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The World Bank's Support for 
Science and Technology 

Charles Weiss, J r .  

The World Bank is the largest multilat- 
eral organization for development assist- 
ance in the world. Its loans to developing 
countries in fiscal year 1984 totaled $15.5 
billion (I). These loans support about 230 
development projects in agriculture, ru- 
ral development, energy, education, in- 
dustry, telecommunications, transporta- 

and it may include the institution of 
governmental policies designed to in- 
crease the prices paid to farmers or to 
improve marketing and distribution. 

The Bank has financed many agricul- 
tural research and extension projects 
that stress the creation and distribution 
of technology with direct, practical value 

Summary. The World Bank, the largest aid-granting agency in the world, has 
played a substantial but largely unsung role in helping the scientific and technological 
development of developing countries. Its investments, totaling $15.5 billion in fiscal 
year 1984, involve choosing appropriate technology and financing local technological 
development. Since 1980, the Bank has lent $0.5 billion for agricultural research and 
about $1 billion for scientific and technological education. It contributes to and 
mobilizes finances for large international research programs in agriculture and the 
health sciences. It supports research on labor-based construction, low-cost sanita- 
tion, renewable energy resources, and control of traffic congestion. It provides training 
in the technological aspects of development policy. As funds for aid become scarce, 
the Bank is reexamining its approach to science and technology. 

tion, water supply, sanitation, urban 
shelter, population, health, and nutri- 
tion. 

The selection of appropriate technolo- 
gy and the building of the local techno- 
logical capacity are integral and essential 
aspects of the Bank's projects although 
not their primary objectives. The tech- 
nology includes not only equipment 
(hardware) but also governmental poli- 
cies and institutional and administrative 
arrangements necessary to implement 
the project (software). A project intend- 
ed to increase the production of food- 
crops, for example, would be based on a 
broad analysis of the agricultural sector, 

to low-income farmers. It was among the 
first institutions to finance venture-capi- 
tal companies and programs to support 
innovation in industrial enterprises in 
developing countries. By so doing, the 
Bank has promoted government policies 
and programs that create a demand for 
improved technology and local decision- 
making capacity while avoiding the tradi- 
tional emphasis on government-owned 
institutes. It has identified or developed 
improved, low-cost technology for civil 
works construction, sanitation, and oth- 
er critical activities. Most recently, the 
Bank has assisted in training policy-mak- 
ers and research managers in the techno- 

logical aspects of development policy, 
and it has also begun to assist developing 
countries in building scientific and tech- 
nological infrastructures. 

The Bank is only one of many agencies 
that contribute to scientific and techno- 
logical development in developing coun- 
tries. Still, this aspect of its work may be 
less familiar than similar work done by 
specialized agencies of the United Na- 
tions, such as the Food and Agricultural 
Organization (FAO), the World Health 
Organization (WHO), and the U.N. Edu- 
cational, Scientific, and Cultural Organi- 
zation (Unesco), and by bilateral aid 
agencies such as the U.S. Agency for 
International Development. 

To scientists and engineers who are 
accustomed to grant financing, the will- 
ingness of developing countries to use 
large sums of borrowed money to sup- 
port science and technology may be a 
surprise, especially since these projects 
have a relatively long pay-off period. 
This shows that they consider invest- 
ment in science and technology to be 
worthwhile, even with borrowed money. 
It also indicates that, in the long run, 
governments expect investments in sci- 
ence and technology to pay their own 
way, at least in a broad sense. 

Mechanisms of Bank Support for 

Science and Technology 

The Bank supports science and tech- 
nology by four mechanisms. 

1) As a service, within the framework 
of a loan for a development project, the 
Bank provides technical assistance in the 
choice, implementation, and operation 
of technology and in the development of 
local technological capacity. 

2) The Bank lends money, through the 
projects it supports, for training, re- 
search, innovation, development of sci- 
entific and technological capacity, and 

Charles Weiss, Jr., is the Science and Technology 
Adviser to the World Bank, Washington, D.C. 
20433. This article is adapted from a speech deliv- 
ered at the Annual Meeting of the AAAS held in 
New York, 24 to 29 May 1984. 
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dissemination of scientific ~ n d  techno- 
logical ir!iurmation (2). 

3) The Bank proviJes grants to inter- 
national research programs. It does not 
support individual rexarch projects. 

4) The Bank ui~dertakss reseaxh a , ~ d  
analyzt: policies conc2rning technologi- 
cal de +, :a!,>pment. 

Techliical ass'rtance. The Bank Coil- 
tributes to the iechnologiral develop- 
ment of a borrowing c.i<unt;:/ by ppirtic;- 
pating i r . 8  :';,A s~irct ion; preparation, and 
appraisal of a Bank-financed investmen1 
project and by super,:;sing its implemen- 
tationG ii. attempts to ensure that a proj- 
ect is $sited to a country's development 
goals and local conuiiions. !\:though tbt. 
Bank interacts creatively wi:r! a borrow- 
er at all stages of a project f om conceyt.- 
tion to ~:;:;;-evalua~;;~n, the ultimate re- 
sponsibilitv for the project lii:s with the 
borrowing .~cency. The extent of the 
Bank's participatiorr, and thus its influ- 
ence on project dc,:jgn, de;.~nds on the 
capability of that agcincy. 

Most projects financed by the World 
Bank use proven technology, which is 
identified, transferred, and adapted to 
the conditions of the project and operat- 
ed by local people, who may receive 
their training as part of the project. The 
Bank's staff members often propose 
technical solutions to problems that 
might not have been considered by a 
country's officials. As a result of many of 
the Bank's projects, existing technology 
is introduced into a country or region. 
For example, the Narmada irrigation 
projects in India will introduce transient- 
flow hydraulics to regulate the water 
flow beyond the main reservoir gate, 
permitting greater efficiency of water 
conveyance and use. 

Bank-financed projects are evaluated 
after implementation is completed, that 
is, about 5 to 7 years after they begin. Of 
994 projects recently reviewed, 86 per- 
cent were achieving their major develop- 
ment objectives (3). Where there has 
been failure, the reviews have occasion- 
ally pointed to a flawed choice of tech- 
nology--usually because of inadequate 
consideration either of the social situa- 
tion into which the technology had to fit 
or of the sustainable technology already 
used in the project area. 

Project lending for science and tech- 
nology. Some Bank loans aim directly at 
developing scientific and technological 
capacity. Agricultural research in devel- 
oping countries has received $1.6 billion 
over the years, while about $350 million 
has gone to scientific and technological 
education just since 1982. 

Support to  international research. Al- 

though the World Bank does not ordi- 
narily make grants for scientific and 
technological research, the two excep- 
tions to this rule rank among the Bank's 
most important contributions to develop- 
ment: the Consultative Group on Inter- 
national Agricultural Research (CGIAR) 
and the Special Program for Training and 
Research in Tropical Diseases (TDR). 
The Bank chairs the CGIAR, which it 
joindy sponsors with the U.N. Develop- 
ment Program (UNDP) and the FAO, 
and it contributes 11 percent of the 
CGIAR's $170 million annual budget, a 
proportion which will increase to 15 per- 
cent. The Bank mobilizes funds for the 
TDR program, which is executed by the 
WHO. The Bank will contribute 12 per- 
cent of the TDR budget for 1984, about 
$3.2 million. 

Internal research and policy analysis. 
The Bank focuses on the links between a 
country's scientific and technological 
system and the rest of its economy, areas 
that often elude scientists, engineers, 
and policy-makers. The Bank urges a 
country to consider the powerful influ- 
ences that trade policies, prices, ex- 
change rates, and the competitive cli- 
mate among local enterprises have on a 
country's technical development (4). 

Agricultural Research and Extension 

Agricultural research is one of the few 
areas for which direct economic benefits 
have been confirmed by careful econo- 
metric research. For example, the Inter- 
national Rice Research Institute, an 
internationally funded agricultural re- 
search center in the Philippines, invested 
in research that was instrumental in de- 
veloping high-yielding rice varieties. 
This investment gave an annual rate of 
return of about 80 percent through 1975 
(5). In addition to applied research, this 
economic value extends to basic biologi- 
cal research related to agriculture (6). 

The Bank also finances the reorganiza- 
tion and reequipping of national agricul- 
tural research services, ensuring that the 
results from agricultural research are 
brought to bear on farm productivity. 
These projects promote administrative 
changes that increase the efficiency of 
agricultural researchers, free them from 
political interference, decrease their iso- 
lation from their colleagues, and improve 
their career prospects and their links to 
the extension service (7). Experience has 
shown that the projects must put empha- 
sis on training researchers to deal with 
the problems they will face and that, 
whenever possible, such training should 

take place in the researchers' home 
countries. 

The Bank also helps make the national 
agricultural extension services in devel- 
oping countries more professional, par- 
ticularly through training and visits. 
With this approach extension workers 
perform two primary missions. They de- 
liver timely and useful information to 
farmers on a regular schedule. They also 
report the farmers' problems back to 
researchers, putting the researcher in 
close touch with problems encoudtered 
in the field (8). Some aspects of the 
training and visit approach have aroused 
controversy (9). But a recent evaluation 
of matched districts in India with and 
without that program showed faster dif- 
fusion of improved practices throughout 
areas with the program, and the econom- 
ic rate of return from that program was at 
least 45 per.sent (10). 

International Agricultural and 

Health Research 

The Bank supports CGIAR and TDR 
with grants that cover only a small per- 
centage of their budgets. These grants 
stimulate other donors to contribute 
much larger sums. 

The CGIAR funds research at 13 inter- 
national centers. This research concen- 
trates on maize, wheat, rice, legumes, 
cassava, livestock, and other major food 
crops in the developing world (11). Two 
of these centers developed the short- 
straw varieties of wheat and rice that 
turned several countries of South and 
Southeast Asia from importers to mar- 
ginal exporters of these crops. With this 
success came the responsibility to keep 
the new crop varieties resistant to pests 
and diseases, to collect germplasm from 
traditional cultivars displaced by the new 
varieties, and support modern genet- 
ic research on traditional crops such 
as sorghum, cassava, and chick-peas, 
which do not depend on the use of fertil- 
izer and irrigation that are important for 
the new high-yielding varieties of wheat 
and rice. 

Some recent successes of the interna- 
tional centers include (i) developing IR- 
36, a new rice variety with a wide range 
of geography plus insect and disease 
resistance; (ii) introducing short-period 
wheat as a second crop into 10 million 
hectares of Bangladesh that previously 
produced a single crop; and (iii) identify- 
ing predators of two major cassava pests 
in Africa, the cassava mealybug and 
green spider mite, and introducing those 
predators into the pests' environments. 
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The TDR concentrates on the control 
of six major tropical diseases-malaria, 
schistosomiasis, leishmaniasis, filaria- 
sis, trypanosomiasis, and leprosy-for 
which there are no simple or cheap con- 
trols (12). Progress in research on malar- 
ia and leprosy is particularly striking. 
Research on a vaccine for malaria is at 
the stage of producing pure antigen. For 
leprosy, new drugs, knowledge of the 
mechanisms of drug resistance, and 
methods for epidemiological study and 
field trials are in hand. In addition to 
managing its own research programs, the 
TDR is working to improve local re- 
search in the countries where these dis- 
eases are prevalent. 

Education and Training 

One quarter of the $5 billion the World 
Bank has lent for education over the 
past 20 years has helped buy laboratory 
and workshop equipment for primary, 
secondary, and postsecondary schools. 
The Bank also finances training pro- 
grams in fields essential to the success of 
its investment projects; $220 million 
were allocated for such programs in fis- 
cal year 1983 alone. This training pro- 
vides a broad range of skills to such 
people as supervisors for road construc- 
tion projects; the maintenance staff for 
water supply projects; and engineers, 
managers, and researchers for agricul- 
tural and industrial projects (13). It 
should be an integral part of each invest- 
ment project. 

The Bank also supports overall scien- 
tific and technological development (14). 
For example, a recent $200-million loan 
is assisting China to build an infrastruc- 
ture of scientific and technological pro- 
grams, policies, and institutions. This 
project aids 26 universities to increase 
the number of graduates and, thus, the 
volume of research, raise the quality of 
graduates and research, and improve 
management in those universities and 
the Ministry of Education. A second 
Bank project in China extends the same 
approach to 11 agricultural colleges and 
8 research institutes, and a third project 
supports 28 television universities and a 
system for postsecondary polytechnic 
education. In a number of countries, a 
training program based on case studies 
of Bank experiences builds skills in man- 
agement of technology and policy plan- 
ning among senior and middle-level man- 
agers in private and public enterprises, 
government agencies, financial institu- 
tions, technological institutes, and re- 
search laboratories (15). 

Support for Industrial Innovation 

Several Bank-financed projects en- 
courage private industry to invest in im- 
proved technology and innovation. 
These projects compensate for imperfec- 
tions in the capital markets and the links 
between institutions and their clients in 
the industrial sector (16). These projects 
encourage the development of new lines 
of business based on either new products 
or new processes using indigenous or 
adapted technology. They also promote 
higher productivity and lower costs 
through better use of technology. This 
approach contrasts with efforts in the 
1960's and 1970's to inject technology 
into the industrial sector by establishing 
laboratories, technological institutes, 
and engineering firms, few of which es- 
tablished connections with the industrial 
sector, let alone influenced the technolo- 
gy used there. 

This market approach is illustrated by 
the Korean Technology Development 
Corporation (KTDC). The KTDC is an 
autonomous financial institution that 
works with local industry to identify, 
promote, and respond to proposals for 
new lines of business based on local 
technology. It finances research and de- 
velopment in private industry through 
loans that are forgiven if a project fails. It 
also provides equity funds to companies 
that are set up to exploit the results from 
R&D. The KTDC reflects the Bank's 
experience with a similar project in 
Spain (17). In both Spain and Korea, as 
well as Southeast Asia, the Bank's pri- 
vate-industry affiliate, the International 
Finance Corporation, supports venture- 
capital companies that make equity in- 
vestments in risky ventures in order to 
launch technologies (18). 

Through its experience in Spain and 
Korea, the World Bank has developed 
the means to identify institutional, pro- 
grammatic, and policy gaps that impede 
technological development in industry. 
As a result, it has assisted the govern- 
ment of Portugal in preparing a 5- to 10- 
year strategy for the development of 
industrial technology (19). 

Energy 

The number of Bank loans for the 
development of energy resources has 
risen since the first oil price increase in 
1973. They now cover power generation 
and distribution, exploration for and ex- 
ploitation of conventional energy re- 
sources and renewable energy re- 
sources, energy sector planning, energy 

conservation, and petroleum refining 
(20). 

To cope with high oil prices, develop- 
ing countries must develop domestic en- 
ergy resources to substitute for oil im- 
ports. They must reevaluate past explo- 
ration efforts and conduct extensive geo- 
logical, geophysical, and geochemical 
studies using state of the art technology. 
The Bank is assisting these countries by 
encouraging training of local staff and by 
supporting the introduction of modern 
technologies, in many cases developed 
by international oil companies. To help 
countries with no significant reserves of 
oil but with substantial supplies of natu- 
ral gas, the Bank has commissioned 
studies that have identified economical 
technologies for using compressed natu- 
ral gas as a substitute for liquid fuels 
(21). It has also supported the develop- 
ment of natural gas resources. However, 
a Bank study of market prospects for 
methanol, a natural gas product, con- 
cludes that, at presently foreseen fuel 
prices, methanol production will not alle- 
viate the domestic energy problems of 
developing countries (22). 

The most important support the Bank 
has given for renewable energy sources 
has been for farm and community forest- 
ry. This support is critical in Africa, 
where over 90 percent of the energy used 
comes from fuelwood and charcoal. This 
emphasis on farm forestry has led the 
developing countries away from their 
traditional concern with both mainte- 
nance of reserves and industrial forestry 
for lumber, poles, and paper pulp (23). 
This is especially true for India. 

The World Bank is now collaborating 
with the UNDP in analyzing and demon- 
strating technologies for exploiting re- 
newable energy sources and in assisting 
developing countries with their energy 
planning (24). Typically, its energy stud- 
ies assess different sources of energy, 
based on techno-economic criteria (25). . . 
These studies point to conservation as an 
important "source" of energy, indicat- 
ing that as much as half of a nation's bill 
for commercial energy can result from a 
dozen industrial installations that use 
energy wastefully. Since traditional, 
noncommercial energy sources also ben- 
efit from energy conservation, the Bank, 
often in collaboration with nongovern- 
mental organizations, promotes the use 
of cookstoves that conserve supplies of 
wood and charcoal. These stoves in- 
crease the energy efficiency of cooking 
by as much as 50 percent in laboratory 
tests, but institutional and technical 
problems often complicate their intro- 
duction into developing countries (26). 
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Water Supply and Sanitation 

Nearly 2 billion people in both cities 
and rural areas lack water supplies and 
sanitation services. The World Bank has 
concluded that, although sanitation tech- 
nologies are available, cost-effective, 
and sufficient to basic needs, they are 
largely unknown to project designers and 
governments in developing countries. 
Because a community's culture is critical 
to its adoption of sanitation technology, 
engineers must seek the aid of sociolo- 
gists in calculating the engineering, fi- 
nancial, and social needs of a community 
(27). The Bank and the UNDP have 
demonstrated the feasibility of low-cost 
sanitation schemes in many countries. 
These projects commonly use the "ven- 
tilated improved pit" latrine and the 
pour-flush latrine (28). Both are cheap, 
permanent, high-quality, cost-effective 
facilities. Both can be constructed local- 
ly and maintained, with little or no out- 
side assistance, at a fraction of the cost 
of traditional, waterborne sewerage 
schemes. 

Labor-Based Technology for 

Civil Works Construction 

In countries where labor is abundant 
but capital is scarce, labor-based meth- 
ods often help save capital for those 
activities where labor is less productive, 
strengthen community involvement in 
infrastructure projects, reduce unem- 
ployment, and distribute income more 
equitably. For example, traditional la- 
bor-based construction uses thousands 
of unskilled laborers instead of machines 
as a way to provide employment. How- 
ever, these methods usually result in low 
productivity, and the quality of the re- 
sults is usually low. In addition, labor- 
based construction may be more costly 
than equipment-based construction. 

Since about 40 percent of the World 
Bank's lending finances construction 
works, chiefly dams and highways, the 
Bank has compared the efficiencies of 
labor-based and equipment-based con- 
struction methods (29). Its research 
found that, for certain types of construc- 
tion, particularly in rural areas, labor- 
based methods can meet requirements 
just as well as equipment-based meth- 
ods. Efficiency can be increased by bet- 
ter planning and supervision, better 
tools, incentive payments, organization 
of the work, and interventions to im- 
prove the health and nutrition status of 
laborers. As an example of the latter, in 
Indonesia, the addition of an iron supple- 

ment to the diet of the workers raised 
productivity as much as 25 percent at 
some sites. The cost for such improve- 
ment was only 50 cents (U.S.) per work- 
er per year. 

out the wheeled toolbar-carrier as the 
improved implement offering greatest 
potential benefit, despite its relatively 
high cost (35). 

Conclusion 
Research and Policy 

The World Bank frequently treats 
technological issues as integral parts of 
policy analysis and operations (30). 
From the results of economic research, 
the Bank could inform the development 
community of the implications of using 
alternative technologies in city planning, 
agriculture, and industry, and it has dem- 
onstrated how institutional and econom- 
ic policies influence the choice of tech- 
nology. 

For example, the support for low-cost 
sanitation schemes mentioned above fol- 
lowed studies that pointed to the need 
for low-cost solutions for urban sanita- 
tion problems in low-income countries. 
Bank studies aided Singapore in its eval- 
uation of the "area licensing" scheme 
for controlling private automobiles in 
congested areas (31). Other Bank studies 
found that appropriate choices of manu- 
facturing technology, especially choices 
made with an understanding of the effi- 
ciency of the alternatives, markedly im- 
prove national employment and national 
income (32). In particular, investments 
in machinery and manpower that up- 
grade the productivity of existing equip- 
ment are often preferable to investments 
in new machinery. Bank research on the 
economics of national communication 
and education has emphasized the neces- 
sity of low-cost facilities to meet the 
needs of poor people-for example, pub- 
lic telephones in low-income areas and 
educational programs transmitted by ra- 
dio instead of television (33). 

Bank research on nutrition includes 
evaluation of technological interven- 
tions. One study found that a heavy 
infestation of Ascaris worms can cause 
the loss of 25 percent of ingested calo- 
ries, contributing to malnutrition and re- 
ducing the effectiveness of food supple- 
ments. The benefits of semiannual de- 
worming can be worth ten times the cost 
(34). 

In India, the Bank has shown that 
tractors would not necessarily increase 
the intensity of cultivation and, depend- 
ing on the circumstances, could lead land 
owners to evict sharecroppers in order to 
enlarge the area for their own cultivation 
(35). Another study showed the many 
technical and institutional obstacles to 
the use of improved tools, and it singled 

The World Bank's deve-lopment assist- 
ance loans have been a flexible instru- 
ment for the promotion of scientific and 
technological development. Through 
such loans, the World Bank comple- 
ments the roles played by scientists, 
scientific institutes, and agencies. By 
emphasizing that scientific activity must 
serve development rather than itself, the 
Bank promotes policies and institutions 
that strengthen the local capacity for 
technological decision-making, link sci- 
ence and technology with the broader 
economic system, and encourage re- 
search, innovation, and technology suit- 
ed to local conditions. 

The recent advances in microelectron- 
ics, communications, biotechnology, 
and other advanced technologies present 
a challenge to developing countries to 
stay apace with the rest of the world. 
Ironically, however, just as these chal- 
lenges are increasing, the world econo- 
my is slowing down, funds for develop- 
ment assistance are decreasing, and con- 
cessional aid funds for the poorest coun- 
tries are drying up. This confronts 
developing countries with painful 
choices regarding the allocation of 
scarce resources. Under these pres- 
sures, the World Bank is reviewing its 
policies to determine the best response 
to these new challenges in science, tech- 
nology, and development. 
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