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INTRODUCTION

Purpose

1. This analysis measures the amount of World Bandlitento support scientific and
technological (S&T) research and S&T capacity bogd It devises a taxonomy and
methodology for identifying such S&T projects, atitferentiates these from other World Bank
lending that may be more loosely related to sciamzketechnology. The analysis also identifies
trends in operational support for science and teldgy. Trends and initial lessons were also
identified in recent related Bank reviews, evalomsi and strategy papersome key tables and
boxes are reproduced here with permission, pastilyuhs annexes to this document, for further
illustration and to provide concrete examples amiccp/activity options for the Bank in the S&T
field.

2. Support for Science and Technology is One Pati@Bank as a Knowledge Institution
This analysis and quantification includes only VddBlank lending operations that directly
supported S&T research or

explicitly attempt to build S&T Box 1: Methodology

capacity. Supporting this capacity An initial broad list of nonagricultural projectsa generated by
in client countries is one of the way| reviewing the brief descriptions for all such paigepublished in
in which the World Bank has the World Bank annual reports for the years 1980420
Information on agricultural projects was also cdegin this
promoted greater use of knowledgg manner for the years 1980 and 1997-2004, and byldézyand
for development. A_ number of Alex (1998) for the years 1981-96. Any project timght possibly
Bank lending operations, programs| have an S&T component was included in the listxtNe number
or initiatives do the same, without | of projects were eliminated after reviewing theswdlopment
having a specific focus on S&T objectives and main project activities as listegrioject

W\ A supervision reports (PSRs), staff appraisal red@#gRs), or
knowledge. The paper “"Major project appraisal documents (PADs). Projects wersidered

Knowledge Initiatives of the World major S&T projects if at least 50 percent of tqtedject costs went
Bank Group: Relevance for World | toward activities defined herein as S&T componetso, a
Bank Education Sector Lending an| distinction was made between agricultural and ndoalgural
Research’(Patrinos 2001) projects, because of the systematization of adurallresearch
summarizes these efforts and data and the volume of lending for agriculturakash activities

provides a detailed overview of the (see annex A for details and tables with aggregdital).

context in which this present
analysis of S&T lending can be understood.

THE TAXONOMY FOR |IDENTIFYING S&T PROJECTS

3. S&T Projects Seek to Build Capacity to Producee&eAdapt, Diffuse, and/or Use S&T
Knowledge.Projects and project components were considered G#fations—and therefore

! Byerlee and Alex (1998, 2003); Goel, Koryukin, Baaand Agarwal (2004); Lele (2004a, 2004b); Rysiad,
Rajalahti, and Pehu (2004); and Watson, Crawfand,Farley (2003).



included in the aggregate lending totals—if thegmmted funding for research or explicitly
sought to increase S&T capacity.

Agricultural and Nonagricultural S&T Projects

4. S&T operations were studied as two distinct groagsicultural and nonagricultural

S&T projects The rationale for this distinction include: @gricultural projects have been
tracked and analyzed as a group for decades, aredahiaody of experience that relates to them
specifically; (2) the development of S&T capadity agricultural research has many
characteristics that makes it unique (much cropaesh is local in character or confined to a
given agro-ecological zone); and (3) in the wakéhefgreen revolution, and given the
universality of the need for food security, virtlyadll Bank clients saw agriculture and
agricultural research as development issues, threrefeating a significant volume of operations
in this area. This was not the case with gene$dl &pacity until the “Knowledge for
Development” work of the late 1990s (World Bank 29

Agricultural and Rural Development Projects

5. These projects supported increased competitivaaresproductivity of the agriculture
sector through investments in adaptive and appésédarch, the strengthening of the National
Agricultural Research Systems (NARS), and humaitadprmation. Agricultural research
projects are, in general, comprehensive projelglsst projects were crop related, and there were
few relevant projects on fisheries, livestock, éorests.

Nonagricultural Projects

6. Nonagricultural projects were classified as follows

7. Comprehensive S&T Development Projeetsmking supply and demand for S&T
services, these projects supported activities asanatching grants for Small and Medium
Enterprises (SME), fostering university and indystwoperation, and promoting intellectual
property rights.

8. Human Resource Development Projeeiacluding university-based research and
education, polytechnic (tertiary) education, ancbselary science education. University
education included graduate education in genemndl uadergraduate education focused on S&T
fields.

9. Technology Development Projeetsncluding projects to restructure public Reseanoth
Development (R&D) institutes to make them more oesjve to industry needs, projects to
enhance technology development in industry, anpgept®focused on Metrology, Standards,
Testing, and Quality (MSTQ) systems.

10.  Health Projects—including support for infrastructure capacityltung (laboratories
upgrade/networks and human resource formationyatipeal research, disease surveillance, and
R&D activities.



11. Environmental Projects-including support for quality control laboratari@nd capacity
building at environmental protection agencies.

Projects Not Considered as S&T—Specific for the Pynose of This Review

12. More detailed descriptions and examples of thgsestyf projects are provided below.
Under the criteria utilized in this review, an SMEomotion project or component, for example,
was only included if it supported the developmdmtroducts and processes through technology
upgrading. If, on the other hand, an SME projecight to improve performance through
management upgrades or by increasing access tib, dradhs not included. Similarly, higher
education projects or components were included ibtihey had a specific focus on supporting
research or education in S&T-related areas, suemgiieering. Projects focusing on improved
access, financing or quality in higher educatioghthave implications for S&T capacity, but
these projects were not considered “explicitly"tpgring to science and technology.

13. Bank lending supports a number of operations thghtqualify as S&T projects under
broader definitions: projects that installed sgtibated technology “as is,” for example, in
distance education (for instance, global distareening centers) or
telecommunications/information and communicatiahtelogy (ICT) projects. In general,
projects that just acquired high-tech equipmergrojects with high technology content were not
included unless the building of local capacity coisgd a significant portion of the project. For
this analysis, such projects were not deemed ttirbetly related to research or building S&T
capacity and hence were not included. Some oéthegects may have had some impact on the
clients’ S&T capacity, but in a way that was vergpersed or difficult to measure. While it is
worthwhile to examine the effectiveness of the Basla vehicle for technology transfer, this
topic is outside of the scope of the analysis.eéd] an analysis of World Bank projects that
focus on transferring sophisticated or simple tedbgly may be found in a number of other
studies, including Weiss and Jequier (1984). Séwher categories of projects loosely related
to science and technology were also not includetighanalysis, because their connection to
improved S&T capacity was too indirect or becausaeslogistical problem put them beyond
the scope of this inquiry. Among these were pitgjec project components that supported the
following:

14. Management Training and Modernization Project$ie provision of management
training and modernization, as well as the usexitieag knowledge in private sector
development, can lead to organizational improvesgntirms that strengthen technological
capability; however, such efforts were not consdan the analysis unless the projects
explicitly attempted to accelerate the rate of tetbgical learning through direct interventions.

15. Basic and Secondary Education Projects without Bipe&&T Goals. Improving science
instruction is a stated goal of many primary antbedary education improvement projects.
Normally, it is carried out as one part of an imgggd package of interventions to improve the
overall quality of education. It would be worthwéniio gauge the effectiveness of Bank support
for science education, but such an inquiry was bhdyhe scope of this paper. Such an analysis
was done a decade ago by Ware, el Hage, RinaldiThulstrup (1992) and should be updated.



However, basic and secondary education projectptbaoted improved science and
technology were not identified or included hereasslthey made provisions to improve science
education specifically.

16.  Vocational and Technical Education (VET) Projec®nly projects focusing on
polytechnic education at the tertiary level werduded. VET projects were not included
because polytechnic-level skills are normally madganced than those of secondary-level
vocational institutes. Again, one could argue #radtanced vocational and technical skills add to
a country’s S&T capacity, and these should be aealy However, for logistical reasons, these
were deemed outside the scope of the paper.

17.  Higher Education ProjectdVlany general university reform projects createditoons for
improved S&T capacity; however, if improvement oiesitific and technological research and
capacity was not specified as a principal goahefgroject, it was not included.

18.  Agricultural Extension Services Projectslhese projects are often popular vehicles for
the diffusion of relevant research outcomes andywets; however, because of difficulties in
disaggregating their S&T content, they were noluded in the list unless supporting research
was an explicit project goal.

19. Inlight of these parameters, this analysis depl@sBank’s overall support for science
and technology as narrower than it in fact is.ug;lthe numbers presented in this report should
be considered conservative estimates of the Banegall effort to promote science and
technology. More methodological details, as welhggregate project figures are provided in
box 1 and annex A.

GLOBAL CHARACTERISTICS OF BANK LENDING FOR S&T PROJECTS

Main Findings

20. Between 1980 and 2004, the World Bank lent $8l@mitlollars’ to directly support
S&T activities through 647 projectdAnnually, average lending for science and techgyl
totaled $343 million.

21. Of overall Bank lending, 1 of every 9 projects pdeg some support to S&T capacity
building, but only 1 in about 50 projects is pripally concerned with improving science and
technology.Although 647 projects over the past 25 years pexvisome support for science and
technology, only 119 of the World Bank’s 6,059 pig were dedicated primarily to promoting
science and technology or contained a signific&¥ Sapacity building component.

22. The World Bank sponsored, on average, 26 S&T piojeer year. Five projects a year
provided major support for science and technol&fygercent or more of total project costs) and

2 All dollars are U.S. dollars unless otherwise tadiéd.
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21 projects a year provided minor support for smeeand technology (less than 50 percent of
total project costs).

23. The Agriculture and Rural Development Sector preglichore support for S&T projects
than all other sectors combinedhe agriculture sector accounts for about 42eerof all

major S&T projects, the remainder consisting ofdtteer sectors combined, but predominantly
education and industry. Agriculture also accotdiotshe overwhelming majority of projects that
provided minor support to science and technologyrénthan 400 of the 528 minor projects were
in agriculture). Additionally, S&T Support to Agulture was geographically dispersed and
covered large and small, low- and middle-incomentoes.

24.  Most major support for S&T projects (outside ofiagture) went to a handful of large,
middle-income countriesMore than 50 percent of the major S&T loans (mpitaltural) went

to only 7 countries, and about three-quarters eidans were taken by 14 countries. In terms of
regional distribution, East Asia received aboupéf@cent of all major S&T loans during the
review period. The next most frequent S&T borrovetin America, took out about 20 percent
of the loans.

Figure 1: Bank/Counterpart Breakdown for S&T Projects,
FY80-200<

Bank
Lending

Counterpart Funds

Amount devated directly to
S&T pfojects

$9.9B $6B

Total Projects Costs = $77.5 B Costs

Source:Own elaboration (Annex A).
Note: Shaded area = Total Bank Lending ($35.5 B) + Cenpatrt funds ($42.0 B) for S&T projects minus ti8$5 B directly
devoted to S&T activities (Total value of shadegaar $59.0 B).

S&T Lending as a Percent of Overall Bank Lending

25.  The 647 projects that supported science and teagpoepresent 11 percent of all Bank
projects (6,059) for the period. The $8.6 billmfirdirect lending support for S&T activities
represents only 24 percent of the total World Biamkling ($35.5 billion) to these projects. The
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remaining 76 percent was used for project actwiti@t did not directly support science and
technology. When counterpart funds are includleel 647 projects amounted to $77.5 billion in
total project costs, $18.5 billion of which (alsé Rercent) were dedicated exclusively to
activities that support science and technologye $8.6 billion in Bank lending, then, can be
considered to have leveraged an additional $9c@imterpart country investments in S&T
capacity building.

Major and Minor S&T Projects

26.  Support was divided between Major and Minor S&Tjgets. Of the 647 projects, 528
devoted less than 50 percent of total project dostlrectly support S&T activities. Many of
these minor projects were in agriculture, in whackmaller portion of the overall project cost
went to directly support an S&T component relevtardgriculture. Of the 647 projects, 119
were considered “major S&T projects” that devot@do&rcent or more of total project costs
directly to research and S&T capacity building.

Table 1: Bank Lending for Projects Involving Sciere and Technology by Intensity and

Support(billions of dollars), FY80-2004

Total 647 $35.5B $77.5B $18.5B
Major S&T Projects 119 $7.6B $15.8B $13.8B
Minor S&T Projects 528 $27.9B $61.7B $4.7B

Source:Own elaboration (Annex A).

27. Figure 2 depicts the level of support for S&T paotgebetween 1980 and 2004, by
funding amount. As the figure shows, 290 projesisd less than $3 million for science and
technology; 152 projects used between $3 millicth &0 million; 105 projects used between
$10 million and $50 million; and 100 projects usedre than $50 million in funding to build
S&T capacity or strengthen scientific research.

12



Figure 2: Projects Categorized by Amount Devoted Déctly to
Science and Technology between FY80-2004

300;
2501
200
150
100

501

Number of Projects

$1-3m $3-10m $10-50m over $50m

Source:Own elaboration (Annex A).

28.  Figure 3 provides annual data for the number obmajojects for S&T capacity building
and research. On average, 88 percent of totadgiropsts for these 119 major projects were
S&T specific. The profile of project amounts deaato science and technology (given by the
dark portion of the columns) pretty well mirrorstlof figure 5 corresponding to total costs of
agricultural research and extension projects. iBht®nsistent with the predominance of S&T
investments in agricultural projects, which showagortant peaks around FY91/92 and
FY98/99 (see the lower graph in figure 5), with keest lending levels in recent times around
FY88, and latesince FY2000 (see discussion in the section “Lepdimd Policy Trends”
starting with paragraph 42). Furthermore, the peaKigure 3 show that few large or larger
projects can make a substantial difference in argixear’s lending for S&T activities. Nine
major projects were approved in FY90 and anothee projects in FY91, as opposed to an
average of four projects per year between FYB0R®D. In FY92, seven major projects were
approved, with an average cost of $238 million (pared with the average of $132 million per
project for the 25 years covered in this review) FY98 and FY99, the determinant factor was
larger projects (averaging $263 million and $170iom per project, respectively) because the
number of major projects approved per year remanoadtant at five from FY93 to FY01, with
the exception of FY99, with six projects approveeg also annex A, table 2).
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Figure 3: Projects Providing Major Support for Science anc
Technology, FY80-2004

1,800;
1,600;
1,400; [ |
1,200; = || B
1,000; 1l |
800 n
6001 (1l |
4004 iR
200 (1l |

014
FYso 82 84 86 88 90 92 94 96 98 00 02 04

Source:Own elaboration (Annex A).

29.  Figure 4 provides annual data for minor projecigpsuting S&T capacity building and
research. On average, only 8 percent of totakptajosts for these 528 minor projects were
S&T specific. In this case, the profile of proj@chounts mirrors the profile corresponding to all
agricultural projects in figure 5 (upper graph),iethshows a general decline since the late
1980s.

30. Thus, a preliminary conclusion is that lending¢eesce and technology in the last 5
years has declined significantly with respect ®hevious 20 years. As shown in figure 5,
agricultural projects in general, and agricultuesearch projects in particular, have been
declining in number, and apparently in amount stheel990s. For instance, there were no
agricultural projects with more than $10 million$&T expenditures in FY02 and FY03. Also,
in the last five years, there were very few majomagricultural projects from “the big six”
borrowers (see paragraph 34): only India had omgelproject (technical/engineering education,
totaling $314 million), and two medium-size progatvhile Brazil had two health projects (with
S&T components of $20 million and $50 million, respively). The prospects for FY05 show
an increase with respect to FY04; however it isdady to speculate with the possibility of a
considerable reversal of observed trends (see zgoiag9), which would be desirable, given
that not only continued investment in science aatinology are needed for capacity building
but also for maintaining a country’s competitivesies

14



Technology, FY80-2004

$ million

Figure 4: Projects Providing Minor Support for Science and

7,000 -

6,000 - -

5,000 - 1 =

4,000 - 1

3,000

2,000 -
1,000

‘ O Minor S&T costsCONon-S&T cost#

Source:Own elaboration (Annex A).

Figure 5: Bank Lending to Agriculture Declined Dramatically in the 1990s
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Source:OED data, reproduced from Lele 2004.
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MAIN CHARACTERISTICS OF NONAGRICULTURAL S&T LENDING

Regional Distribution of Nonagricultural S&T Projects

31. The analysis of the regional distribution of S&Djercts reveals a heavy bias toward the
East Asia region, which had 29 of the 69 major goicaltural projects. Latin America had the
second largest amount with 15 projects. The SAatan region had nine projects, Europe and
Central Asia had eight projects, and Africa andNhédle East each had four projects during the
time period. Nonetheless, while regional distridts still skewed toward East Asia, it is
becoming less so than it was during the precedargdes, when close to four-fifths of S&T-
related higher education lending and two-thirdS&f -related industry lending took place in
that region alone. Also to take into account, e major nonagricultural projects were
approved for countries in the East Asia regionmythe last five years.

Sequence of Lending

32.  Sequential, Simultaneous, and Program Lendingdividual Countries.Forty of the 69
nonagricultural S&T loans were made to only sevamtries. The Republic of Korea was far
and away the largest borrower of S&T funds. ItsSEX loans from 1980 to 1997 are double
the number of projects in China (the second-masteaborrower for nonagricultural S&T
projects). India, Indonesia, Brazil, Chile, andXi¢® were also large borrowers for science and
technology, with six, five, four, four, and thremjects, respectively, as shown in table 2.

Table 2: Distribution of Major Nonagricultural Pro jects
Number of
Country Nonagricultural
Loans

TOTAL 69
Korea, Rep. of 12

China 40 of the 69 loans

India
indonesia were made to 7
countries

Brazil

Chile

Mexico
Bangladesh
Egypt, Arab Rep.
of

Mauritius
Portugal
Philippines
Thailand

Turkey

15 countries had 1
Others loan each
Source:Own elaboration (Annex A).

NINW|(A~[(M~O|O|O

54 of the 69 loans
were made to 14
countries

NININININ

33.  Much of the Bank’s S&T support for Korea has beeguential, with a second loan of
similar nature made to the same implementing agasa@n extension of the previous program

16



(see annex B, box B1 for project descriptions).oA¢ point, three S&T loans were made to
Korea in consecutive years and with large overiapibeir implementation periods. Similarly, in
Indonesia, a loan in 1983 followed up an initi@nan 1979; a second loan in 1991 addressed
science and technology more specifically than #&8lpredecessor; and a 1990 professional
human resource development loan with a signifi&&f component preceded yet another loan
in 1995. This continuity also existed in Brazidandia (see annex B, box B4 for descriptions of
projects in India). By contrast, China (annex B8x IB2) and Mexico (annex B, box B3) appear
to be supporting a variety of diverse objectivethinithe S&T sector, maintaining active S&T
portfolios with loans for human resource developtnessearch institutes, environmental
concerns, and technology and industrial developm&he question of the relative impact of the
simultaneous versus sequential approaches beénsifimvestigation.

Country Size and Size of the Scientific Community

34.  With the exception of Chile, the six most activerbwers for science and technology
(Korea, China, Brazil, Indonesia, India, and MeXiace all large population countries.

Together they account for 45 percent of the wonbdipulation and 55 percent of the population
of the developing world. Korea, however, the naxdive borrower has by far the smallest
population of these six countries. Its 48 milliohabitants equal less than half of the population
of the next smallest country in this group. Thé&wmee of lending to these six major borrowers
included $4.18 billion of the $5.92 billion tot&nding for the 69 major nonagricultural S&T
projects. The average loan size for these cowntvaess $110 million. The average loan size for
the 15 countries that borrowed once was $42.2anilli These countries have, on average, much
smaller populations. The figures seem to lend stigp the idea that countries with large
populations are also concerned with building anchtaaing a critical mass of researchers and
S&T infrastructure. However, the correlation does indicate the direction of the causality.
That is, we do not know whether China, for exampéerowed for science and technology
because of a perceived need to reach “critical mass S&T systems, or rather, because a
critical mass had already evolved before Bank wmewlent and subsequently became the target
of project support.

35.  Scientific Capacity in S&T Borrower Countrie®©f the top 14 borrowers for science and
technology, Korea was both the largest borrowerthadnost scientifically advanced country,
according to a taxonomy of S&T capacity devisedRND Corporation for a study in 2000.
Although there may have been changes in the lastyas countries reap the benefits of past
investments, it is worthwhile to review this categation. Korea was the only S&T borrower
rated as a “Scientifically Advanced Country” bystistudy. The remaining countries fall into
three other categories. The “Scientifically Prigfiic Countries” are those defined by a dynamic

% The taxonomy for these groupings was developeitid@RAND Corporation’s Science and Technology Bolic
Institute, as part of a background study on S&Tatmration between the developed and developinddaorn this
study, 150 countries were ranked according to ghted composite index, which considers per capitasy
national product (GNP) (as a proxy for infrastruejunumber of scientists and engineers per mitieaple (human
capital), number of S&T journal articles and pasdoy citizens (S&T outputs), percentage of GNP sparresearch
and development (R&D) (input into Science and Tebdbgy); number of universities and research ingtins per
million people (S&T infrastructure), and numberstifidents studying in the United States who chos¢éon@turn
home at the conclusion of studies (contact witledl knowledge sources).
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S&T community, some world-class innovative firmsda critical mass of world-class talent in
some research disciplines. The proficient cousinelude China, Brazil, and India. A middle
group, referred to as the “Scientifically Develapi@ountries,” contains those countries with
some pockets of vibrant research and a few firmsled in the commercialization of
knowledge. Among these countries are IndonesixjddeChile, Argentina, Egypt, Mauritius,
and Turkey. The final category of “Scientificallpgging Countries” includes those countries in
which S&T communities are small and fragile (orsome cases, nonexistent), and firms show
almost no capability to use S&T knowledge. Only twf the World Bank’s 14 repeat S&T
borrowers—the Philippines and Thailand—were ratetthe lagging category.

36.  According to the RAND study, of the 15 one-time SBdrrowers, 10 are categorized as
“Scientifically Lagging Countries.” This correlah suggests that the larger, repeat borrowers
have improved their scientific capacity throughagee concern for and attention to science and
technology, which encouraged the commission of WBdnk S&T-focused projects.
Alternatively, the correlation could suggest thaentifically advanced countries maintain larger
research communities and are more likely to seekd\Bank assistance in further improving
these systems. The reality probably lies somewindoetween.

MAIN CHARACTERISTICS OF AGRICULTURAL S&T LENDING

37.  $5 Billion in Lending to Science and TechnologAgricultural Research A total of

471 S&T projects in the agricultural sector werparted by the World Bank between 1980 and
2004, the majority of which were minor projectortly-two percent of all major S&T projects

(50 projects total) were also in agriculture; thihe Bank supports more projects in this sector
than in all others combined, making it the singlgést donor for both the agricultural sector and
the agricultural research subsector. For an irtkdgpalitative review of Bank S&T agricultural
lending, please refer to Byerlee and Alex (1998pseéhstudy on the issue informed most of this
part of the analysis.

38.  S&T projects in the agricultural sector have aefyrof subsector foci, including

research, education and extension, commoditiégaiion, credit and agribusiness, adjustment,
and reform. Within the subsector of agricultuedearch, projects may be categorized according
to the level of research sponsored as part offtoet o build S&T capacity. According to this
division, project categories include large projetasinated by research-building initiatives,

large projects with little emphasis on researchl, small projects with either a large or small
research focus. Examples from these categorigsraveled.

Types and Examples of Reviewed Agricultural Project

39.  Major Agricultural Projects Focusing Principally oResearch. One of a number of

major agricultural projects that focused principah research as a means to build S&T capacity
was Kenya’'s 199Rational Agricultural Research Projecthe project cost $179.9 million,

$80.8 million of which was associated specificaliyh the research component. The purpose of
the project was to raise Kenyan agricultural pradisity by creating a research institute focused
on adaptive research and technology dissemination.

18



40.  Major Agricultural Projects Including a Smaller Resgch ComponentA major
agricultural S&T project that included a smallesearch component was the 1980 Cote d’Ivoire
North-East Savannah Rural Development Proje@hly $4.2 million of the $21 million in

project costs were associated with funding reseiarttis project, which aimed to pilot a rain-
fed irrigation scheme among other rural developnobyectives.

41.  Minor Agricultural Projects. Minor agricultural projects varied greatly, bdiy the
extent to which they prioritized research and le/diegree to which they focused on specific
crops or types of technology. Examples of minarcadtural projects include Guinea’s 1988
National Seeds Proje€$10.6 million in costs, $1.7 million toward rese@r and Barbados’
1987 Agricultural Development Rehabilitation Proje5.8 million in costs, $0.2 million
toward research)

Lending and Policy Trends

42.  Lending and policy toward agricultural researchénaegen thoroughly reviewed. Several
patterns and trends are worth noting:

43. Regionally, Sub-Saharan Africa receives the largkate of agricultural research
lending, with this share growing in recent yearsi¢counted for 50 percent from 1993-96).
This share may mitigate the relative paucity ofpgupfor other types of research lending to
Africa and should be taken into consideration imfolating any S&T support strategy for the
region.

44.  The Bank’'s commitment to NARS has been steady amgl term; many countries have
had sequential NARS support projects over periddgpdo 20 years.

45.  The Bank has made a strong and substantial commitimeupport International
Agricultural Research Centers (IARCs) through, agother things, its role as a sponsor of and
investor in the Consultative Group on Internatiofgficultural Research (CGIAR) to which it
donates roughly $50 million per year.

46. The Bank has played an important role in donor @imation. It has helped create such
programs and facilities as the Special ProgranAfacan Agricultural Research (SPAAR) and
the Office for Agricultural Research and Extens{BSDAR), a multidonor forum.

47. Research on natural resources management issueslated environmental concerns is
increasingly seen as an integral part of sustagnapticultural policies and strategies.

48. Despite the leadership shown by the World Bankéagriculturakector, the total
number of general agricultural projects and, tessér extent, research and extension projects
has “dramatically” declined in the 1990s, as inthdaby Lele (2004a) (figure 5). Such a decline
encompassed all regions but South Asia, whichlisgll below the level reached during the
1980s (figure 6). A 2004 Operations Evaluation &é&pent (OED) Evaluation points out that
reasons for the decline include the lack of comraithfrom client countries for needed reforms
in public research and poor performing loans.
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49.  Arecent review of the rural portfolio (Rygnest&gjalahti, and Pehu 2004) found that
there was an increase in lending for agricultugabarch and extension in FY04 ($230 million)
compared with FY02 ($160 million) and FY03 ($118limin), projecting a twofold increase
from FYO4 to FY05 ($483 million). This projectetcrease is mainly because of a few large
projects in China, India, and Tanzania. The sdlitgibf total lending in science and technology
with respect to single large projects is much highenonagricultural projects, for which
lending is projected to be higher than $250 milliofYO05 (compared with $41 million in FY04
and $353 million in FY03) mainly because of ongéaproject in Mexico.

Outcomes and Impacts of Agricultural S&T Projects

50. A previous OED report (World Bank 1996) evaluatieel Bank’s record of lending across
the agricultural sector. Although the report cisgghificant advances made in the sector as a
result of Bank work, it also noted “serious deflmes” in sustaining research institutions and in
establishing institutional capacity in researchplag, priority setting, and evaluation. The
review also described the vulnerability of fundingesearch in NARS and recommended the
wider use of economic analysis to inform lendingisiens and improve research efficiency
(Byerlee and Alex 1998).

Figure 6: World Bank Lending to Agricultural Research and Extension, 1971-2002
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Source:Reproduced from Lele 2004.
Note: AFR = Africa; EAP = East Asia and the Pacific; EEAurope and Central Asia; LCR = Latin America
and the Caribbean; MNA = Middle East and North gdriSAR = South Asia.

51. Despite its shortcomings in the sector, accordinByterlee and Alex (1998), the Bank
successfully incorporated lessons from past expegien S&T lending in agriculture, which
have led to changes in lending practices, includimgtable shift in priorities after 1993 toward
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management and policy competence, incentive systemisaccountability. This shift could be
described as the adoption of a “quality agendat’ ¢ngphasizes the following: (1) merit and
scientific rigor through the use of competitive dimg, external reviews, and increased
institutional links; (2) sustainability of fundirtgrough a variety of mechanisms, including
public-private interaction, cost-recovery, endoweskearch foundations, and farmer financing;
(3) more recognition of and support for human resesitraining, especially as conducted at
universities? (4) continuing efforts to reform National Agricutal Research Institutes (NARIs)
and the policies that affect them; and (5) increg&inowledge-intensive agriculture through
links to basic research and the international kedgé base.

52. Table 3 provides data regarding the changing fbagoicultural projects between 1990
and 1998. The table reveals such trends as iredeamphasis on institutional pluralism, greater
promotion of private-public interaction in R&D, aadsurge in the number of projects promoting
the involvement of farmers in research governance.

53. Annex C includes tables and boxes reproduced frgerlBe and Alex (2003) measuring
and exemplifying the impact of agricultural reséaon poverty reduction, including estimated
rates of return to agricultural research, distitrubf benefits of cassava research in Nigeria,
eradication of childhood blindness in Africa, amdmer-run research experiences. Byerlee and
Alex (2003) propose the following steps to enhaheealready high poverty reduction impacts
of investments in agricultural research: (1) amalthe nature and causes of poverty; (2)
establish a broad strategy for research investm@)tset specific priorities for investments; (4)
strengthen the institutional base for researclyifrglon private sector research, contractual and
competitive mechanisms, financial sustainabiliggehtralization, and capacity building of
producer organizations); (5) promote inclusive iggrétion by the poor (participatory research);
(6) promote uptake of research findings by the pand (7) implement monitoring and
evaluation systems to measure impacts.

Table 3: Trends in Institutional Issues Emphasize in Agricultural Research Projects

Issue Percent of Percent of
Projects 1990-93 | Projects 1993-99
Emphasis on institutional pluralism 50 86
Promotion of private-public interaction in R&D 12 71
Support of new funding sources 6 87
Support for competitive funding 12 86
Support for downsizing and consolidation 25 57
Involvement of farmers in research governang 38 87
Development of master plans for NARS 50 14
Emphasis on institutional pluralism 50 86

Source: Table 4.4 from Byerlee and Alex (1998).
Note: R&D = research and development; NARS = Nationali&gdtural Research Systems.

* Page 63 of Byerlee and Alex notes that Bank-supgagriculture R&D projects should pay more attento
general issues of university quality and improvetnas a means to strengthening NARS. This is arpiatly
fruitful area of cooperation between staff in tlgieulture and human developments networks.
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FURTHER ANALYSIS OF NONAGRICULTURAL PROJECTS

54.  The majority of nonagricultural S&T projects haveltiple components and diverse
development objective®©n average, the Bank supported three major nondignial S&T
projects per year, representing only 1.2 perceatléorld Bank projects. The largest loan
given to a nonagricultural S&T project was $307illiom (India’s 1991 Second Technician
Education project) and the smallest was $3.5 mil{the Laos People’s Democratic Republic’s
1989 National Polytechnic Institute project).

55.  The nonagricultural projects reviewed had multgdenponents and objectives,
regardless of whether they provided major or mswgport for science and technology. Some
projects represented broad attempts to intervewneghout an entire sector (for example, in
universities, research institutes, and researctiifignorganizations), while others focused on
only one S&T part of a specific sector (for exampglkecondary science education). The
activities undertaken in these projects ranged fnogtrology to environmental research to basic
science education; however, most projects priméoitysed on human resource or technology
development. The remaining projects revolved aglsectoral concerns in such areas as energy,
health, and the environment. For these reasoagqrthects do not fall neatly into categories. A
brief review of the types of interventions withlrese varied project categories may be useful in
identifying and evaluating the nature of Bank invarhent in science and technology.

Comprehensive S&T Development Projects

56. A number of projects devoted resources to incrédaseapacity of researchers to produce
scientific knowledge and of firms to incorporaténtio production. These projects often
addressed both the university-based research systedithe technology-using private sector,
and included activities such as the following: yiding matching grants to SMEs, fostering
university and industry cooperation, and promotirtgllectual property rights enforcement.
Several of these projects were in Latin Americaluding three Brazilian projectsScience and
Technology Reform Suppdit985),Science Research and Traini(i®91), andScience and
Technology1998); and two Mexican projects: tKeowledge and Innovation Proje(i998)
andScience and Technology Infrastructi®92). Comprehensive projects in East Asia inelud
China’sKey Studies Development Proj¢t991) and Korea'®rogram for Science and
Technology EducatiofL984). In all of these projects, lending wasmalied to be part of an
overall sectoral reform effort. Mexicoksnowledge and Innovation Projedbr instance,

devoted approximately $265 million to research gxty vetted under peer review procedures.
The consolidation and expansion of peer reviewscanapetitive funding are considered critical
means to improve the performance of science arhtdagy in client countries.

Human Resource Development Projects

57.  The majority of nonagricultural S&T projects soughtseeks to increase S&T capacity
primarily by improving training systems in tertiaapd secondary education. It has been
common for these projects to finance the provisib8&T infrastructure, and the upgrading of
laboratory equipment, in some cases accompanisedipr wide or institutional-level reform,
such as improved peer-review allocation procedures.
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58.  University-based Research and Educati@f.the S&T projects focused on human
resources development, most occurred within theeusity system. Virtually all stated their
development objective to be some variation of thiecgple goal of improving the quality and
relevance of research or research and educatigngms. However, two distinct approaches
seem to have been used for pursuing these objecti@ne set of these projects supported S&T
education and research by establishing or supgocompetitive, performance-based funding,
with improved peer-review allocation proceduresictSprojects include Chile’s 1999
Millennium Science Initiative Projeeind Argentina’s 1996ligher Education Reform Project

59. The second set of projects pursued the same gegoabdf providing S&T education
support, but did so without a focus on explicitrformance-based funding procedures. These
projects often financed institutional support fesearch infrastructure, albeit without clearly
redesigning mechanisms for allocating the supp8tich projects ranged from the basic
provision of laboratory or other science equipnant libraries and reform of curricula to staff
and researcher development through overseas félipsvand more autonomous university
management. Collaborations among universitiesa(land foreign) and research institutes, and
links with industry, were components built into ngaof these projects, reflecting the necessity of
knowledge-sharing as a basis for knowledge creat®urch projects include China’s 1999
Higher Education Reform Projeand Kenya’s 199®Jniversities Investment Project.

60. Polytechnic and Secondary Science Education Focube other significant human
resource project categories are those of polyteatshication and secondary science education.
Polytechnic education projects typically involvedyiding some combination of specialized
equipment or facilities (such as dormitories, alasms, laboratories, and so on); new programs
or schools; teacher training (through workshopsyisars, fellowships); curriculum
development; and management planning (for exanvdelritius: Higher and Technical
Education Project1995;Malaysia: Polytechnic Development Projet®93; andlunisia:

Higher Education Restructuring Projedt992). Secondary education—focused projects $ough
or seek to improve the quality of secondary-leeatisce instruction. In the case of Kerea:
Science Education and Library Computerization Pcb{@992) this was done by creating joint
science centers to be used by both higher and dappmstitutions, and by linking the libraries
of more than three dozens institutions of highariang. By contrast, th€hailand: Secondary
Education Quality Improvement Projgdi996) focused on improving the capacity of scgenc
teachers and upgrading the laboratories at teaicieing institutes.

Technology Development—Focused Projects

61. Three categories of nonagricultural technology tiguaent projects bear description:

62. Projects to Restructure Public R&D Institutes toRdarhem More Responsive to

Industry Needs In China, for example, thBechnology Development Projé&995) assisted in

the privatization of research institutes througir@gram that helped them convert to private, for-
profit Engineering Research Centers (ERCs). LileeERCs in the United States, these institutes
had a “sunset clause,” that is, a predetermined giariod in which they would have to become
commercially viable and self-sustaining or disappea
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63.  Projects to Enhance the Level of Technology Dewedoyt in Industry The main focus
of thelndonesia: Technology Development Projd@&96) for example, was to provide
technology services to firms, especially SMEs.

64.  Projects Focused on Metrology, Standards, Testing, Quality A few projects were
principally concerned with MSTQ, while several athbad subcomponents devoted to it, such
asMauritius: Technical Assistance to Enhance Contipetiess Project1994) that supported
the creation of a national quality system, whiliphmg to develop an MSTQ accreditation
council and upgrade a variety of technical serviedsted to metrology, testing, and
dissemination of standards.

Health Projects

65. Between 1980 and 2004, 19 projects in the heafitosased Bank support for S&T
capacity building and research, ranging from lass t$1 million (a public hospital
modernization project in Korea) to $104 million§323 million project on rural health and
medical education in China). While Bank S&T-focdi$ealth projects were relatively
uncommon, those that existed were diverse.

66.  One successful project was tBeazil: Disease Surveillance and Control Projét999)
which sought to strengthen the national diseaseegiance and control system, requiring
infrastructure support for a network of laborateria data management and communications
system, and the training of management and tedhstafh. The system was designed to collect
and publish health-related information, includingidence of disease and rates of mortality.
Studies and research in epidemiological and enmeontal surveillance were also supported.

Environment-Focused Projects

67. Two projects addressed R&D and technology poliayceons within the context of
environmental issues. TI@hina: Environmental Technical Assistance Progmight to

increase China’s ability to understand and manageamental problems via targeted Bank
support to the Chinese Academy of Sciences (CA&}lam National Environmental Protection
Agency. The&Korea: Environmental Technology Development Prigpeovided overseas
training, visiting experts, equipment, and libramgterials to several research institutes to “orient
their R&D activities increasingly towards environmi& concerns.” Also relevant, an
environmental management and cartography projeRepublica Bolivariana de Venezuela
contained about 25 percent S&T-related expenditures

Other Sector-Specific S&T Projects

68. The Bank conducted few nonagricultural S&T projemisside of the education, health,
and environment sectors. Two water projects coathsignificant S&T components, although
these focused mainly on technology and knowledmester. Additionally, a small handful of
minor S&T projects (less than 4 percent) spannedrinsportation sector (six projects) and the
energy sector (one project).
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Outcomes and Impacts of Nonagricultural S&T Projecs

69. The Implementation Completion Report (ICR) for Mexica Science and Technology
Infrastructure Projec{1992) gave greatest consideration to the prgexhtribution to the
overall S&T sector, and found it to have been hélpf “limiting the damage” to the research
community during the 1994 and 1995 financial crisésllowing the completion of the project,
Mexican institutions for science and technologyev&ronger and more capable of promoting
the long-term growth of scientific research, bu fimancing of research remained vulnerable.
Positive impacts were attributed to improved tramspcy and competition through the
institutionalization of peer review, provision oifiastructure, and services such as MSTQ.
However, the project was faulted for its overemphaa supply at the expense of a strategic
focus on demand for S&T services. According td@R, thePhilippines: Engineering and
Science EducatioRroject(1992) was found to have improved the conditiamsstientific

training and the supply of qualified individualdt also instituted mechanisms for quality
assurance in research and training, and greatlyoweg the flow of scientific information
throughout the country’s university system. Theorérecommended, however, a greater degree
of involvement for the private sector. The ICR floe China: Regional Cement Industries
Project(1992) recognized a reasonably successful pratidiz and technological upgrading of
public enterprises, but it was ambiguous regarthegsuccess of improved R&D capacity. The
report acknowledged that both facilities and huroapital had been improved but that delays in
implementation had made progress unsatisfactory.

70. The ICRs from the three Korean projects that closek®98 all stated that the projects
met their objectives, yet they also cited the ima@ey of project indicators. All three
acknowledged increased scientific capacity becatisereased provision of laboratories and
equipment as well as improvements in efficiency atiidzation of equipment. Comments on
sustainability were limited to the condition of thguipment purchased. The Science Education
and Computerization Project cited an 18.5 peraarease in employment for university
graduates, but it did not specify whether thisease was attributable to the project. There was
no mention of complementarities among the objestofethe three Korean projects, or to a
larger S&T development vision, in any of the report

SPECIAL WORLD BANK S&T INITIATIVES

Millennium Science Initiative

71.  Since 1999, through the Millennium Science Initiat{MSI), the Bank has begun to
stimulate greater operational collaboration witlerd countries for the improvement of S&T
capacity building and research. The MSI is a groiuprojects, partially funded by World Bank
loans, which support high-level S&T research. Bzating funding mechanisms that provide
competitive grant support to individuals, condugtiesearch of the highest possible quality and
relevance to their societies, and maximizing tragropportunities for aspiring young scientists
and researchers, the MSI seeks to make long-tentnilzotions to the building of dynamic S&T
systems within developing countries. To date, Bamk clients are participating in the MSI,
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with discussions under way for a number of othergarticipate as well (box 2). Thus, the MSI
initiative constitutes an explicit attempt to enage borrowers to use the Bank as a partner to
improve S&T capacity.

Box 2: The Millennium Science Initiative: Can supprt to Centers of Excellence be a catalyst for refming
public support of science and technology?

In 1998, the Bank began programs of support in alsgnoup of countries to promote excellence ireegsh. The
initial projects and project components for thisgmse (in Chile, Republica Bolivariana ¥enezuela, Mexico, ang
Brazil) were grouped together under the Millenni8nience Initiative (MSI). The motivation behinaating the
MSI was to provide the framework for a highly séiee process to make large grants available fontges to
perform scientific work of “international-level dlity.” The Bank’s rationale for funding the MSl&xded beyond
improving research output alone, however. The M&s also established as a means to catalyze efficgains
and to demonstrate that improved funding procesaewvastly improve the performance of S&T systema a
whole, including the quality of human capital tiag opportunities and the strength of links to phi¥ate sector.
Countries from different regions are now participgin the MSI (Uganda) or considering participatio
(Bangladesh, Kazakhstan, Tanzania).

Results from the first MSI loan, a Learning anddwation Loan to Chile, are now available. Theyeadthat a
small investment in quality—$15 million in total—h&veraged a doubling of the production of dod&san Chile,
increasing the figure from 40-50 doctorates per yeacience and engineering to an expected ra@®-e£00 when
the first MSI doctoral candidates graduate. Iditah, quality across the Chilean science syst®opisharply and
outreach activities to the private sector and thecation community have strengthened, surpassipgatations.
Six patent applications have been filed in two geaome of which have high potential economic imp&nally,
international links have been fortified and thefipecf research in Chile has been raised as thieee@hilean S&T
system has benefited from the changes wroughtdoivial.

There are several ways in which the success réailizéhe MSI pilot group generalized across thérer@@hilean
S&T system. First, Chile’s main funding agency hdepted the more transparent allocation processssby the
MSI. Second, researchers use the MSI as a positample in dialogue about further improvementShde’s
system. Third, Chile has hosted regional S&T potigetings under the auspices of the MSI. And fguhte
government has embarked on a follow-on projectwmatld seek to generalize the reforms demonstnateldr the
MSI Learning and Innovation Loan (LIL).

Factors for success have been identified from xpemence of Latin American and Caribbean (LAC) rinigs’
MSI: (1) subsidiarity in government vision and pais; (2) congruence in government priorities astcer
practices; (3) ownership of the program by the ngaivernment stakeholders and beneficiaries; (43teesce to the
risk of neglecting basic science and social scignared (5) existence of emerging, cohesive, andated
research teams of critical size.

It has been learned that beneficiaries and stadlet®lespond positively to being judged on traresmeand
objective selection procedures, even when theyadavim. This, in turn, is supported by transpaseimc
communication, which can be facilitated by inteimadl participation (peer reviews, program comnaisteexternal
program reviews, and supervision). In additiomngs need to be large enough to allow researctpgrmucompete
at or near the levels of the best researchersimvtirld. There should be a horizon of relativéoiity, with
continuity in funding and coherence of scienceqpliA final lesson learned is to recognize thabaamy in the
spending of resources by researchers and diministseghucratic burdens on the program managemenasid
crucial to making science effective.

Source:Adapted from Watson, Crawford, and Farley (2003hwidditions contributed by Lauritz Holm-Nielsen
Other (Nonlending) World Bank S&T Initiatives

72.  In addition to funding project-specific S&T strehghing efforts through its lending
programs, the World Bank has undertaken suppatiehce and technology for development
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through a variety of ventures across geographicsaatbral areas. One such initiative, the
SPAAR—established in 1985 by a group of donors ukiderld Bank leadership—is an open
coalition that aims to further the contributionagfricultural research to food security,
environmental sustainability, and economic develepinin Africa. The program promotes
reforms of agricultural research institutions ains¢@nhancing their sustainability and
effectiveness, with a particular focus on buildiagal capacity. SPAAR has been instrumental
in the development of sub regional agriculturakegsh organizations throughout Africa. A
recent evolution of the SPAAR is the Forum for Agttural Research in Africa (FARA).

FARA is an umbrella organization for agriculturatearch stakeholders in Africa, serving as a
knowledge hub in which research centers, nongoventahorganizations (NGOs), farmers’
organizations, and the private sector share anllagxye experiences.

73.  Also in support of agriculture and rural developméme Bank cosponsors and hosts the
secretariat of the CGIAR, an informal associatiomfed in 1971 that supports 16 IARCSs.
These centers conduct research aimed at increpadgctivity, protecting the environment,
saving biodiversity, improving policies, and strémening national research. The
accomplishments of the CGIAR range from agricultpraductivity enhancement of staple
crops to improved water management, making thepgumiversally recognized as an integral
and irreplaceable part of the long-term developnagenda.

Box 3: Knowledge for Development, World Bank Instiute

The World Bank Institute’&nowledge for Development Program (K4D)builds the capacity of client
countries to access and use knowledge to strengfte@rcompetitiveness and increase their econamit
social well-being. The program works with clietdsdesign and develop realistic and achievable kedge
strategies. It helps countries assess how theypace with others in their ability to compete ie tnowledge
economy and to identify appropriate policies tgphtblem achieve their goals.

The K4D program offers four main product lines liems:

1. Policy servicesincluding policy reports and policy consultingvae on various aspects of the knowledge
economy (KE). K4D undertakes KE assessments, emddes recommendations in varying levels of
detail as required by the client country. In FYB4D prepared KE assessments for India, Serbia and
Montenegro, Bosnia and Herzegovina, Tanzania, Maroand others.

2. KE studiesthat are designed to bring together global learaimd experience on the knowledge economy.
Current studies include work on how developing ¢das can effectively strengthen their National
Innovation Systems for the creation, use, adaptatind dissemination of knowledge and technology,
well as KE country case studies on Finland, Koaga, Japan.

j8%

3. Learning events including skill-building activities to build kndedge and skills for clients and Bank
staff, as well as events (such as conferencegititéte the exchange of knowledge, experienaed, a
good or best practice on the KE. In FY04, K4D bdsa series of Global Innovation workshops using
GDLN.

4. The Knowledge Assessment Methodology (KAMis an Internet-based benchmarking tool for
undertaking country knowledge assessments. It sthmw an economy compares with other countries
and helps to identify the problems and opportusitieat a country faces in making the transitiothto
knowledge economy. The KAM is constantly beingafed and currently contains data for 121 countries
and for 76 KE indicators.

Source:Contributed by Carl Dahlman, former program manaijeowledge for Development, World Bank
Institute.
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74.  The Special Program for Research and Training apital Diseases (TDR) is an
international technical cooperation program, esthbd in 1975 under the cosponsorship of the
United Nations Development Programme, the WorldikBand the World Health Organization.
Through partnerships with research institutiongyistiies of health, disease control programs,
industry, academia, and other organizations; TDRuyms its goals of (1) developing new
methods of prevention, diagnosis, treatment, amtkcbof the major tropical diseases; and

(2) strengthening the capability of developing enaecountries to undertake tropical health
research on their own. These research and traohjegtives are essential components of the
Bank’s S&T-related efforts.

75. The Bank’s S&T portfolio contains several othetiatives in diverse fields and with
many partners, also including the InfoDev Progranesighed to assist the developing world in
reaping the benefits of information and communaraitechnologies—and the Global
Environmental Facility—charged with facilitatingt@mnational cooperation and financing efforts
to deal with threats to the environment. Finalhg World Bank Institute’s Knowledge for
Development Program (see box 3) has produced meports on Korea, China, Mexico, Chile,
the Russian Federation, and India, all of whichude chapters on science and technology and
innovation.

CONCLUSIONS

76.  Maybe with the exception of long-term support toi@gtural research, the analysis of
S&T projects over the last 25 years reveals noisters approach or strategy on the part of the
Bank toward developing S&T capacity in its clienuatries. In agriculture, sustained effort has
been put into supporting NARS, much of which hasnbi@ the form of minor support
undertaken in connection with other rural developthaetivities. Ten to 15 clients, by contrast,
hold loans that focus principally on improving agittural research capacity. Similarly, for
nonagricultural S&T projects, efforts have beencamtrated on a dozen larger, more
scientifically advanced countries. A few courgrie two regions, East Asia (Korea, China,
India, Indonesia) and Latin America (Brazil, Mexi€thile), have maintained science and
technology as a constant national priority. Wit &xceptions of Korea and Chile, these have
tended to be large countries with low to middleomes. Smaller countries have been more
likely to ask for assistance in tertiary technstaldies or with technical standards related toetrad
liberalization.

77. Regarding agricultural projects, there is ongoiraggky(Janssen, Pehu, Rajalahti, and
Woelcke 2005) to define a new operational conaietNational Agricultural Innovation System
(NAIS), as an expansion of the NARS concept. AnSifkethodology would be developed to
guide the Bank’s activities in agricultural scierared technology. An upcoming review
(Rygnestad, Rajalahti, and Pehu 2004) would allowafbetter understanding of project design
and implementation, presenting findings for 22 ectg approved in FY04 on the following
topics: (1) targeting of disadvantaged groups andyxer organizations; (2) inclusion of
different stakeholders and of different sectoreothan agriculture; (3) level of institutional
reform, including decentralization; (4) focus opits related to integrated pest management,
livestock production, cash and food crops, andcagitiral biotechnology; and (5) use of
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different implementation vehicles, including compe¢ grants, cost-sharing, and information
technology.

78.  Regarding nonagricultural projects in general, Baek’s approach has been ad hoc,
experimenting with different mechanisms for differeircumstances as they occurred. In this
context, the MSI constitutes an attempt to moveohdythe ad hoc approach. Human resource
development and technology development appeant® Ibeen persistent priorities in general
and account for the most resources. The ratidoal@terventions in this area has often been
based on a desire to improve the efficiency anecéffeness of science funding systems, as well
as the accompanying allocation mechanisms. In mement projects, concern has been stressed
to improve transparency and to develop better atidis, probably in reaction to several ICRs
that faulted projects for not having the correcli¢gators of impact. Many projects are input
focused and cite as a principle achievement theigiom of infrastructure to scientists and
researchers. Larger projects have also helpedmesiminimize the damage to their S&T
systems during periods of fiscal and financialesis Tracer studies of employment of graduates
have been rare, as have serious attempts to dawisitoring indicators that respect the time lag
inherent in research.

79.  There is clearly room for the Bank’s S&Fojects to sponsor greater cooperaaamng
client countries, and a first step toward this $tida¢ more interaction among the Bank staff who
works on S&T issues. Clearly, opportunities afeiag around recent projects and projects in
preparation. These are more comprehensive S&E@gjranging from basic education to
promoting innovation systems, to supporting ventaital funds, to using Knowledge
Economy/Information Society/Knowledge Society fravoeks. Finally, there are already
several solid systematizations of policy and desigments that should help new projects
maximize their development impact. In additioniite agricultural reviews by Byerlee and Alex
(1998, 2003)—with clear lessons to nonagricultprajects ordemand-driven and participatory
research—annexes D, E, and F include policy options adngrtb country development stages,
potential project interventions organized followithg “Four Pillars of the Knowledge
Economy,” and S&T inputs necessary for the attaimnoéthe Millennium Development Goals,
respectively.
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LI1ST OF ANNEXES

. Methodology for Identifying Scientific and Techngloal Projects, 1980-2004 Review

. Description of Selected Major Nonagricultural Pobjen Chile, China, India, Korea,
Mexico, and Turkey
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. Scientific and Technological Policy Options by CtyrGrouping

. Knowledge Economy Project Menu: Potential Interigarg in the Four Pillars of the
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for Their Attainment
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ANNEX A: METHODOLOGY FOR |DENTIFYING SCIENTIFIC AND TECHNOLOGICAL PROJECTS,
1980—-2004REVIEW

An initial broad list of nonagricultural projectsas generated by reviewing the brief descriptions
for all such projects published in the World Bankrniyal Reports for 1980-2004. Information
on agricultural projects was compiled for the yeE981-96 in the 1998 publication by Byerlee
and Alex, “The World Bank’s Role in Strengtheningtdnal Research Systems,” chapter 4 of
“Strengthening National Agricultural Research Syse Policy Issues and Good Practice”
(agricultural projects approved in 1980 and 199D42@ere examined separately to supplement
the review). Any project that might possibly hareS&T component was included in this initial
list. Next, a number of projects were eliminatéiérareviewing their development objectives
and main project activities as listed in the Profgtatus Reports (PSRs), Staff Appraisal Reports
(SARS), or Project Appraisal Documents (PADs). j&uts were considered major S&T projects
if at least 50 percent of total project costs wemtard activities defined herein as S&T
components. Implementation Completion Reports gicRwvhich, like PSRs, evaluate project
performance—were sometimes used for projects tat hlready been completed.

Projects were selected or rejected based on thebatable information. Still, it is possible
that, because of any discrepancies between thegbsymmaries and the actual project details,
some projects with significant S&T components mayehbeen inadvertently omitted.

Frequently throughout the paper, two groups ofqutgj are referenced—agricultural and
nonagricultural projects. This is due to the ipayation of agricultural research data for the
years 1981-96, published in previous World Banklisg} combined with data (for the entire
review period) from World Bank agricultural sectiatabases. The only original research on
agricultural science and technology conductedHsr teview pertains to projects approved in
fiscal years 1980 and 1997-2004. Because of flerelces between the previous and current
reviews, the information does not always dovetaifgctly. For this reason, sometimes these
two groups will be treated together—as “all” S&hékng—and sometimes they will be treated
separately.

Finally, because of the broad scope of this revielich covered all sectors throughout 25 years
of lending by the Bank—which approves, on aver2g®, projects per year—we did not
examine the details of all projects, but only thtis® generally appeared to meet our criteria in
the initial phase of review. The agricultural ws from which we have drawn seem to have
considered all the projects undertaken within thdividual sector more closely from the outset;
thus, many agricultural projects with even smathponents are included. This will account for
some of the apparent differences in treatment nfaltural and nonagricultural lending in this
review.
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Table A1l: Total World Bank Lending and S&T Costs,1980-2004 (US$ millions)

FY All WB Lending All S&T Costs S&T/All Lending (%)
80 11,514 864 7.5
81 12,29] 733 6.0
82 13,014 284 2.2
83 14,471 611 4.2
84 15,527 1,11( 7.2
85 14,384 1,427 9.9
86 16,39¢ 341 2.1
87 17,674 314 1.8
88 19,221 546 2.8
89 21,361 333 1.6
90 20,701 1,25§ 6.1
91 22,68 1,854 8.2
92 21,70¢ 1,656 7.6
93 23,696 63( 2.7
94 20,83 844 4.1
95 22,521 859 3.8
96 21,351 564 2.6
97 19,141 444 2.3
98 28,66 1,247 5.1
99 29,14¢ 1,19( 4.1
00 15,27¢ 123 0.8
01 17,25] 294 1.7
02 19,51¢ 209 1.1
03 18,513 549 3.0
04 20,08 199 1.0
Total 476,96( 18,48 3.9
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Table A2: Major Support Projects and Minor Support Projects, 1980-2004 (US$ millions)
Major S&T Projects Minor S&T Projects
FY |Number| S&T Cost Project Loan Number| S&T Cost |Project Costg Compone_nt as %
Costs Amounts of Project
80 4 839 931. 243, 1 25 824, 3
81 4 466 576. 314, 3] 265 4,030. 6
82 3 157 209. 75, 2§ 130 3,436, 3
83 4 536 608. 263. 3] 73, 3,243, 2
84 3 777 789. 160, 35 331 3,493, 9
85 6 501 562. D43 4 925 5,744 16
86 3 246 302. 187, 2 94 6,390, 1
87 4 173 2(B.8 93, 31 136 2,800, 4
88 4 417 417. 119, 14 127 2,208 5
89 6 148.} 211. 102, 2] 184 2,630, 7
90 9 940 1,166. 691, 3 317 3,339, 9
91 9 1,635 1,726. 1,006, 2] 219 2,417, 9
92 7 1,453 1,663. 659, 24 212 2,463 8.
93 5 434 484, 302. 24 195 2,247, 8
94 5 632 648. 393, 3 212 4896.4 4
95 5 583 629. 343, 25 276 2,994 9
96 5 406 534. 333. 2( 13.Q 2,827, 5
97 5 406 672. 314, 1] 39 847, 4
98 5 1,202 1,316. 633. 3 40 128, 31
99 6 988 1,019. 501, § 201 890, 22
00 5 77.54 97.33 56.83 4 45.24 197.13 23.(
01 5 183.64 248.13 159.4 9 110.5 1267.91 8.7
02 3 111.0] 218.4 130.§ 9 96.74 692.7 14.Q
03 3 422 .4 437.1¢ 329.2¢ 7 126.] 769.1 16.4
04 1 53.7 70.4 27.( 11 145 4 905.0¢4 16.1
Total| 119 13,797 15,746 7,646 52 4,69( 61,68¢ 7

Note: As already mentioned, the agricultural data capiany more projects with small S&T contributiohart
does the review of projects in the other sect®scause of the apparent differences in methodvidwebetween the
agricultural and current studies, the figures @80 and 1997-99 are significantly lower in two gatges. The S&T
costs for those years do not necessarily vary dlgar margin (as many agricultural project compési@ne small),
but the number of projects listed, and especiallydverall project costs, differ dramatically fbose years. Still,
these costs help to complete the S&T lending pécturd have value as notional figures. Even congdébr those
four years, the average number of minor projecesdmm 24.4 projects up to only 28.7 projectsygar, and the
overall percentage of total project cost represkhieS&T components changes very little, from 7eBcent to 7.6
percent.
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ANNEX B: DESCRIPTION OF SELECTED M AJOR NONAGRICULTURAL PROJECTS IN CHILE ,
CHINA, INDIA, KOREA, MEXICO, AND TURKEY

(Reproduced with permission from Goel, KoryukinalBh, and Agarwal, 2004.
“Innovation Systems: World Bank Support of Scieand Technology Development.”
World Bank Working Paper, no. 32.)

Box B1: Republic of Korea

Electronics Technology Project

Project approved: 1979. Project completed: 198&alTamount: $29 million

The project supported setting up and developmeKboan Institute of Electronics Technology (KIET).
The project was to support KIET as a central ficiti semiconductor industry, including exploringda
developing export opportunities for the Korean &t@dcs sector overseas. The project played aytatal
role in building the electronics sector in Koreawkdver, the project did not meet some of its objest
including profitability targets and industry-reldteesearch and development (R&D) programs becduss
the situation in the country when the industrytstto invest heavily into semiconductors research,
leaving less room for KIET, and other economic bhadiness conditions in Korea.

Technology Development Project¢First, Second, and Third)

Projects approved: 1982, 1984, 1988. Projects cetepl: 1986, 1989, 1992. Total loan amount: $129
million

The Technology Development Projects were a sefipsopects designed to foster the technological
development of industry in the Republic of Koresotigh the financing of the Korea Technology
Development Corporation (KTDC) and the strengthgmihthree key institutions: KIST, one of Korea'’s
leading multidisciplinary research institutes; KSBe Korea Basic Science Center; and NITI. Supjoor
KIST was intended to cover a broad spectrum ofiagpksearch activities and to recruit high-quality
researchers; KBSC was established to provide mmpertunities for joint basic science research, the
foundation of technological innovation; and thesrof NITI was to support small and medium entegwis
(SMESs) by raising product quality. KTDC helped d¢eelinks between the R&D institutes and industry,
supported SMEs through the financing of technolsigyt-ups and technological support, and formulatg
technology policy and appraised national joint Rgidjects between SMEs and industry.

Technology Advancement ProjectgFirst, Second, and Third)

Projects approved: 1989, 1990, 1991. Projects cetepl: 1993, 1994, 1994. Total loan amount: $108
million

The Technology Advancement projects were a sefipsopects aimed at providing funds for the pur@ha
of modern equipment for the five main national Resle and Development Institutions (RDISs). The bro
objective of this initiative was to strengthen isttial R&D and basic research capacity and to aszdhe
use of industrial standards to raise product qualihese objectives were in conformity with goveemn
policy, which sought to expand and strengthen vorat, technical, and tertiary education in scieacd
engineering and to support public and private R&bvities as Korea sought to join the ranks of the
industrial countries. The availability of the negugment and facilities made it possible for thelRD
increase their R&D activities and joint projectspand their testing for quality improvements, ancréase
their output of technical and scientific publicai$o

Program for Science and Technical Education Projec¢tUniversities Science and Technology
Research Project, Science Education and Libraries @nputerization Project

d

)

Projects approved: 1984, 1990, 1992. Projects cetapl: 1989, 1995, 1997. Total loan amount: $195
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million

The Program for Science and Technical Educatiomdita raise the quality of S&T education to theeley
required by an industrial system that sought tombee skill- and knowledge-intensive and that wasinp
toward the use of more advanced technologies. Tieetbities Science and Technology Research Project
aimed to help selected universities strengthem #i@lity to undertake research in science andreldyy
and strengthen their science teacher educatioh,tingt goal of raising the quality of science ediocsin
secondary schools. The Science Education and igsr@omputerization Project aimed to help improvg
the quality of basic science education and to jpi®a more effective flow of information among those
university libraries that service teaching and aesle.

Box B2: China

Rural Industrial Technology (Spark) Project

Project completed: December 1997. Loan amount: $hilkdon
The Ministry of Science and Technology’s pilot Spprogram became nationwide in 1986. The ovefall
objective of the program was to help transfer tetbgical and managerial knowledge from the more
advanced sectors of the economy to rural entespteseupport growth and development in the nonstate
rural enterprise sector, mostly town and villaggegprises, and to help increase output and emplognje
This project was the first Bank Group—supportedrafien in China specifically oriented to the rural
nonstate industry. The term “Spark” referencedpim@se “one small spark can start a prairie fire,”
reflecting the anticipated catalytic effect of fiv@gram on rural enterprise development.

Technology Development Project

Project approved: 1995. Loan amount; $200 million

The objective of this project is to support goveemtnreforms in technology policy and institutionsgth
the aim of promoting the development of clean, pobidity-enhancing technologies in China’s
industries. The project is designed to acceleraaliffusion and adaptation of technologies in @hin
and abroad through the deepening of technology etsidnd through institutional initiatives. The
project consists of two components. The first congd is designed to assist in transforming pathef
R&D establishment into market-responsive technoldgyelopment corporations. This component wl
hive off the most dynamic technology developmemt service-oriented elements of existing research
institutions to create, through a competitive sidecprocess, market-oriented Engineering Research
Centers. The second component includes complenyentastments aimed at improving public
technology services, including the modernizatiothef National Institute of Metrology and a techiica
assistance program for a productivity center.

“China and the Knowledge Economy” Report—year 2000
At the request of the Chinese Government, the Walak Institute conducted a Knowledge Economy
Assessment in China in 2000 and published “ChiBD&gelopment Strategy: the Knowledge and
Innovation Perspective, the World Bank, Washinddo@., 2000. (This report was used by the
government as an input into the development of £€kifhOth Five-Year Plan.) This assessment
concluded that China’s strategy should be to baiifidundation for a knowledge-based economy by (|L)
updating the economic and institutional regime;u@yrading education and learning; (3) building thd
information infrastructure and raising the techigidal level of the economy through the active
diffusion of new technologies; (4) improving the R&ystem; and (5) exploiting global knowledge.

4
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Box B3: Mexico

Industrial Technology Development Project

Project approved: July 1986. Project completed:&dd8993. Loan amount: $48 million

The project was designed to improve the capatifiipdustry (especially private firms) to undertake
technological innovation needed to contend withitiseeasing competition that was expected becau
of the government’s economic liberalization progrdinis project may have been premature, coming
it did in the early stages of what has been a proddransformation of Mexico’s economy: conditiong
were not yet suited for private sector R&D and Mexivas going through one of its worst economic
crises. The project nonetheless can be creditealaficing been a catalyst in the policy dialogue on
science and technology and a factor in the ensthagges in institutions and operational environme
that are now providing a much more fertile grouodtéchnological innovation. Studies financed und
the project enabled the government to improveripgept policy and infrastructure; the metrology
studies additionally produced a number of signifidendings on which the follow-up project was ablq
to build.

Science and Technology Infrastructure Project

Project approved: May 1992. Project completed: Ju@68. Loan amount: $189 million

The main objectives of this project were to rati@eapublic sector funding for science and techgglo
and to develop technology institutions by suppaortime restructuring of a science research prograin
improving the efficiency of public support. The jmat was successful in increasing the number of
Mexican scientific research publications and tipact, significantly increasing the production of
research-trained personnel, renewing the Mexics@areh instrumentation infrastructure,
institutionalizing a merit-based peer review, amgiioving the efficiency of the National Science and
Technology Council. The project supported the coeadf the Mexican National Center for Metrology
(CENAM), which now has 104 laboratories operaticra which has helped to attract foreign
investment and promote competitiveness in Mexioanstry, and supported the creation of the Mex
Institute of Industrial Property, significantly nacing delays in the award of patents, increasing
enforcement activities, and increasing inspectrefeting to Intellectual Property Rights (IPR)
violations. The project was also successful intimgaa supply of basic S&T infrastructure and in
helping to sustain development of an R&D capacity.

Knowledge Innovation Project

Project approved: June 1998. Planned completiomeJR003. Loan amount: $300 million

The Knowledge and Innovation Project, approvedd#8lto support a third generation of reforms an
address some of the gaps remaining on completitmedb&T Infrastructure Project. Specifically, iasv
designed to enhance the effectiveness of reseapgos programs while increasing links to user gso
in society and industry. The project’s developnajectives were (1) to support S&T research by
stimulating work in new and lagging fields, spezafly by promoting quality in research, by
consolidating and improving peer review, and byiizing the integration of young researchers intd
the system; and by overseeing the institutionahgithening of the scientific management research
conducted by National Council of Science and Teldgyo(CONACYT); (2) to support joint action
between universities/public research institutesthrdgrivate sector, by restructuring public S&T
institutes to increase cost recovery and reorigmtab industry and by matching grants for joint
industry-academia projects; and (3) to supporptiogluctivity and competitiveness of firms, partanly
SMEs, through a technology modernization prograsuggport upgrading with matching grants and
through the development of private regional andosatinstitutional technology support centers.
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Box B4: India

Industrial Technology Development Project

Project approved: December 1989. Project complefiedte 1998. Loan: $200 million

The objective of this project was to facilitate #juisition and development of technology by
industrial firms in India. It aimed to balance dxig domestic technological capability with the ionp
of foreign technology and to reduce the financa@istraints on new technology ventures and thegdaor
exchange constraint on technology imports. Theegtdjelped small, innovative firms obtain financin
by supporting the development of venture capit&)ih India, in the form of six VC companies
managing nine VC funds. These VC companies invastatbre than 300 firms, producing returns th
have averaged 18—-20 percent. The project, in essknsched the VC industry in India, but its iedir
contribution—introducing a culture of risk finanaed thus attracting foreign venture capitalists to
India—may have been equally important. The progeictitionally supported the upgrading of RDIs,
providing technology services to industry and prantpcollaboration between industry and research
institutions. The project provided loans rathemtigeants, forcing the borrower institutions to fe@n
their financial management and rates of returnufiner of research institutes were able to moderni
and upgrade their physical facilities, enablingrhte enter new areas of research and to reorient
themselves to serve industry. Finally, the progst financed the importation of technology and
technical know-how by supporting the fast-track Aremlogy Development Fund, which put forward
$100 million to benefit between 600 and 800 firms.

Technical Education Engineering Quality ImprovementProject

Project approved: 2003. Loan: $250 million

This project aims to improve the quality of engimeg institutions throughout India. The country has
six Indian Institutes of Technology (lITs) that eygear send a large percent of their graduatest&
for foreign multinationals, both in India or abrodditially the project proposed increasing the toem
of lITs in India, but based on a Mashelkar Comreitteport, it was determined that upgrading existir
regional engineering and technical institutions lddae more resource-efficient and would produce 4§
wider supply of qualified specialists to better inthe needs of industry. The institutions are being
selected based on their willingness to accept acmgdé&nancial, managerial, and administrative
autonomy, increase cost-recovery ratios, and s@ ks number of institutions to be selected is etquk
to be between 20 and 25.
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Box B5: Turkey

Technology Development Project

Project approved: May 1992. Project completed: Ju@68. Loan amount: $100 million
This project had three broad objectives: (1) toettgy the Metrology, Standards, Testing, and Quality
(MSTQ) system; (2) to encourage market-oriented R&lhe private sector; and (3) to foster the
growth of a VC industry. The project supported ¢stablishment of an independent National Metrold
Institute (UME), separating it from the Marmara Bash Center. By the end of the project, UME wa

able to meet 30—40 percent of the needs of Turkiistry. The project supported modernization ef {

Turkish Standards Institute and improvement ofstiadardization processes; it also initiated an R&
financing culture in Turkey by setting up the Tealogy Development Foundation of Turkey (TTGV)
private sector-managed nongovernmental organiz@d&0), and by funding the country’s first

technology financing program (103 R&D projects finad). However, a VC industry did not material
because of a range of reasons, including the absEnecessary incentives for the private sectdraan

lack of support from the International Finance @uogpion (IFC), which initially had been nominatesi §

the main catalyst for this effort. The VC componeas picked up by the follow-up project.

Industrial Technology Project

Project approved: June 1999. Planned completioncédeber 2004. Loan amount; $155 million
The main project objectives are to (1) assist entthrmonization of Turkish technology infrastruetur
with ECU standards, and (2) assist firms in upgradheir technological capabilities to improve the

competitiveness of Turkish industry. To achievesthebjectives, the project concentrated on founmai

areas: (1) strengthening of IPR services; (2) gtieaning of metrology services to serve a largetice
of Turkish industry; (3) restructuring of RDIs take them more industry-oriented; and (4) supportir
technology upgrades by firms (including the formatof a VC industry and the establishment of
technology). The project follows up on the Firsthieology Development Project by continuing supf
to (1) UME, which is developing into a world-clasgtrology institution capable of meeting 95 perce
of Turkish industry’s metrology needs, and (2) Teehnology Development Foundation of Turkey th
is developing into a diverse technology financingfitution that has changed the entire technology
financing culture in Turkey. In addition, the Prjgupports (1) restructuring the public R&D sysiem
Turkey through reconfiguration of Marmara Rese&ehter (MAM, a group of eight leading RDISs),
and (2) upgrading the Turkish IPR regime by strleeging Turkish Patent Institute (TPE). As a reetll
the project investments, by end-2003 (1) UME isatdg of meeting 80 percent of the industry’s
metrology needs and provides about 500 servictggetndustry; (2) TTGV, in addition to its original
technology financing mandate (it has financed s@ftprojects to date), has become a catalyst in
supporting VC funds (two VCCs were set up with TT&¥quity participation) and also supports two
techno parks—in addition, its competitive Techggl8upport Services (TSS) grant scheme for
advisory services has benefited about 600 SMEst aidST GV'’s projects have resulted in the

commercialization of R&D outputs; (3) MAM has inased its contractual research base and industry

outreach, and was about 49 percent self-suffiégireB003, targeting 65—70 percent self-sufficiengy b
2006; and (4) the IPR regime is improving its atigant with ECU and World Trade Organization
requirements, and TPE is developing into an intéwnal-level institution.
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Box B6: Chile

Millennium Science Initiative

Project dates: 1999-2002. Loan amount: $5 million

This project consisted of three components anddewereating (1) a management structure for the
Millennium Science Initiative; (2) a competitivenfdi for scientific excellence; and (3) a network thoe
promotion of scientific excellence.

Science for the Knowledge Econom{Phase 1)

Project planned: 2003-2007. Loan amount: $25 millio
Given the long-term commitment that is necessapotwsolidate institutional and behavioral changeg i
the S&T sector, a program approach is propose@iide that would use the Adaptable Program
Lending (APL) instrument. The program comprises plases. The first phase, Science for the
Knowledge Economy, extends until 2007 and suppbgsstablishment of a strong policy framewori.
It also will provide for the continuation of the Minnium Science Initiative and a further strengihg
of the science base. The second phase (2007-1@owilnue the activities to strengthen Chile’s
science base, with a view particularly to enhangrigate sector R&D. A further phase aimed at
improving the innovation system is planned fordis?2006.
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ANNEX C: TABLES AND BOXES EXEMPLIFYING |MPACT OF AGRICULTURAL RESEARCH ON
POVERTY REDUCTION

(Reproduced with permission from Byerlee and ARBQ3.
“Designing investments in Agricultural Research Emhanced Poverty Impacts.”
World Bank Agriculture and Rural Development WokkiRaper, no. 6.)

Box C1: Impact of Past Agricultural Research on Peerty Reduction

Substantial evidence indicates that the povertyaton impact of agricultural research investmerttigh
compared with other public investments. In Ind@gri@ultural research had the highest productivitypact and
the second highest poverty reduction effect afiesilmroads. One million Rupees spent on agricalttgsearch
reduces the number of poor by 90 persons. Likewis€hina, the impact of Yuan 100,000 on poverty
reduction is higher than for all other investmextept education (Fan, Zhang, and Zhang 2000; FarelH
and Thorat 1999).

Number of persons removed from poverty for a given public investment
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Table C1: Estimated Rates of Return to Investmentn Agricultural Research

Region Number of estimates Median rate of return
Africa 188 34
Asia 222 50
Latin America 262 43
Middle East/North Africa 11 36
All developing countries 683 43
All developed countries 990 46
All 1,772 44

Source:Alston and others (2000), as appears in Byerlelefdex (2003).
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Box C2: Distribution of Benefits of Cassava Reseahncin Nigeria

Cassava is the most important food staple in Negdihe Nigerian Roots and
Tubers Research Institute, in collaboration witAllintroduced improved cassava
varieties in the 1980s that resulted in yield iases of about 30 percent on 50

percent of the cassava area. Afolami and Falu§iQll8stimated that consumers
captured 72 percent of the benefits of this resetimough lower prices and that
poorer consumers captured a disproportion shateesé benefits. And because
poor farmers consume most of their produce, thayegérelative to larger farmers|.

% increase in household income
10 -

0 1

<2 2-4 4-6 6-8 8-10 > 10
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Box C3: Eradicating Childhood Blindness in Africa

Agricultural research is helping address the prolbdé vitamin A deficiency that threatens hundreds
of thousands of African children with childhoodruiness and contributes to infant mortality.
Researchers have identified orange-fleshed sweéatopearieties that provide a year-round source|of
vitamin A, produce excellent harvests with lititguts, and are acceptable to consumers. This is
particularly important in southern and eastern @nivhere vitamin A—related diseases are
widespread, and the traditionally grown sweet patstare white-fleshed varieties with little or no
beta-carotene (a precursor of vitamin A). Partimipamethods with largely female and poor farmers,
who are the main producers and consumers of sweéatioes, have shown that the orange-fleshed
varieties are also acceptable to consumers. Thevageties have now been extensively adopted.
Research has shown that even small amounts oEtliesweet potato varieties in the diet can
eliminate vitamin A deficiencies.

Source:CIP (2002).
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Table C2: Crop Biotechnologies to Meet Needs of PoBarmers and Consumers

Technique

Biotechnological Solution

Tissue culture—plant micro-
propagation to produce health
plants

Anther culture (a subcategory
of tissue culture) to reduce tin
needed for interspecific crosst

Molecular markers to identify,
more precisely, genes for
specific characteristics and thi
speed conventional breeding
Genetic engineering to insert
genetic material into crop and
livestock species

This relatively low-cost technology has been adotg poor farmers for
bananas in China, taro in Samoa, multipurpose treéenya, potato in
Vietnam, and cassava in Colombia.

Crosses between Asian and African rice varietisglted in new African

rice varieties with higher yields and pest, weasease, and climatic
tolerance relative to traditional varieties. Paamnfiers in upland rice areas of
West Africa are now rapidly adopting these varietie

Molecular markers are being employed in many breggrograms,

including breeding for sweet potato viruses (imaottto poor producers)
and for quality protein maize (important to poonsomers).

Some genetically modified products are being corsiabized and widely
adopted (Bt cotton for insect resistance in Soutica, Mexico, and China);
others are under field testing (that is, virusstsit sweet potatoes and
potatoes, Bt maize for insect resistance, andwitlelate blight resistance).
Many others under development offer traits of splesignificance to the
poor (potatoes with higher protein, enhanced vitefrice, and rice with
salinity tolerance).
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Table C3: Summary of Pro-Poor Institutional Approaches

Investment Objective Pro-Poor Implementation Examples
Principle
Focus public To ensure that Give priority to poverty Privatization of research on
programs on government programs| reduction and food security. appropriable technologies
public goods benefit the general Phase out public sector (for example, hybrid
public and do not investment in private goods. | Maize)
crowd out private Farmer controlled levies on
funding of research. commercial crops and
reduced public funding
Institutional To encourage Involve nongovernmental Competitive funding through
pluralism development of arang| organizations (NGOs) and producer associations
of public and private producer organizations that (Colombia, Guinea)
institutions with tend to have a pro-poor
unique comparative orientation.
advantages in the
provision of research.
Use of To empower local Mobilize the poor and develop| Local Agricultural Research
participatory communities, tap local| their initiative and problem- Committees (CIALS)
approaches knowledge and solving ability. (Latin America)
resources, and provide \york through, and strengthen,
services that suitlocall  54qycer organizations and
conditions. NGOs.
Build culture, To enhance Improve institutional National and regional

incentives, and
methodologies for
pro-poor
responsiveness
and collaboration
among agents

responsiveness and
effectiveness in
dealing with pro-poor
programs under
conditions of
increasing livelihood
vulnerability.

arrangements for
collaboration among researc
and extension actors and the
clients within pro-poor
programs.

Conduct socioeconomic studi€|
of poor client needs and
resources.

innovation councils and
regional technology for a

Decentralization
of operational
authority and
responsibilities

To increase user
influence over
programs by devolving
responsibilities to the
regional level.

Encourage regional governang
mechanisms with stakeholde|
voice representing the poor.

Regional fora with strong
participation of minority
groups and women (Peru
and Colombia)

Building human
and social capital

To promote emergenc
of a new generation of
institutions
representing the rural
poor.

Finance capacity development
of producer organizations.

Strengthen agricultural
education and training
programs.

Investment in capacity
building of producer
organizations and private
service providers

Cost-sharing by
major
stakeholders

To enhance financial
sustainability of
research programs by
sharing the burden of
funding among central
and local governmentg
the private commercia
sector and farmers.

Recognize trade-offs between
financial sustainability and
participation of the poor.

Use graduated payment
schemes to require larger
farmers to pay a greater
percentage of program costs

than poor farmers.

Decentralized research funds
(Peru and Mexico)
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Box C4: Farmer-run Research: Experience with the CALs

Turning responsibility for on-farm testing overfeomers is an attractive alternative that has been
extensively tested by Centro Internacional de Adtiral Tropical (CIAT) in several National
Agricultural Research Systems (NARSSs) of Latin AiweerUnder the CIAL program (CIAL is the
Spanish acronym for Local Committee for Adaptives&sch), begun in 1990, an institution with
interest in technology dissemination (usually desémency, NGO, or cooperative) facilitates a nneet
in which a community analyzes potential needsdoal technology testing. If the community is
interested in undertaking local research, it seladour-member committee (the CIAL) from the
community to coordinate the research work. Outgedlnical staff from the organizing institution
assist in planning and analysis of research taatsa paraprofessional (a CIAL-experienced farmer)
monitors and advises on the research. Technidalvstéd two to three times per season after thstfi
two to three seasons. CIALs operate with a smalLHund ($500 per community) to cover the riskg
of crop failure or to subsidize the costs of tridleese CIAL funds have been consolidated into a
corporation at the national level, but each ClALnanges its own fund. The funds, like the whole
program, are “owned” by the community and managethe committee.

Source Ashby and others (200

Box C5: Beneficiary Assessment

Beneficiary assessment is used to gather informatiousers’ views of programs and services.
Beneficiary assessment is primarily a managem@ehtaocassist managers in improving quality and
relevance of services. Conversational interviewsgnoup discussions elicit information from
services, users, providers, and stakeholders taifggrogram strengths and weaknesses. Benefici
assessments have most commonly been used for iextgmegrams, where they have been useful i
understanding weaknesses and strengths of thegmnegaind have led to important changes in poliq
for service delivery. EMBRAPA, the national resdaocganization in Brazil, conducts an annual
survey to provide feedback from users.

Source: Salmen (2000).
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THE COUNTRY GROUPING HERE
ARE THOSE PROPOSED BY THE]
RANDCORPORATIONS MATRIX
ON S&T CAPACITY IN THE
DEVELOPING WORLD THE
MATRIX IS ONE OF THE FIRST Tq)
ATTEMPT SUCH A THOROUGH
CLASSIFICATION IT HAS MANY
STRENGTHS AND WEAKNESSES]
AND THE POSITION OF ANY
SINGLE COUNTRY IN THIS
MATRIX IS SUBJECT TO DEBATE

AND FURTHER SCRUTINYIT IS
IMPORTANT TO READ THE
EXPLANATORY FOOTNOTE TO
FULLY UNDERSTAND WHAT THIS]

GROUP DOES AND DOES NOT
PURPORT TO SHOW

ANNEX D: SCIENTIFIC AND TECHNOLOGICAL PoLicy OPTIONS BY COUNTRY GROUPING

(Reproduced with permission from Watson, Crawfard] Farley, 2003.
“Strategic Approaches to Science and Technolodyevelopment.”
World Bank Policy Research Working Paper, no. 3026.

Policy Options by Country Grouping

24 Scientifically Proficient Countries:
Belarus, Brazil, Bulgaria, China, Croatia, Cubg
the Czech Republic, Estonia, Greece, Hungary

India, Lithuania, Luxembourg, New Zealand,
Poland, Portugal, Romania, Singapore, the Slo
Republic, Slovenia, South Africa, Spain, Ukrain

Argentina, Armenia, Benin, Bolivia, Chile, Colombia|

24 Scientifically Developing Countries:

Costa Rica, Arab Republic of Egypt, Hong Kong,
Indonesia, Iran, Kuwait, Latvia, Macedonia FYR,
Mauritius, Mexico, Moldova, Mongolia, Pakistan,
Serbia and Montenegro, Turkey, Turkmenistan,
Uzbekistan, Venezuela, R. B. de

80 Scientifically Lagging Countries:
Burundi, Central African Republic, Congo, Dem.
Rep. of, Ecuador, Gabon, Georgia, Guatemala, Ir

ag,

Kazakhstan, Kyrgyz Republic, Nepal, Panama, Peru,

Sri Lanka, Syrian Arab Rep., Tajikistan, Togo,

Tunisia, Uganda, United Arab Emirates, Uruguay

Policies for
Human
Resources
Development

Policies for Primary and Secondary Education

«  Further strengthen science curricula in the
basic and secondary sciences, ensuring the|
of hands-on approaches to teaching, studer
access to ICTs, etc.

e Utilize the results of international student
achievement assessments, such as the TIM
and PISA in the reform and modernization
basic and secondary sciences curricula

Policies for Technical, Scientific, and Engineerin

Education

e Further promote diversification in knowledgg

Policies for Primary and Secondary Education

Policies for Technical, Scientific, and Engineering
Education

Strengthen science curricula in the basic and
secondary sciences, ensuring the use of hands-
approaches to teaching

Provide updated science teacher training

Utilize the results of international student
achievement assessments, such as the TIMSS ¢
PISA in the reform and modernization of basic a
secondary sciences curricula

Promote diversification in knowledge delivery

Policies for Basic and Secondary Education
e Incorporate basic science education into
primary- and secondary-level curricula

« Provide sufficient training to primary- and

secondary-level teachers so that they
prepared with the skills necessary to teach b
sciences

« Benchmark effectiveness of student learning

the

are
ASiC

by

participating in international assessments (g.g.,

TIMSS)
Policies for Technical, Scientific, and Engineering
Education

®> The RAND country groupings resulted from a com@oS&T capacity index of 150 countries created fenrailable indicators of S&T investment,
infrastructure, and output, including bibliometiterature patterns and interviews with U.S.-baseidntists collaborating with scientists internaéitly. This
was the first attempt to produce such a compretertsassification, and it relied heavily on datattare proxies for more sophisticated measure&df S
capacity. Because of this, the groupings tenéflest a country’s potentiab conduct S&T research, not the extent to whidtas realized that potential.
Therefore, some countries will appear in categdhiasdo not correspond to perceptions of themagterformance, because they are exceeding orgahort
of what the proxies indicate their capacity to fteshould be noted that since its publication @2, this matrix has garnered significant attentiothe
international S&T policy community, and three atfgshave already been made or are under way tteefurefine the methodology and accuracy. As these
become available, they will be reviewed and thenbgyugroupings may be revisited.
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Policies for Scientific Research and Graduate St

delivery between institutes of different types
from polytechnics to community colleges,
distance education and adult learning cente
and open universities

Foment relationships with the private sector| *
ensure market relevance of skills taught
Ensure equity in access to various types of
postsecondary education .

Link the conduct of research and advanced
training in the university setting to the
productive sector through partnerships with
national research laboratories publicly-fundg
incubators, etc. (See OED 1997)
Articulate a national research agenda to gui| *
the funding, prioritization, and advancement
of those specific fields of research with high
importance to national development and .
international competitiveness
Expand grant programs for graduate study g
research in disciplines of national interest
(e.g., science and engineering)
Encourage conditions in the academic settir|
conducive to private sector investment in
research

Policies for Scientific Research and Graduate Study

among institutes of different types from
polytechnics to community colleges, distance
education, and adult learning centers and open
universities

Foment relationships with the private sector to
ensure market relevance of skills taught

Encourage the conduct of research and advance
training at home, to create the pool of highly
trained specialists needed to access and use
available knowledge and begin to advance the
frontiers of new knowledge in certain areas of
specialization most important for the country’s
development

Fund, manage, and develop regional centers of
excellence in specific scientific and engineering
disciplines

Link academia to the private sector for further
relevancy of research and employability of
researchers

Policies for Scientific Research and Graduate Study

Foment relationships with the private sector to
ensure relevance of skills taught to market needs
Allow for differentiation of foci among
institutions (e.g., institute for specific vocatgn
automotive schools, etc.)

While ultimately housing high-quality
universities with strong science and engineering
departments is ideal, initially, regional centefrs o
excellence with emphasis in specific disciplines
may better satisfy the needs of the market givén
budget constraints

Focus on creating a few centers of excellence|in
market-relevant areas of science and technolagy
in which the country has a comparative
advantage at the regional level

Provide grants for scientific research and trainjng
abroad coupled with incentive programs to return
to minimize brain drain
Link national development priorities to areas of
training and research and concentrate financing
on building a few strong academic programs in
the identified priority disciplines

Policies for
Stimulating
Demand for
Knowledge in
the Productive
Sector

Implicit Policies

Open to trade and foreign direct investment|te
foster the inflow of knowledge

Allow for further deepening and .
diversification of credit markets as new types
of firms emerge .

Strengthen the IPR regime to provide
incentives for innovation and R&D

Explicit Policies .

Increase information on the benefits of R&D
through industry-academia links, initial
subsidies for contract research with
universities, student internships with firms,
trade fairs, and other events to increase .
exposure to global buyers
Provide tax incentives to firms engaged in | ¢
R&D and direct support to SMEs
Foster the creation of shared infrastructure and
economies of scale for new firms via .

Implicit Policies

Explicit Policies

Open to trade and foreign direct investment to
foster the inflow of knowledge

Allow for the deepening and diversification of
credit markets as new types of firms emerge
Establish the framework for an IPR regime to
provide incentives for innovation and R&D

Increase information on the benefits of R&D
through industry-academia links, initial subsidies
for contract research with universities, student
internships with firms, trade fairs, and other dger
to increase exposure to global buyers

Provide tax incentives to firms engaged in R&D
and direct support to SMEs

Foster the creation of shared infrastructure and
economies of scale for new firms via technology
parks and incubators, where appropriate

Establish a framework for the protection of

Implicit Policies

Explicit Policies

Establish basic macroeconomic stability,
including curbed inflation, strong currency, and
proper rates of savings and investment

Open to trade and foreign direct investment to
foster the inflow of knowledge

Improve the credit environment for individuals
and small businesses

Establish a framework for the protection of
indigenous knowledge
Subsidize firm-based training to encourage
technology deepening
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technology parks and incubators

indigenous knogéed

Policies for Public
Support of S&T

Funding Science

* Leverage benefits from privately performed |
research conducted through creative public
private partnerships

e Provide public support for science and .
technology that is in the public interest and i
unlikely to receive sufficient funding from the
private sector

Monitoring and Evaluating .

< Promote transparency, objectivity, and peer
review and evaluation procedures in
determining how to award discretionary
research funding .

Governance and Regulation

e Articulate a national science agenda balanc
between various sectors and subsectoral S&T
interests

« Improve governmental regulatory capacity in
areas concerning public health, public safety,s
and other areas relevant to science and
technology

e Ensure equal access to resources for trainings
funding, and performance across race, gender,
etc. .

e Ensure policymakers’ access to the necessary
scientific expertise regarding areas for public
debate and decision making

7]
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Funding Science

Monitoring and Evaluating

Governance and Regulation

Leverage benefits from privately performed
research conducted abroad and at home through
creative public-private partnerships

Provide public support for science and technologye

that is in the public interest and is unlikely to
receive sufficient funding from the private sector

Funding Science

Monitoring and Evaluating

Promote transparency, objectivity, and peer review

and evaluation procedures in determining how tg
award discretionary research funding

Promote a high level of openness and public
scrutiny and understanding in the sciences
Articulate a national science agenda balanced
between leveraging existing knowledge in the
sciences and pursuing various areas of national
interest and comparative advantage

Improve governmental regulatory capacity in area:
concerning public health, public safety, and other
areas relevant to science and technology

Improve metrology, standards, and testing to ensure

adherence to international benchmarks for quality
Ensure equal access to resources for training,
funding, and performance across race, gender, et

Governance and Regulation

C.

Leverage benefits from privately performed
research conducted abroad through creative
public-private partnerships

Let the magnitude and urgency of domestic
challenges to development establish priorities
the national S&T agenda

Promote transparency, objectivity, and peer
review and evaluation procedures in determini
how to award discretionary research funding

Articulate a national science agenda balanced
between leveraging existing knowledge in the
sciences and pursuing a few areas of national
interest and comparative advantage

Prepare for improved governmental regulatory
capacity in areas concerning public health,
public safety, and other areas relevant to scie
and technology

Prioritize metrology, standards, and testing to
meet international benchmarks for quality,
measurements, etc.

Ensure equal access to resources for training,
funding, and performance across race, gende
etc.

for
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Policies for
Increasing
Access to ICTs

Policies for ICT Access

*  Extend access of available ICTs to a wider | ¢
range of users

Policies for ICT Use

e Build out hard and soft infrastructures, .
including Internet and broadband networks

«  Provide support for the training and educatiorr
of the human capital base with respect to ICT
use, including technical education for the negxt
generation of ICT workers, such as network
technicians, computer programmers, Web
developers, and database managers

e Educate entrepreneurs and government .

officials as to how to exploit ICTs so that theyPolicies for ICT Research

may take the lead in developing knowledge |
economies

Policies for ICT Access
Extend access of available ICTs to a wider range ef

Policies for ICT Use

users

Explore regional solutions to infrastructure creati
(both hard and soft information infrastructures)
Provide support for the training and education ofj
the human capital base with respect to ICT use,
including technical education for the next
generation of ICT workers, such as network
technicians, computer programmers, Web
developers, and database managers

Support the use of ICTs as pedagogic tools

Pursue public-private partnerships in service
delivery and research

Policies for ICT Access

Policies for ICT Use

Policies for ICT Research

Extend access of available ICTs to a wider rar
of users
Build out infrastructure to extend coverage

Improve regulatory framework to facilitate
conducive environment for ICT growth
Provide support for the training and education
the human capital base with respect to ICT us

Scientifically lagging countries should generall
concern themselves less with ICT-related
knowledge creation and more with the
challenges related to the expansion of overag
use, and access

ge

D
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Policies for ICT Research «  Promote research into the efficiency and quality

e Support the use of ICTs as pedagogic and gains potentially achievable in core industriewi
research-related tools the additional application of ICT

e Provide incentives for ICT-related R&D

e Pursue public-private partnerships in service
delivery and research

Note:ICT = information and communication technologid®RI= intellectual property rights; PISA = Programimelnternational Student Assessment (of the OECDIED = Operations

Evaluation Department; R&D = research and developn®&T = scientific and technological; SME = smatid medium enterprise; TIMSS = Trends in Inteorati Mathematics and
Science Study.
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ANNEX E: KNOWLEDGE ECcONOMY PROJECT MENU: POTENTIAL INTERVENTIONS IN THE

FOUR PILLARS OF THE KNOWLEDGE ECONOMY

(Reproduced with permission from Goel, Koryukinalh, and Agarwal, 2004.

“Innovation Systems: World Bank Support of Scieaod Technology Development.”

World Bank Working Paper, no. 32.)

Policy and Institutional Framework

A. An appropriate policy, regulatory, and institutidnanvironmentto promote business
investment and economic growth driven by innovation

Openness to trade and foreign direct investment
Credit and financial sector policies to deepenrfmal intermediation
Judicial systems to improve the rule of law anciforcement

Labor markets to be stimulated to create a suppknowledge workers (including
development of conducive labor codes, redundangulagons, human relations
(HR) regulations, and so forth)

Development of regulations governing distance learnestablishments, their
accreditation, and supervision

Conducive environment for public Research and Dmaknt Institutions (RDISs)
and their staff to engage in contractual researwh @mmercialization of R&D,
including appropriate flexibility and autonomy iramaging their activities

Appropriate incentives to stimulate industry (esac small and medium
enterprises, SMEs) to develop, adopt, and comnmeeiamew technologies, and
promote growth of knowledge-based companies. Suppat may include special
technology development financing instruments, smemparks, reform of public
procurement, and other measures

Appropriate legal framework and business envirortnien potential investors and
particularly for Venture Capital (VC) (includingqriding a level playing field on tax
treatment for VC funds, freedom in selecting appedp financing instruments, and
exempting them from “Blocking Accounts” provisiotisat could freeze any new
investments by VC funds if one of the VC’s investtsefails (which is usually the
case with VC funds)

B. Domestic competition policko promote sustained economic growth and easertry
and exit of firms into and out of the market:

Intellectual Property Rights (IPR) regime to aligith World Trade Organization
(WTO) and European Union (EU) standards

National competitiveness policy, including antimpoty regulations and the setting
up and strengthening of antimonopoly institutions
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Science and higher education policy to be aligngd the needs of the economy

Business environment to be conducive to privatetosemvestment in new
technological ventures (including appropriate iricess for venture capital)

Tax and other incentives to improve private sep@nicipation in R&D, including
investment in R&D and promotion of knowledge-basethpanies

Privatization and liberalization of telecommunioats
Privatization and liberalization of postal services

. Support for technology policyhrough the setting up and/or strengthening dirtetogy

policy institutions to enable them (and to finarsmeme of their activities) to carry out
adequate policy studies, conduct foresight studiesje as data centers on technology
issues for private and public sectors both locahd internationally, and carry out
technology outreach and public awareness activities

Innovation Systems

. Upgrade metrology, standards, testing, and qua(MSTQ) systems$o enhance the

competitiveness of the economy and increase trgdaligning the policy, legal, and
institutional framework and physical infrastructuvgh EU and WTO standards:

Strengthen IPR regime, upgrading the national pateganization’s physical
infrastructure; improve the quality and speed o¥ises; train patent judges, lawyers,
and industry; improve information dissemination

Improve national standard and quality systems lhyaeaing the role of the private
sector in service delivery; upgrading physical &imbratory infrastructure;
improving the quality and speed of services; amgicang costs

Upgrade metrology servicey strengthening national metrology organizatioms a
private laboratories; upgrading metrology facibtend laboratories; improving the
quality, number, and type of services; improvingaeamess among the industry and
academic community; and promoting the systems iamoinig users

Create institutional infrastructure for quality amigement and certifications,
including national quality councils and nationatidlitation systems

. Restructure R&D institutionto improve the efficiency and quality of researiitrease

the synergy between the R&D community and industngl reduce the burden on public
budgets. Enhance the benefits of R&D to societypgrading laboratory facilities and
staff skills, modernizing HR systems and businesggsses, improving marketing and
commercialization functions, enhancing the incesdivor applied research, introducing
competitive research programs, and promoting jprtjects with industry and other
R&D organizations.
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C. Support firm-level innovation and technology depaient to improve the use,
adaptation, development, and commercializationesf technologies:

Strengthen technology financing institutions withvate sector participation and
build their capacity to provide various types ofsiagance to knowledge-based
companies

Introduce appropriate financial products to provide-interest loans, equity, and
matching grants to firms for R&D activities and fmtype building and for the
commercialization of such ideas

Promote VC funds to provide equity financing (arsbistance to entrepreneurs):
start-up capital funds to focus on new ventures, t@chnology funds to support the
projects of established companies

Provide small matching grants for quick technicsdistance support for feasibility
studies, quality assessments, International Orgéoiz for Standardization (ISO)

certifications, process improvements, and othercaorplex measures to improve the
quality of products or processes and to develop pregucts

Support technology and science parks, preferabsedan RDIs, to help build
synergies with industry by bringing together resbkars, laboratory facilities, and
private firms

Set up business incubators and technology serenteis to encourage technology-
focused new entrepreneurship and to encourage iottatives to promote SME
growth by providing fee-based premises, logiststgiport, and training

Education and Lifelong Learning

A. General reforms

Modernize the curricula and testing and examinapimtess at all levels to meet the
needs of industry and to meet international staiglar

Align academic research toward industry needs:

= Restructure (in some cases establish) educationcdsuand boards to include
private sector representatives and sponsors, toreraignment with industry
needs, and to introduce commercial practices

= Develop the environment and promote informal leagni

= Improve the research base and integrate with tieenational community through
joint collaborations on publications and projects

B. Qualification assurance and certification

Create qualification assurance systems to certifgividuals and to accredit
institutions and firms

52



Design national (unified) testing system for highexfucation establishments, to
provide unified requirements for future students, make admissions more
transparent, and to reduce the cost of the admigsimcess

C. Specific assistance to meet training needs

Provide vocational training through private segtartnerships to meet the demands
of the labor market

Provide retraining for workers to adapt their skilespecially Internet and business
and marketing skills) in the rapidly changing eoniment of the knowledge economy

Provide training and assistance for redundant eyegl® to reorient them for the job
market and to teach new skills

Provide distance learning (Internet-based educhation
Improve computer literacy and Internet-based skills

o Start computer (basic programming and software tra@)ing early in schools
and continue into adulthood

o Connect schools and universities to the Internet
o Provide vocational ICT training

o Provide ICT training to enable civil servants toriweffectively with modern
systems and processes, including e-applicationd ag e-Procurement, e-
Budgeting, and e-Information

D. Education financing products

Encourage private-sector-driven financing (schbli@s competitive funds, long-
term education loans with income-contingent repayrsehemes, and so forth)

Support the public with subsidies, grants, andef@dg education vouchers

ICT/e-Development

A. ICT infrastructure

Modernize telecommunications networks
Promote alternative communication tools (wirelemwises)

Improve access to telecommunications (including dhdow-income, rural, and other
groups—*“bridging the digital divide”)

Promote affordable Internet access
Support creation of a global distance learning netw
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B. e-Development applications

= Intragovernmental interaction: Modernize systemsl @mocesses to enhance the
communication and information flow within and beameministries and different
governmental organizations

0 e-Budgeting—to enhance efficiency and transparancyublic expenditures
management

= Government-to-business interacticdBreate an environment conducive to business,
improve efficiency in public spending, and imprdxensparency

0 e-Registration—to reduce the time taken for anstscof the SME registration
process

o e-Procurement—to reduce costs, strengthen competitand enhance
transparency and thereby to support the participabf SMEs in the public
procurement process

0 e-Taxation—to improve revenue collection, enhanaesparency, and increase
efficiency of the public tax system

o Digital signatures—to enhance the speed of B2Bsif@gs-to-business)
transactions and improve the efficiency of busiresgracting

o e-Credit information system—to improve the avaliigbto financial institutions
of the credit history of borrowers and thereby nhance the access to finance of
SMEs

0 e-Mortgage and pledge registry (of fixed and mowabksets)—to improve
creditor rights and thereby to enhance financi@rmediation in the economy

0 e-Investor—to improve the foreign direct investin@DI) flow in the economy
by serving as the first point of contact for invest especially foreign

= Government-to-civil-society interactioBxpand access to government information to
reduce bureaucracy and inefficiency and to enhamosparency

0 e-Justice—to streamline and automate case hanafidgeporting systems, and
thereby to reduce multiyear backlogs and improeeettiiciency of the courts

0 e-Health—to provide access for service providersvital information and
statistics, and thereby to enhance service delivery

o0 Land cadastre—to improve access to land recordstias information, to
develop land markets, and to improve financialrimidiation

= Business-to-business applications

o e-Commerce

o Data and information exchange tools for business
= Business-to-client applications

0 e-Services

o e-Payments (bills, taxes, and so forth)
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ANNEX F: MILLENNIUM DEVELOPMENT GOALS AND THE SCIENTIFIC AND TECHNOLOGICAL

INPUTS NECESSARY FORTHEIR ATTAINMENT

(Reproduced with permission from Watson, Crawfart Farley, 2003. “Strategic Approaches to
Science and Technology in Development.” World BRiokcy Research Working Paper, no. 3026.)

Millennium Development Goals and the S&T Inputs Neessary for Their Attainment

Target and Indicators

S&T Response

Halve between 1990 and 2015, the proportion of [geho suffer from hunger
» Prevalence of underweight children (under five gexHrage)
» Proportion of population below minimum level of @igy energy consumption

Increased agricultural
research and enhanced
food security regimes

Ensure that by 2015, children everywhere, boysgartsl alike, will be able to complete
a full course of primary schooling

* Net enrollment in primary education

* Proportion of pupils starting grade 1 who reacldgra

« llliteracy rate of 15-24 year olds

Improved access to basi
education, including
science and math
education that is built
around appropriate
curricula and delivered b
well-trained teachers

Reduce by two-thirds, between 1990 and 2015, thensfive mortality ratio
» Under-five mortality rate
» Infant mortality rate
»  Proportion of one-year-old children immunized agameasles
Reduce by three-quarters, between 1990 and 204 Bpdlbernal mortality ratio
* Maternal mortality ratio
» Proportion of births attended by skilled healthgoemel

Increased availability of
trained medical personne
and improved access to
necessary childhood
immunizations and
nutritional inputs

O

Have halted by 2015 and begun to reverse the spfddtl//AIDS
» HIV prevalence among 15- to 24-year-old preghanneo
« Contraceptive prevalence rate
e Number of children orphaned by HIV/AIDS

Have halted by 2015 and begun to reverse the incelef malaria and other major
diseases
» Prevalence and death rates associated with malaria
» Proportion of population in malaria risk areas gdime effective malaria
prevention and treatment measures
* Incidence of tuberculosis (per 100,000 people)
* Proportion of tuberculosis cases detected and aurddr directly observed
treatment short course

Continued research and
development into neede
vaccines and treatments
and improved distribution
of available vaccines ang
treatments for these
diseases

i

Integrate the principles of sustainable developri@ntcountry policies and programs
and reverse the losses of environmental resources

» Proportion of land area covered by forest

e Land area protected to maintain biological divgrsit

*  GDP per unit of energy use (a proxy for energycedficy)

» Carbon dioxide emissions (per capita)

Halve by 2015 the proportion of people without airsible access to safe drinking wat
» Proportion of population with sustainable accessntdmproved water source

By 2020 to have achieved a significant improvenietie lives of at least 100 million
slum dwellers

» Proportion of people with access to improved sénita

Continued research and
development of
alternative energy source
and enhanced land-use
systems, including
groundwater manageme
techniques, sustainable
forestry techniques, and
improved sanitation
systems

nt
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