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The project that is the subject of this report WiS,

approved by the Governing Board of the National Research
Council, wh::>se members are drawn fran the Council of the
National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine. The members
of the CaImi.ttee responsible for the report were ch::>sen
for their special canpetences and with regard for appro­
priate balarx::e.

This report has been reviewed by a group other than
the auth::>rs according to procedures approved by a Report
Review Ccmnittee consisting of members of the National
Academy of Sciences, the National Academy of Engineering,
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PREFACE

Over a span of seven years t tw::> scientific organi­
zations - one in Brazil and one in the United States -­
joined forces to conduct an experiment in postgraduate
research and teaching in chemistry. The experiment in­
volved substantial costs t scores of scientists and
students t and a unique mechanisn for international colla­
boration in science education.

The results of the experiment need to be assessed
and the lessons learned need to be noted. Besides their
own needs for analysis of the pn:>greIIIt the institutions
that were involved frequently receive inquiries fran
other countries about the usefulness of the mxlel on which
the experiment was based t and its possible applicability
elsewhere.

In December 1978 t therefore t a small assessment team
frun the United States visited Br>azil to discuss the ex­
periment with colleagues trere t two years after the
official close of the program. The members of the U.S.
team were: Dr. Aron Kuppennannt California Institute of
Technology; Dr. Henry Taube t Stanford University; Dr.
Ernest Wenkert t Rice University; and Dr. Victor Rahim­
witch and Mr. John HurleYt National Academy of Sciences.
This report is the result of that visit t plus interviews
and corTespondence with nany other participants in the
pn:>greIII.

Earlier detailed reports on the Brazil Chemistry Pr0­
gram are available t especially the final report of the
two-country supervisory panel. That report provides full
details on the various projects in the program and on tre
Brazilian and U.S. participants. The following pages t
lrlwever t will rot only describe and highlight tre pr0­
gram for tlx>se unfamiliar with itt but will also attempt
to view it in a perspective that becanes possible only
with the passage of time.
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Special acknowledgement srould be made of the help
and cooperation of tre CNPq and tre Brazilian particiPants
in the prugram, in making the assessment possible. The
conclusions expressed in this report, h:>weveI", are trose
of the U.S. assessment team.
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INrROOOCTION

In the late 1960s, the National Research Council of
Brazil (CNPq) and the U.S. National AcadeJI'!Y of Sciences
(NAS), began a dialogue on the possible contribution of
science and technology to the econanic and social de­
veloprent of Brazil. At a 1968 joint ~rkshop on this
topic, it was established that the chemical-based in­
dustries were of high priority in Brazilian industrial
developrent plans. Research and training capability
in these fields needed to be greatly strengthened,
bJwever.

These conclusions led to the formation of a study
group of Brazilian and U. S. scientists to explore the
feasibility of specific programs to help fill certain
specific needs in chemistry in Brazil. The study group
decided that a research and training program involving
both U. S. and Brazilian scientists ~uld be the best
approach.

A collaborative approach was chosen for several
reasons.

First, for certain fields of chemistry, Brazil simply
lacked trained personnel altogether, or had too few to
begin effective training programs for Brazilian students.

Second, experieoce has been disappointing in a munber
of developing countries with extensive programs for over­
seas greduate training of scientists. Often, students
are unable to find a satisfactory research atIoosphere and
~king envirorunent in their heme country and simply
ranain abroad. Aroong toose wOO do return, nany find con­
ditions at heme inadequate for a significant use of their
adv~ed training and feel powerless to change the situa­
tion by themselves.

Third, some developing countries have attempted to
implant new progr'ams and skills by inviting visiting
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foreign scientists to work in their universities and re­
search institutions. fust active scientists, however,
find it difficult and urxlesirable to be away from their
own country am prufessional activities for exterrled
lengths of time; consequently, this appruach terrls to
eliminate participation by the JOOst qualified Persons.

The Brazil-U.S. collaborative appruach, originally
pruposed by A100rican chemist Carl Djerassi, was designed
to overcane the Jdrrls of difficulties just described.
It was built on the basic premise that a successful pru­
gram nust aim at the implantation of areas of chemical
graduate education am research at sufficiently high
levels to pnxiuce scientists whose prufessional quali­
fications could natch those in advanced countries.

The najor prugram objectives outlined by the joint
study group were: (a) the developnent of a Brazilian
research capability in certain key fields of chemistry;
am (b) the stinulation of long-term cooPerative re­
search collaboration in chemistry between Brazilian am
A100rican scientists. A mechmism to achieve these obo­
j ectives would be to encourage young U. S. scientists to
becane involved in scientific work in Brazil, and to
receive adequate academic recognition in the United
States for such involvemmt.
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THE EXPERIMENTAL MODEL

The Brazil Chemistry Progrem was begun in October
1969 am ended -- as a joint progrem -- in December 1976.
'The final report of the joint CNPq-NAS panel described
the progrem mechanism as follows:

"Senior Brazilian chemists crose U.S. colleagues with
whan they wished to establish a Productive cooperative
research progrem based on canpatibility of interests am
availability of graduate students, instrumentation, and
laboratory space. Since it was impossible to attract
tQP-level U.S. senior chemists (wh::> h3.ve continuing re­
search progrems with large groups of junior colleagues
a.rrl students at their lxme institutions) to JIOve to Brazil
for long periods, young American Ph.D. chemists (usually
fIUIl the laboratory of the senior U. S. professor), were
selected by tre U. S. and Brazilian scientists for assign­
ment to Brazilian universities for two to three years.
Their positions in Brazil were equivalent to th::>se of
assistant professors in the United States; they conducted
SPeCific research projects with Brazilian graduate students
a.rrl taught courses in their research area. The senior U. S.
professors participated in each project through semi­
annual visits to Brazil a.rrl through continuing carmuni­
cation with treir Brazilian counterparts and with the
young AJooricans for wh:>m they were also responsible.

Another aspect of the program was the emph3.sis placed
on t:ra:ining Brazilian doctoral candidates in Brazil, rather
th3.n abroad. The reason for this was twofold: 1) in order
to train first-class Ph.D.s, the Brazilian institutions
needed to rrodernize their laboratories am equipnent; am
2) these upgraded facilities would be conducive to keeping
trained Brazilians in Brazil by offering them good re­
search facilities.

The program was truly COOPerative. The collaboration
included both professors and institutions. The CNPq ~
mitted itself to provide fellowships to Brazilian stu­
dents, purchase necessary equiprent am supplies, nodernize
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laboratory facilities, hire a full-time program coordina­
tor, and find a continuous procedure to expedite importa­
tion of small anounts of chemicals not available in
Brezil. The NAS accepted the responsibility of finiing
financial resources to cover the travel of U. S. professors
to Brazil for soort visits; stiperxls and travel for the
Fellows <American), including a three- to four-week ori­
entation trip approximately six nomhs prior to reloca­
tion in Brazil, and scientific meetings in the United
States; Portuguese language training in the United
States; p..1blication charges for paPers written by the
NAS Fellows; and salary for a full-time coar'dinator
and secretarial assistance."

The financial and material support for the progrem
came fran an interesting variety of goverrmental and
private sponsors. On the Brazilian side, substantial
contributions were made by agencies such as the CNPq,
Ministry of Education and its Carmi.ttee for Impruvement
of University Personnel (CAPES), Federal University of
Rio de Janeiro, Brazilian National Developnent Bank (BND),
FW'rl for SPecial Studies and Projects (FINEP), and Sao
Paulo Foomation for the Support of Science (FAPESP).
Fn::m the United States side, contrihltions were made by
the National Science Founjation, the Alfred P. Sloan
Foomation, the Atlantic-Richfield Foundation, the
Anderson FOl.U'Xiation, E.l. duPont de Neoours & CaDpany,
Inc., and the Atlantic Petroleun Canpmy of Brazil. The
U. S. Agency for International Developnent in Brazil played
a key role in supporting the operating expenses of the
progrem through a contractual agreement with the NAS and
CNPq.

Because of the need to base the program in Brazilian
institutions with well-established undergraduate chemistry
prugraJDS, and a nucleus of faculty and facilities able to
take on new graduate programs, two universities were
ch::>sen - the University of Sao Paulo and the Federal
University of Rio de Janeiro. Senior professors at each
university ccmni.tted themselves to providing adminis­
trative support and, in sane cases, scientific support to
elements of the Brazil ChEmistry Program.
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The original program concept aimed for aOOut five
new research groups to be set up at the university in
Sao Paulo, and five in Rio de Janeiro. After five to ten
years , it was expected that the research programs would
be self-sustaining and could continue with Brazilian
faculty and support alone. It was understood that about
seven years would be needed to begin producing Ph.D.s
on a regular basis; one or two years would be required
to get new laboratories in full operation, and four to
five years for the nornal cycle of graduate study, re­
search and publication of results.

Thus, the basic program design -- the experimental
Jrodel -- was laid out as shown in figure 1. Senior
Brazilian and Anerican chemists supervised the program
and supported it administratively and scientifically.
The principal operational support came fran a staff
coordinator in the NAS and a counterpart in the CNPq.
Young Anerican Ph. D. s -- NAS Overseas Research Fellows
-- were recruited am placed in the two Brazilian uni­
versities for two to three years to establish research
and teaching in selected topics of chemistry. Brazilian
graduate students were the targets and recipients of the
program activities and represented potential new hlDIlaJ1
resources in chemistry for the country. (In sane cases,
Brazilian students also cane to the U. S. for specialized
training. ) The entire program structure was supported
by a canbination of Brazilian am Anerican donors, both
goverrmental and private.

The senior Anerican chemists serving as panel mem­
bers IN'el'e expected to be active participants in tre
program. It was planned that they would travel to Brazil
several times a year to visit the elements of the pr0­
gram to which they were assigned, advise on research am
teaching problans, am give lectures am seminars. (Other
visiting lecturers also were incorporated into the pr0­
gram.) Additionally, the Anerican panelists were expect­
ed to serve as sponsors or patrons for the NAS Fellows.
They would help recruit and select the Fellows, provide
working advice am guidance, am also try to be helpful
to the Fellows in their search for aU. S• position at
the end of their service in the program.
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In sane instances, senior Brazilian professors visit­
ed the U.S. to interview prospective NAS Fellows and help
in their selection. The prospective Fellows also made an
orientation visit to Brazil before ccmni.tting themselves
to the program.
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Figure 1 BRAZIL CHEMISTRY PROGRAM STROCTURE

Ministry of Education am Calmittee
for :rDProvement of University
Personnel (CAPES)

Federal University of Rio de Janeiro

Bnlzilian National Developnent BanI<
(BND)

Fund for Special Studies am
Projects (FINEP)

Sao Paulo Foordation for the Support
of Science (FAPESP)

U. S. Program Support

Agf!!tKJY for International Developnent
(AID)

National Science Fourdation (NSF)

Alfred P. Sloan Foundaticn

Alderson Foundation

Atlantic Richfield Foorxlation

E. I. du Pont de NenDurs i CaDpany, In::.

Atlantic P~lel.lll Canpany of Brazil

Bnlzilian Panelists

OWq Staff Ccx:Jroinator

U.S. Panelists

Visiting Lecturers

NAS Staff Cooroinator

- - -- --- -r - - -- -- -
BMzilian Gr'aduate Students

/--1-- ~
Universities Goverrment
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PROGRAM INRlTS AND OUTPUTS

In November 1973, an assessment of the Brezil Chem­
istry Program by Brazilian and A!Ie'ican participants led
to a decision that satisfactory pn:>gress was being nade
and that amther tw:> years would be needed beyorxl the
initial five-year phase in order to fulfill program
objectives.

During the seven-year life of the joint program,
substantial inputs were nade in JIr:)ney, facilities, and
equipment, and in the time and effort of participants.
It is estimated that an investment equal to about 2. 6
million dollars came both fran Brezilian sources (about
1. 5 million), and fI'aI1 American sources (about 1.1 mil­
lion) • The program participants imluded 31 Brezilian
and A!Ie'ican panel nenbers, a program cooroinator on each
side, 18 visiting lecturers, 17 NAS Fellows, and about
106 Brezilian graduate students.

The seventeen men and wanen wh:> served as NAS Fellows
were a key element of the program. They were the agents
for transferring kmlWledge and techniques related to the
target areas of research and teaching. Their ability to
transfer their kmlWledge and experience dePerxled greatly
on their capacity to adjust to a different culture,
different educational system, and different university
pattern of organization and control.

The Fellows received salaries that were based roughly
on the equivalent pay for beginning Assistant Professors
at u.s. universities. Married Fellows received extra
allowances for deperxients and sch:x:>l expenses. Certain
additional allowances were paid to Fellows for Portuguese
language lessons and other expenses, imluding page costs
for publication of paPers in scientific journals.
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The range of individual service in Brazil for the
Fellows was from 15 IIDnths to 40 IIDnths, with an average
stay of 28 IIDnths. The Fellows contributed to the pro­
grem a total of 481 IIDnths in Brazil, or just over 40
person years.

Arrong the sixteen U. S. panelists for the progrem,
the average length of panel service was 5 1/2 years, a
figure that indicates good continuity. Because of
differing responsibilities and needs within the various
projects of the Chemistry Progrem, the tine that U.S.
panel members spent in Brazil or on related matters in
the U.S. varied considerably. If one as~s that each
panel member spent an average of 20 days per year on
activities for the progrem (including correspondence
am. calls am. meetings in the U.S.), then atout 300
weeks, or slightly IIDre than six person years were
contributed by U.S. panel mambers, who served without
canpensation. (Travel and per diem expenses were, of
course, provided to panel members when travelling on pro­
grem business. )

The sixteen Brazilian panel mambers also made a very
substantial contribution of time and energy to the pro­
gram, but it is impractical to estimate the time involved
because so nany progrem related activities were inextri­
cably involved with no.rnal. university am. departmental
efforts.

Active administrative support was given to the pro­
grem by the Staff Coordiantors in the NAS am. CNPq. For
about the first ~ years of the program, the NAS coordi­
nator worked full time on progrem related matters, and
was assigned to the progrem for 50-75 percent of his time
during the remaining years. He liaS helped by a staff
assistant. The responsibilities of the coordinator --
who travelled to Brazil regularly -- ranged over the wmle
spectrum of the progrem,fn:m furxi-I'aising, to liaison
with Brazilian autmrities, to personal counseling of NAS
Fellows. His role liaS critical -- the cement that helped
mId together the nany elements of the program. The CNPq
staff coordinator provided valuable administrative support
am. devoted over half his time to program matters.
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The financial costs of the program are difficult to
analyze. The $2.6 million contriOOted fran Brazilian
and u. S. SOUI"Ces supported the sPeCial costs of the Brazil
Chemistry Program, including support for the NAS Fellows,
travel and daily expenses of U. S. panelists, NAS staff
costs, certain items of equipnent, and small purchases
of iJrported chemicals and reagents needed for research in
the program. Not included in the $2.6 million were najor
items such as costs of Brazilian faculty salaries, over­
head for laboratories, or support for the greduate stu­
dents (except for a few small stipends).

Fran the inception of the program in late 1969, joint
projects were eventually established at the Federal Uni­
versity of Rio de Janeiro in polymers, photochemistry,
x-ray crysta11ogrephy, and biochemistry, and at the Uni­
versity of Sao Paulo in electron scattering, ion cyclo­
tron resonance, photochemistry, organic and inorganic
synthesis, and electro-analytical chemistry.

Examining the seven-year lifetime of the joint pr0­
gram, certain figures give S<:lIna sense of the results
obtained fran the projects just described. Fran September
1969 through October 1976, 76 gredu.ate degrees -- 60
M.Sc. and 16 Ph.D. -- were aw:lI'ded to students in the
program. Over the same Period of time, research groups
produced a considerable number of papers: 99 papers
were published in international journals and 11 in
national journals, while 34 paPers were presented at
international meetings and 175 at national meetings. One
research group obtained ~ patents.

At the time of the assessment visit in late 1978,
nine chemistry projects established through the program
were still in operation, six at Sao Paulo, and three at
Rio de Janeiro. Since the end of the joint program in
1976, 18 M.Sc. and 10 Ph.D. degrees have been awarded in
these projects, and n\.llOOI'OUs papers have been published.



- 11 -

RESULTS OF mE EXPERIMENT: GDJERAL OBSERVATIONS

In the introduction to this report, the lmJad objec­
tives of the progrem were listed: a) the developnent of
Brazilian research capability in certain fields of ch~
istry; and b) the stimulation of long-term cooperative
research collaboration in chemistry between Brazilian and
American scientists. The principal machanism to achieve
these objectives was the involvement of young U.S. scien­
tists in scientific w::>rk in Brazil.

1m assessment of whetrer or not the program achieved
its nain objectives produces an answer that is "yes." but
with qualifications. This section gives some of the im­
pressions and observations of the assessment team, and
notes a number of tre lessons that have emerged fran the
experieme of the program

In reviewing the history of the program, one is
struck by the spirit of collaboration and friendship that
has prevailed anong the institutions and individuals in
the ~ countries concerned. Despite tre boldness of the
concept and the canplexity of its realization, the pro­
grem was establisred rather quickly and proceeded without
najor catastropres or disagreanents on basic principles.
For the Brazilian and American participants, the program
has been a highly positive experience in inte:rna.tional
cooperation.

Brazilian research capability was, in fact, developed
in mst of the target fields of chemistry. Most of the
projects have continued since the formal end of the pr0­
gram, and sane of the projects are being led by chemists
who were graduate students in the Brazil Chemistry Pr0­
gram. The najority of the graduate students who received
Ph.D. s have taken university positions; thus their re­
search and teaching will multiply the effect of the
original program.

Inherent in the process of introducing new fields of
chemistry research in Brazil, was the introduction of new
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methods of teaching, learning, and addressing scientific
problems. fureover, the exposure to U. S. panelists and
visiting lecturers added a valuable international dimen­
sion to the educational experience of Brazilian gr>aduate
students and the professional experience of Brazilian
faculty, while also providing useful new contacts and
insights to the visitors.

In a mre tangible vein , mst Brazilian participants
agr>ee that the program served a valuable purpose in st:iJm.l­
lating gr>ea.ter exchange and cooperation arrong faculty
members in the oost chemistry departments, including
faculty woo were not directly involved with tre program.
This was partly because of the interest created by new
lines of research work, partly because of the backgrourrl
and training of NAS Fellows, and partly because of the
possibilities for sharing new equipnent or learning new
techniques. A further practical benefit was that tre
bilateral nature of the program and the involvement of
both distinguished Brazilian and American scientists
created a heightened awareness of the needs of chemistry
in Brazil and provided a credibility that was useful in
generating new levels and sources of research support
within Brazil.

Altoough large ntuJlbers were not involved, the pr0­
gram rnechanism enabled a group of able young American
chemists to becane deeply involved in Brazil's scientific
work. While the professional experience of the NAS Fel­
lows in Brazil varied considerably, in retrospect trey
are nearly unan.im:>us in their affirmation of the personal
satisfaction and benefit they received fnxn tre program.
Three of the Fellows stayed in Brazil in university posi­
tions after their service in the program was canpleted.

Certain aspects of the program, mwever, developed
in unexpected directions or represented difficulties that
were never satisfactorily resolved. The following para­
gr>aphs outline sane of the najor concerns and problems.

As a general concern, Brazilian chemists feel that
the support for chemistry in Brazil has declined sane­
what in the last three years, largely as a result of
national economic perturbations resulting fnxn increases
in the price of imported oil and accanp:mying inflation.
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A nlDl1ber of good technicians in chemistry departments
lave been lost because university pay is J"W:)t keeping pace
with that in other sectors; as a result, maintenance arXl
repair problems have roounted for equipnent: and instr'LDnents.

A fur1:her consequence of declining support for Bra­
zilian chemistry has been difficulty in supporting on­
going exchange between Brazilian arXl U. S. scientists;
the second major objective of the chemistry program,
therefore, has J"W:)t been adequately net. Although chemists
on both sides have expressed regret tlat this las been
the case, arXl have reaffirmed their positive desire to
be part of efforts at continuing cooperation, little
financial support for this purpose has been fortlx:xJni.ng
fran either camtry.

Some of the Brazilian participants feel tlat the
joint program was terminated too abruptly. Special fum­
ing, special logistical arXl equipnent support, and access
to distinguished foreign scientists errled suddenly, crea­
ting certain disruptions in the ongoing projects. A
JIOI'e gradual phaseout might have been helpful.

A few Brazilian participants lave also expressed the
view that the special conditions of the program may lave
created an unrealistic envirorment for the graduate
students. They fear that the students may not be well
equipped to cope with the realities of shortages of
fuOOs, lack of up-to-date equipnent, or difficulties in
obtaining spare parts or chemicals that face many chanists
in local laboratories.

As might be expected in a cx:mplex program with various
sponsors and participating institutions, a variety of
operational and administrative problems arose fran time
to t:iJre. On another level, clear nutual umers1:arxling
vas sanetimes lacking concerning the roles of different
participants. For example, vas the senior U.S. professor
primarily a working colleague of his Brazilian counter­
part, a research consultant, a recruiter arXl counselor
of Fellows, or a visiting lecturer? Was the overseas
Fellow primarily a postdoctoral Fellow, an independent
research investigator, or a full faculty member in the
Brazilian university? The role of the Brazilian and U.S.
staff coordina:tors in seeking resolution of such matters
was iIrlispensable.
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A specific problem related to special conditions of
the program was tOO import of chemicals and spare parts
needed in the research projects. Brazil's import regu­
lations made it very canplicated, time-consuming and fre­
quently impossible to obtain certain items which were
unavailable in Br'azil but essential for the research. A
special administrative and logistical mechanism finally
was devised that enabled NAS staff members to order
needed supplies and send t:ten to Brazil with minimum
delay. This mech:mi.sm was used only for the Brazil Chem­
istry Program, however, and everyone concerned acknowledged
that a permanent solution was required for the broader
problem of availability and import of essential scienti­
fic supplies. Unfortunately, the problem still exists
and the Brazilian chemists woo were active in the program
feel that their Present w::>rk has been hindered by the
delays encountered since the special import mechanism of
the program came to an end.

A number of the original planners and organizers of
the Brazil Chemistry Program OOPed that its impact on the
chemical iOOustry might be considerable. The impact seems
to have been slight,however. One basic reason is that
the relatively little R&D done by local canpanies tends
to be fairly unsophisticated, while the large IID..l1tina...
tional companies with Brazilian operations do roost of their
research abroad. FurthermJI'e, job opportunities in the
Brazilian chemical iOOustry are not very attractive for
chemists with advanced degrees. The companies prinarily
hire B. Sc. chemists, IIOst of wlun eventually gravitate
tCMirds operations or administration.
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RESULTS OF '!HE EXPERIMENT: LESSONS LFARNED

In addition to the general observations that were
discussed in the preceding paragraphs, a nt.Dnber of specific
conclusions can be drawn fran the experience of the Chem­
istry Program. The conclusions offer useful guidelines
for establishing future progrems that use the same gen­
eral mxiel.

1. Strong educational institutions sOOuld be in­
volved in the host country as the focal points for the
PrOgr'aJIl's graduate research and te:lching. Good existing
graduate programs with strong faculties and adequate
research facilities are essential for the successful
introduction of new lines of research. A program along
the lines of the Brazilian mxiel can accelerate progress
or introduce new lines of \oKJrk, wt it carmot be effec­
tive in a department that DUst be wilt fran the ground
up.

2. To the extent that progrems can be linked to
national developnent needs, support and interest are
likely to be stronger. Programs of this tyPe, require
significant f~ial inputs and a degree of extraordinary
administrative support and flexibility. Thus, a PerCep­
tion that a program will have certain direct benefits to
national deve10pnent and will not merely represent aca­
demic or theoretical interests is important.

3. If progrems are to be successful, the host c0un­
try carmitment needs to be long-range. Research efforts,
the training of students, and the wilding of institu­
tional and personal relationships between countries take
time. ~ver, ongoing support is needed to ensure that
the students trained in special PrOgr'aJIlS are given re­
levant w:ll"k opPortunities. For example, a number of
particiPants in the Brazil program suggested that it
w::>uld have been useful if students could have taken a
certain aDDunt of basic equipnent with them after
finishing graduate \oKJrk in order to continue treir research
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in their new locations. It would also be helpful if m::xi­
est starter grants were available to help former' graduate
students keep their research active.

4. Related to the need for long-range camrl:tment is
the~e of a gradual transition at the em. of a
program. Access to funis, supplies and equipnent smuld
rot be terminated so a.bruptly that researeh ~k suffers,
nor should progrem participants be made to feel that
treir ~k is ro longer inqx:lrtant or useful.

5. Basic administrative and technical support is
essential to the stOOOth operation of a program, and
support needs and services sb:>uld be carefully considered
in advance. The introduction of unfamiliar equipnent and
lines of research creates special demands for maintenance
and repair, spare parts, and chemicals. If these suppor­
ting services aI'e unavailable or can be obtained only
with delays and difficulties, the attai.rment of program
Objectives will be delayed. Similarly, the introduction
- literally -- of foreign bodies into an existing system
such as a university will create special administrative
demands related to salaries, musing and a wide range of
personal and professional matters.

6. Clear unierstandings should be reached at the
onset of a program with regard to the roles of various
participants such as tre Fellows, the senior panel mem­
bers fran the participating countries, and tre progrem
coordinators. The role of tre visiting senior professors
slnlld be defined, for example, so that their researeh
and teaching experience will be used effectively and they
will rot simply becane "trouble sl'x>oters" for the Fellows.
The relationship of Fellows to local faculty and graduate
students, treir status in the university, and treir degree
of responsibility for research and teaching all need to
be carefully defined. Within the larger context of tre
total progrem, the objectives and expectations of parti­
cipating institutions, departments, and individuals need
to be considered, and canpatible arrangements agreed upon,
before projects aI'e initiated.

7. Having a projected time limitation for joint
participation was an important concept for the Brazil
Chemistry Progrem. Both for mst country and foreign
participants, the realization that the time available is
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limited and that the projects will ultimately be too full
responsibility of local institutions is good discipline.

Fran the outset , it was clear that full developnent
of new chemistry laboratories and production of Ph.D.s
would take seven to ten years. Several participants have
suggested that seven years seaned. to be a very appropriate
initial target for the binational aspect of the progrem;
it was of sufficient length to offer the possibility of
sustained effort, yet rot so long that a certain sense of
urgency was lost. Moreover, it was agreed that a tmrough
review of the program would take place at the end of five
years; had a decision been reached that satisfactory pr0­
gress was not being made, the progrem could have been
greatly m::xiified or ended.

8. Continuity of effort is of the greatest impo~

tance to individual projects in a progrem; in particular,
the orderly succession of Fellows is critical when local
institutions have coomitted themselves to a project. In
a few projects in the Brazil progrem, considerable time
elapsed fran the termination of one NAS FellCM to too
assi..grment of a replacement, thus causing disruption in
the research and the work of graduate students. The need
for continuity is also important with resPect to senior
foreign professors and tre local senior professors.

9. If possible, tre f~ial support for a progrem
sOOuld :iI'clude provision for ongoing exchange of visits
and information anvng farner progrem participants and
otrer scientists in the countries concerned. As mention­
ed earlier, one disappoint:Irent in the Brazil progrem has
been the failure to maintain a very lively exchange be­
tween Brazilian and U. S. scientists, largely because of
a lack of lOOney to support travel. If both countries
could provide rather m::xiest annual sums for travel grants,
the impact of the program could be greatly extended and
JIUltiplied.

10. A useful adjunct to the basic program m::xiel may
be to provide for certain gt'aduate students wlx:> have c0m­

pleted tooir work to do postdoctoral work abroad, espec­
ially in the laboratories of the senior foreign professors.
Such an approach will give them an additional enriching
educational experience, broaden their exposure to int~

national work in their field, create a ~way linkage
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between the overseas institution and. their :tane base, and.
prepare trem to function when they return :tane in the
role once filled by an overseas Fellow, but with the add­
ed advantage of intimate kmlW1edge of the local system.
Similarly, it would be useful to fiIrl the means to en­
able especially premising graduate students to broaden
their h:::lrizons by attending international scientific
meetings.

11. The fact that the U.S. senior professors were
concentrated in a relatively few institutions was bene­
ficial. It was important, of course, that the U.S.
participants were drawn fI'aI1 departments of great stature
in the field of chemistry. Mare than this, haJever, the
concentration facilitated ccmnunication anong the U.S.
participants and. created a high visibility for the pro­
grem anong their colleagues. This visibility was useful
as a neans of getting opinions on research problems,
obtaining recannendations for potential NAS Fellows, and
recruiting visiting lecturers.

12. The role of the Overseas Research Fellows and.
their perfornance on the job are critical to the entire
program concept. The Fellows JIUSt be mature and. sensitive
in their adjustment to a new culture and. work envirorment.
They IIUst have sufficient professional br'eadth to initiate
research and. train students. Their selection and. place­
ment, therefore, assume large proportions in the overall
program effort.

The experience of the Brezil Chemistry Program demn­
strated the need for careful selection of Fellows -- to
a very great extent, the success of projects was directly
correJated to the initiative and. adaptability of the in­
dividual Fellow. Participants agree that the mst country
professor wh::> will work with the Fellow shaJld pJay a
large role in selection and. orientation, probably through
visits to the serxiing country. The opportunity for serious
carxiidates for the Fellowship to visit Brezil in advance
was a further selection mechanisn that is viewed as of
the greatest importance.

It is extrene1y useful if the Overseas Fellow has
been associated with the laboratory of the sponsoring
senior foreign professor. Brezilian participants further
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agreed that practical experience in starting research
projects is a great advantage to the Fellows; witmut
this experience, too much time may be \<>asted by false
starts or failure to foresee difficulties.

13. The professional staming am job opportunities
for Overseas Research Fellows upon returning to their
own country are matters that deserve special attention.
Sane Fellows in the Brazil program felt that their ~k
\<>as 1itt1e known or umerstood in U. S. institutions other
than th:>se connected with the program. As a result, a
substantial percentage of returning Fellows experienced
considerable difficulty in obtaining a suitable perma­
nent job; this problem \<>as overcane in sane cases only
by extraordinary efforts by the senior u.s. professors.
Continuing efforts in providing information a1x>ut the
program might help alleviate this problem to sane extent
while also helping in the recruitment of new Fellows.
It seems clear, h:Mever, that special steps are needed
in such a program to link prospective anp10yers with the
Fellows well in advance of the close of their Fellow­
ships.

14. 'The roles of senior mst country professors,
senior foreign professors, am the program coordinators
in each country are vital.

The stature of senior mst country professors is
crucial in attracting good graduate students to a project
am in enlisting the cooperation of other faculty members.
'The stature of the senior foreign professors also is of
great importance for several reasons: association with
them can be an important aid in the recrui.tment of Fellows;
their involvement can assist in the raising of funis am
in attracting support am cooperation fran institutions
am fran other scientists; and their advice can be an
important element in ~ving the substance of the re­
search efforts carried out through the program.

The role of program coominator in each country re­
quires a person of tact, determination, am the ability
to keep the broad program concept in view, despite the
distractions of individual project demands. Because of
the many institutions am individuals involved in a
program supported by different oodgets am representing
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a range of interests that are sanetimes in cazq>etition,
it is necessary for one person on each side -- the pr0­

gram cooroinator -- to follow the various situations
closely, anticipate and. resolve problems, reinforce
achievements, keep all concerned parties informed of the
pn>gram t S status, and. try to meld diverse interests into
a CCIJIICn puI'lX>se.

15. The program coorW.nation in the host country
should be centered in an institution that can maintain
a good overview of the various projects and. provide
effective centI'alized support. In Brazil, the CNPq played
this role and. experi~ dem:>nstrated the critical im­
portan::e of such continuity and. the support it provided
within the goveI"'l1lIent.

16. A final lesson to be roted is the need to view
the program IOOdel as a guideline, but not as a bourrlaI'y
that cannot be crossed. Sufficient flexibility should be
encouraged to take advantage of opportunities that seem
useful and. sensible, even though they may represent d~
partuI'es~ the IOOdel. In the Brazil program, for
example, one or tv.lo situations arose in which highly cap­
able young faculty members of Brezilian universities had
received training abroad in research lines relevant to
the program and. thus they Perfonned the same function as
the NAS Fellows in other situations.
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CONCWSION

In SLUIJIar'Y, the Brazil Chemistry Progrem was an
experiment that provided a grea.t deal of useful informa­
tion. Tha roodel used was shown to be ~rkable; new re­
search lines in chemistry were implanted, substantial
numbers of graduate students were trained, papers of
interrational quality were published, and the research
and teaching work in IIOst of the projects oontinues.

lot>st participants in the Brazil Program agree that
it is beneficial to train graduate students in Brazil.
Many also feel that a useful ~lement to the program
concept \<Olld be to send Brazilians abroad for post­
doctoral ~rk. All agree that continuity of institutions
and individual participants is important to the program,
am that the IIOdel used will only be effective in mst
oountry universities that have existing departmental
strengths in faculty am in facilities such as laborato­
ries, basic equipnent, library, and technical services.

Experience proved that nore attention needs to be
given to the concluding stages of such a program. Tech­
nical support am supplies still rust be easily available
for ongoing research projects. Starter grants or other
mechanisms smuld be provided so that the products of the
program -- its graduates -- can transfer their wrk to
new locations. Overseas Research Fellows need SPecial
help in locating new positions when they return h:me.
Provision should be made for travel grants am other de­
vices after the program is finished to make possible on­
going scientific collaboration am:>ng scientists of the
participating countries.

Witlx>ut extensive analY3is, the costs of the program
are difficult to weigh in canparison with alterrative
IIOdels such as sending Brazilian students abroad for
graduate wrk. During the seven years of the program,
direct oosts totaled al:xxlt $24,500 per graduate student
trained. Thase costs did rot reflect IIOst of the faculty
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and other educational costs of the participating univer­
sity and chemistry departments. When one considers, :oow­
ever, that the cost per student of the Brazil Chemistry
Program provided certain benefits to the entire depart­
ment such as equipnent, visiting senior professors and
lecturers, and capability in new areas of research, then
the cost does rot sean excessive.

It should be roted that the m::x1el used in Brazil
does not necessarily apply only to a Western country ­
Third World country relationship. Developing countries
with strong capability in a particular discipline might
usefully form a linkage with arother developing country
that hapPens to have relatively less strength in the
cmsen field. The so-called "middle tier" developing
countries might help poorer countries begin greduate
teaching and basic research in certain topics. These
ki.n:is of relationships w::>uld be very much in the spirit
of the recarmerrlations of the 1978 U.S. Conference on
Technical Cooperation am;:mg Developing Countries (TCOC).

The Brazil Chemistry Program is a m::x1el that does
seem applicable for use in other countries and. other
disciplines. Careful planning smuld be done, l"owever,
for adaptations appropriate to the particular situations
of the participating countries. The lessons learned in
the Brazil program and SlUJIIIarized in this rePort sb:>ul.d
be useful in the adaptive process.

The National fl.cademy of Sciences is glad to provide
JIm'e detailed information about the Brazil ChEmistry
Program or to answer specific questions. Inquiries smuld
be sent to:

Board on Science and Techrology for
International Developnent

Carmission on International Relations
National fl.cademy of Sciences
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

The participarits in the Brazil program mpe that the ex­
periment will be useful to other countries and. institu­
tions, and that it nay stinulate interest in new experi­
ments in international scientific and techrological
cooperation.
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