan dam.

Although the degree of technological sophistication varies from
one sector of the industry to another, one can divide the contribution of
technology into two broad categories: 1) software, including planning and
analysis techniques, design methods, management information and control, and
construction methods and 2) hardware, including materials and equipment.

Concerning the first category, the introduction of the computer has
dramatically increased the capability for planning and designing large scale
facilities and for cconomically evaluating a wide range of available alter-
natives. More exact methods of analysis and design have resulted in the
construction of more efficient, complex, and elaborate structures. New
techniques of information processing have allowed the industry to apply the
principles of systems engineering in the evaluation of several different
strategies for large scale projects, such as regional water distribution
systems and transportation network systems.
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Most of thesc advances have been put into practice through the
existing structure and organization of the international firms. No sub-
stantial cfforts have, however, been made to study the effect of computers
on organization and operation of this industry in the developing countries
and on increasing the efficiency and effectiveness of the limited existing
design and planning capabilities in these countries. The design and
analysis phase of the construction process is a highly technical field
requiring a well educated and experienced cadre of enginecrs which is
currently of limited availability in the developing regions. Novel appli-
cation of computers could very substantially increase the capability and
the productivity of this scarce talent and also provide incentive for
innovation and adaptation in design consistent with the local environment
and requirements.

As far as the materiai is concerned, the establishment of basic
building materials manufacture in developing countries depends on both
economic and technical considerations.

The capital expenditures necessary to establish various building
materials manufactures vary from a very small amount for bricks to several
million dollars for aluminum and stecl, as shown in Table 5. On the basis
of the minimum capital cost necessary for beginning the economically
justifiable production of building materials, strong advantages are held
by cement, wood, lime, and brick products. The commencement of steel and
aluminum manufacture requires large amounts of capital investment even at
the smallest justifiable level of production. This diversity of capital
requirements suggests, for cxample, that a developing nation might well
establish a moderate to large capacity cement plant, while relying entirely
on the importation of steel to supply the necessary reinforcing rods and
mesh. Alternatively, because bricks and wood products are most readily
adaptable to small scale and primitive modes of production with virtually
no capital investment required, a developing nation might decide to rely on
its production of these for building materials.

The adaptability of building materials manufacturc to labor-
intensive methods, while preserving overall efficiency, is of special con-
cern to developing nations. The degree of labor intensity required will
depend on many factors, including available capital, dependence of efficiency
on mechanization, local labor costs, and the required proportion of skilled
and unskilled workers. These factors will depend not only on the building
material but also on the local conditions under which manufacturc is to take
place. However, some figures for labor costs and requirements for production
of certain building materials can be given. Table 6 gives wage levels and
proportion of skilled workers to total employment in certain building
materials industries in India. Wage levels and percentage of skilled workers
required are low for brickmaking and sawmilling, moderate for cement pro-
duction, and high for production of steel and nonferrous metal primary
products, If these figures are typical for developing countries, it would
appear that operating costs of production are directly related to capital
costs necessary to establish production. Thus the total cost of manufacture
(capital costs plus operating costs) of the various building materials
parallels the disparity of capital costs shown in Table 5.
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Table §
~ Building Material Capital Cost Minimum Capital Cost for
. (by type of plant per tpy Economic Minimum Economic
: Capacity Plant Size Plant
i
!
. Bricks variable variable variable*
Wood:
; Sawnwood $30 variable variable*
| Plywood $96 5000 $500,000
Softboard $123 5000 $600,000
; Hardboard $96 5000 $500,000
: Particle Board $55 5000 $275,000
Lime:
Small Unmechan-
ized Vertical
Kiln $13.6 30,000 $410,000
Large Mechanized $14.6 30,000 $440,000
Vertical Kiln to $18.7 to $560,000
Rotary Kiln $22.8 30,000 $680,000
to $28.4 to $850,000
Cement:
Vertical Kiln §28 30,000 $880,000
Rotary Kiln $40-$50 100,000 $4,000,000
to $5,000,000
Aluminum $800 10,000 $8,000,000
to $900 to $9,000,000
Steel $250 100,000 $25,000,000
Table §: Minimum Capital Costs and Economic Scales of Production for

Building Materials Manufacture




Building zterial

Average Daily Wage

Skil

Ratio Skilled
Workers to Total

Employment (Rs)

Weighted

Labor Cost

WR + W)I-R)
s's u S

Bricks, Tiles, Lime
Plywood

Asbestos Products
Sawmilling

Cement Pipes

Secondary Nonferrous
Metal Products

Secondary Steel
Products

Cement

Primary Nonferrous
Metal Products

Primary Steel
Products

¥ A e A W

led (ws) Unskilled (W)
.51 $.26
.71 $.16
.56 $.325
.56 $.345
.86 $.33
.58 $.35
.65 $.36
.76 $.325
.78 $.375
.82 $.79

0.284
0.384
0.444
0.412
0.262

0.570

0.480
0.433

0.499

0.529

$.330
$.372
$.429
$.432
$.469

$.481

$.499
$.514

$.578

$.618

Table 6: Labor Costs and Proportions in Building Materials Manufacture in India
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The diversity of uses for various building materials leads to
possible secondary economic effecis which must also be considered. For
example, the manufacture of wood products can lead to secondary economic
benefits, especially on the local level. Furniture and match making are
industries which are frequently encouraged by the establishment of a saw-
mill producing good quality sawwood. The low capital and labor costs of
wood products production, coupled with the possible secondary manufac-
turing operations, make this a -.atural area of growth for developing nations
with under-utilized forest resources. Cement, on the other hand, has
virtually no uses outside the field of construction, and its secondary
manufacturing etfects are limited to encouraging the production of concrete
and cement blocks, pipes, prefabricated pane's, etc. Concrete is the
universal construction material, however, and is used in all types and
magnitudes of construction projects. Consequently, the secondary effects
of cement manufacture within the field of construction are likely to be
considerable.

As far as materials technology is concerned, more efforts are
being made to develop cheap, serviceable, and easily assembled building
materials., The qualities sought in these building materials are:

1. The building material should, if possible, be made of
locally available raw materials;

2. The building materials must be cheiap to produce;

3. The materials must be easy and economical to use in actual
construction, whether used by professional builders or by an individual
building his own house;

4. The materials should be serviceable in all types of small
buildings and should be as adaptable as possible to use in all parts of
the building (floors, walls, roofs);

5. The materials must meet minimum structural and health
requirements and also any special climatic conditions.

The development of such building materials is currently grouped
around two approaches to the problem. The first approach aims at the
improvement of traditional building materials and methods. The second
approach aims at the development of new building materials or components
which will be integral parts of modern building systems. Each of these
approaches deserves some elaboration.

In evaluating any building material, the minimum economic scale
of manufacture and the potential utilization of the material are prime
considerations. Most traditional building materials, like wood and bricks,
can be produced locally on a small scale. The use of these traditiocnal
materials, however, is largely dependent on the existing local building
trades and contractors. For example, a brick industry was started in the
Territory of Papua and New Guinea_  largely as a result of the abundant
clay deposits there. The industry has not been able to grow, however,
because there are not enough bricklayers in the Territory to lay the bricks
already being produced (13). In other words, the existing building skills
in developing regions must be assessed before the suitability of intro-
ducing a traditional building material can be judged. The regional customs
or practice< relating to building can also be important in judging the
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suitability of a building material. In East Africa, for example, building
contractors commonly manufacture their own building materials (cement blocks,
for example) for each job (14). Hence, the introduction of a building
material which must be produced on a large scale is not impossible, but a
building material economically produceable on a small scale would be much
more likely to win quick acceptance.

Where construction activity or needs are of sufficiently large
scale, preplanned building systems can offer significant economies of both
time and money. Developing regions not only have great need for buildings,
but there is also similarity in the types of buildings necded. Table 7
shows the t »es of dwellings proposed by various countries for their low-
cost mass housing developments. One and two storey dwellings are the most
common lype of construction planned. 1Two storey construction is, in fact,
very often the cheapest type of building (per ft? of habitable space) when
the cost of land is not excessive. The prevalence of onc and two storey
construction around the world has led to widespread interest in the use of
light-weight structural panels for use in this tynme of construction.

Among the most promising of these lightweight panels are those made of wood
and ferrocements.

Attempts at transfer of technology in the building materials
industry should therefore be concerned with not only technical feasibility
but also the macroeconomics of the developing region as well as the micro-
economics of manufacturing the material, such as capital costs, operating
costs, and efficiencies of various scales and modes of production.

Labor: The issue of the labor force und its utilization in the
construction industry has received substantial attention in the literature.
This interest stems from three basic characteristics of the construction
industry: a) construction is labor-intensive and technolegically flexible,
and there exists a continuous spectrum of labor-capital exchanges; b) many
facets of the industry can absorb a large number of unskilled laborers, and a
significant fraction of the needed labor force can be trained on-site and
taught the skills required; c) the construction industry is a major compo-
nent of the national economy, and its products are essential to the develop-
ment of other economic sectors. This last point has also been used in the
context of expanded public works construction programs so that the left-
over and unemployed labor force could be at least temporarily absorbed in
an artificially created job market.

On the other hand some have argued (3) that the major client
of this industry is the government and thus that utilization of construc-
tion as a potential job market is mixed by bureaucracies typical of civil
work departments of many governments. Lewis (3) has also argued that
because of this difficulty, policy makers in the developing countries
"are likely to be skeptical of the proposition that the public-works
approach has much untapped potential for attacking the new levels of ur-
oency that the poverty and underemployment problems seem to have reached".
He, however, points out that the use of public work sectors as a means to
control unemployment and poverty becomes very attractive when compared with
alternative policies, especially in the near and medium term.
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Table 7

Types of Construction Recommended by Various Governments for

Low Cost Housing Programs.

Urbanization, pp. 151-153.

; i Suggested Total Living
, Country j Type of Housing Building Floor Space per
: | Proposed Materials | Area Person
i (£t2) (ft2)
I
Pakistan 1-storey with cen- permancnt 275 125
' tral courtyard
India 1-storey semi- brick 250- 135-
detatched 480 190
India Village house mud, 500 250
thatch
t long Kong 5-6 storey concrete 120 36
! tenement
Hong Kong 11-storey flats concrete 413 58
Singapore Semi-urban timber, 530 400
small dwelling thatch
Kenya 2-storey permanent 960 132
Tanganyika 1-storey semi- 1000 200-
permanent 400
Uganda 1-storey semi - 1000 280-
detached permanent 560
Zanzibar 1-storey house semi- 660 190~
permanent 380
South Africa Detached house permanent 650 530
West Indies 1-storey timber 500 150-
detached house 300
Latin America 1-storey rural - 684 388-
detached house 465
Source: Inter-African Conf. on Housing § Urbanization, Housing and
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Construction being a technologically flexible industry, offers
many cost-effective modes of construction which are labor-intensive.
However, to consider construction as a residual employer or to expect it
to serve as the "manpower sponge' does not appear to be consistent with
long term planning goals for economic development. Such a policy in many
cases may conflict with the national choice of technology on a long term
basis and may impede the capability of the country to compete in export
markets or to advance the development of its more progressive sectors.

Selection of labor-intensive techniques in construction for
the purpose of job formation should not rely upon 'technological retro-
gression'". The argument that "the only way to absorb surplus labor ...
is to lower the technological level of production' (31) 1is not normally
consistent with the economic efficiency of construction. In fact, in the
construction industry one can, in many situations, find or devise tech-
niques which utilize the fixed available capital and all the available
labor without the marginal productivity of labor falling to zero. In
construction one should realize that labor-intensive techniques do not
imply that each laborer must be equipped with the same amount of capital
equipment or that a certain task be carried out by the same technique.

In many situations in the construction industry one 1is faced
with the problem of lack of certain skills rather than absence of capital
or oversupply of laborers. For example, the use of a large number of
unskilled laborers, on several occasions, has not been feasible because the
skilled supervisory and organizational personnel were not available. On
other occasions, immcbility of labor forces has caused scarcity of labor
in one region while severe unemployment existed in other regions. ‘lhe
cross Amazon highway program in Brazil is an excellent example of this
latter point. Excessive labor forces in the northeastern part of Brazil
can not be convinced to move to the central region where highly capital-
intensive techniques are being utilized due to lack of manpower.

As far as capital-intensive construction techniques are con-
cerned, the absence of infrastructure for repairs and maintenance as well
as organizational personnel and supervisors familiar with the advanced
technology may in fact cause diminishing returns to scale from capital-
intensive means. Engineers should allow for alternative techniques so
that their chosen design does not dictate facto. proportions. The design
should be such that techniques can ve devised to utilize as fully and
effectively as possible the factors available in a developmental unit,

V. Summary and Recommendations

The need for constructed facilities in developing countries 1is
substantial and the capital required for their construction constitutes a
major portion of resources available to the developing nations. This need
is anticipated to grow at a very rapid rate in the foreseeable future,
because the constructed infrastructures provide the backbone of develop-
mental programs in other sectors of the cconomy.

The industry is highly labor intensive, is technologically
flexible, and offers numerous opportunities for absorbing a major fraction
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of the labor force and providing the unskilled laborers with on-the-job-
training which will increase their productivity and consequently their
earning power,

The issues involved in the construction industry can be grouped
in areas of management, capital, technology, and labor. Government, with
its numerous construction related concerns, plays an extremely sensitive
role in developing a viable indigenous construction industry which is
responsive to the social needs and aspirations of the people.

The severity of the scarcity of capital necessary for the con-
struction of the needed physical facilities can be lessened by appropriate
choices of technology, labor substitution and staging of the construction
activity itself. Technology offers assistance in numerous manners. The
use of computers and its associated software capabilities should be viewed
as a very promising means to increase the planning and design capabilities
of local expertise. Development of computer technology consistent with
the needs of developing countries should be encouraged by both local
governments and the international institutions. Building materials tech-
nology is an arca that, although certain headways have been made in it by
several of the more advanced developing nations, still offers a major
opportunity area for developing countries to invest some of their resources.
This segment of construction industry offers not only job opportunities for
unskilled and semi skilled labor, but it also reduces the import needs and
generates significant backward and foreward linkages.

The abundance of unskilled labor in developing countries and
the labor intensive nature of construction have for many years been con-
sidered an excellent match for alleviating the problem of unemployment.
However, lack of careful planning on the part of local government and the
assumption that the construction industry can absorb all the unemployed
(especially through creation of public work programs whose needs could not
otherwise be justified) have made the match rather unattractive to the
policy makers in the developing nation. It is suggested that this attitude
should change because the alternatives to job formation are much less
promising.

ihe following specific recommendations are made. The list is,
by no means, exhaustive, but it contains a few areas worth further study
and discussion.,

1. The role of multi-national construction as a vehicle for
transfer and adaptation of technology should be examined. This examination
should focus on their past performance, their current concerns, their
relations with the indigenous firms, and their positions viz-a-viz, regula-
tory activitics of local government. :

2. 'The staging of construction and the impact of various mone-
tary policies, especially with respect to cost of money and availability .
of foreign exchange for importation of capital equipment on the construction
industry's choice of technology warrant careful review and analysis.

3. The impact of computer technology in planning, design, con-
struction, operation, and maintenance aspects of constructed physical
facilities in the developing nations requires basic and fundamental research.
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4. The building materials industry and its role in the national
economy offer numerous attractive possibliities for adaptation of tech-

nology.

5. Considering construction as a part of national economic
planning and thus providing continuity in its operation both spatially and
temporally should receive the attention of policy makers in the developing
nations.
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