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FOREWORD

Food. fuel and matenals! These are the issues that populabon
growth, in a global environment, poses o scientisis, engineers,
economists, politicians and administrators worldwide,

How to develop a suslainable environment, using a sustainable
scienca?

Those are the guestions and answers, posed by Mobel Prize in
Chemistry Roald Hoffmann in this monography that CETEM is
having the honor of issuing as one of ils "Estudos e Documenios”
publications.

| am quite sure that the readers will enjoy reading it and will have
lots of opportunities to think about the ideas here expased

Rio, August 1893,

ROBERTO C. VILLAS BOAS
Director




The matenal m this paper was presenied in somewhat
different form, in a lecture al the World Bank. | am grateful fo
Dale Corson and Doisevi Sogah for their comments on this
subject. and especially to Enk Thuistrup for encouraging me
fo think about soence and development
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1. SEVERAL WORDS?

It is, im the end, as it was in the beginning, only one world. While it
may useful, pragmatically, to partition this blue, green and beige globe
into regions which share roughly common degrees of development,
everything operates to defeat the significance of such groupings. First,
there is the uniqueness of the human condition. The vagaries of
evolution produce a people (usually peoples, contending for the same
small piece of tillable lapc), o language (dinlects dividing tleim), o
culture [culiures). Beer and bargaining are there around the world, bus
ithe local brew tastes different, and the way [ buy a rug s surmounded by
a different protocol of niceties with the dealer in the markets of
Jerusalem, Moscow and Montevideo, Every “third-world™ country is
different: the way things don't work in it, and the way things do, are
distinct.

At the same time, the very success of modem technology operntes to
defeat the assignment of distinguishing fentures fo economic sysicins or
to countries of vastly different gross national products. The air is filled
with the same electromagnetic radiation. The high standards and low
problems of the affluent societies penetrate via radio and television, via
print, inte the most isolated cranmics of the poorer eountries. It is
possible for an unserupulous American company 1o sell for a while a
contaminated fertilizer in country Y, but it is impossible to keep the
concerns of o European community about antibiotics or growth factors
in animal hushandry from reaching the ears of the people of Y who are
in charge of agriculture, and who have often been educated in Europe.



S0, diverse in the extreme, fated by the workings of evolution to be
such, the world is uniquely many. And it is ane. Which is no excuse for
immobility in the face of natural or man-made disasters, of great
suffering and a growing economic gap between people.

I B

2. SCIENCE

What is the role of science in this world? Science is &8 Westemn
European social invention.  Together with technology, it has
transformed this world. Science is a remarkably successful system for
acquiring relisble lmowledge (not truth, which has an ethical
connotation), for hamessing the mental and physical energies of fallible
individuals to understand and change part — —not all, only part —— of
our eondition.

Scientific invention, be it the wheel and the making of aspirin, is
transplantable anywhere. But its origins are European.  Technologics
and protochemistries developed everywhere where human beings dealt
with survival and aspired to comfort. The achievements of Chinese
chemists and the metalsmiths of Benin or the Andes, the skills of
Mediterranean dyers, were great. But science as such evolved in
1500—— 1800 in Europe, and nowhere else. Chinese chemists had
incredible successes in the formulation of inks, in metallurgy, and native
medicine, but in the end Chinese chemistry could net free itself from its
alchemical steering force.

It took the fluid economies of Europe, enriched by colonialism, the
conlentions ethic of striving religions, the scholarly revival of classical
knowledge, the beginnings of social mobility, and the invention of
movable type to put into place, ever 5o slowly, a way of knowling that
became science.

In our times, some popularizers of science (suthors of books such as
“The Too of Physics”) have claimed that there are other ways of
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knowing, and that science is halfway to Eastern philosophy. While 1
concur with the firt pant of this claim, that science i only onc
culturally-bound way 10 know this world, [ think the second part is just
an affectation, arising from wishful thinking and & confusion of the
whole of science with the occasionally esoteric philosophical
consequences of one particular field, theoretical physics, Every talented
Orriental scientist 1 know, even those steeped in their own philosophical
traditions, when he or she has practiced science successfully, has
practiced it in the western mode.

There have been legitimate critics of science from the feminist side,
pointing out 16 us the aggressive, male nature of the enterprise.  The
19th century banner phrase describing our supposed aim, "o unveil the
secrets of nature”, is revealing. One may think (1 sctually do so) that the
way of doing science should change, that supposedly fomale traits of
:mpunhmurnnkhﬁrnﬂumm:}muﬂmdt
idenlogy of sclence. But there is no taking away that what has worked,
no more of bess male-dominated than any other pant of society, is
traditional European science.

It has been argued (see for instance Sagasti, 1980,1981) that the
future of the world must involve an “advance towards a ‘third
civilization’ in which the achievements of modem science could be
integrated in a harmonious fashion with the cultural heritage of non-
Western societies.” | vacillate between an idealism that concurs with
this cutlook (and seeks to implement it, see below) and a realism, based
on historical precedent, for the mability of ideals to stand uwp 1o
technological pressurnes.

3. THE DEMOCRATIZING NATURE OF CHEMISTRY

Scence and technology do function.  They have trnsformed this
world, mostly for the good With some il consequences. Whilke
supposedly ethically meutml, the cffects of science are mevitably
demoeratizing.

The world that my great-grandparests were bom into 150 yeors ago
in the Austro-Hungarian province of Galici, the world of the
backwaters of Zaire ioday, was not a romantic pardise. [t was, and for
=0 many today it remains, a brotish, indmical environment. Perhaps one
lived in balance with it, but with a life span far from biblical One only
has to ook at the cometeries of the last century, or resd the heart-
beeaking diaries of cur ancestors, 1o see the tmgedy of seven children
out of cleven dead before puberty, of child-birth a killing prospect
When | hear an opponcnt of technology speak against modem,
chemically-intersive agriculture or pharmaceutical thempy, my heant
beats quicker in a rush of anger at the implicit lack of simple human
sympathy in his stance.

A doubling of our life span, less death and suffering, a greater color
palette to lift the spirit, freedom from the smell of sewage, & way to cure
much, not nearly all, disease; air, light, food for all; food for the soul n
the Ramayana on the screen or a Mozart rondo in the air —— these are
things of which scientists and engineers really can be proud.

Technology and science also serve the evil side of man, as the

clements of subjugation, propaganda and even tofure. Some would see
in this the ethical neutrality of science, and even o reason 1o condemnn it.

5




ﬁh%hhmﬁmﬂ:ﬁmhmh&h—m
eConomies science may appear as o luxury of the elite, or just another
element by which the privileged classes hold down poor people.! But 1
really do think that the ovemll effect of science is incxorahly
hlnmi:i‘,inlhdupmmnllhrwd—mnuﬁgnﬂhh
o & wider mnge of people the necessities and comforts that in o
previous age were reserved for a privileged elite.

1 am grateful 1o Barbar Lynch for making this point to me

4. CHEMICAL INDUSTRY

Here is a chart of the top ten hits of the chemical world:(Table 1.}
These are the chemicals produced in greatest smounts in the US in

1991 {Chernical and Engincering News, 1991)

Table 1: The Top Ten Chemicals, by Muss Produced in USA in

Chemical

Mass Prodiced
[hillions of 1)

L - T I I T

2

Sulfuric ackd

886
57.3
390
ra
348
EERY
24.4
234
22.1
21.9




Number 1, produced in perhaps 200 hillion pounds world-wide, is
sulfuric acid. Mot on the shelves of your supermarket, it is intimuiely
involved in abmost every industrial chemical transformation. You can
judge the GNP of any country by simply looking st the smount of
sulfuric scid it produces.

The chemicals that you see on this list are the feedstocks, as they are
called, of the “chemical and allied products industries”. From these are
made, quite directly, plastics and resins, synthetic rubber and fibers,
drugs, soops amd detergents, commetics and toiletries, paints and
varnishes, and fertilizers and pesticides.

But chemistry reaches further. It is the science of substances and
their trnsformations, and is intimately involved in many other
inchastries, those dealing with ferrous and nonferrous metals; petrobeum;
food; coal and coke; pulp and paper; stone, clay, and glass; and
electronic equipment, Not to speak of military uses.

5. ENVIRONMENTAL CONCERNS

There is no way of making such vast transformations of matter as the
production figures of Table 1 represent, withoul cocasional damage 1o
incividuaks, property, and the environment. The production of sulfuric
acid is extmordinanly safe and effective. Suill the acid industry has
sccidents, and through its incvitable dependence on energy sources, &
contributes to scid rain and CO; production

ls this emterprisc, addictive o its practitioners, cconomically
suceeasful (the true price of all materials keeps falling), democratizing,
s it also a recipe for eventual destruction of humanity? Unable to
control our procreative capacity, destined to exlaust the limited
resources of this world, certain to perturb its global cycles, we seem to
be headed for disaster. We must change, some would say, and that
change need entail a limit to technology and unbridled progress, a
caging of the genie that Eurupe released

1 don't think & brake on technological advance is feasible —— 1 think
change will come as it always does. Moreover, | refuse 1o conceive of
limitations on human mgemuity. Ir's imponaible for homo faber w0
suppress curicsity and the will 1o transform and make things. This is not
to claim that the fix will be technological Far from it. Tree change in
the way we use mansformation will come from a combimation of
economic and moml pressure. The will to repair that which has been
made and, willingly or not, broken comes from the spirit (Hoffmann,
1991).




6. THE IMPORTANCE OF SCIENCE TO A DEVELOPING
COUNTRY

Can & country aftain & high-income economy without a scientific
infrostructure, without a high level of averuge science education and
research structure? Discount the oil-rich Arab countries and the answer
is o resounding “mo". To tmnsform mature one needs to know it,
intimately, I is precisely this knowledge that sclence provides. A
consistently high level of primary and sccondary education, good
universities, a research structare of one type or another (the French
CNRS is very different from the USA umiversity-driven research
establishment) are necessary. 70% of US PhD’s in chemistry enter
industry; the industrial demand for chemists prods the universitics o
maintain the research structure that both trains this work foree and
advances research.

Basic science amd ingenious engineering combine to build the
matier-tmnsforming indusiries of this world. The new kids on the block
in the chan of ten top chemicals, the molecules not on there S0 years
ago, are ethylene and propylene.  These are the building blocks of the
synthetic polymer industry; more than half of all plastics and symhetic
fibers onginate from cthylene. Ours is the polymer contury, synthetic
polymers have passed ion and wood in volume produced  The
commercially vishle polymerization of ethylene is the consequence of
fundamental scientific discoveries by Karl Ziegler in Germany and
Giulio Natta in Italy,
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7. A STRATEGY FOR SCIENTIFIC DEVELOPMENT

What [ say here is inspired by the work of H. Harry Szmant, who
has had much experience with chemical developtnent in the Carribean
(Szmant, 1984, 1987). The changes required are economic, political,
and scientific, and nothing at afl will happen (whether one Is trying 1o
move o country to a higher stage of development, or 1o solve the drug
problem in our country) unless there is & natlonal will This is not to be
found in the mind of a dictator, but in the sometimes amorphous yet
nonetheless real shaping of o generl awareness that something must be
dione.

The “Induction” phase, a5 Srmant calls it, needs W0 contain an
analyais of the national economy from s chemical viewpoint This is not
» self-serving proposition, [ think, but & recognition of the centrality to
any economy of tnnsformation of matter. The Induction period should
go on to the *. . study [of] poteniial import substitution by materials that
are either identical to those currently imported or by other materinls that
perform similar functions; and potential increases in exports by value-
sdded trusfonmations of taditional export materials..” (Szmant,
1984), A substantial investment in education, of o high standard at the
prumary and secondary levels, s critical.

A “Preparstion” phase should follow, in which local expertise in
specific technologies is demonstrated.  Here protection against external
technologies may be needed, andjor the provision of ineentives, for the
local industries, even if they duplicate technologies that are imported.
A hard-nosed economic evaluation of the fledgling technologies is




required. And s continuing flow of resources into education, as well as
the construction of incentives for foreign-trained professionals to retum
home.

Mothing is lincar in the real world. The phases of reaching for
development may proceed simultaneously, snd will wke form
differently in each country. Yet unless these compaonents of a strlegy
are present, the best intended aid and development efforts will go
astray.
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8. CAN ONE DO STATE-OF-THE-ART RESEARCH IN A LOW-
=INCOME ECONOMY?

Yes, I'm certain it can be done. Not all science is big science, and in
fact my own sciemce, chemistry, 5 most certainly small science
Credible, innovative research in chemisiry ean be done for actual
outlays of around $10,000 per piece of publishable research (8 measure
[ hate 1o use!), providing one has sccess 1o shared instruments costing
under $200,000,

Not every subfield of chemistry is amenable 1o this cost seale of
inmovation. The studies of surfaces under high vacuum, femtosecond
spoctroscopy, and pene-sequencing are mol.  Natural products and
polymer chemistry, approainmie calculstions on molecules (what [ do)
are. When students from a developing country are sent abroad for
graduate stiudy they will opt for the science-not-donble-at-home as often
as they will for the feasible. One longs for some patermalistic diroction
here, or at least & scroitivity by the students’ research advisors 10 their
future. There is nothing sackder than & young rescarcher, brilliant in
grachate study, returmning home but unable to display his or her talents.
Or psychologically incapeble of adjusting his resesrch 1o his
environimenl.

In his recent autobiography (Djerassi, 1991), Carl Djerassi describes
how he and o group of talented coworkers “placed Mexico on the map
of sterold research” in the forties and carly fiftics. This is not an
exaggeration, not & unique instance. The flom and fauna of many
developing lands (and their seas), their mative medicines, are s rich, still

13




largely unexplored source of potential therpeutic agents. 2

In an impomant, well-reasoned paper, Carl Dijerassl gives an argument for
creating world class research centers In countries where the infrasiructure for
such centers scems not yel avallable (Djerassi, 1968),

14

§. THE AUTHOR'S SMALL EXPERIENCE

Now 1 have to pass from high ideas to the realities of sclence and
development in this world The sulfuric acid, so casy 1o make, s not
made in quantity in Madagascar. The talented Russian chemists who
soon will fill our American graduate schools are not likely to retumn
home. The number of PhD’s tmined this year m ecology and
systematics in Latin American, desperately needed o imvendory the min
forest, can be counted on the fingers of two hands. Within the existing
system of science, how can we deal with the problems of developing
coumitries?

My expertise in this area is minimal, which is rypical for rescarch
sclentists in the highly industrialized countries. [ search for the factors
determining the shape, on the microscopic level, of those tiny chemical
entities, moleculss, and the factors governing 1helr reactions (why
carbon monoxide binds better 1o hemoglobin than oxygen, why three
ethylenes around a nickel lic down, mther than stand up as sokliers, as
shown below)




This, our business, i addictive. Totally comsuming, science
swallows up all our time. The toys we play with, hundred-thousand-
dollar vacuum chambers, esoleric spectroscopics, computers, are the
stuff of the developed world. There scems 1o be 100 littke time 1o think
of the problems of the rest of the world

My own intellectus] world has been perturbed, however, by the
occasioral encounter with scientists frotn developing countries, by o
small degree of social concern, and by my obiding interest in the art and
literature of other cultures. These perturhations have been essential o
me. And since they form the basis of whatever like | know of the
world of low-income economies, let me recount these contact points:

L In 1960-61, as a graduate student, | spent & yoar on an exchange
in the Soviel Union.  The stay was instructive in pulting a mental brake
on my naive socialism, typical of intellectunls. But it also lefi me with &
strong inferest in Hussian culture, and with an appeeciation of the
strength of the inmate drive for knowledge, persistently pursued under
difficult, o put it mikdly, political and economic conditions. [ came
back often, to help keep the window on the world open for my friends,
And for me.

2. From that year in Russia 1 acquired an inferest in the ways
communistm overlald, ever so thinly, the cultures it has governed. This
pulled me, [ think, to look at the People’s Republic of China. Another
pull has come from the masses of wlented young people, just cating up
science, who have come from this vast land.  And, moved in pan by
interests in Latin American culture, I've built o set of collaborations
with Cuba. The people trying to work in Cuba have impressed me, and
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80, despite silly barriers put up by my own government and the
stupidity of their systemn, we have managed to exchange people and
coMpulet programes.

1. At a Congress on Chemical Education in Canada, [ saw a poster
by & chemist from Botswana. He described a set of classtoom
experiments, determining the kinds of long chuin fut molecules (there
are several, differing in the number of carbon atoms) in the commaon
cooking oils of Botswana. 1 was impressed by the combination of
sclence and applicability, This was appropriate chemistry. 1
remembered a talk [ gave the previous year at the opening of a
Mabomtory for Henkel, a major German oleo chemical producer. Henlel
wses vegetable and animal ofls as raw materials. | put the Botswana
scientist and Henkel in touch with each other. And later [ helped, just a
little, in mising funds for an African congress in Chemistry. From
contacts with two other African scientists, onc a sahbatical visitor 1o
Comell, the other an outstanding younger colleague of mine, [ have
fonmed a dream, of bringing more African chemists for training st
Comell,

In Lund, Sweden, where | was on sabbatical five years ago, o
Nigerian student in my class and [ spoke Russian. He had received pan
of his graduate training in the Soviet Union, & evesequence of modern
geopolitics. That student and a cowother of mine have since written a
nice paper on the way 8 varadium oxide catalyst works

4 My imerest in a country ofien begirs with its literature.  So
Donald Keene at Columbia taught me Japanese litersture, and Japan
has remmained a focus of my artistic imerests, In another cultural context
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I read Borges, Garcla Marquez and Fuentes. And went on to Adolfo
Bioy Casares, Clarice Lispector, Carlos Drummond de Andrade,
Heberto Padills and Guillermo Cabrers Infante. The literature of South
and Central America, and its music, has shaped my image of these
countrics. The reality, be it the sad state of university education in
Uruguay or being mugged in Rio de Jancim, has not discouraged me
—— Tve built wp collaborations with groups in Uruguay, Brazil,
Mexico and Cuba.

18

10. WHAT IS TO BE DONE

From these collaborations Tve leamned a lintle sbout the difficulties of
life and doing scienee in low-income econombes. And [ve learned
something shout myself. [ do ot have any special wisdom as 1o what
needs 10 be done, and much kess on-the-job knowledge. Bt et me
throw out for corsideration some suggestions, which do grow out of
personal expericnce.

1. Sensitization visits. The most productive interactions are those
founded on personal involvement. A university tesching laborsiory in
H.mhduhuﬁﬂh:quippnﬂpupﬂ]y{fnswedhhmuhﬂnwm
site with s Bangladesh professor on ordering the material. It takes so
little to establish contact; just a few days in the life of a busy scientis
can transform his or her life, sensitize one to the desperate necds and
achievements of a colleague in o developing country. Long term visits
such as those of the Fulbright Program and the Peace Corps, the main
mmdﬂsmﬂhhamm:xfu.
But how many more who could help would be reached by a program of
short term, & week to two, trips. The visible plight of the third world
has & way of ransmuting = junket info a committed collaborution.

3. Teaching Appropriate Science. Syhvia Ware has written for the
World Bank o perceptive, well-reasoned report on secondary schonl
education in developing countries (Ware, 1991). One of the points she
makes, and with this [ strongly agree, i that science  curmcula,
upachﬂfuuthwulwd:,mndmhmdluﬂummmﬂwhumnf
their societies. This can be done —— witness the Botswana chemist's
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cooking oil snalysis.

Matural history is, in my mind the ideal way inlo science.
Otservation and experimentation with local flora and fauna should be
encournged; also the mix of madern technique (a chromatography o
separate the components of & medicinal plant) and old ways of knowing
{the efficacy of that plant in native medicine) creates a tie between the
twa worlds in which people in developing countries must move,

Haumid A, Dirar, o Sudanese microbiologist, has been documenting
the incredible mnge of fermented foods in the Sudan. Mot only do milk,
meat, fish and grain serve as substrates but bones, hides, gall bladders,
fat, locusts and frogs are fermented as well (Dirar, 1992).The
exploration of the methods (older women ate the repmitories of the
lore) and the oeganismms st work in each case (modem microbiology, but
not too complex) is important and instructive, a valusble scientific
investigation in consonance with the culture.

3. Education stressing science. One cant build a developed, high-
income soclety, or even one somewhere near the middle, without an
edueated population, and specifically one numerically and
technologically literste.  World Bank and IMF loans justifisbly
cohcentmte  on  infrastructure  ——  roads,  sirpons,  health,
communieation. And education. [d just fike to see a lithke more
emphasis on wience.

My Comell collesgue Dotsevi Sogsh remembers bis high school
years in Kwame Nkrumah's Ghana as a period of emphasis on science,
At all grade levels science study was compulsory, At the university
there were special allovwances (additional stipends) for sclence students.
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An sccelersted admission system o the university was worked out for
the best students. Whatever the failings of Nlorumah's regime, the
sitess on science worked. We see many Ghansian scientists sround
Africa.

4. Sclence-connected entreprencurial activity. Personal gaim is an
unguralied spur to physical and mental activity, and, as Adam Smith
argued, not inconsistent with the geneml good. Small scale business
sctivity could be encouraged at the university level Here are some
examples:

i Most chemical tansformations are really simple —— be
they the production of scap or heroin.  Yet many low-
income economies import, needlessly, simple chemicals.
1 would propose a survey of chemical imports in each
country, a classification of these by a group of chemists
and engineers, singling out those that can be synthesized
ensily with locally available starting products, and a set of
smmuall incentives (loans) fo individuals or companies 1o do
just that. I know such a praject in Cuba on pesticides.

(ii) At an even lower educational level, students could be
organized to provide inventories of species or trined o
collect organisms or plants needed for some specific

(i) Universities should be encoumsged to set up production
facilities for instruments, common and complex, used m
sclence. There is substantial activity of this kind in the
Peaple’s Republic of China,

21




5. Experts who share a language. Thus 15 & pont made 1o me by
Dale Corson on the basis of his Ford Foundation expenence in Latin
Amenca US instructors could not establish the rapport and informality
needed for effectve teaching, Mexican expents, sharing a culture and
language, did much better.

The expenence of others who have struggled 1o build science in
similar cultures is inviluable.

6. Using emigrés as a bridge. Scientists from developing countries
who live in high-income economies, whatever their citizenship, are a
valuable human resource. They remain culturally tied 1o their country of
ongm and cogruzant of problems of development “back home™ And
they may harbor a strong sense of responsibility 1o the people left
belund  That sentiment, shading to guilt, should be used —— by their
countnies of ongin and sponsonng agencies  Such émugrés, casily
wenufied and organized, might serve on panels negotiating aid
agreements on behalf of therr country. Resources made available
specifically 1o them are likely to be used most effectively because they
usually know best who is doing good research back home.

lllmmuhﬁmmmnﬁmpdiﬂmﬁurmm
insuperable political barriers separating people from one and the RAME CouEnry.
These may well prevent implementation of this scheme.
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7. Windows on the world. Feeling part of the world of science is
essential to creative sctivity. The cost of journals and monographs is
such that few developing countries can afford an oven minimal
collection. The vaunted openness of sclentific communication s
meaningless to the chemist who can'l purchase & jourral While the
World Bank cant restrain the mpacity of journal publishers, perhaps &
eould gain a negotinting position by buying a substantial number of
subscriptions and bargaining for reproduction rights,

Access 10 the literature is now much easber through data bases and
computer scarches. The placement of computers 1o sccess such remote
sources of knowledge at just onc university or mational library per
courtry would be a high-leverape irvestment,

B. Scientists meeting together. Free infcrchange of the new is part
of what makes science 50 exciting We have mastered the ethic of
collaboration, with which the ars and humanities have some trouble.
Especially important are regional intermational mectings i the
developing countries, for there local seientists are not intimidated by the
high technology of their colleagues. | was amazed to find that the
World Bank did not have a mechanism for support of such conferences.

9. A consulting company for hire. Developing countries are often
faced by proposals from potential invessors in high-incomme countries for
development of this and that resource. They need advice, both scientific
and economic, on how to respond. Advisors are often hired, at great
expense, in these sinmtions. But | suspect that the advisors often have
their own agenda. What if IMF or the World Bank set up a consulting
company, with o staff of scientists, economists and managers, with the
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advice of resident émigrés, who eould respond quickly and at low cost,
to requests for advice?

10. A minicourse blending science and ecopomics. Often the
mnclividual academic disciplines (chemistry, cconomics) are well taught
in institutions of higher leaming in the low-income economics. Bt
their interface to reality is missing. Ihave in mind a traveling, intensive
course that

(1) teaches the curment industrial processes for transforming
matier,

(2)  analyzes the economic factors that affect the supply and
demand for raw materials and finished, transformed
products,

(3)  gives people the ability 1o identify the chemical imports on
which n developing country is dependent.

(4)  does this by case studies, stressing entreprencurial activity,

A team of scodemic and industrial chemists could teach such a
course; the subject matter discussed is normmally scattered in chemical
engineering. economics and business school courses and rarely brought
together,

11. The World Bank, IMF and their contracts. Money and good
business practice are the blood and muscle of development. So it is no
wonder that the management of these institutions and the teams that
negotiate World Bark and IMF loans are dominated by economists and
business people. But the industries that are built as a conseguence
make cement, steel, phammaceutical, fertilizers. These are technologies,

24

hased on science,

It makes sense to have scientists and engineers along in the decision
muking process. The boands of directors of most pon-chemical
companies have scientists on them. Not to speak of the duPornts,
Hoechsts and ICEs of this world, The World Bank and IMF need sound
technical advice in their management structure. Why do | see so few
scientisis there?

These influential organizations should require that every negotiating
team from o client country comtain a sciemtist from thal country.
Emigrants resident here or in Europe could play an important role in
this process, a point made to me by Datsevi Sogah

12, Getting students to relurn from abroad. This is the highly
sensitive “brain-drain® issue. As an immigrant to the US, 1 am tom
—— [ would like the door open. [ would like individual decisions on
immigration, be they economically motivated or not, respected. And yet
I grieve for what s lost when the superbly trained foreign students do
neat peturn homee.

Clearly “home” must be made more atiractive, even if cultural ties
are strong. 1 would suggest a program of research grants in hard
currency, 1o be used in the country of origin, for people who obtained
their Ph.D. in a high-income economy and who retum. In those granis
should be o liberal travel allowance, and perhaps a sum 1o maintain and
reinforce contact with the Ph.D. granting institution by sending o
*“grandchild”, a student of the former student, there.
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11.5CIENCE AND DEVELOPMENT

These suggestons may be judged unrealistic, or they may flog the
obvious. Each requires resources, and these are limited Here the
World Bank and IMF are in an enviable pesition, for they control the
purse stnings on purses that to the developing countries are immense.
These instifutions command respect, and can guide significant change.

Development in our nme is inseparable from scientfic advance
Without a corps of trained technicians and advanced sciennsts, without
a saentifically hiterate work force {not that ours is a stellar modal), low-
ncome countries will remain forever just buyers and aid-recipients
They must be empowered to transform matter; to tum ores into metals,
to make polymers, to isolate the medicinal from an herb, and to modify
it in the laboratory to make a new drug,  Science alone will not
guarantee a transiion fo an economy of adequate mcome. The
infrastructure, a functioning market, democracy, a national wall
manifested through personal involvement are requisite. But it cannot be
done, at least wday there 13 no way to do it, without science

#There are some signs that the World Bank is responding 10 the magor olc it
must play in science and technology development (see Sagast, 1991),
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