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II. NARRATIVE SUMMARY
 

The Technology Adaptation Program at MIT is designed to strengthen the Insti­
tute's ability to carry out research, analysis, education, and training relating
 
to the various problems o" adapting industrial and public works technology to the
 
conditions of emerging nations.
 

During the past three years the Prog-am has provided fund-,wg For numcous --o­
jects dealing with various problem areas related to one or another aspec o, adapt­
ing technologies to the developmental process of less industridlized counti1es. 
Faculty and students in several departments have participated in investigations
 
covering a wide range of research activities, from creaL'ng evaluation frameworks
 
for multi-modal transportation infrastructures to considering the adaptation of
 
capital-intensive construction methods to labor-intensive environments; from deve­
loping a technique for using eiectromagnetism to prospect for subsurface water in
 
arid regions to a study of the efficient use of natural fibers for manufacturing
 
purposes in both developed and developing nations.
 

The Institute has attempted to fund projects which will build upon its alreacy
 
substantial cies with emerging nations; we have tried to develop collaborative ro­
lationships with various institutions in selected countries, and, in the process,
 
give the MIT community "real life" experience in dealing with the problems of tech­
nology adiptation and transfer. This TAP-funded Field experience and the enhanced
 
expertise of both faculty members and students has allowed MIT to increase that
 
portion of the curriculum which deals with the problems of developing nations, and
 
has also provided the impetus to initiate an ongoinq research program concerned
 
with creating and adapting industrial and public works technologies which will help
 
meet various needs of emerging nations.
 

Some of the projects have been more "successful" than others; some have resul­
ted in numerous research reports and professional papers; others have generated ad­
ditional funding from external sources. The enthusiasn generated by the Program,
 
the increased sensitivity of the MIT community to the needs oF developing nations,
 
and our enhanced awareness of the various social, economic, and political trade­
offs inherent in any transfer or adaptation of technology testify to the success
 
of the Program as a whole.
 

Based on our past experience and on the new guidelines outlined by the Agency
 
for International Development for 211(d) grant institutions, we believe that the
 
Program will be more productive if, in the future, it emphasizes research on the
 
implementation of appropriate technologies rather than on "hardware" solutions to
 
the problems of technology transfer and adaptation. This new orientation calls both
 
for more narrowly focused research on the part of MIT and for a more formal coopera­
tive working relationship with certain institutions in a few selected countries.
 
Colombia and Egypt, as nations which have already achieved substantial infrastructures
 
and are seeking specific advanced technological cooperation, appear to be the best
 
choices for collaborative research efforts of mutual interest to MIT, the individual
 
country, and AID. Those areas of most interest to the various groups involved have
 
been identified tentatively as public works and industrial development, with speci­
fic sectors of technological interest including mechanical engineering systems, trans­
portation, water resources, materials, and technology in public systems.
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III. ACCOMPLISWIENTS OF THE PROGRAM TO DATE
 

A. General Background and Purpose of the Grant
 

In 1971 the Massachusetts Institute of Technology entered into an agree­

ment with the United States Agency for International Development under which
 

the Institute proposed to establish a program concerned with the transfer and
 

adaptation of public works and industrial technology to the conditions of de.
 

veloping nations. 
 MIT planned to integrate research projects and institution
 

building within the context of a multidisciplinary program drawing upon the
 

Institute's existinq body of knowledge dealina with industrialization and the
 

process of development.
 

The Technology Adaptation Program has sponsored projects in
a number of
 

diverse areas of specialized knowledqe; each project, nowever, ha., focused on
 

some aspect of technological transfer, adaptation, or development. 
 Some programs
 

have dealt with broad areas of development--infrastructure, economics, long­

range planning. 
Others have focused on more narrowly defined topics--the de­

velopment of a specific technique, the utilization of a nation's unique raw
 

materials, the case study of a particular problem in a particular region. The
 

element binding together these varied projects is the desire to strengthen the
 

Institute's ability to creatively apply technologies to the individual needs
 

of developing nations, 
an objective which is also part of the MIT community's
 

continuing interest in expanding the possibilities for applying technology to
 

societal problems. In addition, since approximately 25 percent of the student
 

body at the Institute is foreign, many from various developing countries, we
 

feel we have a soecial incentive to devote research and teaching efforts to dis­

covering solutions to developmental problems in their home countries.
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B. Organization and Management of the Program
 

Management of the Technology Adaptation Program has resided in a Steering
 

Committee reporting directly to the Provost of the Institute. Durinq th- first
 

year of the Grant the Committee decided to begin activities by attempting to
 

increase faculty understanding of MIT's past experience inwork related to tech­

nology transfer and adaptation, and by establishing goals and priorities for the
 

Program based on the direction of faculty interest.
 

The Committee's principal function has been to select specific projects 

for 211(d) funding. In selecting these projects the Comittee weighed a num­

ber of factors. 
 The members first assessed the potential of the proposed pro­

ject for improving our understending of the processes enabling technology to
 

contribute to industrialization in the less developed countries. 
 They then
 

explored the extent to which the project might contribute to MIT's long-term
 

research capabilities in the area of technolocqy transforr and adaptation and
 

encourage institution building both within the Institute and in the emerging
 

nations. The potential research contribution was judged both in terms of its
 

ability to refine research techniques and orient them to the conditions of
 

less developed nations.
 

When the Committee members found projects which f filled these various
 

criteria at a reasonable level of funding, the project was approved. 
The lack
 

of sufficient funding for all worthwhile and potentially rewarding projects
 

limited the amount of Grant-funded research, although a number of projects first
 

inaugurated under the auspices of the Technology Adaptation Program have found
 

continued financial support after the initial period of their grant has ex­

pired. 
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C. Objectives of the Grant
 

"A long-term aim of MIT, which this Grant supports, is to develop a broadly­

based body of expertise at the Institute concerned with the exploitation of tech­

nology for public works and industrial development in developing countries. MiT's
 

initial effort under this program [is] directed toward better understanding of the
 

processes that enable technology to contribute to industrialization in the less de­

veloped countries, with emphasis on the following:
 

"(1) Understanding the kinds and characteristics of technologies that are
 

appropriate to countries or regions in various early stages of indus­

trial development, particularly those countries in which the factors
 

of production have relative values different from those of developed
 

nations.
 

(2) Identifying the skills and criteria required to select and adapt tech­

nologies appropriate to the developing countries. Examining the tech­

niques for strengthening these skills, including technical education
 

and appropriate design of products, processes and plants suited to
 

the conditions.
 

(3) Understanding the processes by which technological and managerial know­

ledge and skills can be effectively introduced, disseminated, and used
 

in developing countries, including an understanding of cultural impedi­

ments and the obstacles to technological development that have been en­
countered in the past, and developing methods of improving the transfer
 

and diffusion rates.
 

(4) Examining, at the national and enterprise levels, the long-term and
 

short-term economic and social advantages and disadvantages of importing
 

rather than establishing indigenous manufacturing technology as these re­

late to technology and transfer.
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(5) 	On a case basis, finding effective technical solutions to be adopted or
 

further developed by developinq countries, includina adapting existing
 

technology for local conditions and needs or devisinq appropriate new
 

technical solutions.
 

"MIT will not attempt to cover all areas of technoIoriy htut ,,ill concentrate 

on those which are of broad interest to both MIT and Lhe dceveioplng countries. 

Examples where MIT's engineering competence seem particularly applicable are chem­

ical processing, materials and metallurgy, power gene at-ion and Iransmissi on, ma­

chine tools and materials processing, construction, water resuur - tevelopment,
 

communications and data processinq, ard transDortation 
....These fields constitute
 

much of the basis for the industrialization -hat is emerginq in the develcping
 

countries."
 

D. Responses to Objectives
 

The original long-term objective of the Technology Adaptdtion Program at MIT
 

was to develop a body of expertise concerned with toe problcms of utilizinq public
 

works and industrial technologies in developing countries, and to employ this ex­

pertise to maintain a continuing program of investigation and training. In the
 

Proposal of August 1971, the Institute indicated that itwould use Grant funds for
 

the following Program Elements: (1)course and curriculum development; (2)workshops
 

and conferences; (3)fellowshipE and studenL stipends; (4)library and resource
 

materials; (5)establishing linkages with LDC ;,iititutions; (6)travel; (7)re­

search; and (8)faculty development.
 

For this report we have divided the Program Elements into two broad categor­

ies, research activities and activities concerned with institution buiiding both
 

From 	the Proposal for Support by the Agency for international Development Institu­
tional Grant Program, "Adaptation of Industrial and Public Works Technology to the
 
Conditions of the Developing Countries," Aagust 1971, Section II, pp. 6-7.
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at MIT and abroad. The former area includes not only the specific research pro­

jects funded by the Grant, but also the Program Elements concerned with student
 

and faculty support and development, travel, and the establishment of linkages
 

with ooth individuals and inst,tutionq inemerging nations. Within the area of
 

institution building 'e hav included course and curriculum development, workshcps,
 

seminars, and conferences, and the acquisition of library and resource materials.
 

1. Pesearch 

rhe bulk of the Technology Adaptation Program's efforts to date have concen­

trated primarily on individual research projects. Each project, described briefly 

in Appendix 1, has its own emphasis, isdirected by an individual faculty member 

with his or her own specific research interests and goals, and devotes a different 

fraction of its resources to the Program Elements listed above. Sciie projects 

concentrate on "hard" reseaych others on collecting material for curriculum 

expansion, and still others on faculty and student oevelopment. Different criteria 

must thus be used to evaluate the relaiive "succezs" of the various projects in 

terms of the Program Objectives and Goals We can draw; some conclusions, however, 

about the overall thrust of Grant-supported research 

A large number of pdpers and reports have been generated by individual pro­

jects, a complete listing of such publications is included in Appendix 4 This 

material has encouraged additional funding from external sources for a number 

of projects; and the reports, professional papers, and theses produced by var­

ious research groups have contributed to the total body ot knowledge concerning 

technology adaptation and transfer.
 

Faculty and student development cannot be measured quantitatively, except 

perhaps in terms of papers and reports generated by ind'vidual projects. What 

is notable, however, IS dn increased awareness of the problems involved in the 

transfer and adaptation of technology to the conditions of er erging countries
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on the part of the MIT community as a whole. This increased sensitivity becomes 

apparent when one examines the concomitant increase in the number of courses given 

in the Engineering School which include material devoted Lo thte developmental prob­

lems of less economically dnd industridl , advanced ndtions. 

in addition to financial support provided to faculty inerbers engaged in 

TAP-sponsored research projects, student financial support has bee-i provided by 

Grant funds in the form of research assistantships to carry out specific research 

and analysis tasks for a senior ivestigator, or for thesis research concerned 

with the project area (see Appendix , for a list of TAP-sponsored th-se). 

Most senior investigators, aided by tWe Program's trivol budget, nave 

developed informal workino relatiosnips with individui, instituLons. aid 

researcn groups in various emeiqing nations. Although inika 1y es4 emphasis 

was placed upon developing formal instit ikon-o-irstAifit~on ties, such link­

ages currently are being estabL isned as o result of our Past experiences and 

new directives as discuosed in Section IV. 

2. Institution Bu] ifn9l 

a. Institution Buuilding at MIT 

According to the original Proposal accepted by AID in 1971, the first Program 

Element to be supported by the Grant at MIT was to be Course and Curriculum Devel­

opment--"Central to the MIT program will be the development of new courses and the 

modification of existing ones, that will focus stucOnt undergraduate and graduate 

interest on the challenging problems of industrial and public works development in 

the LDCs" (p.8). This aspect of Grant-related activities has been particularly 

successful; each academic year new courses devoted to the subject of the problems
 

of the developing countries have been added to the catalog as regular offerings,
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while material from the various projects has also been incorporated into a number
 

of existing courses. The TAP-supported research material added to the MIT curri­

culum has mad- the academic conanunity more sensitive tr the needs of the developing
 

countries not only in the specific realm of technology transfer and adaptation, Dut
 

also in the larger area of those prohlems which exist in the aelicate relationship
 

between the developed and tbe developing natiuns. A list of TAP-related courses avail-­

able to the MIT community is given in Appendix 3, several of these have,! been offered
 

by faculty members who have participated inTAP research efforts.
 

The MIT community has held a number of se',iinrs, workshops, and confereices
 

aealing with various aspects of the social. economic, nolitical, and technological
 

problems associated with the transfer and adaptation of dvanced technologies to the
 

conditions of emerg'ng nations Mleetings sponsored by the Progran have included
 

LoUt Departmental and Divisional gather,.ngs as well as nore broadly-based colilquia 

attended by participants from national and international agencies and by develop­

mental specialists from both the industri.lized and ie-s-industrial1zed nation.. 

Appendix 2 contains more details on this Program Element 

Most library and resource mdterial acquisition has depended upon the Institute's 

general library funds and focilities. Individual projects have of course collect­

ed highly specialized material relating to .ndividual needs, but the acquisition
 

of a complete centralized document collection waq considered too costly since such
 

a collection would divert funds from other parts of the Program.
 

b. Institution Buildinj Overseas
 

Most of the members of the MIT community involved in the Technology Adaptation 

Program have contributed their time and energies to the dissemination of Grant-re­

lated information to developmental activities in emerging nations. In an attempt
 

to use its institutional capabilities to aid less inaustrialized countries in the
 

process of development, project members have traveled to various nations in connection
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with Grant-supported research in order to collect oata, 
eztablish collabora­

tive working relati 
nships with educational, governmental, and private institutions, 

serve as visiting instruccors at v.rious (olleqes and univeritie; and an consul­

tants to both private and go,.ernta l and, h v1azycris,in g,:nerl, aYtenp ced to
 
provide whatever form cf assistance the particular rountry, gen, y, or government 

feels is needed. 

Many of the investigators also nave particinated in international conferences
 

and workshops dealing witn 
 pnproblems of technology trasfe, aO adaptation, the
 

prcfessional papers presented a; 
scn iveelnqs have qenerally remuted from research
 

generated under TAP ausPIL 
 S (see A ondi 2 for rurther details). 

IV. CURRENT TY&CNOLOGY ADAPrATION PROGRAM AT MIT
 

A. Revised Guid lines
 

During the coming years the Stoeri g Committee proposes to focus the research
 

which it sponsors mainly in two contries. Colombia and perhaps Egypt. 
 We belleve
 

that our abilities and rescurces 
con be 'most usefully employed in countries which 

have already created a sound technological and area,,se in tne process of devel­

oping more sophisticated technical capnil!tis, and that these countries still 
re­

quire a certain amount of assistance 
from and cooperatinn with institutions in the 

United States, such as MIT, in order to attain such advanced capabilities. We plan
 

to 
focus only on those technological areas for which we can 
find mutual interests
 

ooth at MIT ind in the developing countries, and to emphasize "soft-" rather than
 

"hardware" solutions to problems of technology transfer and adaptation. The prob­

lems of implementing appropriate technologies will be stressed, although research
 

will be sponsored on purely technical problems when promising opportunities arise.
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This approach is in accord with the AID Policy Determination Memorandum of
 

October 1974, which states that the object of 211(d) grants is to build or enlarge
 

upon educational and research abilities by creating, adapting, and strength-ning
 

the competence and experience of the grantee institution in dcaling with key deve­

lopmental problems in less industrialized nations. The grants are designed to
 

yield results that will serve current and projected needs of both AID and the less
 

developed countries, while the grantee is expected to develop multidisciplinary
 

capabilities useful in knowledge transfer and joint problem-solving with emerging
 

nations.
 

By concentrating on two countries it is expected that the various projects
 

undertaken will become mutually supporting to a much greater degree than has
 

previously been the case. There will be more opportunities to identify common 

problems of finding dnd implementinq appropriate technologies and common elements
 

in solutions Greater expertise can be developed and snared in understanding
 

the cultural and social factors which mediate technological adaptatiun, and closer 

ties established with cooperating institutions abroad through a broader range of
 

interactions. Whatever emerges from our concentration on two countries might further
 

be examined with regard to its applicability to other countries, particularly those
 

at similar levels of development with similar conditions.
 

The guidelines contain criteria for selecting a grantee and for choosing problem
 
areas appropriate for research. Criteria for selecting a grantee require that (1)
 
the recipient institution be able and willing to prepare and develop special cur­
ricula, provide space and utilities, recruit and train personnel, engage in appro­
priate research, and organize its program and faculty so that joint collaborative
 
working relationships with LDC institutions are established as an integral part of
 
the grantee's academic and research life; (2) the grantee be receptive to long-term
 
involvement in assisting and working with AID, LDCs, and other interested institu­
tions; (3) grant funds not be used to build institutional capabilities where none
 
presently exist, nor in areas of low priority to LDCs; and (4) the grantee show pro­
mise of bringing a multidisciplinary approach to the solution of development prob­
lems, where such an approach is feasible. Criteria for selecting problem areas ap­
propriate for grant support are that (1) the project should be directed toward de­
veloping special competence in an area of skill or knowledge related to AID priori­
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The increased emphasis on developing formal linkages with educational and re­

search institutions in Colombia and Egypt, and the narrowing of the focus of re­

search to areas of technology of mutual interest to all groups involved in this col­

laborative work will not substantially change the basic Prog am Elements of MIT's
 

211(d) grant. The Institute also will continue to support szuden', and Faculiy 
ce­

velopment, grant-related travel, course and curriculum development, workshops, 
se­

minars, and conferences, and the acquisition of library and resource materials.
 

B. Current Focus
 

Some degree of modification in the scope of the Technology Adaptation Program
 

appears to be in orler as a result both of the new AID guidelines and of MIT's in­

tention of focusing on "soft-" rather than "hardware" solutions to the problems of
 

technology adaptation and transfer. The guidelines' increased emphasis on identi­

fying shortages of trained personnel as well as specific gaps in knowledge and skills,
 

combined with the establishment of formal linkages with agencies and personnel in
 

selected nations, is also in accord with MIT's efforts to 
provide a multidisciplinary
 

approach to the practical solution of developmental problems in less industrialized
 

countries.
 

in order to most effectively carry out research useful to the Institute, less
 

industrially advanced nations, and AID, the Program requires the development of ac­

tive ties with specific institutions in a few selected countries. The Institute's
 

capabilities in both the areas of public works and industrial development can 
best
 

ties, including the development of techniques such as sector analysis, project de­
sign, implementation, and evaluation; (2)the grantee should be able both to accom­
modate current and projected demand from LDCs and AID, and to plan for the maximum
 
utilization of its own institutional capacities; and (3)since the solution of any

problem is ultimately the responsibility of the individual LDC, a key issue should
 
be the grantee's ability to adapt and transfer knowledge to a specific foreign

milieu.
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be utilized if the countries selected for coilaborative research efforts have already
 

achieved significant infrastructures and a reasonably sophisticated technological
 

base and are seeking explicit advanced technolog4cal cooperation There are sev­

eral of the less developed countries which are substantially advanced in the sci­

entific and technological fields, particularly in public works technologyand which
 

are currently concerned with the dpvelopment and application of sophisticated anal­

ytic managment, planning, design, or control techniques. At this point their great­

est needs, in other words, seem to be mainly in the area of effective implementation
 

of technological decisions rather than in making the decisions themselves. Colombia,
 

Venezuela, and Brazil in Latin America, Korea and Thailand in Southeast Asia, and
 

Egypt and Turkey in the Near East are examples of such countries.
 

The basis for the selection of appropriate countries includes the presence of
 

suitable and well-staffed agencies in the country, the willingness of agency officials
 

to cooperate with MIT on mutually acceptable areas of interest, and the agreement
 

of the AID Office of Science and Technology on the appropriateness of the chosen
 

country and the subjects of collaboration.
 

After two investigative trips to visit various agencies and institutions by
 

the Chairman of the program, it was concluded that Colombia met all the requirements
 

for establishing collaborative working relationships with TAP-funded projects at
 

the Institute. Ties with specific groups, institutions, and agencies in Colombia
 

have now been established and will be discussed below. The establishment of a
 

comparable collaborative program with Egyptian institutions is still in the early
 

stages of development, the progress to date in this area is also discussed in the
 

following section.
 

It is proposed that the Technology Adaptation Program will concentrate in the
 

future on a few areas of technology of interest to Colombia and Egypt, to MIT, and
 

to AID. Primary fields have been identified tentatively as public works and indus­

trial development, including the development of capabilities in project evaluation
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and analysis, application of system methodologies to problem identification and
 

description, and the use of computer modelling. Specific sectors of technical in­

teret include mechanical engineering systems, transportation, water resources,
 

materials, and technology in public systems.
 

C. Specific Programs 

1. Colombia 

Colombia seems particularly appropriate as a country with which MIT's TehIno­

logy Adaptation Program might establish collaborative working relationships. Not 

only does it fully meet the requirements set forth by AID and TAP, but its govern­

ment also appears firmly conmtted to a wide range of programs designed to broaden 

the benefits of development, including specifically rural development. The rural 

development program, integrated on both public and private levels, is to be funded 

both by major foreign loans and by government grants up to a total of 300 million 

dollars; preliminary loan negotldtlons apparently have been successfully completed 

with the World Bank, the Iriter-American Development [ank, and AID. 

Inaddition to the conventional problems of agriculture and migration, the
 

program deals with rural energy development, nutrition, health cdre delivery systems,
 

transportation, municipal services, rural industrialization, education, communication,
 

and housing. The programs in some of these sub-sectors are still in the process of
 

initial formulation, while others are being implemented on a limited scale. Several
 

of the groups with which we will be collaborating such as the Mechanical Engineering
 

Department at Los Andes University, FICITEC, and Fondo Nacional de Caminos Vecinales
 

are involved in the program. The Colombian AID Mission also has a continuing inter­

est in several of these areas; AID has provided partial support, for example, for
 

the rural road and health care delivery programs.
 

The future program of collaboration between TAP and Colombia has been defined
 

in a series of discussions and will be implemented in particular research agreements.
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The universities, primarily Universidad de Los Andes, certdin government agencies
 

such as the Department of Planniq (Planeacion Nacional) and Fondu Nacional de Ca­

minos Vecinales, and private institutions such as the Instituto SER de Investiga­

ciones (SER) and the Foundation for the Development of Scientific and Technological
 

Research (FICITEC) will provide research teams on the host country side. Fondo
 

Colombiano de Investigaciones Cientificas (COLCIENCIAS), Colombia's equivalent of
 

our NSF, will act as the primary liason, providing the management, administration,
 

ano funding for the Colomblan component of our joint research program. Dr. Efraim Otero,
 

Director of COLCIENCIAS, suggested that a four or five member Steering Committee com­

posed of individuals from COLICIENCI4S, the University, and one or twP private re­

search institutes and/or government agencies be formed to oversee the progress of the
 

Colombian research. An annual or semi-annual joint meeting of both S,.bering Commit­

tees could then be held to review continuing and approve new projects. To date, five
 

basic areas of collaborative research have been defined, and within each of these the
 

specific topics, the Colombian individuals or groups tentatively interested in partici­

pating, and their potential MIT counterparts have been identified as discussed below.
 

Mechanical engineering systems is Lhe first area of joint research to be under­

taken in Colombia, and within this there will be two sections. The first is concerned
 

with developing small systems and tools for use primarily in rural regions. A pro­

gram in this area, entitled "Development of Appropriate Technologies",is currently in
 

progress in the Mechanical Engineering group at Los Andes University; more specifically,
 

it is concerned with the development of (1) an efficient rural electrification system,
 

(2) the use of water turbines for energy generation, (3) efficient induction pumps,
 

and (4) solid waste disposal systems for small towns. ing. Rodriquez Urrego, Vice
 

Dean of the Engineering School, directs the program, which has been, and probably will
 

continue to be, funded by COLCIENCIAS. Ing. Jorge Zapp Glanser, Head of the Mechanical
 

Engineering Department, and Ing. Jaime Lobo Guerreru, a faculty member with primary
 

interest in hydraulic machinery, assist Ing. Rodriguez Urrego. At MIT Professor
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David Wilson of the Mechanical Engineering Department is interested in the research
 

and has met with this group to develop a working program.
 

The second section in mechanical engineering systems is concerned with rural
 

industrialization, particularly textile and food technologies. 
 interest in this is
 

l)cated primarily at FICITEC. 
 In the field of textilp technolo(y a 

art review of the textile industry, appraisal of its potential local and foreign 

markets, and establishment of guidelines for the development of a viable indiqenous 

industry are of interest; research in food technology deals with similar concerns.
 

Sr. Guillermo Llinas, Director of FICITEC, heads the research group. 
 Professors
 

Stanley Backer and Giuliana Tesoro of the Textile Engineering group in MIT's Me­

chanical Engineering Department are interested in pursuing the possibilities avail­

able for collaboration in the textile area. 
 As for food technology, Professor Lance
 

Taylor met briefly with Sr. Llinas, and he and others in MIT's International Nitri­

tion Planning Program may be interested in establishing a collaborative program.
 

The second area of research is witer resources, in which there are currently
 

two specific projects underway at the Center for Hydraulic Research at Los Andes
 

University. The first, a collaborative project among the Center, the Water Resour­

ces 
 Division of Simon Bolivar University in Caracas, and our Water Resources group
 

at MIT, is concerned with planning for water resource development in remote and
 

mountainous regions. Seeking quantitdtive links between climate and weather and
 

developing measures of stream-channel network structure are currently of interest,
 

as success 
in these efforts presumably would allow one to infer precipitation and/or
 

streamflow statistics from aerial observations of landforms, thus bypassing the con­

ventional process of gathering field data. 
 The principal investigators include Dr.
 

Jose Manuel Mejia of the Center for Hydraulic Research, Professor Ignacio Rodriguez-


Iturbe in Venezuela, and Professor P. S. Eagleson at MIT. 
COLCIENCIAS is interested
 

in funding the program in Colombia for the next academic year, while CONICIT, the
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Venezuelan equivalent of COLCIENCIAS, will fund Professor Rodriguez-Iturbe. A
 

meeting of the principal investigators is scheduled for early fall in Bogota.
 

The second program in water resources concerns the evaluation of the 250 million
 

dollar multi-purpose Rio Cauca project in Colombia. 
The Center for Hydraulic Re­

search has been studying this project for the past two years unaer a grant from the
 

Resources for the Future, Inc., and COLCIENCIAS. Project evaluation methodologies
 

such as those of UNIDO and OECD have been applied, and as a result of their preli­

minary findings, the initial project design has undergone major revisions. Work on
 

this is expected to be completed within the next eighteen months. Dr. Mejia and
 

Dr. Jaime Millan, also of the Center, head the research effort and expect Dr. Ale­

jandro Deeb, who recently completed his doctorate in water resources at Harvard, to
 

join them this summer. Professors Richard Eckaus and Lance Taylor of MIT's Eco­

nomics Department and Professors Frank Perkins and David Marks of MIT's Civil En­

gineering Department have exoressed interest in collaborating on both economic and
 

technical aspects of this project.
 

Transportation, the third research area, is also composed of two projects. 
 In
 

the field of commodity transport int(rest is in the development of methodologies
 

for evaluating transport technologies available for moving bulk goods. Colombia's
 

topography and spatial distribution of population, resources, and port facilities
 

have so far limited the development and implementation of an intermodal transport
 

model. The current issue of primary concern is evaluating certain available trans­

port technologies within the context of a specific commodity such as 
coal or cattle
 

or in a specific region or corridor. Dr. Ulpiano Ayala, who recently received his
 

Ph.D. in transportation from MIT and is now at Los Andes University, is interested
 

in exploring such research opportunities. Professors Joseph Sussman and James
 

Sloss of MIT's Transportation group, who have been involved for the past year in
 

freight transportation research in Latin America, are in contact with Dr. Ayala;
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Mr. Sloss is planning to visit Bogota during August to develop a research program.
 

Professor Joseph Vittek of MIT's Aeronautics and Astronautics Department may also
 

taW , part in the program.
 

iie second transportation project area, rural road programs, is one to which
 

the Colombian government is strongly committed on a rather laige scale. The Pondo
 

Nacional de Caminos Vecinales has been actively involved in the planning and con­

struction of penetration and feeder roads, for which AID has been providing sub­

stantial financial support. There is, however, a qrowing need for the development
 

and implementation of more comprehensive dnd systematic methods of analysis and
 

evaluation of such projects, especially since attempts have been made to use the
 

rural road program to generate employment; for example, hiqhly labor-intensive con­

struction methods have been used without knowing whether capital-intensive methods
 

are more efficient and less costly or not. Or. Manuel Baquero of Los Andes Univer­

sity, formerly Head of the Planning Department of the lin-stry of Public Works, has
 

substantial knowledqe of and eyperience with rural road programs and is interested
 

incollaborative work. A comprehensive research proqram in this area requires the
 

cooperation of Planeacion Nacional, M.O.P., Fondo Nacional de Caminos Vecinales, and
 

AID. At MIT Professor Fred Moavenzadeh intends to pursue cooperative research in
 

this area.
 

Materials is the fourth area of research and is a field, particularly the
 

building materials segment, of great interest to COLCIENCIAS. An advisory panel of
 

representatives from the materials manufacturers associations, government agencies,
 

and universities is currently collaborating with the staff of COLCIENCIAS in deli­

neating research programs in materials enqineering; an industrial survey of the
 

building materials industry is currently underway. Academic resealch in this area
 

is distributed among several universities, with primary emphasis upon identifying
 

and classifying local building materials. In order to provide a better focus for
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overall research efforts and for MIT's involvement in this field, it has been sug­

gested that COLCIENCIAS sponsor a 
meeting in Bogota or Cali, inviting personnel
 

from various universities and research institutions. At MIT Professors John Elliott
 

and Fred McGarry of the Materials Science and Engineering Department and Professor
 

Stamatia Frondistou-Yannas of the Civil Engineering Department have agreed to par­

ticipate if research areas of interest to them can 
thus be identified.
 

Technology in public systems, the fifth and final 
collaborative research area,
 

encompasses the role of advanced technology in education, communications, health
 

care delivery, and other public systems. 
 Due primarily to its importance in the
 

government's Integrated Rural Development Program, it is currently receiving con­

siderable attention in Colombia, and any collaborative work in the area will have
 

to be coordinated with several government agencies, particularly Planeacion Nacio­

nal. Dr. Eduardo Aldana, former Rector of Los Andes University and the current
 

Director of SER, is now developing research efforts in the public systems techno­

logy area. He is informed of our interest in this field, and once more is known
 

about the government's plans, it should be possible to develop specific collabora­

tive works, probably initially with an operations research orientation.
 

In order to provide a forum for discussion and to exchange information on
 

MIT/TAP and Colombia, Dr. Otero of COLCIENCIAS suggested that a three-to-four day
 

meeting attended by several MIT faculty members and Colombian government and uni­

versity officials be held in Bogota sometime this fall. 
 The participants would
 

have an opportunity not only to discuss the general 
area of technological coope­

ration, but also to develop an understanding of how MIT's resources right be uti­

lized most effectively in Colombia.
 

2. Egypt
 

In June of this year several members of the Egyptian Delegation of the Joint
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United States-Egyptian Commission in Education, Culture, Technology, and Pesearch
 

and Development visited MIT in order to meet with Institute personnel concerned
 

with various aspects of internationally-oriented research. The Chairman of the
 

Delegation, Dr. Hassan Ismail, President of Cairo University, was dccompanied by
 

Dr. Hassan Kira, Vice President of Alexandra IfniversiLy, End D/'. Lh,1ndJ.&,Ar 2:o 

Egyptian Cultural Counsellor.
 

During the course of the visit Dr. Ismail's group spoke with members of MIT's
 

Departments of Economics, Civil Engineering, and Political Science, and with the
 

Directors of the Center for International Studies, the Energy Laboratory, the Inter­

national Nutrition Planning Program, and the Technology Adaptation Program. Ac­

cording to Dr. Ismail, the various Egyptian universities are presently concerned
 

with delineating specific areas of research of interest both to the U.A.R.E. and
 

to U.S. groups and individuals working in the fields of economics, health, educa­

tion, and science and technology.
 

Dr. Ismail and his colleagues are concerned particularly with the development
 

of five specific industrial technological infrastructures--metallurgy, including
 

the production of special steel, high pressure pipes, and construction tools; en­

gineering and electronics, ranging from the production of small electric applian­

ces to tractors; textiles, including the development of flax production as well as
 

man-made fibers; chemicals, including the production of paper products, leather
 

goods, phosphoric acid, recycled rubber, and paint; and building materials, par­

ticularly heat resistant glass, sand bricks and hollow concrete blocks, and prefab­

ricated housing. The Egyptians are interested also in research on a number of as­

pects of developmental economics, technology transfer and adaptation, nutrition
 

and food planning, water resources, and population studies.
 

We have been in contact with Dr. Ismail to discuss the possibility of
 

establishing some form if collaborative research relationship wth
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MIT under the auspices of the Technology Adaptation Program. Professor Moavenza­

deh has suggested that he, Professor Richard Eckaus ot the Economics Department, 

and Professor Nazli Choucri of the Political Science Department visit Dr. Ismail 

in Cairo sometime during the fall in order to explore avenues for joint research 

and development efforts. The MIT group would meet not only with individuals from 

the Departments of Economics and Engineering at Cairo University, but also with 

the Ministers of Finance, Planning, Economics, Public Works, the High Dam, and So­

cial Affairs; in addition, they would establish contact with other individuals and 

government agencies such as the Suez Canal Authority, the Supreme Council for Popu­

lation Planning, and the Governor of the new province of Al Wadi El Guidid. 

Although the MIT-Egyptian relationship is still in the early stages of de­

velopment, members of the Technology Adaptation Program Steering Committee feel 

that a strong potential for productive collaborative efforts does exist and should 

be pursued. 

V. PROPOSED CONTINUATION OF THE TECHNOLOGY ADAPTATION PROGRAM AT MIT
 

A. General Background
 

As a result of our recent experiences with transferring and adapting techno­

logy to the current needs and conditions of emerging nations, we have noted that
 

for many of these countries the patterns of their development depend in part on
 

their ability to borrow technical expertise from the industrialized countries. This
 

accelerated rate of change has created a variety of new situations with social, ec­

onomic, and political consequences which are as yet not clearly understood. What is
 

apparent is that the technologies most useful and appropriate to the conditions of dev­

eloping countries are not necessarily those inherently shaped by mass production, cap­
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ital-intensive practices, inexpensive ene-iy, and so on 

Since social and political realities tend to mold the nature and course of 

technoloqical change and of the diffusion of technology as much as do practical 

questions of "hardware", industrialization is concerned with thiese former factors 

as much as with "purely" technicai procosses his face cerLi ,ly does not ruc,
 

that emerging nations either can or should ignore the advantages n. technologies 

available from more industrialized countries. It does apur it indicate, Lowever, 

that any development strategy must take into account a vriet of factors in decid­

ing how, when, and in what manner to transfer and adapt technicul Knwledg, to che 

special conditions and needs of the recipient nation. 

Although we lack a complete understanding of the industrialization proces' 

itself and of the technical inputs nest useful at various stages of technological
 

development, rany people both in tne developed and thL developing world have va­

luable insights about one or another aspect of such problemq. At All thete is a
 

particularly rich body of institutiondlized and individual n',wlede which pro­

vides the basis for further work in this area There are formal reqerch pro­

grams such as the Energy Laboratory, the Center for Transportation Studies, te 

Center for International Studies, the Center for Policy Alternatives, and the In­

ternational Nutrition Planning Program. There are also a number of individuals 

involved in areas of research related to TAP interests, ranging from activities 

in transportation, energy, and water resources to development economics, the po­

litics of population, and foreign policy concerns.
 

B. Principal Objectives 

The long-term objective of the proposed continuation of the Program remains 

basically the same, "to develop a broadly based body of expertise at MIT concerned 

with the exploitation of technology for public works and industrial development in 
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developing countries." In order to better understand the processes that enable
 

technology to contribute to industrialization in these countries, the Program will 

focus on
 

(1) developing analytic techniques for determining the appropriateness 

of certain technologies to the environments of specific coutrles,
 

(2) identifying the factors which inhibit the tr-nsfer and adaptation of 

technologies appropriate for economic and social development in emerg­

ing nations,
 

(3) understanding the processes by which technological and managerial skills 

can be introduce], disseminated, and used ,ffectively in developing
 

countries; and
 

(4) finding efficient techi-cal olutions to problems of concern to specific 

emerging nations on a case study basis, enabling MIT not only to expand 

abilities useful in knowledge r.ransfer, but also to create joint prob­

lem-solving capabilties with institutions in these countries.
 

To ,Teet these objectives we propose to perform research in specific prob­

lem areas, foster joint collaborative working relationships with institutions in 

selected developing countries, develop special curricula, and train both American 

and foreign graduate students. The Institute will draw upon its engineering, eco­

noinic, anagerial, and political science skills in order to create a multidisci­

plinary approach to the solution of development problems. In selecting specific
 

countries and problem areas for collaborative research we will consider no- only
 
J
 

MIT's specialized expertise but also the individual country's developmental prio­

rities and those of AID. 

C. Program Elements 
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Extending the grant period of the Technology Adaptation Program would not
 

only as3ist in maintaining and strengthening the body of expertise already deve­

loped at MIT in the fields of technology, economic development, und international 

affairs, but would alse expand the knowledge bases re!liL,,i )o t:ese dreas. An 

extension would md~e it possible to create a riore conerent CUILc on, rugi 


for interested students; it would 
 also provide a focus within the Institute for 

more effective interaction Between faculty and students and members of both the
 

national and in ternational development communi ties.
 

The proposed Program will consist of two broad categories of activities, re­

search and education.
 

1. Research
 

Extending the Grant will make a critical contribution to our current research 

by providing both a continuity of effort and the time necessary for the maturing oF 

specific programs. By continuing to make resources available for research, we wil" 

strengthen the interest of the MIT faculty in the problems of developing councries,
 

broaden specific areas of competence, and increase the applicability and utillty
 

of both individual and group efforts.
 

The proposed program of continuing research will include Lhose elements iden­

tified in Section IV for our collaborative working relationships. While we intend 

to focl;s primarily on programs dedling with technical research, we will also at­

tempt to recognize and account for the economic and socio-political constraints 

which often play a large role in determining the actual zuccess or failure of tech­

nological advances.
 

Depending upon the count­available funding, Program will select additional 

ries for developing collaborative research programs emphasizing both immediate and 

long-term solutions to specific technological problems. The criteria for selecting 
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these additional countries will remain the same as those applied to the selection 

of Colombia and Egypt for our current program. These include the presence of 

sucable, well-staffed research and educational agencies in the country, the will­

ingness of such groups to cooperate on mutually acceptable areas of interest, and
 

the agreement of the AID Office of Science and Technology and the local AID Mission 

on the appropriateness both of the chosen country and the problem area. 

Two countries which appear suitabie for potential joint collaborative efforts 

are Brazil and Turkey. Both have already developed strong technological infra­

structures and are seeking specific advanced technical cooperation, particularly 

in the areas of analytic management, planning, design, and control techniques. 

2. Education
 

The proposed Program will provide for the following educational activities 

at MIT: 

(1) Graduate Student Fellowships: The Grant will provide a limited number
 

of Fellowships (5-10) for qualified American and foreign graduate students already 

admitted to MIT's regular departments. A TAP Fellow will be required to take a
 

certain number of subjects in fields related to the process of development and
 

write a thesis dealing with some aspect of technology transfer and adaptation in 

developing countries. The candidates will be selected and reviewed once a year
 

by the Program Steering Comnittee. 

(2) Graduate Student Research Assistantships: Each project funded by the 

Program generally will have one or more graduate assistants performing various 

research duties for a senior investigator. Since such students are encouraged 

to use these research materials in their individual theses, their financial sup­

port by the Program contributes not only to furthering the project itself, but 
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also to helping provide a graduate-level education to students interested specifi­

cally in the problems of development. 

(3) Graduate Program: We intend to develop an interdisciplinary graduate 

program, at the Master's level, de ,cgned for those stud-n,, 1,:. -esteal 1, L6 ,j . 

mental issues in fiflds of 2nnineerinj such as energy, Lr,,,, ' 

sources, mechanical design, metal processing, food, and te.iIK- Lcchnolugy. 

addition to fulfilling the regular requirements in their respeciLve engineering 

disciplines, students will take a core program consisling of seveal ,uhjecLs 

oriented toward developing countries in areas of speclzlZe1Z Uriqitf'rin,, 

mics, political science, and management. Their theses will bE on subju.LT "e ,a 

to developmental problems of emerging nations. The graduates o Lhl program ,,1 

be highly specialized engineers with a background in and 3 knowieugje of lcveiop­

mental issues related to their own respective areas of expertise 

(4) Course Development: Funds in the form of salary support and/or teachiln 

assistant ,upport will be made available to faculty members for the c)eaLion ol 

graduate or undergraduate subjects related to issues of develupmren, we expect co 

provide support for a minimum of two subjects during each year of che Grant. W4a 

are interested primarily in locating these subjects in engineer ng departmencs 

where technological analysis will be focused on problems of development. 

(5) Foreign Scholars and Research Workers: Through options currently avdll­

able at MIT's Center for Advanced Engineering Study the Program will invite a li­

mited number of foreign visitors to attend the Institute for a specified length 

of ti.-e in order to participate in research and educational activities concerned 

with technology transfer and adaptation. 

(6) Workshops and Conferences: The Program will continue to develop work­

shops and seminars dealing with problems of technical assistance. Such gatherings 

aid in establishing paths of comunciation between academic researchers and pro­
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fessionals from other institutions and agencies; whether the meeting is a smai1, 

informal workshop or a larger, more formal conference or syfposium, we wiII seek 

full participation frrin groups and individuals in emerg i ,iiol,s 

(7) Library and Pesource naterials As in the EidSt1, GranL tWids wi ll be 

used to supplemenL wne resource WdLerals of i ndi vi dua ra!e:s.c5cT,. 

acquiring a complete centralized document collection is considered too costly, cn­

verting funds from other parts of the Program, most library arid resource material 

acquisition will continue to depend upon the Institute's general library funds and 

facilities.
 

(8) Linkages with LDC Institutions: To be successful the Program requircs 

effective contacts, including exchanges of faculty and students, with instituti,.-s 

in emerging nations that can contribute to our understanding of developmental p1,o,­

lems. MIT intends to continue to build upon its already substantial ties with va­

rious individuals, research and educational institutions, and governmental akjenc,,;s 

in emerging nations in order to foster research and promote academic and profess­

nal growth among all personnel involved. These efforts will include such joint re­

search collaborations as that currently underway between the MIT Technology Adapta­

tion Program and Colombia's COLCIENCIAS. 

(9) Travel: Funds from the Grant will continue to finance both domestIc and
 

international travel in connection with TAP-sponsored research. Such travel will
 

serve not only to seek out and establish linkages with specific research groups and
 

individuals, but also will provide MIT faculty and students with the opportunity of
 

observing the developmental problems of less industrialized nations in "real life" 

situations. In addition, foreign and domestic travel will give MIT researchers an
 

opportunity to consult with experienced scholars and other professionals, to estab­

lish contact with governmental agencies in emerging nations whose cooperation is
 

essential for successful collaborative research, and to bring together individuals
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from both the developed and the developing countries in workshops, conferences, and 

other Program activities. 
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APPENDIX 1
 

INDIVIDUAL RESEARCH PROJECTS
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TECHNOLOGY ADAPTATION PROGRAM-FUNDED RESEARCH PROJECTS, 1971 - 1972
 

Title: Application of Highway Cost Model to Venezuelan Road Transportation
 

Principal Fred Moavenzadeh
 
Investigator: Department of Civi! Engineering
 

The objectives of the research were to validate, calibrate, and implement a
 

Highway Cost Model developed at MIT in 1969-1970 under the auspices of the World
 

Bank and exnanded in 1970-1971 under the sponsorship of the Department of Trans­

portation. The model was desiqned to provide developing countries with a quantita­

tive means to evaluate alternative road construction options and select those most
 

suited to their overall needs, and to provide the international aid and lending
 

agencies with a similar tool to evaluate requests for grants and loans in road
 
transport sectors.
 

During the 1971-lq72 oeriod the TAP-funded research stressed the testing and
 
validating of the staged construction capabilities of the model. Through coopera­
tive work with the appropriate agencies in Venezuela, Brazil, and Colombia, field
 
data was collected for calibration purposes, and the caphilities of the model as
 
a tool in the planninq of highway links and in the scheduling of maintenance and
 
reconstruction was tested and evaluated.
 

Title: Technology Adaptation in Water Resources Planning
 

Principal Professors Frank E. Perkins and David C. Major
 

Investigators: Department of Civil Engineering
 

The object of the research was to study the adaptation of advanced water re­

sources planning methods to conditions in less developed countries. The methods
 
used consisted of modern optimal public expenditure criteria embodied in computer
 
models primarily of the mathematical programming and hydrologic simulation types.
 

In 1971 most applications of sophisticated water resources planning methods
 
consisted of technology transfers rather than adaptations. The TAP research was
 
designed to improve this situation by developing a set of criteria for identifying
 
the nature and types of mathematical models appropriate to conditions in less in­
dustrialized nations. The project related to the needs of less developed countries
 
in water resources planning because the "simple" transfer of western technology was
 
apparently one of the principal factors resulting in many inappropriate water re­
sources projects and programs in these countries.
 

The research developed along three lines--(1) the analysis of countries in
 
terms of water resource problems, available data, decision structures, and other
 
relevant variables; (2) the analysis and evaluation of past applications of mathe­
matical modelling techniques to water resources planning in emerging nations in
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order to assess the favorable and unfavorable aspects of each of a selected number
 
of cases as an 
aid in developing criteria for technology adaptation; and (3) the
assessment of general theories and observations on technology transfer and adapta­tion to determine whether these are relevant to the adaptation of water resources
 
planning technology for use in developing countries.
 

Title: Urban Transportation Systems
 

Principal Professors Daniel Roos and Nigel Wilson
 
Investigators: Department of Civil 
Engineering
 

The program objective was 
to adapt and implement research techniques obtained

from several ongoing projects dealing with urban transportation systems analysis in
developing countries. The project attempted to build upon and apply results from
 
these studies to problems of urban passenger transport in emerging nations. 
 Latin

America was 
the focus of this effort, although the techniques are applicable to
 
other less industrialized countries.
 

The work proposed to model alternative transport systems in order to deter­
mine the correct mix of these systems and the optimal operating policies (fares,

routes, schedules) for each system. Efforts were made to apply the models to

specific cities in developing countries to demonstrate their utility.
 

Title: Air Transportation in Developing Countries
 

Principal Professor Robert W. Simpson

Investigator: 
 Department of Aeronautics and Astrona~tics
 

The purpose of this project was to develop within the Department of Aeronau­tics and Astronautics the capability of aiding authorities responsible for civil
 
avaiation in developing countries to deal with the problems of the growth of avia­tion. 
 The program attempted to find the patterns of air transportation system de­
velopment--airlines, aircraft, airways and airports--that would promote system growth

to, the advantage of a nation's overall economic development.
 

The project consisted of two overlappinq phases--first, the education of MIT
 
personnel about the 
 nature of the problems faced by developing countries in the
air transportation area, and second, the initiation of appropriate research pro­
grams in the host countries and educational programs at MIT.
 

Title: Systems Analysis as an Aid in the Development Process
 

Principal Professor Robert E. Stickney

Investigator: Department of Mechanical Engineering
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The objectives of the project were to provide a detailed test of the usefulness

and limitations of systems analysis as 
an aid to developing countries in their plann­ing and evaluation of alternative development programs, and to prepare several 
case

studies illustratinq the application of systems analysis to development problems

for inclusion in a new interdepartmental course.
 

1. Systems Analysis as a Development Aid: The initial test selected for the pro­
ject was the development of a systematic method for evaluating nutrition programs
for a developinq country. 
The project drew uoon two earlier graduate research

studies; one formulated an analytical approach to 
the evaluation of alternative

strategies For improvinq infant nutrition in developing nations, and another de­veloped an approximate method for determining agricultural production patterns that
would provide adequate nutrition for a given population while minimizing cost, land,

water and fertilizer. El Salvador was the country selected for this study.
 

2. Case Study Preparation: Support was given to developing case 
studies illus­trating the application of systems analysis to the problems of developing countries.

These case studies were included in 
a new subject offered in spring 1973, "Modelling

and Analysis of Systems Pertaininq to National Developmpnt."
 

Title: Materials Adaptation for Developing Nations
 

Principal Professors Nathan Cook and Peter Griffith
 
Investigators: Department of 'echanical 
Engineering
 

A recurrent technological problem faLing developing nations is the lack of engi­neering materials--steel, cast iron, polymers, and forth--and the resulting import
so 

burden on the economy. The objective of the project was 
to explore the availability

of local material substitutes which would satisfy necessary functional criteria.
 

Initial work focused on the feasibility of using a cement-based substitute for
conventional metals, oossibly using the "ferro-cement" technology developed during
the past decade for boat hull manufacture. Two problem areas were investigated,

concret, heat exchange shells and thp substitution of ferro-cement for machine com­
ponents.
 

1. Concrete Heat Exchange Shells: 
 The study attempted to determine the feasibility

of substituting concrete for cast iron and welded steel 
heat exchanger shells. Two
applications of this concept appeared particularly promising--steam condensers for
 power plants, and air conditioning or regrigeration system freon evaporators.
 

2. Substitution of Ferro-cement for Machine Components: 
 The study investigated

the feasibility of adapting "ferro-cement" technology to the construction of ma­
chine parts such as pump housings, machine frames, and the like. 
 The total problem
was subdivided into several 
tasks concerned with material properties, strength,

corrosion, and so forth; methods of attaching mating parts; "machining" of ferro­
cement parts; and rotary and linear bearing problems in ferro-cement components.
 

Title: 
 Transfer and Adaptation of housing Technologies
 
to the Needs of Developing Areas
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Principal Professors John F. C. Turner and Ian Donald Terner
 
TFvestigators: Department of Urban Studies and Planning
 

A study was undertaken (1) to analyze the simple, locally-inspired ways in
 
which developing nations might use indigenous materials and capabilities, supported

by new technology, to improve the safety, speed, and ease of self-h2lp building met­
hods; (2) to create several documented case studi-
s and other teaching materials
 
that could be packaged for short-term training institutes to be held at MIT or at

various locations throughout the world; (3) 
to document the failures of industria­
lized housing technology transfers from developed to less developed nations and
 
nelp to formulate policy guidelines to prevent the repetition of such failures in
 
the future; and (4) 
to document the impact of new technologies, as less developed

nations attempt to use them in construction sector modernization programs. In this
 
context impact was viewed not only in terms of quantity and quality of dwellings pro­duced, but also in terms of what segments of the population were the recipients

of such dwellings, what settlement patterns were implied, and what effects such ef­
forts had on construction emploympnt, income distribution, balance of payments, mi­
gration patterns, and so forth.
 

Title-
 Development of Basic Performance Standards for Urbanization and
 
Housing Technoloaies Through Testinq of Models in 14airobi, Kenya 

Principal Professors Horacio Caminos and Reinhard Goethert 
investigators: )epartment of Architecture 

The objective of the project was to develop basic performance standards for

urbanization and housing technologies, includinq environmental conditions, physical

characteristics, utility networks, service facilities, regulations, circulation sys­
tems, housing systems and land development opportunities. The project was designed

also to strengthen riT's capabilities in the field of technoloqy transfer by ex­
panding the Department of Architecture's current Latin American expertise 
to an
 
African context. In addition to broadening the experience of faculty and students
 
involved in the project, the research contributed to the development of a course at
 
the Institute on housing standards.
 

During the 
summer of 1972 a group of MIT faculty and graduate students visited
 
Nairobi, Kenya, to evaluate local housing systems, future housing needs and perfor­
mance requirements. 
Field studies, workshops, and seminars in collaboration with
 
the University of Nairobi and the Nairobi City Council aimed at formulating tenta­
tive performance standards for comparison with U.S. and Latin American references.
 
Models were prepared to test the standards during 1972-1973.
 

Title: Organizational Studies and Development
 

Principal Prnfessors George Farris and Anthony Butterfield
 
Investigators: Sloan School of Management
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The project attempted to design a long-range program leading to the institu­
tionalization of organizational research and development capabilities in Brazil.
 
Little is known about organizations and how they relate to their environment in
 
developing countries, or how they cause and are influenced by the processes of eco­
nomic development. The project aimed at eventually creating a center or other type
 
of institution for the study of these types of problems.
 

At the end of approximately eight years, such a center would have signifi­
cantly advanced knowledge about organizations in their environments; would have as­
sisted many Brazilian orqnaizations to become more operationally effective; would
 
have trained many Brazilian executives and administrators in organizational research
 
and development; and would be producing advanced graduates with a Brazilian faculty
 
and staff. The center ideally would be to a considerable extent self-supporting
 
through studies in client organizations, both public and private, and would serve as
 
a "home base" throuqh which MIT qroups could work on problems of technology adapta­
tion in Brazil, in collaboration with Brazilian colleaques. Such a center would al­
so provide case material regarding problems in the management of technology in deve­
loping countries for inclusion in courses at MIT.
 

Title: The Nature of Research and Development by Industrial 
Firms in India (Research for a Doctoral Thesis) 

Principal Bruce Kutnick, Graduate Student, Sloan School of Management 
Investigator: Supervised by Professor J. Bhaowati 

A twelve-month study was undertaken on the nature of research and development
 
by industrial firms in India, with particular emphasis on the chemical and pharma­
ceutical industries. Indian research and development was selLcted because it ap­
pears oriented toward adapting imported processes to the use of domestically avail­
able inputs, an approach different from that of other countries where research and
 
development is aimed at product changes and "improvements" and toward cost reduc­
tions through such processes as capital savings. Research and develooment in India
 
rather reflects the whole strategy of imoort-substituting development.
 

The study reviewed and analyzed research and dpvelopment efforts, expenditures,
 
and accomplishments in the Indian economy as a whole but focused primarily on the
 
chemical and pharmaceutical industries since they account for a substantial portion
 
of industrial research and development. ThE research and development investment
 
behavior of multinational corporations in these industries was alse investigated.
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TECHNOLOGY ADAPTATION PROGRAM-FUNDED RESEARCH PROJECTS, 1972 - 1973
 

Title: 	 Application of Highway Cost Model
 
to Venezuelan Road Transportation
 

Principal 	 Professor Fred Moavenzadeh
 
Investigator: 	 Department of Civil Engineer 'j 

With the support of -he Technology Adaptation Program Professor Moavenzadeh
 
and his colleagues continued their work on highway cost modelling. Research acti­
vities focused on 	data collpction and development and preparation of highway inven­
tory systems. The purpose of this research was to test and validate stage construc­
tion capabilities of the model as a tool in planning highway links and in the sche­
duling of maintenance and recon'struction.
 

The model is designed to provide developing countries with a quantative means
 
to evaluate alternative road construction options and select those most suited to

their overall needs, and to provide the international aid and lending agencies with
 
a sinilar means for evaluating requests for grants and loans in road transport sec­
tors.
 

Title: 	 Water Resources Technoioqy Adaptation
 

Principal 	 Professors Frank E. Perkins and David C. Major

Investioators: 	 Department of Civil Engineerinq
 

The objective of this project was to investiqate the extent to which modern
 
water resource planning technology is apolicable to the planning process in less de­
veloped countries, and to assess the potential benefits which might derive from
 
the increased utilization of this technology.
 

Procedures currently used in less developed countries and even in some indus­
trialized nations include planning single projects for single purposes, using in­
vestment criteria which are almost exclusively market-oriented, neglecting basin or

regional considerations, and maintaining little relation among individual 
projects

and overall national goals.
 

Modern water resources planning technology, however, can be characterized by

an 
integrated use of the complete set of optimal public expenditure criteria, and
mathematical modelling techniques relating investment criteria and the water re­
source system. Although the technology defined by these two components has been
applied in a reasonably complete form in only a few cases, there is evidence that

itwill become a standard basis for federal planning in the United States and thus

will have an influence on the criteria used by international funding agencies.
 

Title: 	 Urban Transportation in Developing Countries
 

35
 



Principal Professors Nigel Wilson and Daniel Roos
 
Investigators: Department of Civil Engineering
 

The objectives of this study were to learn about factors influencing urban
 
transportation planninq and investment in large Latin American cities, many of which
 
are now in the process of making major and far-reaching decisions about their fu­
ture urban transportation systems. 
 Durinq the first year of the project a study was
 
undertaken of the ranqe of available systems and of those in the planning stages,

the institutlonal regulatory and economic frameworks for these systems, and the
 
area's specific transport needs. In the second year attention was directed toward
 
analyzing feasible transportation alternatives to identify the incidence of costs
 
and benefits in different situations.
 

There were two primary goals of the project research. First, model systems

describinq the operation of alternative urban transportation riodes were developed
 
to determine the most efficient mix of transport services in a given environment.
 
Second, an attempt was made to 
identify and measure the incidence and amount of be­
nefits associated with a major urban transportation investment. An important olit­
put of this analysis was a review of the institutional and requlatory framework 
necessary for efficient urban transportation services.
 

Title- Air Transportation in FDevelopin Countries
 

Principal Professor Robert W. Simpson 
Investigator. Department of Aeronautics and Astronautics
 

The first objective of the project was to educate pcrsonnel at the Flight
Transportation laboratory about the nature of the problems faced by developing
 
countries in the ficld of air transportation.
 

As a result of various investigations and visits to organizations active in
 
international aviation, the Laboratory determined that the most immediate way it 
could help developing nations would he to organize an Advanced Study Program in
Air Transportation at the MIT Center for Advanced Fngineering Study. This multi­
disciplinary program covers technology, management, economics, law, operationsand 
research, and is designed to prepare the participant for a career in managing and
 
planr'ng the development of air transport systems.
 

Title: 
 Systems Analysis as an Aid in the Development Process
 

Principal Professor Robert E. Stlckney
 
Investigator: Department of Mechanical Engineering
 

The object;veh of this project were to provide a detailed test of the 
use­
fulness and limitations of systems analysis as a planning and evaluation tool in
 
less developed countries, and to prepare several case studies illustrating the ap­
plication of systems analysis to development problems.
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The initial test selected for the project was the development of a systematic

method for evaluating alternative nutrition programs for a developing country. An
 
attempt was made to develop a detailed model of the principal factors influencing

the nutritional and health stacus of young children (0 to 3 years of age) of low
 
income families in developing countries. In addition, research was performed in El
Salvador on problems relating to nutrition planning such as the formulation of simple
analyses to help thp nutrition planninq group design and evaluate low-cost ftud sup­
plPmentation programs (including some nutrition education and medical forcare) 
young children and pregnant women, and a qualitative examination of a systems ap­
proach to the nvaluation ot various alternative nutrition-related programs now being

considered by the government of El 3alvador.
 

Title: 	 Materials Adaptation for Developing Nations
 

Principal 	 Professors Nathan Cook end Peter Griffith
 
Investigators: 	 Department of Mechanical Engineering
 

lhe objective of the Dro,]ect was 
to explore and evaluate the possibility of us­
ing a cement-based substitute for conventional metals. Ferro-cement was chosen as
 
a possible substitute material candidate. in two areas, the construction of machine
 
parts and the construction of heat exchanger shells.
 

The grant supported the research of four students in the area of construc­
tLion of machine parts. The work of two students focused on an analysis of terro­
cement Iroperties 	such as optimum mortar strength characteristics, qualitative

mesh analysis tests, ultimate bending moment tests, and deflection due to bending

tests. 
 Another student worked on the application of ferro-cement in bearings.
 

Title: 	 The Transfer and Adaptation of Houslig Technology
 
and Standards to the Needs of Developing Countries
 

Principal 	 Professor Ian Donald Ttrner
 
Investigator: 	 Department of Urban Studies and Planning
 

During the second year of this project TAP funds supported the research acti­
vities of eight graduate students (five from developing nations and three from the

United States), under the direction of Professor Terner, in the following areas:
 
(1) the relationship between housinq policy and technology in Korea; (2)the rela­
tionship between housing policy and technology in East Africa; (3)the political

implications of foreign assistance in the area of imported/transferred housing tech­
noloay, (4) the special aspects and requirements of emergency and disaster housing

technologies, (5)compatibilities and misfits between housing technolugy and as­
pects of en.ironmcnt and life style; (6)the coordination of housing components

and the feasibility of self-sufficient building kits; (7)case studies of the impact

of industrialized building technology in developing areas; and (8)the industria­
lization and the site--new technology applied to site preparation and infrastruc­
ture.
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Mr. Bruce Kutnick spent approxinately eight months in India studying the ex­
tent, scope, and underlying motivating forces of industrial research and development
 
in India. He used multi-variable regressin analysis to identify variables such as
 
minimum firm size, annual profits, internal funds, investment behavior, import and
 
export performance, and managerial attitudes, all of which influence the decision
 
to initiate and carry on research.
 

Mr. Kutnick also attempted to investigate such factors as the following: With­
in the firm, how are R & D decisions made and by what criteria are funds allocated
 
to projects? How effective has the investment in research been? How has private
 
business responded to the direct and indirect incentives for R & D established by
 
the government? Have research efforts made Indian products more competitive in
 
world markets? Do multinational corporations follow a different type of research
 
strategy than indigenous Indian firms? To what extent is securing foreign techno­
logy a substitute for or a complement to domestic R & D?
 

Title: Electromagnetic Prospecting for Subsurface Water inArid Regions 

Principal Professor George Simmons, Department of Earth and Planetary Sciences 
Invest gators: Professor John V. Harrington. Department of Electrical Engineering 

The objective of this project was to develop a new electromagnetic prospecting
 
technique for subsurface water for use in arid regions. An immediate urgency in
 
this project stems from the severe drought conditions in West Af-ice coupled with
 
the likelihood that the use of this technique will improve significantly thp pro­
babiiity of drilling successful water wells.
 

InJune 1973 field tests were conducted near El Paso, Texas, with laboratory
 
equipment. The site was chosen because of its arid climate, ease of logistics,
 
excellent understanding of subsurface hydroloay, availability of previous geophysi­
cal data, well-control of depths of water, and the broad range ef depths to the wa­
ter table (5 - 100 meters). The simulation of both surface and subsurface condi­
tions inMali and Senegal was excellent. The first El Paso tests thus were inten­
ded to demonstrate the validity of the theoretical concepts and to debug pre-proto­
type field equipment.
 

Title: 	 The Leadership Roles and Potential of Business Managers in
 
Economic Development and Transfer of Technology in LDCs of Africa
 

Principal Professor Willard R. Johnson
 
Investigator: Deparijiient of Political Science
 

The purpose of the project was to document and analyze the real life experience
 
of business managers in cer.ain African countries in promoting general political
 
and economic development and the transfer of industrial technology to the host en­
vironment. The project developed collaborative relationships with relevant East
 
African professionals, business leaders, training institutions and government
 
agencies. The project also investigated the need and potential for undertaking
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a long-rarie program focused on developing local management skills needed to per­mit a particular African country to take over the contr' 
 of highly sophisticated

industrial technology.
 

Title: 
 Technology Adaptation in the Textile Industries of LDCs
 

Principal Professor Stanley Backer and Dr. Stelios Arghyros
Investigators: Department of Mechanical Engineering
 

The Fibers and Polymers Division of the Mechanical Engineering Department has
provided Institute students with courses dealing with fundamentals of textile science
and engineering, particularly in the area of materials properties, textile processes
and their interaction. Inaddition, undergraduate and graduate students in colla­boration with faculty members have been involved in basic and applied research pro­jects 
that bring them in contact with the most recent development in the field of
 
text;ies.
 

The emphasis, however, has been on the technical problems of the textile in­dustry in the United States. The objective of this project was to strengthen the

curriculum in the textile area by developing case studies, and technical and eco­nomic information directly applicable to the problems of the textile industries
 
of developing nations.
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TECHNOLOGY ADAPTATION PROGRAM-FUNDED RESEARCH PROJECTS, 1973 - 1974
 

Title: Transfer and Adaptation of Technology in Construction 

Principal Professor Fred Moavenzadeh 
Investigator: Department of Civil Engineering 

With the continuing support of the Technology Adaptation Program Professor
 
Moavenzadeh undertook a project which consisted of studies of three separate
 
aspects of the construction industry--(l) the Construction Industry and the
 
Process of Development; (2)Labor Substitution in Highway Construction in Nepal;
 
and (3)Fhe Cement Industry in Developing Countries.
 

1. The Construction Industry and the Process of Development. Efforts in this
 
area focused on preparinq two reports on the industry, the first dealing with
 
construction in Lhe U.S and the second with construction in developing coun­
tries. The emphasis in both reports is placed upon the importance of construc­
tion to the national economy, and upon the issues facing the industry as a
 
whole. These issues are divided into four categories--economics and financing,
 
labor, technology, and management and organization.
 

2. Labor Substitution in Highway Construction in Nepal- This project attempted
 
to develop a comparative study of five road construction projects in Nepal. The
 
purpose of the study was to provide the necessary data base for economic evalua­
tions of labor substitution techniques used in these projects.
 

3. Cement Industry in Developing Countries: Work in this area is intended to 
provide an insight into those aspects of construction which are most similar e 
the manufacturing process, that is, the construction materials' industry. Cement 
was chosen for this study because it is the only material used solely in construc­
tion, its production is relatively regionalized, and it is one of the first modern 
building materials that the developing countries attempt to produce locally. 

Title: Water Resources Technology Adaptation
 

Principal Professors David C. Major and Frank E. Perkins
 
Investigators: Department of Civil Engineering
 

The objective of this project has been to investigate the adaptation nf
 
modern water resource planning technology to the water resource planning p-1­
cess in less developed countries. The project then attempted to assess the
 
potential benefits and tradeoffs which might result from such a technological
 
transfer and adaptation.
 

On the basis of the literature review and case study work of the first year,
 
Korea, specifically the Han River basin, was selected as the focus of a detailed
 
case study of water resources technology transfer and adaptation. The Han River
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basin was chosen because of the substantial aid given to the Korean government
 
by the U.S. through the Bureau of Reclamation, which resulted in the Han River
 
Basin Report (1971). In addition, good relationships had been established both
 
with the U.S. and the Korean planners of the Han through the previous year's
 
work, so that during 1973-1974 a body of data on the transfer and adaptation
 
of technology in the Han planning effort was built up that is unusual in scope
 
and quality.
 

The main purpose of the study and extensive data collection was to develop
 
substantial instructional materials for course work at MIT. The study will pro­
bably be published eventually for educational use elsewhere, based on the ex­
perience gained from the use of the case study in the MIT subjects.
 

Title. Urban Transportation in Developing Countries 

Prlnclpal Professors Nigel Wilson and Daniel Roos 
Invcstigators Department of Civil Engineering 

The objectives of this study were to learn about the characteristics of
 
urban transport systems and the factors influencing the financing of these
 
systems in large Latin American cities Two major research projects were com­
pleted during 1973-1974. The first dealt with the characteristics of typical
 
urban transport systems including organizational, institutional and regulatory
 
environments as well as cost and ridership relationships; the second dealt with
 
financing alternatives for public transport in developing countries.
 

One of the most significant problems the group discovered was the lack of
 
regulation of the transport inoustry and the convoluted structure of those regu­
lations which do exist. In general, regulation is weak and uncoordinated, re­
sulting in a highly variable amount of service and in fare levels which are not
 
related to cost structure.
 

In this project, theoretical, current, and potential policy alternatives
 
for financing urban mass transit were examined. Performance and cost models
 
were developed in order to investigate the role of each transport mode. The
 
major conclusion reached by applying this methodology to several case studies
 
(Bogota, Caracas, San Jose) was that inefficiencies in operations, encouraged by
 
inadequate regulations, currently result in ineffective service even though a
 
large amount of resources are consum2d. More effective monitoring and regulation
 
could result in better services at the same or slightly reduced fare levels.
 

Title: Air Transportation in Developing Countries
 

Principal Professor Robert W. Simpson
 
Investigator: Department of Aeronautics and Astronautics
 

A2
 



The original purpose of this grant was to develop within the Department
 
of Aeronautics and Astronautics the ability to aid authorities responsible for
 
civil aviation indeveloping countries in dealing with the problems of the growth
 
of aviation. During 1973-1974 the Flight Transportation Laboratory pursued the
 
objectives of identifying the problems faced by developinq countries in the air
 
transportation area, and of expanding MIT's educational program tu respond to
 
the needs of developing countries.
 

The multidisciplinary program developed at MIT's Center for Advanced Engi­
neering Study during the first year of the grant, the Advanced Study Program in
 
Air Transportation, was continued. The Flight Transportation Laboratory con­
tinued its efforts to make the program known to personnel from developing coun­
tries through personal contacts and, more formally, through periodic mailings.
 
The program is becoming reasonably well known throughout the world as MIT conti­
nues to receive inquiries concerning its activities.
 

Title: Systems Analysis as an Aid in the Development Process 

Principal Professor Robert E. Stickney 
Investigator: Department of Mechanical Engineering 

The principal concept of this project was that a simplified form of systems
 
analysis could prove to be an extremely useful tool for national planning groups
 
in developing countries. The research focused on the potential use of systems
 
analysis in planning efforts relating to food and nutrition problems. To gain
 
a more realistic understanding of this problem area Professor Stickney arranged
 
to spend nine months (September 1973 to June 1974) at the Institute of Nutrition
 
of Central America and Panama (INCAP) in Guatemala, an organization with which
 
he had established a close collaborative relationship during preceeding years.
 
Both Professor Stickney and INCAP were sufficiently enthusiastic about their
 
collaborative work that avrangements were made to enable him to stay for a second
 
year, until September 1975, and MIT agreed to extend Dr. Stickney's leave of ab­
sence.
 

The grant from the Technology Adaptation Program enabled Professor Stickney
 
to continue to employ Kyriakos Sarris as a research assistant at MIT; Mr. Sarris
 
was assisting in the development of a pre'iminary model of the dependence of
 
child mortality on malnutrition, as well as the dependence of malnutrition on
 
previous nutritional status and age.
 

Title: Materials Adaptation for Developing Nations
 

Principal Professors Nathan H. Cook and Peter Griffith
 
Investigators: Department of Mechanical Engineering
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This project evolved from its primary area of research into a considerably
 
broader program. 	The researchers initially planned to investigate only the adap­
tation or substitution of specific engineering materials, particularly ferro­
cement, in developing nations. As a result of a visit of Colombia, however, the
 
scope of the work 	was enlarged to include other manufacturing-oriented problems.
 
The ferro-cement effort in Colombia was Jirected towards the development and
 
testing of ferro-cement railroad ties, a project which was an outcome of the
 
collaborative working relationship developed with the personnel of the Instituto
 
de Investigaciones Technologicas in Bogota.
 

During 1973-1974 all MIT personnel supported by the TAP were concerned with
 
research related to ferro-cement. The efforts ranged from determining basic
 
characteristics to producing a relatively large centrifugal pump-housing from
 
ferro-cement.
 

During the past two years of the project the primary group has been conduc­
ting research to determine whether ferro-cement can be used as a building material
 
for simple machine parts. The first year was spent determining the optimum sand,
 
cement, and water 	ratios, best mesh configuration, and basic properties of the
 
composite. During the second year the group effort was concentrated on three
 
tests--(1) creep, 	(2)fatigue, and (3)use of ferro-cement for journal bearings.
 

The project also involved investigating whether ferro-cement can be used
 
for machine parts. For this investigation the group built an axially-split cen­
trifugal pump casing. The next step will be the casting of ferro-cement over an
 
integral wax mold.
 

Title: 	 The Transfer and Adaptation of Housing Technology and
 
Standards to the Needs of Developing Countries
 

Principal 	 Professor Ian Donald Terner
 
Investigator: 	 Department of Urban Studies and Planning
 

During the third year of this project research was undertaken by Professor
 
Terner and graduate students working under his direction in the following areas:
 
(1)a study of squatter housing policy and national development in the Philippines;
 
(2)the development of a methodology for evaluating a national hCusing plan in a
 
developing nation, based on a case study of Taiwan; (3)an evaluation of the
 
applicability of self-help techniques to residential infrastructure systems,
 
recommending the use of irregular, small-scale, incremental systems for resi­
dential utilities; (4)a study of the need for alternative technologies for resi­
dential infrastructure, particularly water and waste disposal systems, and devel­
opment of the performance criteria and relative costs of a number of alternative
 
technologies; and (5) a field survey on alternative water supply systems for the
 
squatter settlements of Seoul, Korea.
 

During the second year of the project a draft textbook and reference set
 
on housing policy and technology in developing areas was prepared and distri­
buted to a number of institutions for trial use. During 1973-1974 the text was
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revised and edited based on reactions from this trial usage, and publication by
 
D.C. Heath is expected during the summer of 1975. The book has five major
 
sections--a review of the economic, social, and political contexts of housing;
 
a critique of public housing programs; a study of the relevance of industrialized
 
housing, a review of the relevance of self-help housing technology; and a study
 
of land and financing aspects of housing low income families. The book, provi­
siondlly titled Housing Low Income Families: An International Perspective, will
 
be ready for use in the academic year 1975-1976.
 

Title: Development of Basic Performance Standard for Urbanization 
and Housing Technologies through Testing of Models in Nairobi, 
Kenya 

Principal 
Investigators: 

Professors Horacio Caminos and Reinhard Goethert 
Department of Architecture 

During 1973-1974 the project focused on four major areas--(l) the develop­
ment and editing of the "Urbanization Primer", (2)updating the previous re­
search on 20 case studies in Nairobi, Kenya; (3)studying guidelines for urban
 
low income housing in Beirut, Lebanon; arnd (4)instituting a course on urbani­
zation issues in developing countries for a wider MIT audience.
 

The major work of the project was the further development and final editing 
of a study on basic urbanization standards, the "Urbanization Primer." The ori­
ginal guidelines utilized much of the past experience of the Urban Settlement 
Design Program which focused primarily on Latin America; the further development 
concentrated on incorporating information from the field studies in Kenya in the 
summer of 1973. Additional sections were added, including case studies of eval­
uations, surveys, and models of both dwellings and urbanization projects. 

The third area of work dealt with developing a pilot project for urban low
 
income housing for the Ministry of Housing and Cooperatives of Lebanon. The
 
model not only suggested guidelines for housing but was also a specific pro­
posal for the development of a particular site.
 

The last area of emphasis was the creation of a new seminar course, "Urban­
ization in Developing Countries: Dwelling and Land Uses," which deals with
 
those topics in such a way as to allow the larger MII community to gain an under­
standing of urbanization issues.
 

Title: The Nature of Industrial Research and Development in India
 

Principal Bruce Kutnick, Graduate Student, Sloan School of Management
 
Investigator: Supervised by Professor J. Bhagwati
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Mr. Bruce Kutnick spent approximately eight months in India studying the
 
extent, scope, and the underlying forces motivating industrial research and
developmnent in India. In the 
course of his research Mr. Kutnick interviewed

personnel 
from more than 80 firms, industrial associations, research centers,

and government agencies and ministries.
 

Some of the preliminary results of Mr. Kutnick's study include the following:
(1) Indian firms that undertake R & D have not, in general, 
been more prone to
export their technology or to establish manufacturing operations overseas than
have non-R & D perfnrming firms. 
 (2)Affiliates of multinational corporations
were found to follow a somewhat different research strategy than wholly-owned

Indian firms. The majority undertook development activities that dealt only
with their local manufac+uring problems, looking almost exclusively to theirparent corporation for new products or different manufacturing techniques. 
 Most
of the wholly-owned Indian firms engaging in R & D, however, were primarily
involved in import substitution development activities, and were more likely to
search for new products and new technologies from several different sources, in­cliding Indian national laboratories. (3) In the pharmaceutical and dyestuff
industries a positive c(rrelation was 
found between research intensity and some

characteristics that 
one might associate with a "progressive" firm--i.e., export
intensity, profitability, net capital investment, and sales growth. 
 None of the
firms studied, however, claimed that their current success was a result of their
 own R & D output, since research was frequently undertaken in response to the
government's policy restricting imports of industrial goods and technologies.

Firms that conducted R & D expected that the government would show them pre­
ference when allocating expansion and import licenses.
 

Title: Electromagnetic Prospecting for Subsurface Water in Arid Regions
 

Principal Professor James Meyer
 
Investigator: Energy Laboratory
 

The initial phase of this project was completed during the past year under
the direction of a new principal investigator, Professor James Meyer of the MIT
Energy Laboratory. Originally sponsored by the TAP, the project was awarded an
additional grant during 1974 by the Center for Space Research and is
now seeking

funding for the next phase of the program.
 

The primary objective of the project was to develop a 
method for finding
ground water in arid regions. It appeared that techniques originally developed
for electromagnetic probing of the lunar interior and other techniques developed
for the generation of high-power audio frequencies could be combined to create
a magnetic inductive coupling system for rapidly measuring ground conductivity

profiles, which are immensely useful when prospecting for the presence and
 
quality of subsurface water.
 

The project undertook the study and eventual conceptual design of a system
which involves measuring the direction, intensity, and time phase of the magnetic
field observed near the surtace of the earth at a 
distance from a horizontal coil
 

46
 

'4 



energized so as to create a field that penetrates the earth. The research group
 
hoped to be able to deduce the conductivity and stratification of the subsurface
 
from such observations.
 

As a result of the theoretical studies and a rudimentary experiment in an
 
arid region of the United States, the group can now show that the approach under
 
consideration is conceptually valid and that this geophysical prospecting tech­
nique deserves to be developed into a pragmatic system for the economical ex­
ploration of subterranean water resources.
 

Title: The Leadership Roles and Potential of Business Managers in 
Economic Development and the Transfer of Technology inAfrican LDCs 

Principal Professor Willard R. Johnson 
Investioator: Department of Political Science 

During 1973-1974 TAP funds for this project supported travel within the
 
United States, to London, and to Africa to conduct interviews and collect docu­
mentary source materials, and to prepare this interview material for analysis.

The researchers also accumulated and analyzed relevant documentary material and
 
wrote draft reports and study papers on their findings.
 

During the summer of 1973 Professor Johnson and his research assistant
 
focused their studies on two areas--the role and performance of international
 
business and parastatal business organization as vehicles for transferring tech­
nology to developing areas and in promoting economic development; and on manage­
ment training for business contributions to economic development.
 

Professor Johnson made several field visits in order to examine documenta­
tion concerning the various issues under investigation, including company and
 
organization files, annual reports, newspapers, and government reports and
 
statistics. In addition, he visited with personnel in charge of management
 
training operations in individual businesses, training institutes, and at uni­
versities.
 

Title: Technology Adaptation in the Textile Industries of LDCs
 

Principal Professor Stanley Backer and Dr. Stellos Arghyros
 
Investigators: Department of Mechanical Engineering
 

The objective of the project was .ostrengthen the curriculum in the Fibers
 
and Polymers Division of the Department of Mechanical Engineering in the textile
 
area by developing case studies and technical and economic information pertaining
 
specifically to the problems of the textile industries of less developed countries.
 
The project has now been completed, and the process of incorporating the material
 
developed during 1972-1973 into new and existing courses. Professor Backer hopes
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to continue emphasizing the subject of technology adaptation; in the original
 
proposal for this project, one objective was the generation of interest in further
 
research on technical problems relevant to LDCs. Such interest did, indeed,
 
develop, a new project, under the direction of one of Professor Backer's Research
 
Associates, was funded by the TAP and is discussed later in this Appendix.
 

Title: Colloquium on Assessing the Economic and Environmental 
of Alternative Urban Growth Strategies 

Impacts 

Principal 
Investigators: 

Professors Lloyd Rodwin and Lawrence Susskind 
Department of Urban Studies and Planning 

In the spring of 1973 members of the School of Architecture and Planning
 
held a series of colloquia to investigate the reciprocal relationship between
 
rapid urbanization and the quality of the human environment. The major result
 
of these efforts was a realization that little is known about the interface of
 
these two policy areas and that it is difficult to even formulate a framework for
 
analysis
 

The Department of Urban Studies and Planning, therefore, set out to develop
 
long-Lerm teaching effort that would begin to broaden our understanding of the
 

policy options and processes involved. A seminar format was selected as the
 
most efficient vehicle for evaluating the current state-of-the-art as perceived
 
by leading international experts. The results of the seminar could be used as
 
the basis for establishing a more comprehensive program designed to attract new
 
faculty members and train students in the fields of environmental planning and
 
economic development.
 

A list of topics and seminar participants was developed. Speakers were
 
invited to explore the feasibility and possible advantages and disadvantages of
 
harnessing urban growth strategies to achieve a wide range of positive environ­
mental effects. The group hoped to examine the experiences of economically
 
advanced countries in order to deduce the extent to which existing policies,
 
technologies, and administrative and fiscal approaches might serve the needs
 
of developing nations.
 

Since the discussion was restricted to what could be accomplished within
 
one or two generations, the participants were forced to deal with transfer and
 
adaptation processes rather than with purely "hardware" solutions. The direction
 
of the seminar was towards the policy, programming and institutional aspects of
 
devising and executing plans to influence ijr'an growth within the constraints,
 
and, if possible, with the assistance of, the natural environment. Futuristic
 
and utopian visions gave way to a sober appraisal of what could be accomplished
 
given the harsh realities of rapid urbanization.
 

The Collcquium was extremely successful. A detailed description of its
 
activities and results is included in Appendix 2.A.
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Title: Intercity Freight Transportation in Developing Countries 

Principal Professor Joseph Sussman 
Investigator: Department of Civil Engineering 

This project proposed to focus on the development of an evaluation frame­
work for the analysis of freight network alternatives in developing countries,
 
particularly in Latin America. The research team concentrated on integrating
 
existing proven methodology with newly developed techniques, particularly in the
 
rail area, to develop an overall analytic framework for inulti-modal network
 
design alternatives.
 

The project included the following specific areas of research: (1)a re­
view of existing national freight transport networks in countries at various
 
stages of economic growth with special emphasis on historical development, capital
 
and operating costs, modal performance and impact on the economy; (2)a review
 
of existing freight transportation problems and opportunities in South America
 
undertaken in conjunction with national officials, with a goal of identifying
 
alternative course of action as well as major issues and tradeoffs; (3)the
 
adaptation of existing models and methodologies to the problems of those devel­
oping countries identified in the first two phases of the research; and (4)the
 
development of an analytic framework that identifies important issues and trade­
offs in network design and suggests the appropriate models and methodologies
 
needed to attack these questions in the context of developing nations.
 

Title: 	 Efficient Utilization of Natural Fibers in the Developing
 
Countries
 

Principal Professor Stanley Backer and Dr. Subhash K. Batra
 
Investigators: Department of Mechanical Engineering
 

This project was a direct outgrowth of Professor Backer's research on
 
"Technology Adaptation in the Textile Industries of LDCs", which was completed
 
successfully during 1973-1974.
 

When the synthetic fiber industry becaue a major economic force after the
 
second World War, the primary motivation for improvements in the fabrication
 
technologies of natural fibers was to benefit the economies of the less devel­
oped countries. More recently, however, the "energy crisis" has provided an
 
additional reason for the efficient utilization of natural fibers since petro­
leum, the essential raw material of the synthetic fiber industry, is a limited
 
energy resource. It appears reasonable, therefore, to assert that the effective
 
utilization of natural fibers could asset both the developing countries, by
 
making their industries economically viable, and the developed countries, by
 
reducing the demand for petroleum products.
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The present investigation focused on the natural 
fibers other than cotton
and wool with the following objectives: (1)the identification of the sources
of supply of a given type of natural fiber and the geographic distribution and
potential quantities available; (2)the identification of the physical, mechani­cal, and chemical properties of the fiber so that end use applications can be
projected to as 
large an ex'.ent 
as possible; (3)a review of current fabr;cation
practices of products using iatural 
fibers at the cottage and more advanced
industrial level; (4)the ida'tification of existing technologies which could
be used to improve the proces, 
ur Quality of current fabrication methods with
respect to specific end products; and (5)the identification of market research
needs for new potential areas of fiber utilization.
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APPENDIX 2
 

INSTITUTION BUILDING: MEETINGS, WORKSHOPS, SEMINARS
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INSTITUTIr,i BUILDING: MEETINGS, WORKSHOPS, SEMINARS, 1971-1972
 

A. At MIT
 

Technology Adaptation Prograi.i-related research has created a growing aware­

ness of and interest in the cotal process of development both in the industriali­

zed and the less industrialized nations. In accordance with the second Program 

Element listed in the original Proposal for this Grant, numerous seminars, work­

shops, and informal meetings have taken place within the MIT community in an at­

tempt to focus on, among other matters, the "technical sequences involved in in­

du '.rialization"
 

During 1971-72 the Program Steering Committee decided to begin Grant-related 

act.vities by increasing faculty understanding of MIT's past experience inwork 

related to technology transfer and adaptation, and by establishing goals and prio­

rities for the Program based on the direction of faculty interest. A series of 

faculty workshops were held in order to further these objectives; rotes on each 

meeting were prepared and circulated to the Steering Committee. The speakers and 

topics were as follows: 

February 14 	 Prrsentations by Professor Fred McGarry, MIT Department of Civil
 
Engineering; Professor Charles Savage, Harvard Business Shcool; 
and Dr. Rao, Ford Foundation; on the MIT Inter-American Program
 
in Civil Engineering, with which all three speakers had been as­
soci ated.
 

February 22 	 Presentation by Professor Everett Hagen on the early stages of 
industrial development and potential methods of investigating 
the later stages. 

February 29 	 Presentations by Professor Richard L. de Neufville, Depctrtment 
of Civil Engineering, oc approachos to transportation systems

in LDCs; and Professor J. Schaake on integrating the development 
of the Rio Grande 	in Argentina.
 

March 6 	 Presentation by Professor Lloyd Rodwin, Head of the Department
 
of Urban Studies and Planning, and meners of the SPURS (Special

Program for Urban and Regional Studies of Developing Areas) fa­
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culty on the SPURS program and other on-going 
partment work in developing countries. 

and planned de-

March 14 A workshop on 
discussion by 

MIT's institution building programs overseas with 
a number of faculty members who were involved in 

these programs. 

March 28 Presentation by Dr. Jack Baranaon of the World Bank and the NAS 
on defining appropriate technologies for developing countries. 

April 3 Presentation by Dr. Nevin Scrimshaw, Head of the Department of 
Nutrition and Food Science, on worldwide problems and potential
solutions to protein deficiency with particular attention to the 
production of single cell protein. 

April 11 Presentation by Professor Horatio Caminos of the Department of 
Architecture and graduate students from the Department on urban 
settlement design in developing countries. 

April 18 Presentation by Professor Carroll Wilson, Sloan School of Man,lge­
ment, and Constantine Simonides, Vice President of the Institute, 
on the MIT Fellows in Africa Program (1960-1967) and the MIT Fel­
lows in Colombia Program (1965-1968). 

May 2 Presentation by Dr. Walter Falcon of the Harvard Development Ad­
visory Service on the operations and experience of the DAS in de­
veloping countries. 

May 8 Presentation by Dr. Bruce Old, C. Bliss, J. Mitchell, and D. 
Freeley of Arthur D. Little Company on the operations and ex­
perience of ADL in developing countries. 

B. Overseas
 

Most of the members of the MIT community involved in the Technology Adapta­

tion Program have contributed their time and energies to the dissemination of Grant­

related information to developmental activities and programs in emerging nations. 

Project members have undertaken trips to various nations in connection with Grant­

.bpported research in order to collect data, establish collaborative working rela­

tionships with educational, governmental, and private institutions, serve as vi­

siting instructors at various colleges and universities and as consultants to both 

private and governmental agencies, and, in general, have attempted to provide what­

ever form of assistance the particular country, agency, or government needs. 
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In this Appendix we would like to mention a few specific instances in
 

which members of the MIT community have shared their knowledge with, or in
 

some other way contributed to the development process of various nations.
 

Since the Program was not fully underway in 1971-1972, only two overseas
 

trips were made by faculty members under the Grant. Professor Thomas Allen
 

visited Guatemala on December 4-8, 1971, and Professor Richard de Neufville
 

visited Colombia on April 4-8, 1972. Professor Jack Ruina traveled on an
 

AID mission to Nigeria and Ethiopia using funds froii other sources.
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INSTITUTION BUILDING: MEETINGS, WORKSHOPS, SEMINARS, 
1972-1973
 

A. At MIT
 

In connection with his project on 
"Water Resources Technology Adaptation",
 

Professor Frank Perkins presented a summary of observations concerning water re­

source planning in Asia to the weekly Water Resources Division Seminar of the
 

MIT Civil Engineering Department.
 

Professor Robert Simpson was 
the principal investigator for a TAP project
 

on "Air Transportation in Developing Countries." 
 As a result of investigations
 

undertaken in pursuit of educating personnel 
at the Flight Transportation Lab­

oratory about the nature of the problems faced by developing countries in the
 
air transportation area, the Flight Transportation Lab determined that the most
 

immediate way it could help developing nations would be to organize an Advanced
 

Study Program in Air Transportation at the MIT Center for Advanced Engineering
 

Study.
 

The program is designed for individuals who have supplied and will 
continue
 

to supply the initiative, leadership and accomplishment in the development of the
 

world's air transportation systems. It is a 
multidisciplinary program covering
 

technology, management, economics, law, dnd operations research, and is designed
 

to prepare the participait for a career in managing and planning the development
 

of air transport systems.
 

To insure that the program was relevant to developing countries, a seminar
 

of the Directors General of Civil Aviation was 
held in February 1973, the intent
 

of which was 
to get the opinions of these informed professionals as to the content
 

and duration of the study program. The response was favorable. Comments from the
 

delegates of Brazil, Nigeria, Trinidad, anu Tobago, were particularly helpful 
in
 

orienting the program.
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B. Overseas
 

In connection with his project concerned with applying the Highway Cost
 

Model 
to road conditions in Venezuela, Professor Fred Moavenzadeh visited the
 

country in 1973 in order to begin implementation and calibration of the model.
 

The calibration was carried out through cooperative work with the appropriate
 

agencies in Venezuela, Brazil and Colombia. 
 During a trip to the above countries
 

plus Argentina strong working relationships were established with the following
 

agencies: 

Venezuela: Consejo National de Vialidad (CONAVIAL) 

Univesterio de Obras Publicas 

Brazil: P.U.C.--Pontifica Universidade Catolica. 

As a prelude to visiting water resource planners in several Asian and African
 

nations, Professors Frank Perkins and David Major engaged in extensive discussions
 
with personnel 
in both American agencies and in international agencies located in
 
the U.S. 
 The objective in these discussions was 
to assess the existing level of
 
planning expertise and to aetermine the probable acceptability for establishing
 

an ongoing research project in various countries. The agencies with which these
 
discussions were conducted included U.S. AID, UNDP, UN Resources and Transport
 

Division, and the World Bank.
 

Professors Perkins and Major visited with water resource planners in Asian
 
countries selected on the basis of agency discussion. Professor Major visited
 

African countries in March. 
 Both trips were for the following purposes:
 

1. to learn about the sources and reliability of hydrologic, economic, and
 

other water resources project planning data;
 

2. to examine specific project planning documents;
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3. 	to discuss planning standards and criteria with local planning author­

ities and with local AID, World Bank and other mission personnel; and
 

4. 	to assess the personnel and computational resources available for water
 

resource planning, both in the government and in the universities.
 

As a result of these activities, Korea was identified as the country with
 

the greatest potential for future projects. A feasibility study was carried out
 

on collection and evaluation of data for the Han River, an examination of river
 

basin planning models, and a definition of the planning and operational decisions
 

which were at issue on the Han River. This preliminary work fostered working re­

lations between the investigators and the Korean Bureau of Water Resources (Min­

istry of Construction) as well as with the Korea Water Resources Development, the
 

Economic Planning Board and the Korea Institute of Science and Technology (KIST).
 

During the course of the first year of Professors Daniel Roos' and Nigel
 

Wilson's project on "Urban Transportation in Developing Countries" visits were
 

made to Caracas, Bogota, Sao Paulo and Rio de Janeiro and close working relation­

ships were developed with the following groups in these cities:
 

Caracas Oficina Ministerial de Transporte, Metro de Caracas Direccion 

de Planeaniento Urbano, Ministry of Public Works 

Planning Department of the Distrito Federal Comision del Des­

arollo Urbano del Pais 

Consejo Nacional de Vialidad 

Bogota Universidad de Los Andes 

Oficina de Planeacion Sociu-Economica, Distito Especial 

Planeacion Nacional 

Sao Paulo Economic and Planning Department, State of Sao Paulo 

Companhia do Metropolitano de Sao Paula 
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Rio de
 
Janeiro Grupo de Estados para Intejracao da Politica de Transportes
 

As a result of visits made in conneciton with Professor Simpson's project
 

on air transportation, personnel from the Flight Transportation Laboratory estab­

lished a close working relationship with the Bureau of Technical Assistance, Inter­

national Civil Aviation Organization. These contacts led in 1973 to the partici­

pation in the Advanced Study Program of a faculty member of the ICAO Civil Aviation
 

Safety Centre in Beirut.
 

As a result of their research on "Systems Analysis as an Aid in the Development
 

Process", Professor Robert Stickney and his colleagues established a close working
 

relationship with various members of the Institute of Nutrition of Central America
 

and Panama (INCAP). Professor Stickney worked for nine months with the Applied
 

Nutrition Division of INCAP in Guatemala.
 

The grant also enabled Professor Stickney and a research assistant to travel
 

to Mexico City in September 1972 to attend the Ninth International Congress on
 

Nutrition, where they presented a paper summarizing preliminary work in the appli­

cation of systems analysis to nutritior planning. One of the objectives of the
 

trip was to establish communication with nutrition groups in developing countries
 

and to identify systems projects that would be of value to their work.
 

The grant also supported travel for Professor Stickney to Europe and Algeria
 

in late May and early June of 1973. The purposes of this trip were to visit (1)
 

FAO in Rome to discuss nutritioi systems analysis problems with members of their
 

Nutrition Division; (2)attend the IFAC-IFORS International Conference on Systems
 

Approaches to Developing Countries (Algiers, May 28-31) and present a paper sum­

marizing work on nutrition systems analysis; (3)visit UNICEF in Algiers and Gen­

eva to learn of the nutrition programs in North Africa based on the production of
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high-protein foods; (4)visit WHO in Geneva to discuss the use of systems analysis
 

in the planning of health and nutrition programs in developing countries. In addi­

tion Professor Stickney visited Chile and El Salvador as a member of the MIT nut­

rition Planning Group (expenses were covered from sources other than the 211[d]
 

grant).
 

One of the links established between the TAP project on "The Transfer and
 

Adaptation of Housing Technology and Standards to the Needs of Developing Countries,"
 

Third World nations, and international institutions was through the provision of
 

a draft textbook and reference set on housing policy "nd technology in developing
 

areas. This was distributed to MIT students and international institutions (in­

cluding the Asian Institute of Technology, Bangkok, Thailand; University of Nairo­

bi, Kenya; Department of Architecture, School of Planning, Ahmedabad, India: Univ­

ersidad Ibera-Aiericana, Mexico City, Mexico). The distribution of the textbook
 

was for trial use, feedback and revision. Inaddition, the project also did field
 

work in East Africa and Mexico, and established contact with the U.N., World Bank,
 

Interamerican Development Bank, and the National Academy of Sciences Office of the
 

Foreign Secretary.
 

The project investigators were invited to several national and international
 

conference and meetings, including
 

-The First International Congress on Technology Assessment, The Hague, Nether­

lands, May-June 1973, where a paper was presented.
 

-MIT Summer Session on Building Technology, Guest Lecture, August 1973.
 

-Seminar on Housing Technology, Sir George Williams University, Montreal,
 

Canada, September 1973.
 

-Evening Seminar Series on Housing and Urban Problems, Boston University, Guest
 

Lecture, September 1973.
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During the summer of 1972 a group of MIT faculty and graduate students went
 

to Nairobi, Kenya, to evaluate local housing systems, future housing needs and
 

performance requirements. The field work was 
in connection with the TAP-funded
 

project on the "Development of Basic Performance Standards for Urbanization and
 

Housing Technologies Through Testing of Models in Nairobi, Kenya." 
 The medium
 

of the work was 
field studies, workshops, and seminars in collaboration with the
 

University of Nairobi and the Nairobi City Council. 
 Tentative performance stand­
ards 
were formulated and compared with United States and Latin American references,
 

and models were prepared during the 1972-73 aademic year for testing standards.
 

The project activities involved the following:
 

1. Intensive field work was 
carried out during the summer in Nairobi, Kenya.
 

The emphasis was on 
testing, updating, and further developing materials and studies
 

initiated at MIT.
 

2. 
A two-day workshop concerned with housing issues in developing countries,
 

sponsored jointly with the University of Nairobi, was 
attended by approximately
 

50-90 people.
 

3. 
 Extensive filming of various urbanization issues were carried out during
 

the two-month summer period in Nairobi, with the assistance of the MIT Film Sec­

tion and Professor Kaj Anderson, University of Nairobi. Parallel film document­

ation was undertaken in Mexico City for eventual editing and combination with the
 

work in Nairobi.
 

4. Summer collaborative work with the University of Nairobi 
was held in which
 

seminars, informal class presentations and critical discussions were offered to
 

facLlty and students on the following themes: 
(1)Buildings and Urban Environments-­

the process of development, design, construction, utilization and evaluation; (2)
 

Educational Buildings for Venezuela--primary and secondary schools, standards and
 
prototypes, site development design, construction: (3)University Campus Buenos
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Aires, Argentina--site development, design, construction; (4)University Campus
 

Los Andes, Venezuela--site development, design, construction ;(5) Two reinforced
 

concrete consturction systems for self-help housing.
 

Many other agencies, institutions, and individuals were contacted during
 

the summer in Nairobi in order to receive as many viewpoints as possible with
 

regard to housing standards, income redistribution, and developmental problems
 

in emerging countries. The agencies contacted included the Nairobi City Council,
 

Town Clerk's Department; the City Engineer's Department, Urban Study Group, Plan­

ning Section, and Architecture Section; the University of Nairobi, Housing Re­

search and Development Unit, and Design Research and Development Unit.
 

A study trip was taken in Kika, Kenya, an industrial town being developed
 

50 km. northeast of Nairobi. The town illustrates long-range planning and dif­

ferent types of low cost housirg including a proposed AID funded project. 
 Field
 

trips were also taken to Kampala, Uganda and Dar Es Salaam, Tanzania, to observe
 

other East African housing contexts.
 

Professors George Farris and Anthony Butterfield, principal investigators
 

on the TAP project "Organizational Studies and Development", undertook a fact­

finding mission to Brazil to attend a 
meeting of key parties who might potentially
 

be involved in the creation of a Brazilian Center for Organization Management Tech­

nology. 
 During this visit they also held discussion with appropriate agencies re­

garding the Sao Paulo Technology Utilization Program,, a program designed to upgrade
 

the state of technology and increase its utilizat;on by Sao Paulo industry. 
Several
 

other projects were also investigated.
 

As a result of the contacts made by Professor Farris, a Brazilian group headed
 

by Dr. Jose Pastore visited MIT in May 1973 to explore further the possibility of
 

collaborative working relationships.
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Mr. Bruce Kutnik spent approximately eight months in India studying the ex­

tent, scope, and underlying motivating forces of industrial research and develop­

ment in India.
 

In the course of his research Mr. Kutnick interviewed more than 80 firms,
 

industrial associations, research centers, and government agencies and ministries.
 

Investigation of the general 
state of industrial R & D in India as well 
as a more
 

detailed study of the pharmaceutical and dye-stuff industries were undertaken.
 

During his stay in India Mr. Kutnick was affiliated with the Indian Statis­

tical Institute in New Delhi. 
 In addition, an 
informal working arrangement devel­

oped between himself and several 
people from the Council of Scientific and Indus­

trial Research who were engaged in a similar project.
 

Although this project is supported by the Technology Adaptation Program, the
 

actual funding of Mr. Kutnick's trip to India was provided from other sources.
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INSTITUTION BUILDING: MEETINGS, WORKSHOPS, SEMINARS, 1973-1974
 

A. At MIT
 

Professor Fred Moavenzadeh identified and contacted several members of the
 

Civil Engineering faculty who are 
interested in the process of development. A
 

productive meeting was held during December 1974 which was attended by thirteen
 

members of the Civil Engineering faculty; Professor Moavenzadeh and his colleagues
 

intended to continue with these informal meetings during the spring semester.
 

Professor Willard Johnson's work with "Business Management for Economic
 

Development" generated a good deal 
of interest within the MIT comminity. As a
 

direct result of his involvement with the project, Mr. James G. Karunga, a 

Research Associate at MIT currently engaged in writing a dissertation for his 

doctorate in the Department of Planning, took a position with the United Nations
 

Conference on Trade and Development in the Transfer of Technology Division. Al­

though he was not supported by TAP funds, Mr. Karuga was deeply involved with
 

the project during 1973-74.
 

Professor Johnson's Research Assistant, Carol A. Bloomberg, enrolled in the
 

Harvard Graduate School of Business. Her principal field is the role of inter­

national business in developing countries, an interest whic,' was stimulated by her
 

work on the project.
 

Mr. Thomas Biersteker, a graduate student working under Professor Johnson's
 

supervision, is doing field research on his dissertation on the impact of inter­

national business in Nigeria.
 

Dr. Stelios A-ghyros, one of the Principal Investigators of the TAP project
 

"Technology Adaptation in the Textile Industries of LDCs", participated in a
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number of grant-related activities during 1973-74. Dr. Arghyros attended several
 

international meetings as well as a number of conferences, seminars, and workshops
 

dealing with problems of developing countries, which were held at various U.S.
 

universities. He participated in the Contractors Conference set up by the OST/
 

AID in Denver, Colorado, inJanuary 1974, at which he presented in summary form
 

the activities at MIT under the Technology Adaptation Program. On February 8,
 

1974, he participated in a workshop at Yale University organized by the Economic
 

Growth Center. The theme of the Workshop was "Microanalysis of Employment
 

Generation", and in May 1974 he represented MIT on 
the External Advisory Council
 

of Georgia Tech, which also has a 211(d) grant.
 

Two major TAP-sponsored colloquia were held at MIT during 1973-74. One was
 

a semester-long seminar developed by the Department of Urban Studies and Planning
 

under the direction of Pr'ofessors Lloyd Rodwin and Lawrence Susskind; the second
 

was the MIT Symposium on "Strc*egies for AID Programs in Selected Areas of
 

Science and Technology" held at Endicott House in April 1974, which is discussed
 

later in this Appendix.
 

Seminar on Assessing the Economic and Environmental Impacts of Alternative
 
Urban Growth Strategies
 

The seminar used a comparative analytic approach to review the tools, tech­

niques and strategies for guiding urban and regional growth. After two intro­

ductory sessions which set out the underlying issues, case studies were presented
 

detailing experiences in three countries--Britain, France, and the United States-­

which have tried to deal with urbanization and the environment. The next session
 

was 
devoted to an examination of the problem of transferring programming methods
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developed in the technologically advanced countries to the poorer nations,
 

specifically Argentina and South Korea. The seminar then turned to the cultural
 

implications of technology transfer and adaptation, given the forces and patterns
 

of urbanization in developing countries. The last three speakers focused on
 

sectoral studies emphasizing technological alternatives. These five sessions
 

(Professor Richard Meier met with the seminar for three consecutive weeks)
 

addressed problems associated with housing, energy, food, transportation, and
 

water resources as well as with the design of development strategies that com­

bined facets of all these factors simultaneously--Professor Sachs, for example,
 

spoke on "eco-development".
 

The last two meetings were devoted to a synthesis of the diverse issues
 

raised by the speakers, and student members of the seminar were offered a chance
 

to present their own work.
 

The seminar attracted fifteen graduate students from the Department of Urban
 

Studies and Planning as well as students from other departments Pt MIT and Harvard.
 

This group was often augmented by other members of the MIT community, both faculty
 

and students, who were attracted by a particular discussion topic. The partici­

pating students came from varied disciplinary backqrounds; approximately half were
 

from developing countries. In most cases the inv,,ed papers were available before
 

the seminar convened, and the speakers were thus ablp to engage the other parti­

cipants after a very brief introductory statement.
 

Symposium on Strategies for AID Programs in Selected Areas of Science and
 

Technology
 

The second major colloquium held at MIT during 1973-74 under the auspices of
 

the Technology Adaptation Program was the MIT "Symposium on Strategies for AID
 

Programs in Selected Areas of Science and Technology" held at Endicott House
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in April 1974. The aims of the symposium were to examine areas of science
 

and technology that might merit more attention in the future, as well 
as to
 

consider the scope, balance, and perspective of the Office of Science and Tech­

nology (TA/OST) of AID within the context of the current needs and conditiins
 

of developing nations. 
 In order to foster the interchange of more than super­

ficial ideas about gaps, opportunities and needs for change, the MIT Steering
 

Committee intentionally limited the number of participants while attempting to
 

keep the topics as broad and comprehensive as possible. The participants included
 

U.S. academics, U.S. AID officials, and representatives from de,'aloping nations.
 

The subjects considered in the course of the symposium were construction,
 

transportation, housing, water resources and nutrition--all highly relevant to
 

concerns of the developing countries and all 
subjects of current interest at MIT.
 

After the presentation of the prepared papers, panels met on the afternoon
 

and evening of the 25th 
of April to discuss each of the following five program 

areas of AID's Office of Science and Technology: (1)Science and Technology Policy,
 

(2)University Orientation Strategy, (3)Strengthening Industrial Institutions,
 

(4)Natural Resource Use and Conservation, and (5)Strategy for Reducing Public
 

Investment Costs. In addition, the five Program Panel Chairmen convened a 
Master
 

panel to consider and correlate the reports of the orogram panels, and to pre­

sent their views on the five program areas of TA/OST and other AID programs of
 

• ience and technology.
 

B. Oversras
 

Professor Moavenzadeh's visit to Nepal in connection with his study of labor
 

substitution in highway construction produced the following observations; these
 

were based on a review of an ILO interim report on the subject, the personal
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observations of Mr. Ramesh Vaidya, a Nepalese graduate student, and Professor
 

Moavenzadeh's own field inspections and discussion with Nepalese and foreign
 

officials in Nepal. Professor Moavenzadeh believed that the conditions in Nepal
 

were such that they afforded an excellent opportunity for a very broad and care­

ful examination of the impact of bilateral aid programs on the development of a
 

highway transportation network in Nepal. He felt that detailed case studies,
 

such as Mr. Vaidya's should be developed around each of the five road projects
 

presently underway in Nepal, and that attempts should then be made to identify
 

commonalities which may exist among them. The researcher should then be able to
 

evaluate the impact of the choice of technology on the contribution that the
 

projects would make to the national economic development plans of the country.
 

As was apparent from Mr. Vaidya's study, those projects, such as the Chinese,
 

which focused on labor- rather than capital-intensive techniques appeared to be
 

the most successful in terms of full utilization of various limited resources.
 

Professor Major's visits to Korea produced excellent data for use in the
 

Han River Basin Study as well as consolidating the good relations MIT established
 

with various Korean planners and officials. His vis it to India included lectures
 

at various universities, the extension of a possible teaching invitation, and
 

the possibility of interesting Indian students in attending MIT.
 

Significant potential exists for developing a continuing informal working
 

relationship with some of the institutions which Professors Wilson and Roos con­

tacted during the research and visits undertaken in connection aith their project
 

on "Urban Transportation in Developing Countries." In particular, the Univer­

sidad de los Andes, Bogota, Colombia, appeared to represent an excellent prospect
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for close cooperation. C Jse working relationships were also developed with the
 

following groups:
 

Caracas, Venezuela: Oficina Ministerial de Transporte, Metro de Caracas
 

Direccion de Planeamiento Urbano, Ministry of Public
 
Works
 

Planning Department of the Distrito Federal
 

Comision del Desarrollo Urbano del Pais
 

Consejo Nacional de Vialidad
 

Bogota, Colombia: 	 Oficina de Planeacion Socio-Economica, Distrito
 
Especial
 

Planeacion Nacional
 

Sao Paulo, Brazil: 	 Economic and Planning Department, State of Sao Paulo
 

Companhia do Metropolitano de Sao Paulo
 

Rio de Janeiro, Grupo de Estados para Integracao da Politica
 
Brazil: de Transportes
 

In the spring of 1974 members of MIT's Flight Transportation Laboratory led
 

an all-day seminar on "Air Transportation" at the International Bank for Recon­

struction and Development in Washington, D.C. The seminar, which drew heavily
 

upon results obtained during the TAP-funded research efforts of Professor Simpson
 

and his group, was attended not only by Flight Transportation Laboratory personnel,
 

but also by members of the World Bank Staff (Messrs. Bostrom, Ken, Zetterstrom,
 

and Jaycox, among others), as well as by specialists in the field of air transport
 

from various developing countries.
 

Professor Robert Stickney, under a grant from the National Science Founda­

tion's SEED Program, arranged to spend nine months at the Institute of Nutrition
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of Central America and Panama (INCAP) in Guatemala. The first two months of
 

his stay were devoted to becoming acquainted with the activities and personnel
 

of INCAP and in defining several projects to work on during the remaining time.
 

The principal project was the initial development of a malnutrition model that
 

would help planners to compare the estimated benefits and costs of potential
 

programs for alleviating malnutrition among pre-school children below five years
 

of age. 
 The model was based upon the results of detailed longitudinal studies of
 

Guatemalan children performed by INCAP. 
The work was truly a collaborative
 

effort, involving four medical doctors 
(two with advanced study in nutrition),
 

one microbiologist, and one statistitian representing three different divisions
 

within INCAP. The results of the research were presented in a paper at the
 

Western Hemispherp Nutrition Congress in Florida in August 1974.
 

Professor Cook's visit to Colombia in the spring of 1974 produced two dis­

tinct sets of observations and a number of recomendations. The various govern­

ment, university and consulting groups within Colombia seem to perform sound
 

economic evaluations or assessments of various industrial development schemes;
 

they are less able, however, to identify and evaluate the specific technolorical
 

methods for producing those products, thus apparently requiring mechanisms for
 

obtaining very specific, practical technical information.
 

The second specific problem Professor Cook encountered was that qudlity con­

trol measures as we know them are scarce in Colombia. His discussions regarding
 

quality control, or the lack thereof, resulted in
a thesis now being researched
 

by a Colombian graduate student at MIT. 
The goal of the research is to plan a
 

Quality control organization for Bogota which would produce instrumentation at
 

moderate cost and give quality control service on short notice.
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Professor Willard Johnson undertook a number of project activities
 

during 1973-74 which, although not supported by TAP funds, were related to the
 
Business Management for Economic Development Project in thrust and content. 
 He
 
traveled to Toronto to first establish contact with Bata Shoe International Ltd.
 
and then with academic people with information about Bata Company activities.
 

He later visited Cameroon to present a project paper, "International Investment
 

and the Transfer of Power: 
 Perspectives on Africanization of Management", to
 
the International Seminar at the Internation Relations Institute of Cameroon.
 
On his return from Cameroon Professor Johnson traveled to Londo, to conduct Tur­

ther interviews and gather information at the headquarters of the Commonwealth
 

Development Corporation.
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INSTITUTION BUILDING: 
 COURSE DEVELOPMENT
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INSTITUTION BUILDING: COURSE DEVELOPMENT, 1972-1973
 

2.190J: 
 Modelling and Analysis of Systems Pertaining to National Development
 

An exploratory introduction to the applicalion of the concepts and tech­
niques of systems analysis to problems pertaining to regional and national growth
in both developed and developing countries; e.g., nutrition and population,

transportation and communication, energy and power, utilization and conservation
of natural resources. The course considers the utility and potential as well
 as the limitations and restrictions of the approach as an aid in planning studies
involving evaluation of alternative programs, strategies, and systems. Emphasis
is placed upon modelling the technical and behavioral features of a system by

employing production functions and causal modelling; searching for optimal sys­tem designs by use of marginal analysis, mathematical programming, and sensiti­
vity analysis, and evaluating projects with respect to time, risk and uncertainty,

and the preferences of different target groups. 
 These concepts and techniques

are illustrated through case studies and applied in 
term projects.
 

1.262J: Transportation Policy Analysis
 

The course considers policy at the national, regional, state, and local levels,
and investigates the role of the U.S. Department of Transportation, the InterstateHighway Program, and the Urban Mass Transit Assistance Acts. Students will examine
the mechanisms of achieving policy implementation and will compare U.S. transpor­
tation policy with policies in other countries. We will also look at principal
policy making actors and interest groups at the metropolitan level, and at iocal 
funding sourcts 

1.25: Innovative Urban Transportation Systems
 

The course investigates the technical and institutional issues involved in
innovative urban transportation systems and the ability of such systems to meet
present and future needs. 
 The roles of government, private industry, labor, and

the transit industry in urban transportation innovation are discussed, dnd case

study analyses are performed on several new innovative systems including Dial-A-

Bus, 
Personal Rapid Transit, and Dual Mode.
 

1.203" Transportation Supply Models
 

The course examines basic characteristics of transportation technologies,

the capacity for highways, railroads, air transport systems and terminals, and
 
sea ports and terminals. 
 Studeats will analyze network operations, transfer and

classification systems, and cost and performance models and generalized parametric
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analysis. Problems in system unreliability will be investigated, as will the
 
use of descriptive and prescriptive modeling techniques to analyze and design
 

transport systems with stress on usable operating policies.
 

1.60: Introduction to Water Resources
 

The course deals with engineering, economic and political aspects of water
 

resources management. It is designed as a multi-disciplinary introduction to
 

the field for those who wish to consider further work inwater resources, and
 

for students in engineering, economics, political science, and management who
 
wish to use water resources as a case study of an important resource sector
 
greatly affected by government management. Topics to be discussed include pollu­

tion, ecological aspects of water development, water management institutions,
 
engineering economic design of water systems, formulation of objectives and cri­

teria for water resource development, the role of the U.S. Congress and Federal
 

agencies, water reuse systems, and global water problems.
 

1.74: Public Expenditure Theory
 

The course presents the full range of benefit-cost criteria required for the
 

optimal economic design of public expenditure projects, emphasizing water resource
 

systems as specific examples. it provides the necessary background inwelfare
 
economics and relevant material from political science dealing with the choice 
of objectives for public expenditure. Federal benefit-cost practices are described 
and analyzed, computer and mathematical programming techniques are related to 
public expenditure analysis. 

Water Resource Systems
 

, ,i course deals with flood forecasting, flood routing, flood plain management, 
and flood control. It discusses river basin simulation, the synthesis of hydro­
logic inputs, and the interactive use of simulation and mathematical programming 
models. Students wi'l also att2mpt to evaluate long term net benefit and short
 
run loss functions.
 

1.45 Highway Technology
 

The subject applies problem solving techniques to highway technology-­
design, construction, maintenance--with emphasis upon structural design. It
 
attempts a systematic investigation of the impact of overall transportation goals
 
on highway performance evaluation and user-based approaches to this evaluation in
 
terms of serviceability, reliability, and maintainability. It derives functional
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requireiients of physical facilities from performance evaluation, and attempts 
to formulate alternative design actions and selection with economic and service 
quality criteria. The course deals with problems of construction and maintenance, 
and the observation of actions as feedback to problem solving. Students will 
finally attempt to arrive at a synthesis which will provide a framework for deci­
sion muking. 

4.160:
 

4.161: 
 Urban Settlement Design in Developing Countries
 

The course deals with advanced projects on urban settlement environments for
 
low income groups in developing countries. It aims to prepare designers to parti­
cipate effectively in the process of shaping the environment, to develop tools to
 
define and evaluate design determinants, and to make these tools available to
 
those concerned and responsible for action at the policy making level.
 

11.421: Self-help Housing, Squatters and Social Change
 

The codrse includes lectures and readings or research on the issues of
 
autonomy vs centralized authority in housing, and the problegs of the urban
 
accommodation of low-income sectors undergoing rapid geographic, social and
 
economic change. Case material from Africa, Asia, Latin America, and the USA
 
will be used in order to develop a methodology for analyzing housing systems,
 
and as a comparative basis for the discussion of general models and of alterna­
tive government development policies.
 

11 422: Seminar in Self-help Housing, Squatters, ano Social Change
 

The course is a continuation of 11.421. Students may work in teams on an
 
in-depth analysis of development systems in a particular urban area or on spe­
cific aspects or problems in a context that they know through personal experience.
 
Those so qualified may use both 11.421 and 11.422 for a unified program. A
 
major paper is required on the basis of the research material obtained in 11.421.
 

15.223" Internacional Business Environments
 

The course, divided into four sections, focuses on a different region--

Europe, Latin America, Japan, North America--in each section. Subject areas in
 
each section include historical inputs; social-psychological dimensions; politi­
cal and economic structure; characteristics of labor organizations, financial
 
institutions, and market structure. It deals also with the relation of such
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environmental variables to company organization, managerial behavior, and corporate
 
policy, and the treatment of important social issues confronting the business
 
community. Sections meet separately for most sessions. Insofar as scheduling
 
permits, students are allowed to move among sections following subjects of greatest
 
personal interest on an inter-regional basis.
 

15.317 Comparative Studies of Organizations
 

This seminar examines studies of the management of organizations in v, ious 
parts of the world. It attempts to determine which ways of managing are most 
appropriate in different countries and whether any general principles of manage­
ment are valid internationally. Beginning with basic theooetical and empirical 
work in organization studies, the seminar continues with an examination of findings 
about organizations outside of the United States and concludes with an examination 
of cross-cultural aspects of technical assistance. Each student is encouraged 
to become an expert on organizational studies in a particular country Topics 
to be covered include motivation of workers and managers, power and control, 
communications, the generality of participative approaches such as Theory Y or 
System IV, ind organizational development. 

Iany research groups and individual faculty members at the Institute were 
involved in programs relating to the transfer and adaptation of technology to the 
conditions of developing countries he following two onqoing projects were par­
ticularly ,elevant to the interests of the Technoloqy Adaptation Program" 

Title 	 Developmencal Studie of the Sdhel-Sudano Zone of Africa 
(To begin Septembe- 1, 1973)
 

Principal Professor William W Seifert 
Investigator Department of Ci/il Engineering 

Title: 	 Technical and Economic Factors in Tele­
communications for Developing Countries
 

Principal Professors George Rathjens and J. P. Ruina
 
Investigators. Departments of Political Science and Electrical Engineering
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INSTITUTION BUILDING: COURSE DEVELOPMENT, 1973-1974
 

1.913J (Department of Civil Engineering), 14.774J (Department of Economics),

and 17.867J (Department of Political Science): Transfer and Adaptation of
 
Technology in DevelopingCountries (This new multi-disciplinary course is
 
offered jointly by the above three departments, and is taught by professors
 
from each discipline.)
 

The issues of the transfer of technology to developing countries will be
 
introduced dnd described briefly from the engineering, political, and economic
 
points of 'iew. The economic rationale for the choice of technology will be
 
presented, in the course of which the concepts of economic efficiency and the
 
production function will be described. Econometric results in the study of
 
technology will be presented, and the relevance of these analyses for the trins­
fer of technology to developing countries will be discussed.
 

The enqneerinq factors limiting the choice of cechnolojy will be discussed 
in two broad areas, manufacturing and public works. The technologically flexible 
activities where a spectrum of labor-capiLal mix is possihle will be examined 
for the public works sector, and the influence of various phases of a public
works project (planninq, design, construction, and subsequent operations and 
maintenance) on the choice of technology will be discussed 

Fhe major political dimensions of the transfer issue will be described in 
terms both of domestic considerations in the recipient country and the inter­
national interactions underlying the transfer. The problems of institution­
building interdependence and domination will be discussed as well as potential
 
conflicts between donor and recipient. A discussion of the nature of politics
 
in developing countries will provide the background for this session.
 

The motivation for economic cost-benefit calculations and the methods of
 
such calculations will be described. The concepts of economic interdependence

will be illustrated through input-output accounting, and the results of cost
 
studies will be presented. The alternative 3poroaches to economic evaluations
 
of projects by cost-benefit analyses will be discussed.
 

The technique available for project evaluation in the Public work sector
 
will be reviewed. The conflicting interests of owner (public), designers, and
 
contractors will be demonstrated using a highway construction project as a case
 
study. The influence of employment, taxation, tariffs, monetary policies, codes,
 
and regulations on engineering decisions will be discussed.
 

Some critical political issues in the decision underlying the choice of a
 
particular investment will be described, including fureign and domestic policy

considerations Specific examples from the Middle East will be employed to il­
lustrate general problems and tendencies, and the impact ot political factors 
on economic performance, decisions, and ergineering considerationc will be de­
scribed.
 

The economic and technical factors involved in establishing building mat­
erials industries in LDCs will be reviewed with emphasis on the cement industry.
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The influence of macro-economic factors on market base, availability of infra­
structure, forward and backward linkages, micro-economic Factors of production,

and quality control will be discussed, as will the role of R&D in this partic­
ular market in LDCs.
 

1.60: Introduction to Water Resources
 

Engineering, economic and political aspects of water resources management
 
will be discussed. The course is designed as a multi-disciplinary introduction
 
to the field for those who wish to c(dsider further work inwater resources and
 
for students in engineering, economics, political science, and management :ho
 
wish to use water resources as a case study of an important resource sector great­
ly affected by government managemet. Topics include pollution, ecological as­
pects of water development, water management institutions, engineering and econ­
omic design of water systems, formulation of objectives and criteria for water
 
resource development, the role of the U.S. Congress and federal agencies, water
 
reuse systems, anc global water problems.
 

1.74: Public Expenditure Theory
 

The course will deal with the presentation oc the full range of benefit­
cost criteria required for the optimal economic design of public expenditure

projects. Emphasis is placed upon water resource systems as specific examples

of such projects. The course provides the political science dealing with the
 
choice of objectives for public expenditure. Federal benefit-cost practices

will be described and analyzed, and computer and mathematical programming tech­
niques will be related to public expenditure analysis
 

1.732: Water Resource Systems
 

The course will consider flooa forecasting, flood routing, flood plain man­
agement, and flood control. River basin simulation will be studied, as will the
 
systhesis of hydrologic inputs. The interactive use of simulation and mathemat­
ical programming models will be considered, and evaluations of long-term net ben­
efit and short-run loss functions will be studied.
 

1.262J: Transportation Policy Analysis
 

Transportation policy at the nat;onal, regional, state, and local levels will
 
be studied. The role of the U.S. Department of Transportation, the Interstate
 
Highway Program and the Urban Mass Transit Assistance Acts will be considered,
 
as well as the mechanisms of achieving policy implementaiton. Comparisons will
 
be made between between U.S. transportation policy and policies in other countries.
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Principle policy-making actors and interest groups at the metropolitan level will
be studied, and local 
funding sources will 
be indentified.
 

1.25: Innovative Urban Transportation Systems
 

The course investigates the technical and institutional 
issues in innovative
means of urban transportation. 
 The ability of innovative urban transportation
systems to meet present and future needs will 
be studied, 
as well as the roles of
government, private industry, labor, and the transit industry in urban transport­ation innovation. 
 Case study analysis of several 
new innovative systems including
Dial-A-Bus, Personal Rapid Transit, and Dual Mode will be included.
 

16.752: Flight Transportation Seinar 
International Air Transportation) (New
 

Course, Department of Aeronautics and Astronautics)
 

1. 
The nature of the airline itself-­

types and implications of ownership;

types of relationships with government agencies;

types of direct and indirect subsidy;

impact of non-civil aviation functions imposed on civil airlines,

such as-­
-
 military support (CRAF and otherwise),
 
- espionage,
 
-
 support of indigenous aircraft industires,


foreign policy needs, and
 
- balance of payments factor.
 

2. Survey of international airline operations; one 
session will be devoted to
the carriers and the nature of internaitonal airline operztions in
 
prewar period, including the colonial carriers and Lufthansa "airline im­
perial ism";
United States, including discussion of the manner in which international
routes were distributed among the different U.S. carriers, Canada, Central

and South America;

Western Europe, including a discussion of KSSU and ATLAS;
developing countries of Africa and Asia, including discussions of Air Afri­que, East African Airways, AACO and the Arab airlines;

Japan and Australasia; and

Eastern Europe, the Soviet Union, and China.
 

3. 
 2Kcussion of the five freedoms, and the sixth freedom--cabotage;

implications, common 
practice.
 

4. The route-­

discussion of major worldwide route patterns;
 

78
 
27 



types of routes;
 
islands, no other access, or poor land connections;
 
strategic, strategic-political;
 
military/defense-related;
 
colonial or vestigial colonial; and
 
symbolic or prestige.
 

5. 	Bilateral negotiations.
 

6. 	Restrictive practices on foreign airlines by governments-­

discr,...inatory airport user charses and airway/enroute charges;
 
marketing and saics restrictions;
 
forrign exchange regulations,
 
discriminatory taxatio- on foreign carrier revenues;
 
pressure, subtle and otrerwise, on civic and fraternal groups,
 
shippers, other businesses to use national carrier; and
 
capacity restrictions, including those intended to reduce impact of more
 
modern equipment used by a foreign carrier, reduce schedule flexibility
 
uf a 	foreign carrier.
 

7. 	ResLrictive practices on foreign airlines by home airlines-­

illegal discounting, and
 
discriminatory liaison with domestic carriers.
 

8. 	 Internaticnal air transport organizations (primarily IATA and ICAO, but also
 
including IFALPA, ITA, others)-­

history of the organizations;
 
politicization of the organizations; and
 
role played in organizations by different governments and airlines.
 

9. 	Issue of unlawful interference with aircraft-­

attempts to construct enforceable conventions;
 
responses of different governments, politicization of issue, and "confront­
ation" between certain governments and foreign airlines over related problems.
 

10. 	 Air transport in developing countries-­

special problems; and
 
technical assistance pacts.
 

11. 	 Airline-allied operations-­

hotels, rental car agencies, etc.: and
 
technical assistance agreements from point of view of Western airlines.
 

2.190J: Modelling and Analysis of Systems Pertaining to National Development
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In 1973-74 Professor Stickney arranged to introduce new material gathered

from the past year's research into this multi-disciplinary course offered joint­
ly by the Departments of Mechanical Engineering, Civil Engineering, and Nutri­
tion and Food Science. This course is an exploratory introduction to the appli­
cation of the concepts and techniques of systems analysis to problems pertaining

to regional and national development ;n both industrialized and less industrial­
ized countries--e.g., nutrition and population, transportation and communication,
 
energy and power, utilization and conservation of natural resources. Consider­
ation will 
be given to the utility and potential, as well as to the limitations
 
and restrictions, of the approach as 
an aid in planning studies involving eval­
uation of alternative programs, strategies, and systems. Emphasiq is on the mod­
elling of the technical and behavioral features of a system by employing produc­
tion functions and causal modelling; the search for optimal system designs by use

of marginal analysis, mathematical programming, and sensitivity analysis; and the

eva;uation of projects with respect to time, risk and uncertainty, and the pre­
ferences of different target groups. 
 Concepts and technique will be illustrated
 
through case studies and applied in term projects.
 

4.79: Urbanization in Develupin2 Countries: Dwellings and L-nd Issues
 

(New 	course, Department of Architecture)
 

Meetings will be conducted as follows:
 

I. Topic presentation;
 
11. 	 Topic discussion,
 

III. Individual and/or group discussion of work.
 

Individual and/or group work: Land and dwelling typology of a given urban area.
 

Topics­
1. 	 Introduction. Two fi'ms on urban dwelling--THE BALOON SELLER (Mexico City,


Mexico), VILLAGE 4B (Nairobi, Kenya);
 
2. 	General background/context on urbanization in developing countries-­

population explosion, low-income majority, limited resources;
 

3. 	Land and dwellings--case studies in Boston, Lima, Medellin;
 

4. 	Land and dwellings--case studies in Nairobi, surveys, identificaiton, eval­
uation;
 

5. 	Urbanization model--a progressive development proposal, Dandora, Nairobi;
 

6. 	Urbanization setting--the national context, the urban context;
 

7. 	Site context--environmental, physical conditions;
 

8. 	 Site context--utilities, sarvices, community facilities;
 

9. 	Site context-.government, municipal regulations;
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10. Community context--land development, utilities and services, time, socio­

economic-political;
 

11. Case studies--evaluations, surveys, models;
 

12. Visiting lecturer;
 

13. Visiting lecturer.
 

Professor Willard Johnson's Business Management for Economic Development
 
Project generated a new course for the Community Fellows Program at MIT, based
 
largely on project materials and experiences. This Program brings local community
 
leaders from across the country to MIT in order to develop new programs for local
 
implementation. The cou-se is concerned with economic development pfctrams that
 
could be organized at the community level, and three of the Fellows wurked on sucii
 
projects for their local communities.
 

'aterial from project-related sources wds also included in several other
 
courses. Professor Johnson participated in Professor Robinson's course on "Inter­
national Business" in the Sloan Scrmool of Industrial Management; Professor Johnson's
 
presenation concerned the Zambian experience with copper mining companies. Project
 
materials and experiences were included in the course on "Community Development in
 
Urban Ghettos,: which Professor Johnson normally teaches, and in the course on "Com­
parative African Politics," which he teaches at the Fletcher School of Law anl Dip­
lomacy as well as at MIT. The latter course included material particularly Lin­
cerned with management development.
 

The main thrust of Professor Stanley Backer's project on "Technology Adapt­
ation in the Textile Industries of LDCs" was the development of material dealing
 
with the technological nroblems of both developed and developing countries in
 
the area of textile use and production for inclusion in existing courses in the
 
Fibers and Polymers Division of the Department of Mechanical Engineering. Five
 
divl,,ional courses benefited from the inclusion of such material, one undergraduate
 
subject and four graduate seminars. The lectures were presented mainly by Dr.
 
telios Arghyros, but the project and the courses benefited from the presence of
 

two visiting professors and a guest lecturer, Professor John ThwaitLs of Cambridge
 
University, England; Professor Ronald Postle oF the University of New South Wales,
 
Australia; and Dr. Leland Liang, Textile Marketing Associates, New York. The courses
 
in which these lectures were presented were
 

2.903: Elements of Textile Materials and Processes (undergraduate)
 

2.913 Fibers and Polymers Seminar (graduate)
 

2.914 Fibers and Polymers Se.inar (graduate)
 

2.915: Clothing and Design and Comfort (graduate)
 

2.916: Industrial lechnology (graduate)
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The subject matter varied depending upon the course, but the lectures covered,
 
among many topics, the following subjects, in an attempt to relate the problems

of textile manufacturing and use in both developed and developing countries to the
 
adaptation of technology in the textile industry in developing countries:
 

(1) quality control in the textile industries of developing countries;
 

(2) new yard processing methods for developing countries;
 
(3) vegetable fibers and their significance in the economics of developing
 

countries;
 

(4) fiber production and consumption forecasting on a world-wide basis;
 
(5) th- significance of textile research institutes in developing countries;
 

(6) textiles in Asia;
 

(7) cost/benefit analysis relevant to textile industries;
 

(8) textile markting on a global basis;
 
(9) comparison between modern techniques and those in use in developing nations.
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APPENDIX 4
 

LIST OF PUBLICATIONS
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LIST OF PUBLICATIONS, 1972-1973
 

1. Reourts and Published Papers
 

Ahmad, Athar, P. , Ferro-cement Journal Bearing, tay 1973. 

Abtahi, H.,A Reinforced Concrete Shell for the Conventional Single-Pass,
 
Single or Multi-Pressure Steam Condensers, August 1973.
 

Atisrotas, Raymond A., Air Transportation iqDeveloping Countries, Flight Trans­
portation Laboiatory Technical Memorandum 73-12, Massachusetts Institute of 
Technology, Technology Adaptation Program, July 1973. 

"Basic Performance Standards for Urbanization in Latin America and East Africa,"

Massachusetts Institute of Technology, Urban Settlement Design Program,
 
1973.
 

"Identification of Dwelling Systems in Nairobi, Kenya," Massachusetts Institute
 
of Technology, Urban Settlement Design Program. Twenty case studies of
 
typical dwellings have been surveyed and analyzed.
 

"Interii Urbanization Project Dandora: A Progressive Development Proposal

in(luding a Site and Services Model," Massachusetts Institute of Tech­
nology, Urban Settlement Design Program, Spring 1973.
 

Kayansayan, Nuri, "An Estimate of Steam Condenser Needs for Less Developed

Countries," Massachusetts Institute of Technology, Technology Adaptation

Program, May 1973. 

,lajor, David C., "Investment Criteria and Mathematical Modelling Techniques for 
Water Resources Pidnning in Argentina: The MIT Argentina Project," Pro­
ceedings, IFAC/IFORS Conference on Systems Approaches to Developing
Countries, Algiers. May 1973. 

R,:hld, Iqubal, "Concrete Shell Heat Exchanger Protective Coatings," Massachu­
setts Institute of Technology, Technology Adaptation Program, May 1973.
 

Smith,, Curtis, S. and Jan T. Taniguehi, "Material Adaptation for Developing
 
Nations: Progress Evaluation," Massachusetts Institute of Technology, May
 
1973.
 

Stickney, R.E., P.C. Abbott, and J.G. Chamberlin, "Systems Approach to Nutrition
 
Planning: Preliminary Considerations," in Proceedings of the Symposium on
 
Systems Approaches to Developing Countries, Algeria, May 23-31, 1973.
 
M.A. Cuenod and S. Kahne, editors, International Federation of Automatic
 
Control, 1973, pp. 137-147.
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2. Professional Papers
 

Major, David C., "Notes on the Program in Technology Adaptation at MIT,"

Presented at the Batelle Research Conference on Successes and Failures
 
in Technology Transfer, Seattle, Oregon, November 1972.
 

Moavenzddeh, Fred, "Selection of Optimal Investment Strategies for Low Volume
 
Roads," Presented at the Annual Meeting of the Planning, Transport,

Research and Computation Company Ltd., University of Sussex, June 19/3.
 

Moavenzadeh, Fred, "Transfer and Adaptation of Technology in the Construction
 
Industry," Presented at the AID Symposium on Bilateral Aid Strategies and
 
Programs in Selected Areas of Science and Technology, Cornell University,
 
May 7-8, 1973.
 

Terner, Ian D., "Technology Assessment for Low-Cost Housing in Third World
 
Countries," Presented at the International Congress on Technology Assess­
ment, The Hague, Netherlands, May 2/-June 2, 1973.
 

3. Theses
 

Completed
 

Cruz, Pedro, "A Preliminary Simulation Model of Factors Affecting the Nutritional
 
and Health Status of Children in Low Income Families," M.S., Department of
 
Mechanicdl Engineering, Massachusetts Institute of Technology, 1973.
 

Fong, Albert, "The Air Permeability of a Commercial Concrete Pipe," B.Sc.,

Department of Mechanical Engineering, Massachusetts Institute of Technology,
 
1973.
 

Gattoni, George and Praful Patel, "Residential Land Utilization: Case Study

Nairobi, Kenya," M. Arch. A.S. degree, Department of Architecture, Massachu­
setts Institute of Technology, 1973.
 

Gruber, Jerome M., "Formulation of a Least-Cost Diet Supplement for Pre-school
 
Children of El 
Salvador," M.S., Department of Mechanical Engineering,

Massachusetts Institute of Technology, 1973.
 

Guerrero, Mario Alfredo, "A Systems Analysis of Government Policies for Improving

the Nutritional Status of Low-Income Families in El 
Salvador: Preliminary

Considerations," M.S., Department of Mechanical Engineering, Massachusetts
 
Institute of Technology, 1973.
 

Sarris, Kyriakos H., "An Approximate Analytical Model for Estimating the Effec­
tiveness of a Fcod Supplementation Program for Children in El Salvador,"

M.S., Department of Mechanical Lngineerig, Massachusetts Institute of Tech­
nology, 1973.
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Varekam, Carlos, "A Study on Ferro-Cement: Theories, Properties and Appli­cations," B.Sc., Department of Mechanical Engineering, Massachusetts
 
Institute of Technology, 1973.
 

In Progress
 

Castaline, Allan, "Comparison of Urban Transportation Systems for Developing
Countries," M.S., Department of Civil Engineering, Massachusetts Insti­
tute of Technology.
 

Kutnick, Bruce, "The Nature of R & D by Industrial Firms in India," Ph.D.,

Department of Economics, Massachusetts Institute of Technology.
 

Motomura, Yui, 
"Benefits Associated with Urban Transportation Investment in
Developing Countries," M.S., Department of Civil Engineering, Massachusetts
 
Institute of Technology.
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LIST OF PUBLICATIONS, 1973-1974
 

1. Reports and Published Papers
 

Bloomberg, Carol A., The Transfer of Management Technology in the Commonwealth
 
Development Corporation, Business Management for Economic Development Project,
 
Center for International Studies, Massachusetts Institute of rechnology,
 
July 1974.
 

Johnson, Willard R., Training Business Managers to Promote Economic Development,
 
Business Management for Economic Development Project, Center for International
 
Studies, Massachusetts Institute of Technology, July 1974.
 

Karuga, James Gatanyu, Africanization and Management Development in Kenya, Business
 
Management for Economic Development Project, Center for International Studies,
 
Massachusetts Institute of Technology, July 1974.
 

LaTorraca, Gerald A., and Lawrence H. Bannister, "Feasibility Study of a Swept
 
Frequen&.0 Electromagnetic Probe (SWEEP) Using Inductive Coupling for the
 
Determination of Subsurface Conductivity of the Earth and Water Prospecting
 
in Arid Regions," Center for Space Research TR 74-3, Massachusetts Institute
 
of Technology, September 1974.
 

Moavenzadeh, Fred, "The Role of the Construction Industry in the Development Process,"
 
Public Policy, VolumE XXII, Spring 1974, Number 2, Harvard University Press,
 
1974.
 

Moavenzadeh, Fred, and Janet Koch Rossow, The Construction Industry: A Review of
 
the Major Issues Facing the Industry in the United States, Department of Civil
 
Engineering Research Report Number R74-44, Massachusetts Institute of Technology,
 
Summer 1974.
 

Moavenzadeh, Fred, and Janet Koch Rcssow, The Constructioi, Industry in Developing
 
Countries, Technology Adaptation Program, Massachusetts Institute of Technology,
 
Spring 1975.
 

Proceedings of the M.I.T. Symposium on Strategies for A.I.D. Programs in Selected
 
Areas of Science aid Technology, ed. J.P. Ruina, Technology Adaptation Program,
 
Massachusetts Institute of Technology, 4 vols., Winter 1974.
 

Simpson, Robert W., and Raymond A. Ausrotas, Air Transportation in Ethiopia, 1974,
 
Fligh, Transportation Laboratory, Department ol Aeronautic- and Astronautics,
 
Massachusetts Institute of Technology, February 1974.
 

, Air Transportation in the Sudan, 1974, Flight Transportation
 
Laboratory, Department of Aeronautics and Astronautics, Massachusetts Institute
 
of Technology, March 1974.
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Stickney, R.E., and K. Sarris, "Approximate Model for Estimating the Potential
 
Reduction of Malnutrition and Mortality by Various Intervention," Draft Paper,

Department of Mechanical Engineering, Massachusetts of Technology, Fall 1974.
 

2. Professional Papers
 

Ausrotas, R.A., "Low Density Air Transportation in Developing Countries," Presented
 
at the 15th Annual Meeting of the Transportation Research Forum, October 1974.
 

Johnson, Willard R., "International Investment and Transfer of Power; Perspectives

on Africanization of Management," Paper presented to the Seminar on 
International
 
Organizations and the Political Self Assertion and Strengthening of Africa
 
Continentally, University of Yaounde, September 1974.
 

Stilckney, R.t., et al., "Systems Analysis in Nutrition and Health Planning: Approx­
imate Model Relating Birth Weight and Age to Risk of Malnutrition," Paper pre­
sented at the Western Hemisphere Nutrition Congress IV, Bal Harbour, Florida,
 
August 19-22, 1974
 

All the following papers are provisional background material prepared for delivery

at the MIT Colloquium on "Assessing the Economic and Environmental Impacts of Alter­
native Urban Growth Strategies". 
 THESE ARE DRAFT PAPERS; THEY ARE NOT FOR DISSEMINAlION
 
OR QUOTATION.
 

Dyckman, John W., 
"The Urban Environment of Americans: Environmental Protection and
 
the Pattern of Preferences," February 1974.
 

Hall, Peter, "M.I.T. Comparative Analysis Seminar or, Environment and Urban Growth
 
Strategies (ll.902)--Britain," March 1974.
 

Major, David C., "The Transfer of River Basin Planning Technology: Two Case Studies,"
 
March 1974.
 

Marris, Peter, "Environment and Urban Growth Strategies: Problems of Introducing

Alien Know-how inLo Growing Societies," March 1974.
 

Meier, Richard L., "Prospects for Resource-Conserving Life Styles that Expedite
 
Indonesian Development," March 1974.
 

Sachs, Ignacy, "Environment and Styles of Development," Originally written for the
 
United Nations Environment Programme, Presented April 1974.
 

Terner, Donald Ian, et al., "Self-Helf Infrastructure: Applications of Irregular,

Small-Scale, Incremental Systems for Residential Utilities," April 
1974.
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3. Theses
 

Aylward, Anne D., "Housing is a Red Herring: The Need for Alternative WaterSupply and Waste Disposal Technologies for Use in Squatter Settlements,"
M.S., Department of Urban Studies and Planning, Massachusetts Institute 
of Technology, February 1975. 

Baldwin, John, "Guide to Survey-Evaluation of Dwelling Environments," M.S.,

Department of Architecture, Massachusetts Institute of Technology, Spring 
1974.
 

Bazant, Jan, Enrique Espinosa, Jose Luis Cortes, Ramiro Davila, "Urban Dwelling

Environments: 
Mexico City," M.S., Department of Architecture, Massachusetts 
Institute of Technology, Spring 1974. 

Castaline, Alan H., 
"An Analysis of Urban Public Transport in the Developing
Country Context," M.S., Department of Civil Engineering, Massachusetts 
Institute of Technology, August 1974.
 

Chan3, Amrik S., 
"Prototype Development for Low Income Settlements," M.S., Depart­
ment of Architecture, Massachusetts Institute of Techno;ogy, Spring 1974.
 

Motomura, Yuichiro, "Policy Alternatives for Financing Urban Transport in Devel­
oping Countries," M.S., Department of Civil Engineering, Massachusetts Insti­
tute of Technology, May 1974. 

Mulumba, Stanley, "Urbanization in Developing Countries, Case Study: Kampala,

Uganda," M.S., Department of Architecture, Massachusetts Institute of Tech­
nology, Spring 1974.
 

Ocharoen, Pia, "Urban Dwelling Environments: Bangkok, Thialand," M.S., Department

Architecture, MIT, Spring 1974.
 

Samizay, Rafi, "Urban Growth and Residertial Prototypes in Kabul, Afghanistan,"
M.S., Department of Architecture, Massachusetts Institute of Technology,
Spring 1974. 

Tsai, Hsung-Hsiung, "A Methodology for Eva'jating a National Housing Plan: The
 
Case of Taiwan," M.S., 
Department of Urban STudies and Planning, Massachusetts
 
Institute of Technology, September 1974.
 

Valenzuela, Maria, "Philippine Squatter-Housing Policy and National Development,"

Department of Urban Studies and Planning, Massachusetts Institute of Techno­
logy, May 1974.
 

Vaidya, Ramesh, "The Choice of Technology in Highway Construction Industry: ACase Study of Nepal,u M.S., Department of Civil Engineering, Massachusetts 
Institute of Technology, June 1974. 
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The following students will complete their M.S. theses in the Department of
 
Architecture in the spring of 1975; the theses will generally include an anal­
ysis of the housing subsystems of their respective countries following a method
 
partially developed through AID funding.
 

Al-Hussamen, Moahmmed (Saudi Arabia)
 

Bazant, Jan (Mexico)
 

Millan, Jairo (Colombia)
 

Patel, Nimish (India)
 

Phisuthikul, Chakorn (Thailand)
 

Shaualbi, All (Saudi Arabia)
 

Tokman, Bulent (Turkey)
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ACTIVITIES REI.ATED TO THE TECHNOLOGY ADAPTATION PROGRAM
 

The Center for Advanced Enaineerin_ Study
 

The MIT Center for Advanced Engineering Study was established to help ex­
perienced mcn and women maintain the high level of competence needed for con­
tinued leadership in an age of unparalleled technological change. The Advancea
 
Study Program provides these men and women with the opportunity to study new de­
velopments in fieldd in which they are already expert, to learn about emerging 
fields, to broaden themselves or, to pursue a combination of these objectives. 

The advanced Study Drogram of the IlT Cente, for Advanced Engineering Study

is designed for men and women who have supplied and will continue to supply the
 
initiative, leadership, and accomplishmert that catalyze technical progress. The 
Program privides an opportunity for such people Lo spend one or more academic 
terms on the MIf campus participating in whatever academic, research, and other 
special activities see,, mos t relevant to their present and future needs. 

Past pdrticipdnts have varied in age from mid-twenties to late fifties. The 
median age is about forty. Countries, in addition to the UriteJ States, represent­
ed by past participants have included Argentina, Belgium, Bolivia, Brazil, Canada, 
Czechoslovakia, France, Great Britain, India, Iran, Israel, Italy, Japan, Mexico. 
New Guinca, Noro'ay, Poland, Switzerland, and Venezuela. Participants have come 
from inuustry, government agencies, and academic institutions. Most Fellows have
 
Bachelor's or Master's degrees. Most participants receive financial support from
 
their employers, some participants are suoported by government fellowships or
 
fellowships from foundations and international organizations.
 

The format of the Program is one of great flexibility. The program of each
 
Fellow is individually tailored to his or her background and objectives and normal­
ly combines formal cla.sroom study, seminars, research, and studies guided by one 
or more members of the MIT faculty. The entire spectrum of MIT activities is made 
available undergraduate and graduate subjects, seminars, colloquia, and research. 

Each Fellow works out an individualized program in consultation with MIT fac­
ulty. The aim is to match the background and objective of the Fellow and his or 
her sponsoring organizaiton with the opportunities available at MIT. Some parti­
cipants carry a substantial load of formal classroom subjects, while others delve 
deeply into res-arch frontiers following and digesting emerging technology and ev­
aluating its relevance t. their home organizaitons. Fel ows may combine studies 
in science, management, architecture, urban studies, humanities, economics, poli­
tical science or any other Field available at MIF 

Tile Center's programs prepare men and women for future roles which envisage 

1. Technical management. The Program would combine work in key technical fields 
with work in relevant management areas. 

2. Creative leadership in an area that requires the applicaltons of knowledge 
from several disciplines. The Program would add new areas to the Fellow's current
 
background.
 

92
 



3. In-depth accomplishment in one discipline: The Program would lead to 
capability
 
at the frohtier of a discipline.
 

Special Center Subjects. In addition to the regular MIT subjects, the Center offers a number of special subjects. These are designed to meet the particular needs of 
the Fellows 

Computer S2stehis Basic components of a ceputer system. Prugraillnrw , including
the organizalton and planning of programs and the key features of alternate lang­uages. Design and use of problem-orie,.ted languages. The role of man-machine com­
,unications. tLime sharing, graphical input-output, dynamic memory allocation. Fea­
tures of operating systems and comparison of systems. Present and future impact
of the computer. its use as an information processor Extensive "Hands on" use of 
high-speed digital machines. 

Simulation Nedhods Basic simulation methodology as applied to discrete stochastic 
systems. role of in systems analysis
imulatien Comparison of various time-fiow 
mechanisms Use of sevwral computer languages to program simulatlor' models Com­
puter systew requirements for situla,ton modeling A survey of simulation appli­catiorns including the study of several in depth. Random number generation and teSL­
ing. Statistical aspects os simulation andlysis icluding validation, variance ra­
duction, experiment design, validity of results, run-length considerations, model
 
initialization, analysis of autocorrelated data
 

Introductlon to _ introduction toSstem~ Anals ,s the approaches, concepts, and
techniques employed in the analysis of policy problems. Main focus on cost-effec­
tiveness as a means of choosing oetween major policy alternatives. Application of

principles to case-study problems for illustrative purposes
 

The Federl Budet and ational PrlofltiS Functions and roles of the Pederal
budget, its composition as reflecte d- inrevenues, outlays, and the allocation of 
resources, and projections of future budgets. Major program areas such as defense,income maintenance, health, education, and environmental control, emphasis on cur­
rent issues. Review proposals for alternative federal budgets in terns of their
objectives, revenues, outlays, and allocation of resources. 

Quantitative Technigues and Systematic Analysigs. Introduction to the (oncept5 andquanti tative techniques relevant to the systematic analysis of policy decisions.
Principles of supply and demand, ity and curves,production possibi indifference 
marginal utility, costs. The application of these principles and the techniques
of discounting, depreciation, regression analysis, break-even analysis in the anal­
sis of case-study situations.
 

Probability_Theory Ar Le theory randomintroduciton to of probability and pro­
cesses with engineering applicaitons. Probabliity as a model for empirical aver­
ages. Random variables and probability distribution functions. Statistical aver­
ages Elements of estimation and sampling theory. Correlation and characteristic 
functions.
 

Random Processes: Basic properties of the simple random walk, Markov chains, and
 
the Poisson and Gaussian random processes through linear systems, definition of
 
spectra, and an introduction ot the theory of optimum linedr systems. Various ad­
ditional applications at the discretion of the instructor. 
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Introduction to OperaLions Research: A two-term introduction to some important

techniques of operations research, including linear programming, network analy­
sis, dynamic programming, statistical inference and decision theory. Markov models,
queueing theory, inventory theory, and simulation. Emphasis on decision-making
applicaitons. Several recently published studies critically reviewed. 
 Oral and
 
written presentation of a course project required.
 

SteLn Dynamics Introduction to modeling of soc,al systems, emphasizirg the 
study of feedback structures and their behavior Developmewf of concepts that
allow one to understand the mechanisms underlying growth, stagnation and cyclical
fluctuation. nxamples and practice at formulating models of industrial, economic,

social, and ecological systems. 

Introduction to Statistics and Probability: Introduction to probabilistic con­
cepts and statistical methods wlth strong emphasis on aprlcaditons to management,

engineering and administrative problems. Elements nf prabability rules and the 
use of binomial, hyDothesis testing and regressia, analysis. Other topics will

include introduction to statistical decision-m"o"i~g under uncettainty, statistical 
data analysis and elementary econometrics.
 

App ications of Statistical AnalysThi s crurse will contain a presentation 
of several statistical techniques vhich are useful in the analysis f statistical

data emphasizing applications to modern managerial analysis and enyneering sys­
tems. Focus upon developing skills for identifying and dealing with practical

data analysis problems. Topics will include intermediate regressiun analysis,

analysis of variance, discriminant analysis, factor analysis, maximum likelihood
 
estimation, elements of time-series analysis, forecastinq models, nonparametric
statistics and decision making under uncertainty While some of the techniques
will make use of availahle computer-based systems, the students are not expected
 
to write their own programs [lementary knowledge of probability and statistics
 
will be requ i red 

The Center also conducts weekly seminars during the fall and spring terms. 
These seminars are planned especially for the Fellows and are designed to acquaint
them with important emerging fields or new developments Past topics have includedThe Dynamics of Social Systems, Artificial Food ; Technology and Public Policy;
Race and Poverty in America, Management of Research and Development, Economics of 
Marine Systems, An [conomic View of Congestion; Solid Waste Disposal; Changing
Policies Regarding Science and Technology, The Limitation of Strategic Arms; Women 
and Men and Work; New Developments in Public Investment Planning; and Transport­
ation Constraints 

A certificate is awarded following satisfactory completion of the Program;
grades will be recorded for those MIT subjects that are taken for credit. Fellows 
may apply for admiison to the MIT Graduate School; those who are accepted and
 
who fulfill all the requirements of the Graduate School are eligible for advanced 
degrees.
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Center for Policy Alternatives
 

The Center for Policy Alternatives, a part of the Massachusetts Institute
 
of Technology's School of Engineering, was founded in 1972 in response to thf
 
need for policy analysis of the alternatives available to governments, industry,
 
education and individuals in meeting complex societal problems throughout the
 
world. Its activities are directed by Dr. J. Herbert Hollomon, an M.I.T. alum­
nus and former president of the University of Oklahoma.
 

The Center was initially funded by a grant from M.I.T and the Alfred P.
 
Slodn Foundation and currently has project grants or contracts from the National
 
Science Foundation, the Department of Commerce, the State Department's Agency
 
for International Development, and the Ford Foundation, and several foreign
 
governments.
 

Its scope and activity requires expertise in a wide range of interrelated
 
disciplines, particularly from specialists who are knowledgeable about technology

and its relation to industry, the legislative and governmental processes, econ­
omics and public policy issues. Project participants include staff researchers,
 
faculty from M.I.T. and other universities, and students. A post-doctoral and
 
research fellow program draws specialist- from other universities, government
 
and industry, both from the United States and world-wide.
 

Additionally, through its relationship with the Institute, the Center serves
 
to involve faculty and students in the application of applied science and eng­
ineering to societal problems. The Center not only undertakes rational study
 
and analyses of issues so as to beneficially connecL technology and economic
 
welfare but also encourages studies within the Institute related to the issues.
 

Drawing on the personnel and resources ol a major scientific and engineering
 
institution, the Center is committed to a twofold objective-­

1. to mount in-depth studies of substantive societal issues and problems, parti­
cularly those in which technology and engineering could play significant roles; and
 

2. to assess the consequences of established policies and programs a:.d suggest
 
alternatives to modify those consequences.
 

The results of the Center's studies and assessments are made available to key
 
decision makers in government, industry, education, and other institutions.
 

The major areas in which the Center is now or intends to become involved
 
include
 

Science, Technology and Public Policy: The impact of governmental activities
 
on industrial and economic development, and the use of technology for social
 
purposes in both developed and developing nations.
 

Educational Manpower: The influence of government end education policy on the
 
supply, demand and character of professioial, managerial, and technical manpower.
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The Service Sector: The influence of institutional interrelationships and the
 
application of technology on the delivery of health, education, and local gover­
nment services.
 

Manufacturing, Productivity, and the Workplace: 
 The identification of new tele­
communications transmission systems and the distribution of information on pub­
lic attitudes, urban and rural life, and education.
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The Energy Laboratory
 

Inrecognition cf its potential for pubilc service in the energy field, MIT
 
established the Energy Laboratory in November 1972. Five broad objectives were
 
adopted. The Laboratory 4ould
 

1. undertake d broad-based, intensive program of interdisciplinary and mission­
oriented energy research, 

2. condu-t comprehensive and objective policy studies and assessments of alter­
nate energy strategies;
 

3. communicaLe research results to potential isers and promote the transfer of 
new technologies and methodologies into practi:e, 

4. expand educational and training opportunities in energy areas at MIT and dev­
elop the manpower with the skills and experience necessary to deal with energy
 
problems. and
 

5. contriute to public dissemination of energy-related data and the furtherance
 
of informed dialogue on key energy issu2s
 

The Energy Laboratory attempts to meet these objectives through programs

in seven major research areas--Energy Management and Economics; Fossil Fuel Tech­
nology, Nuclear Technology, Environmental Technology; Electric Power Technology;
 
End Use Tec'nology, and Alternate Energy Technology.
 

Energy Management and Economics- Programs in this area involve the following types
of activities (a) formulation, implementation, and application of analytical
models of energy production and utilization behavior using techniques of applied
 
economirc, econometrics, mathematical modeling, and engiieering cost estimation;

(b)conducting of energy policy studies and evaluations, including evaluation of
 
specific technological choices; (c)development ur improved computational methods
 
for the estimation and solution of dnalyticai energy models, as well as the as­
similation and management of energy data bases.
 

Fossil Fuel Technology. Programs in this area involve the following activities:
 
(a)basic research relating to fossil fuel processing, conversion, combustion,
 
and separation or cleaning of emission products; (b)use of results of basic re­
search to develop improved analytical models for predicting performance of cam­
ponents and systems associated with chemical ard fuel processing plants, electric
 
power pldnts, boilers, gas turbines and automotive engines; and (c)use of im­
proved analytical models in conjunction with data from experiments carried out
 
on pilot or demonstration plants, to determine scaling laws and obtain engineerins

information that can be used in the development of new systems or new models of
 
presently operating systems. Such models can be used for systems simulation, ec­
onomic evaluation, optimization and estimation of materials requirements relating
 
to fossil fuel utilization.
 

Nuclear Technology: Programs in this area are aimed at technical, environmental
 
and economic problems relating to development and utilization of nuclear power.
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Principal activities include: (a)development of improved methods of design and
safety evaluation relating to contemporary fission reactors; (b)basic research
and technology development relating to advanced fission reactor concepts; and
(c)basic research and technology development relating to nuclear fusion.
 

Environmenltdl Technol_9y Programs in this area include e )erimerntal and anal­ytical work ailned at developing improved methods for prediction, monitoring,and control of environmental and health effects of waste products associated
with the production and utilization of energy.
 

Electric Power Technology: Programs in this area 
involve both experimental and
analytical work aimed at-
 (1)development of improved electrical 
component de­sign, and (2) development of improved methodology for planning, design ,,i ­eration of large interconnected sytems.
 

End Use Technology: Programs in this area include experimental and analytical
work aimed at a) improvement of energy efficiencey in buildings; (b)reduction
of energy consumption in industry processes; (c)increasing energy efficiency
of transportation systems; and 
(d)determination of efficiencies to be derived
 
from integrated energy systems.
 

Alternate Energy Techno;o~y: Programs in this area include work on: 
(a)solar­energy technology, with special emphasis on electric power and hydrogen generation;
(b)energy storage; and (c)energy conversion, including a topping cycle involving
high temperature (15000F) electrolysis and a medium-temperature fuel 
cell.
 

The Energy Laboratory is modeled in principle after such highly successful
Institute organizations as 
the Charles Stark Draper Laboratory, the Lincoln Lab­oratory, and the Research Laboratory of Electronics. 
 Like both Draper and Lincoln
Laboratories, the Energy Laboratory is organized as 
a "special" facility under the
Vice President for Research rather than under the direction of a particular School
or academic department. 
This enables the Energy Laboratory to move across trad­itional disciplinary lines and integrate diverse programs and synthesize approachesnot conceived by narrower, more specialized research groups. 

One major difference between the Energy Laboratory and its predecessors is
that issues of management, economics, and public policy--and the intersection of
these matters with the details of science and technolooy--loom much larger in the
energy picture than they did in the primarily defense-related research undertaken
 
earlier.
 

In order to maintain a program responsive to both MIT and national needs, sev­eral 
internal and eApernal committees exist which provide guidance to the labora­tory as 
it formulates Fnd carries out energy research activities. General research
guidance and month-to-month coordination of the Laboratory's efforts with those
of the academic departments w:tHin the Institute are 
provided by a, Energy Labor­atory Steering Committee. 
Larger issues of policy regarding the Lab's development
are the responsibility of the Policy Committee consisting of Academ"ic Deans and
other administrative staff of the Institute. 
 An Advisory Bord of energy experts
from outside MIT reviews the work of the Laboratory on a periodic basis and brings
close working knowledge of energy problems to bear in advising the Lab on 
its cur­
rent programs ard future plans.
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In carrying out current programs, the Laboratory emp,oy. a full-time research 
staff and draws extensively on personnel and resources available through various
 
departments and research facilities at the Institute. 
 The research volume of the 
Laboratory currently exceeds $3.5 million annually, with specialists in science,

engineering, economics, an(' management involved 
in a range of applied research

projects funded by government, industry, and the Institute. 
 In all, over 6n

faculty members, 100 students, and 30 professional staff--including specialiscs
from industries and utilities--participate in Laboratory programs. 

Typical actiities now urderway at the Laboratory include (1) national energy
policy analysis involving supply, demand, dnd new technology projections, (2) on­
line weather predicting and monitoring systems for improving environmental quality

nationally by fuel 
shifting and load shifting of electric power plants on an oper­
ating utility system, (3) modeling, instrumentation, and materials development fo,

MHD, combined cycle, and advanced combustion systems, and (4) enlvironmental manage­
ment, monitoring and safety analysis for electric power pl3nts 
as a regional coop­
erative program with the New Englar.: utilities. 
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Center for Transpo rtation Studies
 

lhe Center for Fransportation Stud-rc was founded inApril 1973 inorder to
provide a focus for graduate transportation studies at MIT. 
It inciudes an Acad­emic Program, a Research Program, and a Communicaiton and Coordination Program.
 

The Center, headed by Professor Paul 0. Roberts of the Department of Civil
Ergineering, has grown substantially since its founding. 
The past year was part­icularly successful. 
 The volume of resedrch funded through the Center increased
more than four hundred percent; two major interdisciplinary research proposals
to the U.S 
 Department of Transportation's University Research Porgram won support
against competition from twelve other universities; the Center began work on 
itsDevelopment Plan, and, inconjunction with the Legal Studies Porgram, a
major
grant was received from the Union Pacific Foundation.
 

Inaddition to the six CTS Reports published during the past year, the Center
has now assembled copies of a large number of recent publications in the field oftransportation. A Master publication list will be issued later this year.
 
The Center continued to hold its Luncheon/Seminar Series. Inall, 
there were
ten guest speakers over the fal" and spring terms. 
 The speakers included the new
Secretary of Transportation and Construction for Massachusetts, Mr. Fred Salvucci,
who talked on "Transportation and Politics: The Boston Scene." 
son, Mr. Robert Thomp-
Counsel to the Boston Regional Environmental Protection Agency spoke on "Post
Hearing Revisions to the Boston Air Quality Cohtrol Strategy." Mr. George Sceizo
from Personal Rapid Transit Systems Corporation in Chicago talked on "Astroglide,the Slim Tr'-sit System." Professor Ann Friedlaender, newly appointed Professor
of the Departments of Civil Engineering and Economics talked about "Regional Mac­roeconomic Modelling in Massachusetts.,, Mr. John C. Emery, Jr., President of Em­ery Air Freight Corporation spoke on 
"Air Freight inthe 1970's." Mr. Charles
Foreman, Vice President and Directior oF United Parcel Service, discussed "Tran­sportation Policy and Small 
Package Movement."
 

During the year sone thirty proposals were submitted under the auspices of
the Center's Pesearch Program. Of these, sixteen were successful and have been
awarded. Their contract value sums more than 3.2 million dollars.
 

The Center does not have an individual academic program. 
 Itdoes, however,
coordinate transportation courses throughout the Institute. 
 Requirements for a
new degree "Transportation Engineer" have been drafted and are now being circulated

for comment and review
 

During this coming summer (1975) there will be four courses offered irtrans­portation at the Institute. They are
 

"Air Transportation Systems Analysis,: Part 1 to be given June 16-20 and Part
2 from June 23-27. This program will be presented by the faculty and staff of the
Flight Transportation Laboratory, Department of Aeronautics and Astronautics.
 

"Analysis of Urban Service Systems," which will be given July 7-11. 
 The pro­gram isunder the direction of Professor Richard G. Larson of the Department of
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Urban Studies and Planning. In all, there will be three other guest lecturers
 
complementing Professor La-son. 

"Analysis and Design of Transportation Systems," Part 1 to be qgven August
4-8 and Part 2 from August 11-15. This program is to be directed by Professor 
Marvin L. Manheim of the Depdrtment if Civil Engineering arid ascislted by M.I T 
facuity from the Departments of Civil Engineering, Ocean Engineerinq, jnd Aero­
naitic and Astronautics. 

"Decision Makig under Uncertainty. Methods and Applications of Decision
 
Analysis," which will be given August 18-29. This program is directed and pres­
ented by Professor A.W. Drake, M.I.T. Operations Research Center, and Professor
 
of Electrical Engineering. and Dr. R.L. Keeney, who has been Associate Professor
 
of Operations Research and Management at M.I.T. He is currently a Research Schol­
ar at the International Institute for Applied Systems Analysis, Laxenburg, Austria.
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Center for International Studies
 

The Center for International Studies, one of MIT's interd:c1;. 
 nary research
centers, emphasizes in its program the international issues arising from unprece­dented global interdependence. 
Many of those issues involve technological as well
 as social, political, and economic aspects, 
so that the Center's research often
requires collaboration across the disciplinary boundaries of engineering and the
social sciences. MIT provides 
a unique setting for such research, given the high
quality of its faculties in both technology and the social sciences and the f'ex­ible, 
 receptive climate that encourages cross-disciplinary collaboration.
 

The Center was founded in 1951, 
one of the first major university research
centers in the international field. The program in succeeding years centered large­ly in the social sciences and more specifically on the study of economic and poli­tical development, the conmunist world, defense and arms control, and political
communications. 
 Many of the Center's members are continuing to pursue these in­terests, while others have launched new projects with more explicit technological
dimensions in such areas as 
food, space, energy- trade, transfer of technology,
arms, and the environment. 
Much of the research is strongly policy-oriented. Our
goal 
is to help illuminate new international 
issues and to assist in the increas­ingly difficult task of making policy to deal with complex social 
problems.
 

The primary business of the Center is research, although it plays an auxil­iary role in graduate and undergraduate teaching at the Institute through faculty
and student participation in research projects and through seminar and lecture
 programs. As 
a research center, it responds to and stimulates interest in impor­tant international questions for which MIT faculty members hdve relevant competence.
The initaitive for research projects may come from members of the faculty, from
the Center, or from outside sources. In all 
cases, the faculty and students assoc­iated with the projects retain their primary Departmental affiliations, while car­
rying out research under Center auspices.
 

The theme for the Center's research program is now global interdependence,

with special 
attention to the consequences of technological change, social control
of the effects of technology, use of scientific and technological knowledge, prob­lems of accelerating growth, and problems of policy-making in this changing inter­
national environment.
 

Major projects or programs that have been developed under this new theme in­
clude"
 

- international nutrition planning 

- arms control
 

-
common problems of advanced industrial countries
 

- nuclear power regulation
 

- communications policy
 

- long-term resource availability
 
-
impact of technology on the international political system
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- foreign policy planning 

-
consequences of migration within and between developing and industrialized
 
countries
 

- changing climate for international business
 

Special seminars, related research, and planning for possible future programs

are being conducted in other subjects related to the new theme of Center research,
 
including­

- comparative environmental policy
 
- technical analysis for policy-making
 

- international institutions
 

- international energy issues
 

-
comparative study of national and interrational regulatory mechanisms
 
- transfer of technology
 

- food/nopulation
 

Several other research programs continue at the Center, and new ones 
have

been initiated in response to faculty initiative, that reflect finger-standing

research interests. These include projects or programs in subjects such as:
 

- group identity and political change
 

- Asian political cultures
 

- information management
 

- international economic system
 

- cormmunism, revisionism, and revolution
 
- comparative analysis of internal social conflict
 
- policy-making for local conflict situations
 

Inaddition to these programs, there is close collaboration with research

based at other locations at the Institute. For example, the extensive energy

policy studies of the Energy Laboratory, the research of the Technology Adapt­
ation Program of the School of Engineering, and some of the projects at the Cen­ter for Policy Alternatives are conducted with substantial 
interaction with the
 
Center.
 

Tile Center is the only Institutp-wide body devoted principally to 'hter­national affairs. However, other internationally related activities and research
projects proceed elsewhere in the Institute, either within individual departments

or in other research centers. There is no attempt to collect these under one um­brella, though the Center for International Studies seeks to keep abreast of re­
lated work. In many cases, projects are carried out jointly between the Center
 
and other departments, Schools, or centers at the Institute.
 

The relatively small size of MIT (8,000 students, graduate and undergraduate)

and a long history of interaction among disciplines greatly aids the development
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of genuine multidisciplinary research projects. 
 The growing interest and concern
of engineering faculty and students in the social implications of technology and
in the policy issues raised by technology are crucial 
assets to the Center's work.
 

Aside from its research projects, the Center has other important roles at
MIT. An extensive program of seminars and lectures deals with special issues of
interest, usually in connection with specific projects or 
to initiate new research
areas. 
 The Center receives many short-term visitors from the United States and
abroad and is also host to a small 
number of visitors for a semester or a year.
Occasionally, the Center undertakes special 
educational or training programs in

conjunction with one of ;ts 
research projects.
 

The Center cooperates closely with other institutions in the area, particular­ly at Harvard with the Center for International Affairs, the Center for European
Studies, the Program for Science and International Affairs, and the Population
Center. Several 
projects and programs are jointly sponsored with Harvard; with

others there is close, informal collaboration.
 

The Center sponsors the publication of books resulting from research conducted
under its auspices and publishes research reports and policy articles under its 
own
imprint. 
 Nearly 250 books and a large number of articles and policy papers have
 
been published.
 

Funding for Center programs is derived from a variety of public and private
sources. 
 The Ford Foundation figures prominently in support for individual programs
and in the past for general Center support. Other foundations, industry, and U.S.
government agencies--notably the Agency for International 
Development and the Nat­ional Science Foundation--are current program sponsors.
 

104
 



International Nutrition Plannino Program
 

Malnutrition, once considered solely a serious humanitarian concern, now is 
acknowledged as having important implications for the larger economic growth pro­
cess. Daspite growing awareness of this fact by governments of both the developed 
and the developing nation,, nutrition intervention programs to date have been lirii­
ited both in scope and effectiveness. The inadequacy of LridiLioriai approkiche, 
alone and a cledrer understand-ng of the magnitude and complexity of ihe malntu­
trition problem make it apparent that a broader approach is necessary. Tuch an 
approach implies a need (1) to relate nutrition programs to the larger processes 
of economic growth, requiring an understanding of vital interrelatonslhips be­
tween nutrition and rural development, agricultural policy, public health, 'nd 
population problems, and (2) to address explicitly the matter of integrated nut­
rition planning. 

Recognizing this need for a broader perspective and for a broader range of
 
disciplines--e.g., economics, political science, anthropology, demography, social
 
psychology, epidemiology, and management as well as nutrition and food science-­
the Department of Nutrition and Food Science and the Center for International 
Studies established an International Nutrition Planning (INP) Program at MIT it, 
1972. Individuals involved in operations of the INP Program are drawn from tre 
Nutrition Department and the Center plus the Sloan School of Management, the Cerl­
ter for Advanced Engineering Study, and the Departments of Economics, Political 
Science, Urban Studies, Mechanical Engineering, and Ocean Engineering. In addi­
tion, the Program has the cooperation of individuals at Harvard University in the 
Development Advisory Service, the School of Public Health, the Center tor Popu­
lation Studies, and the Graduate School of Business Administration The INP Pro­
gram has received core support from the Rockefeller Foundation and the US Agency 
for International Development. 

Activities of the INP Program are concentrated in three basic areas
 

1. applied, operational research to determine and refine effective integrated
 
approaches to national and regional nutrition planning, and implementation and
 
evaluation of programs to combat problems of malnutrition among target populations;
 

2. provision of advisory services to governments and to multilateral and bilateral
 
assistance agencies on specific aspects of nutrition planning and progralming; and
 

3. education and training pertaining to these approaches, and designed for students,
 
concerned persons, and institutions involved in various facets of the problem.
 

At the request of several governments, the INP Program has become involved in
 
the planning of programs designed to combat malnutrition in ways which are inte­
grated with rural development, public health, population, agricultural, and em­
ployment objectives of these countries.
 

In addressing the matter of nutrition planning the Prograi utilizes available
 
relevant data and the full participation of national personnel. Planning activities
 
necessarily are individualized according to country or regional needs but involve
 
at least the following elements:
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1. assessment of the nature and magnitude of the existing malnutrition problem,
particularly with regard to young children among whom the consequences and im­plications of malrjtrition are most critical; 
2. dndlyss aimed dt the identification of the relative importance and inter­actions of the determinants of the malnutrition found; 

determination of effective technological or economic means of affecting thedeterminants or problems found most important in the first two steps. 

The first step draws on expertise in the Department of Nutrition and FoodScience, w',ile the second and third steps utilize human resource economics, ep­idemiology, anthropology, and specific inputs from specialists in co,,unications,demography, engineering, urban planning, and oceaai 
resources depending upon the
problem identified. Inputs from development economics and political science are
employed at all 
stages to assurc integration of this planning into the broader

development process
 

Although the primary thrust is oriented toward planning, the INP Programrealizes that planning, if it is to be effective, does riot terminate with theinitiation of a project It must continue through the implementation processwhich involves continued decision making, goal revision, and the ability to take
advantage of new 
targets of opportunity. 
Sinilarly the evaluation mechanism
clearly is an indispensible too] 
in a broadly conceived planning process.
 

While recognition of the imilications of malnutrition is increasing amonggov.nments of low income countries and among international agencies, they some­times lack the personnel 
to translate this concern into effective programs. "IheINP Program is making available to these governments and agencies a pool of skilled
persons capable of providing competent operational advice geared to the solution
of malnutrition problems. 
 Such advisory services can 
be obtained in the brodd
area of nutrit in planning discussed separately above. 
 They also are provided to
aid in the solution of such specific elements of a nutrition strategy as (1)partic­ular deficiencies among populaton subgroups, (2)the design or evaluation of sup­plemental feeding, food fortification, plant breeding, or information dissemination
programs, 
(3)utilization of nutrition inputs as a means of strengthening health,
family planning, or educational institutions, or (4) the nutrition implications
of an agricultural price policy or production-incentive program.
 

Examples of such services which have been provided by the Program include:
 

Chile: 
 work with the Government's Industrial Protein Group (CPI) 
to develop low
cost, indigenous substitutes for imported milk powder;
 

El Salvador: participation with the Planning Coimission and with the Institute of
Nutrition of Central America and Panama (INCAP) in developing short and long run
nutrition program proposals for the Government;
 

Indonesia: assistance to 
the Government indevelopment of a plan for national

nutrition program development.
 

Pakistan: Assistance in the initiation of a 
nutrition planning effort in thf Plan­
ning Commission,
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Thailand: participation with the Ins,itute of Food Research and Product Develop­
ment in efforts to develop and commercialize nutritlous products from mung bears.
 

Agencies involved in the Program's advisory services have included UNICEF,
 
the International Bank for Reconstruction and Development, the World Health Org­
anization (WHO), and the LIS Agency for International Development (AID).
 

Success in program planning and implementation will depend ic,part on the
 
existence of personnel with training and experience relevant to m,ilInutrition proD­
lem solvirg in low income areas. In addition to the development of such a trained
 
cadre of professionals, there is a need to provide planners with an understandinq

of malnutrition and the dynamics of nutrition intervention, and to acquaint nutri­
tion and health personnel with planning tools and with the relationships of nutrl-­
tion to the broader process of economic growth. Given these needs in the inter­
national nutrition, MIT is offering the following programs of graduate study and
 
training.
 

S.M. and Ph.D candidates in related departments can uidertake regular gr:id-­
uate study with a thesis focus on international nutrition, national developaient,

and planning, or they can, with the approval of the departments involved, artan;c 
for special interdepartmental programs to meet individual needs. Such interdepa~t­
mental programs are particularly relevant to students in the Departments of Nuir.­
tion and Food Science and PolitiCdl Science but may also be applicable to studernts
 
in economics, management, or engineering.
 

Seminars will be designed to help the student integrate and focus materials 
from these subject matter arcas. The student also will be expected to write a 
thesis of a multidisciplinary nature relating to international nutrition and dev­
el opment. 

A small number of individuals will be admitted each year into a nine-month
 
Advanced Study Program as Fellows in International Nutrition Planning. This nro­
gram, undertaken in collaboration with the MIT Center for Advanced Engineering

Study, generally is limited to officials of governments and international agencies

who are able to meet certain entrance requirements (including fluency in English)

and who are sponsored and financed by their respective organization. Fellows will
 
undertake a special program of course work, seminars, and in some cases field work
 
developed in a way which most sensibly supplements existing talents and experi2nce,

whether in public health., finance and economics, or administration. Fellows suc­
cessfully completing the program will receive a Certificate in International Nut­
rilion Planning.
 

Periodically the International Nutrition Planning Program will carry out work­
shops of two to eight weeks in duration, focusing on sptcific questions or problems

ia international nutrition and usually pertaining to a specific geographic 
area.
 
These workshops will be announced at least six months in advance and will, in some
 
cases, be carried out in conjunction with international agencies.
 

The INP Program also is involved in multidisciplinary researrh activities, as
 
noted above, and it sponsors a seminar series on nutrition policy. Together with
 
Cornell University's Program on Intern.,ional Nutrition and Development Policy, the
 
INP Program publishes the Cornell-MIT International Nutrition Policy Series of inter­
national cace studies and planning eforts relating to nutrition policy. The INP
 
Program also produces a Technical Report Series pertaining primarily to its field
 
activities.
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